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CHAPTER 1
INTRODUCTION

1.1 GENERAL

The PDP-11 family is a cumprehenswe set of hardware/software facilities
that includes several computers, a large number of peripheral devices
and options, and extensive software. New systems will be compatible
with existing family members. The user can choose the system which is -
most suitable for his application, but as needs change or grow he can
easily add or change equipment.

Some of the characteristics of PDP-11 equipment are:

¢ 16-bit word (two 8-bit bytes)
direct addressing of 32K 16-bit words or 64K B-bit bytes (K = 1024}

* Word or byte processing
central processors are hardwired for word and byte instructions

Asynchronous operation

systems run at their highest possible speed, replacement with faster
devices means faster operation with no other hardware or software
changes

Modular component design
extreme ease and flexibility in configuring systems

o Direct Memory Access (DMA)
inherent in the architecture is direct memory access for multiple
devices

L]

« Automatic Pricrity Interrupt
four-line, muolti-tevel system permits grouping of interrupt lines accord-
ing to response requirements

L]

Vectored interrupts
fast interrupt response without device polling

Power Fail & Automatic Restart
hardware detection and software protection for fluctuations in the
AC power

1.2 SCOPE AND CONTENTS

This Handbook is intended to be a reference for PDP-I1 equipment,
other than central processors. Descriptions, specifications, programming,
and interfacing information is presented on the PDP-11 peripherals and
options.

Peripherals
Programming {chapter 2)
General comparisons {(chapter 3)
Descriptions {chapter 4)
Configuration guide {chapter 9)
Summary of specifications & Index {appendix E}
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Programming

Applied to peripherals (chapter 2}
Device registers and examples (chapter 4)
Summary of PDP-11 instructions. - {appendix C)
PDP-11 Assembly Language {appendix D)
UNIBUS
Operation . (chapter 9)
Circuitry {chapter &)
Interfacing {chapter 7)
Addresses (appendix A)
Pin numbers {appendix B)
Supplementary Informatior:.
Site pfanning {chapter 8)
Miscellaneous takies {appendix B)

1.3 REFERENCES .
The information in the Handbook supplements material found in:

PDP-11 Processor Handbook

Processor Handbooks are available for the varicus PDP-11 computers.
Familiarity with or access to such a Handbook would greatly facilitate an
understanding of the material in this Handbook. However, some intro-
ductory POP-11 information is included in this Handbook,

1.4 PERIPHERALS

Digital Equipment Corporation designs and manufactures many of the
peripheral devices offered with PDP-11°s. As a designer and manufac-
turer of peripherats, Digital can cffer extremely reliable equipment, lower
prices, more choice and quantity discounts.

1.5 UNIBUS
All computer system components and peripherals connect to and com-
municate with each other on a single high-speed bus known as the

UNIBUS, see Figure 1-1,

D TS S S SRS S

PDR-11 AN FERIPHERAL PERIPHERAL COMNSOLE
felH] NEMOR! DEVKE DEVICE TERMINAL

Figure 1-1 PDP-11 System Block Diagram

The form of communication is the sarme for every device on the UNIBUS.
The central processing unit (CPU) uses the same set of signals to com-
municate with main memory as with peripheral devices. Peripheral de-
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vices also use this set of signals when communicating with the proces-
sor, memory or other peripheral devices, Each device, including memory
locations, processor registers, and peripheral device registers, is as-
signed an address on the UNIBUS,

with bidirectional and asynchronous communications on the UNIBUS,
devices can send, receive, and exchange data with minimum processor
intervention. Because it is asynchronous, the UNIBUS is compatible with
devices operating over a wide range of speeds. Interfaces to the UNIBLIS
are not time dependent; there are no pulse-width or rise-time restrictions.

Full 16-bit words or 8-bit bytes of information can be transferred on the
bus. The information can be instructions, addresses, or data. Direct data
transfers can occur between a peripheral device control and memory.

Refer to Chapter 5 for more detailed information about the UNIBUS and
data transfers.

1.6 CENTRAL PROCESSOR )

The central processor, connected to the UNIBUS as a subsystem, con-
trols the time allocation of the UNIBUS for peripherals and performs
arithmetic and logic operations and instruction decoding. It contains
multiple high-speed general-purpose registers which can be used as accu-
mulators, address pointers, index registers, and other specialized func-
tions. The processor can perform data transfers directly between inputf
output (1/0) devices and memory without disturbing the processor regis-
ters; does both single- and double-operand addressing and handles both
16-bit word and 8-hit byte data.

Instruction Set

The instroction complement uses the flexibility of the general-purpose
registers to provide over 400 powerful hard-wired instructions. Unlike
conventional 16-bit computers, which usually have three classes of in-
structions {memaory reference instructions, operate or control instructions
and /0O instructions) all operations in the PDP-11 are accomplished
with one set of instructions, Since peripheral device registers can be
manipulated as flexibly as core memory by the central processor, in-
structions that are used to manipulate data in core memory may be used
equally well for data in peripheral device registers,

1.7 SOFTWARE

The PDP-11 family of central processors and peripherals is supported by
a comprehensive set of operating system software which allows the user
to efficiently program his apptications. System software is available to
support smalt stand-alone configurations, disk based real-time and pro-
gram development systems, and large scale multiprogramming and time-
sharing systems. Some examples are:

» PAPER TAPE SYSTEM—Core only high speed paper tape configuration
with program development in assembly language. Editor, debugger,
and linker are supplied along with a relocating assernbler,

» CASSETTE PROGRAMMING SYSTEM (CAPS-11)—Manitor based Sys-
tem with cassettes as a file structured medium, Interrupt driven pro-
gram development system with relocating assembler, linker, editor,
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debugger and peripheral interch.ange program. Can support BASIC as
a higher level language processor.

o REAL TIME SINGLE USER SYSTEM (RT-11)—DECtape or DECpack
disk based system for real time and program development. Features
MACRO assembler, linker, editor, debugger, and periphera) interchange
program. Supports BASIC with real time. extensions as a higher level
language.

+« DISK BASED BATCH OPERATING SYSTEM (DOS/BATCH-11)—Disk
based system with support for a full line of PDP-1] peripherals. Fea-
tures interactive or BATCH mode of operation, sophisticated file han-
dling and protection, powerful and fiexible command language. Con-
tains MACRO, editor, debugger, linker, librarian, peripheral interchange
package, and file utility programs. Supports a powerful FORTRAN 1V
language processor and scientific package.

« ADVANCED REAL-TIME OPERATING SYSTEM (RSX-11D)y—Modular
disk based hardware protected multiprogramming systems featuring
concurrent multiple real-time task execution and BATCH program de-
velopment. Contains MACRO, editor, debugger, task builder, librarian,
utitities and FORTRAN IV with real-time extensions.

+ RESOURCE TIME SHARING SYSTEM (RSTS/E)—Disk based time shar-
ing implementing BASIC-PLUS language, an enriched version of BASIC.
Up to 32 simuitaneous users via interactive terminals and sharing of
system resources with spooling features. Complete file security and
manipulation through utilities.

1.8 PDP-11 WORD

The 16-bit PDP-11 word can be represented conveniently as a 6-digit
octal word. Bit 15, the Most Significant Bit (MSB), is used directly as
the Most Significant Digit of the octal word. The other 5 octal digits are
formed from the corresponding groups of 3 bits in the binary word, See
Figure 1-2.

Octal Representation

5 4 13 1 hd A ] 5 3 i 1

158 15 VO VR R AR B

[ " L . . . N .

[W——
OJ [ ) O ] 1 & DIGT OCTAL
Figure 1-2

When an extended address of 18 bits is used (shown later in the Hand-
book), the Most Significant Digit of the octal word is formed from bits
17, 16, and 15. For unsigned numbers, the correspondence between
decimal and octal is:

Decimal QOctal
0 Q00 000
(2% _1)= 65,535 177 777 {16-bit limit)
(2% —-1)=262,143 777777 {18-bit limit)
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CHAPTER 2
PROGRAMMING

2.1 GENERAL

Programmming of peripherals is extremely simple in the PDP-11; a special
class of instruction to deal with input/output operations is unnecessary.
The UNIBUS permits a unified addressing structure in which control,
status, and data registers for peripheral devices are directly addressed
as memory locations. Therefore all operations on these registers, such as
transferring information inte or out of them or manipulating data within
themn, are performed by normal memory reference instructions.

The use of all inemory reference instructions on peripheral device regis-
ters greatly increases the flexibility of inputfoutput programming. For
exampie, information in a device register can be compared directly with
a value and a branch.made on the result,

All peripheral device registers can he treated as accumulators. There is
no need to funnel all data transfers, arithmetic operations, and com-
parisons through a single or small number of accumulator registers.

NOTE:
A summary of the PDP-11 instruction set is con-
tained in Appendix C. A brief description of the
PDP-11 Assembly language is provided in Ap-
pendix D. Programming examples used through-
out this Handbook are in Assembly language.

2.2 ADDRESSES

Words and Bytes

Since the PDP-11 can operate on individual 8-bit bytes, a 16-bit word
allows addressing 65,536 bytes (2% — 65,536). It is common to refer
to this as 64K, where K is equal to 1,024. Thus 64K bytes, or 32K 16-hit
words are directly addressable. Actually in the PDP-11, the top 4K ad-
dresses are reserved for intermal CPU registers and external inputf
output (1/ Q) registess. If ali’of the memory space were used, there could
be 28K words of physical memory plus 4K locations for the CPU and I/ O
registers.

A PDP-11 word is divided into a high byte and a low byte as shown in
Figure 2-1.

- HIGH BYTE LAy BYTE

L . 2 a L I

Figure 2-1 PDP-11 Word

Low bytes are stored at even numbered memory locations and high
bytes are stored at odd numbered locations. Words always start at even
numbered locations,
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Expanded Addressing

with the larger PDP-11 computers, expansion above 28K of memory can
be achieved by using the Mermory Management option. Memory Manage-
ment provides an 18-bit effective memory address which permits ad-
dressing up to 124K words of actual memaory,

If the Memory Management option is not used, an octal address between
160 000 and 177 777 is interpreted as 760 000 to 777 777. That is, if
hits 15, 14, and 13 are 1's, then bits 17 and 16 (the extended address
bits) are considered to be 1's, which relocate the last 4K words (8K
bytes) to becomne the highest locations accessed by the UNIBUS,

2.3 DEVICE REGISTERS

All peripheral devices are specified by a set of registers which are ad-
dressed as main memory. There are two types of registers associated
with each device:

a) Control and status
by Data buffer

Control and Status Registers

Each peripheral has one or more control and status registers. that con-
tain all the information necessary to communicate with that device, The
general form, shown in Figure 2-2 does not necessarily apply to every
device, but is presented as a guide.

15 2 11 10 ] 7 6 5 4 3 1 o
Lo b Lo Ty T
L [ — [ N ——

ERRORS-—-———’ I

BUSY

UNIT SELECT-

DONE OR READY

INTERAUPT ENABLE

MEMORY EXTENSION
DEVICE FUNCTION
ENABLE

Figure 2-2 Control & Status Register

Many devices require less than 16 status bits. Other devices will require
more than 16 bits and therefore will require additional status and con-
trol registers. )

The bits in the control and status registers are generally assigned as
fotlows:

BIT NAME FUNCTION

15-12 Errors Generally there is an individual bit associ-
ated with a specific error. When more bits
are required for errors, they can be ob-
tained by expanding the error section in
the word or by using another status word.
Generally Bit 15 is the inclusive OR of all
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other error bits (if there is more than
aone). Most devices will have **hard” error
conditions which will cause an interrupt if
bit 6 is set. Some may also have ''soft’”
errors (warning types) which do not cause
immediate interrupts. All errors are gener-
ally indicated by individual status bits.

11 Busy Set to indicate that a device operation is
bheing performed,
10-8 Unit Select Some peripheral systems have more than

one device per control. For example, a disk
system can bhave multiple surfaces per
control and an analog-to-digital converter
can have multiple channels. The unit bits
select the proper surface or channel.

7 Done or Ready The register can contain a Done bit, a
Ready bit or a Done-Busy pair of bits, de-
pending on the device. These bits are set
and cleared by the peripheral device, but
may be queried by.the program to deter-
ming the availability of the device. '

6 Intetrupt Enable Set by the program to allow an interrupt
to occur as a result of a function done or
error condition.

54 Memory Extension Allows devices to use a full 18 bits to
specify addresses on the bus.

3-1 Device Function Bits Specifies the operation that a device is to
perform.

0 Enable Set to enable the device to perform an
operation.

Data Buffer Registers

‘The data buffer register is used for temporarily storing data io be trans-
ferred into or out of the computer. The number and type of data registers
is a function of the device.

2.4 PROCESSOR REGISTERS

2.4.1 General Registers

The central processor contains 8 general registers which can be used for
a variety of purposes. The registers can be used as accumulators, index
registers, autdg-increment registers, auto-decrerment registers, or as stack
pointers for temporary storage of data. Arithmetic operations can be
from one general register to another, from one memory or device register
to another, or between memory or a-device register and a general regis-
ter. Refer to Figure 2-3.

R7 is used as the program counter (FC) and contains the address of the
next instruction to be executed. It is a general register normally used
anly for addressing purposes and not as an accumulator for arithmetic
operations.

23



GEMERAL
REGISTERS RO
#t

L+

R3

R4
RS

sy
STaCK POINTER

R7 {PC}
PROGRAM COUNTER

Figure 2-3 General Registers

The R6 register is normally used as the Stack Pointer indicating the last
entry in the appropriate stack (a common temporary storage area with
"Last-in First-Out” characteristics).

2.4.2 Processor Status Word (PS) 777 776

. F [T o<
MEE INFORMATION 4 J T
CONDRTION CODES

Figure 2-4 Processor Status Word

The Processor Status word, at location 777776, contains information on
the current status of the computer. This information includes the condi-
tion codes describing the results of the last instruction; and an indicator
for detecting the execution of an instruction to be trapped during pro-
gram debugging, see Figure 2-4,

Bits 15 to 11 are used in the iarger PDP-11 computers for operational
mode information, and will not be covered in this Handbock. Refer to
the 11/40 or 11/45 Handboeoks for further information.

Processor Priority

The central processcr operates at.any one of eight levels of priority, 0-7.
When the CPU is operating at fevel 7 an external device cannot interrupt
it with a request for service. The central processor must be operating
at a lower priority than the external device's request in order for the
interruption to take effect. The current pricrity is maintained in the
Pracessor Status word (bits 7-5}, with bit & being the LSB. The 8 proces:
sor ievels provide an effective interrupt mask.
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Condition Codes
The condition codes contain information on the resuit of the last CPU
operation.

The bits are set as follows:
Z = 1, if the result was zero
N = 1, if the result was negative
C = 1, if the operation resulted in a carry from the MSB
V = 1, if the operation resulted in an arithmetic overflow

Trap

The trap bit (T) can be set or cleared under program control. When set,
a processor trap will occur through location 14 on completion -of instruc-
tion execution and a new Processor Status word will be loaded. This bit
is especiaily useful for debugging programs as it provides an efficient
method of installing breakpoints.

2.5 INTERRUFT STRUCTURE

If the appropriate Interrupt Enable bit is set in the control and status
register of a device, transition from G to 1 of the Ready or Error bit
causes an interrupt request to be issued to the processor. Also if Ready
or Error is a 1 when the Interrupt Enabie is turned on, an interrupt re-
quest is made. If the device makes the request at a priority greater than
that at which the processor is running and no other conflicts exist, the
request is granted and the interrupt sequence takes place:

a) the current program counter {(PC) and processor status (PS) are
pushed onto the processor stack;

b) the new PC and PS are lcaded from a pair of locations (the interrupt
vector) in addressed memory, unique to the interrupting device.

Since each device has a unique intérrupt vector which dispatches control
to the appropriate interrupt handling routine irnmediately, no device poli-
ing is required. Furthermore, since the PS contains the processor priority,
the pricrity at which an interrupt request is serviced can be set under
program control and is independent of the priority of the interrupt re-
quest. The Return frem Interrupt Instruction is used to reverse the
action of the interrupt sequence. The top two words on the stack are
popped into the PC and P3S, returning control to the interrupted se-
. quence.

2.6 PROGRAMMING WITH DEVICE REGISTERS

‘The diagram of Figure 2-5 shows 4 bits that wouid appear in many com-
mon Command and Status registers.

ERRDR

(77 ///,//}/1;1;% D/

DOME
INT EMABLE
ENABLE

Figure 2-5 CSR Register
25



BIT NAME FUNCTION
15 Error Set when an error gccurs.

7 Done Set when the device is either ready to ac-
cept new information, or has completed
an operation and has daia available.

6 Interrupt Enable When set, an interrupt will be requested
(INT ENBL) - when Bone or Error becomes a 1.

1 Device Enahle Set to allow the peripheral device to per-
(ENBL) form a function.

The diagram of Figure 2-6 shows a typical data buffer that can hold an
&-bit character.

N L,

Figure 2-6 DBR Register

BIT NAME FUNCTION

7-0 Data Holds the ASC)I code for a character to be
either written to or read from the periph-
eral device.

In the following examples, these two registers will be referred to hy the
symbalic designations, TSR and DBR.

Example: Transfer information from the petipheral data buffer to general
register R3.

MOV DBR, R3

Since the informaticn is only 8 bits, and it resides in the low part of the
DER, the byte instruction would accomplish the same purpose;

MOVB DBR, R3
The bit manipulating instructions,

BIT (bit test}, set condition codes N & Z according to an AND opera-
tion or corresponding bits; neither source nor destina-
tion are modified.

BIC (bit clear), put O's in all positions of the destination that corres-
pond to a 1 in the source.

BIS (bit set), put 1's in ali positions of the destination that corres-
pond to a 1 in the source {OR operation).

can be used to conveniently modify or test the contents of the CSR
register. .

Example: Enable the peripheral device to perform an I{O fuaction: -
BIS #1, CSR ; OR CODE 000 001 WITH THE CSR
2-6



This instruction will set bit 0 of the CSR, but leave all other bits un-
changed.

Example: Test for an error, and branch ta an error handling routine if
there is an error. :

TST CSR ;SET CONDITION CODE BITS ON CONTENTS OF CSR
BMI ERRTN  ;TEST BIT 15, BRANCH ON MINUS

ERRTN means the address of the error routine. When there is an error,
bit 15 — 1, the CSR looks like a negative number (sign bit .= 1).

Example: Test to see if the peripheral device has performed a read func-
tion, and data is available, Transfer to a read subroutine if data is avail-
able.

BIT #200, CSR ;TEST BIT 7 OF THE CSR
BNE SBR ;BRANCH IF DONE 1S SET

The CSR register is ANDed with a word of all 0's except for bit 7. If bit
7 (DONE)} of the CSR is a 1, the result is not zero, and a branch on not
equal to 0 can be made to a service subroutine (SBR).

Example: Prevent the peripheral device from causing an interrupt.
BIC #100, CSR ;CLEAR THE INT ENBL BIT

Using a source of 000 100 has the effect of clearing bit & (INT ENBL),
but leaving zll other bits of the CSR alane. .

Example: Have the program continuously check the DONE bit, and read
a word when it becomes a 1.

AGAIN: TSTB CSR ;TEST BIT 7, SIGN BIT
BPL AGAIN ;BRANCH IF NOT SET
MOVB DBR, R0 ;TRANSFER DATA TC CPU

Bit 7 of the CSR is conveniently the sign hit for the low order byte, and
can he tested directly by a single instruction.

2.7 DEVICE PRIORITY

Each peripheral has a priority level assigned-to it by hardware, allowing
it to interrupt lower priority level devices. To ensure that the CPLU which
executes the peripheral’s service routine is not incorrectly interrupted,
the CPU itself must take on the priority level of the interrupting periph-
eral (Level 4, 5, 6, or 7) while running the service routine, see Figure
2-7.

a ¥

Yy MR

&
PRICRITY LEVEL — 4

Figure 2-7 Processor Status Ward
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Example: Write a program to service the input keyboard data (register
KBB) from the LA30 DECwriter. The interrupt vector is at location 60,
and the priority level is 4,

. =60

WORD KBSBR ;PC — KEYBOARD SUBR ADDRESS

. WORD 200 PS = 4 (BITS 7, 6, 5, = 1060)
KBSBR:; MOV KBB, R1 .

RTI

Example: Set the priority level of the processor to level 3.

PS = 777776 :ADDRESS OF PROC STATUS WORD

CLR PS ;START WITH ALL O's

BIS #140, PS SETBITS64&5, PSS =23

Example: A paper tape reader interrupt service could appear as follows:

First the user must initialize the service routine by specifying an address
pointer and a word ¢ount

INIT: MOV #BUFADR,POINTR ;SET ADDRESS POINTER
. MOV #COUNT,CCUNTR  ;SET COUNTER

MOV #101,PRS ;ENABLE READER PROGRAM TO CON-
;TINUE UNTIL INTERRUPT

When the interrupt occurs and is acknowledged, the processor stores
the current PC and PS on the stack. Next it goes to the interrupt vector
and picks up the new PC and PS beginning at location 70. When the pro-
gram was loaded the address of PRSER, the PR service routine, would
be put in location 70 and 200, in 72 (to set priority at 4). The next in-
struction executed is the first instruction of PRSER.

PRSER: TST PRS ;TEST FOR ERROR
BMi ERROR ;BRANCH IF BIT 15 SET
MOVB PRB,@POINTR ;MOVE CHARACTER TO BUFFER
INC POINTR JINCREMENT POINTER
DEC COUNTR ;DECREMENT CHARACTER COUNT
BEQ DONE ;BRANCH WHEN INPUT DCONE
_INC PRS 'START READER FOR NEXT CHARAC-
TER
DONE: RTI tRETURN TQ INTERRUPTED PRO-
;GRAM



CHAPTER 3

CATEGORIES OF PERIPHERALS

3.1 GENERAL

This chapter contatins general information and comparisons of the PDP-11
peripherals. Sometimes a peripheral will fall into more than one cate-
gory, and it will be listed wherever applicable.

This chapter shows the broad range of peripheral equipment offered
and the wide span of equipment capabilities. Some of them are com-
pared betow.

Comparisan of Input Equipment

MEDIUM PRODUCT INPUT SPEED (max)
Paper tape Teletype, LT332 10 -characters/sec
High speed reader/punch, PC11 300
Cards Card reader, CD11 1,600
Magnetic tape Cassette, TAIl 560
DECtape, TC11 10,000
Magtape, TM11 36,000

Comparison of Output Equipment

MEDIUM PRODUCT CUTPUT SPEED (max}
Paper tape Teletype, LT33 10 characters{sec
High speed readder/punch, PC11 50

Printer Teletype, LT33 10
DECwriter, LA3D 30
Line printer, LP11 2,600

CRT terminal Alphanumeric terminal, VTOS 240
Graphic terminal, GT40 960

Magnetic tape Cassette, TAlLl 560
DECtape, TC11 10,000
Magtape, TM11 36,000

3.2 MAIN MEMORY

3.2.1 General

Memories with different ranges of speeds and various physical and elec-
trical characteristics can be freely mixed and interchanged within a
PDP-11 system. Memory is treated as a physically modular, but elec-
trically integral part of the computing systemn.
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Types of Memory

Core, semiconductor, and read only memory (ROM) is offered for
PDP-11 systems. Although semiconductor memory (MOS and hipolar)
can be used only with the PDP-11/45, all other memories can be used
with any PDP-11 Central Processing Unit.

Parity is an available option for both core and semiconductor memory.
No increase in mounting space is required.

Qperating Speed

The CPU can begin processing data immediately after accessing it,
{Access time is defined as the time interval between request and when
the data is available.) Core memory then rewrites itself while the pro-
cessor is working. (Semiconductor memory contents are not destroyed
on read-out.}) This makes the access time the important dperating
parameter for the PDP-11, thus providing increased speed and efficiency.
The only effect cycle time has on the PDP-11 is the time needed he-
tween successive transfers to memory,

Packaging .

Memory is offered as a complete system, including control and inter-
facing logic, interconnecting cables, and mounting assembly. Several of
the PDP-11 processors have dedicated, pre-wired areas within the chas-
sis for holding additional memory. In other cases, memory can be added
within the CPU mounting assembly, and the necessary power taken
from the cabinet power supplies. A separate, self-contained memory
unit is available that includes its awn power supply and rack-mountable
assembly unit.

Modes of Operation

Read (DATI})—A complete memory cycle is performed, and the contents
of core are restored after being read. Transfer is Data in {(to the
UNIBUS or the CPU). In the master-slave rejationship on the bus,
memory is always the slave.

Read/Pause (DATIP)—Split cycle operation. Data read from core is not
restored because new data is to be entered. This operation must
be followed by a write cycle (DATO or DATOB) to the accessed
location,

Write (DATO)—A full 16-bit-word is loaded into memory. Transfer is
Data Out {from the UNIBUS or the CPU).

Write Byte (DATOB)—An B-hit byte is loaded; otherwise it is the same
cperation as DATO,

3.2.2 Products

MODEL DESCRIPTION ACCESS TIME CYCLE TIME
MM11 Core memory 360 nsec 900 nsec
M311-B MOS memory 350 450

MS11-C Bipolar memory 200 300

BM792 Read only memory 100 —
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3.3 TERMINALS

Characteristics and Applications

a)- convenient human interface to the computer
b} typewriter-like keyboard for data entry

c) printer or display for cutput from computer
d} basic inputfoutput device

e} can be local (console terminal), or remote

Products

MGDEL = DESCRIFTION OUTPUT SPEED (max)

LT33 Tetetype . 10 characters/sec

LA30 DECwriter 30

VTO5 Alphanumeric 240

GT40 Graphic display system 960 char/sec as a simple serial

(includes a computer) interfaced terminal, opera-
ticn can be faster as a syn-
chronous device

3.4 PAPER TAPE

Characteristics and Applications

a) simple medium to use

b) separate tapes for individual programs
¢) variable program length

d) data can beread by a person

Products

MODEL DESCRIPTION READ SPEED PUNCH SPEED
LT33 Teletype terminal - 10 char/sec 10 charfsec .
PC11 Paper tape reader/punch 300 50

PRI1 Paper tape reader. 300 —

3.5 CARDS

Characteristics and Applications

a) individual records

b) easy to add, delete, or rearrange a card
c) possible to print on the card

d) can be read by a person

Products

MODEL DESCRIPTION TYPE READ SPEED
CM11 Card reader mark-sense or punch 285 cards/min
CR11 Card reader punch 300

CDi11 Card reader punch 1200

3.6 PRINTERS

Characteristics and Applications -

a) bhard copy for permanent records

b) impact types can make multiple copies
. €) some plotting capability .
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Products

MODEL  DESCRIPTION TYPE PRINT SPEED  COLUMNS CHAR.

LT33 Teletype impact 10 charfsec 64 64

LA30- DECwriter impact 30 char/f sec 80 64

Ls11 Line printer = impact 60 lines/min 132 62

LP11 Line printer  impact 17010 1200 B0 or 64 or
lines{ min 132 96

LV1L Printer/plotter e{egtro- 500 lines/min 132 96

) static

3.7 MAGNETIC TAPE
Characteristics and Applications
a) unlimited off-line storage

b} removable medium

Products

MODEL DESCRIPTION STORAGE/REEL DATA RATE

TAll Cassette 40,000 char 560 char/sec

TC11l/TUS6 DECtape 255,000 10,000

TM11/TULD Magnetic tape 20,000,000 36,000
(industry compatible)

3.8 DISKS

Characteristics and Applications
a) fast access to on-line storage
b) swapping programs

c) virtual memory

d) efficient bulk storage

a) Fixed Head—{fast access time
b} Moving head—high storage capacity, more economical storage
¢} Disk pack—removable medium, unlimited off-line storage

The average access time (avg latency) is equal to 14 the time for a
revolution plus the average head positioning time (for moving head disks
anly}. :

Products

MODEL DESCRIPTION CAPACITY! AV ACCES3 DATA RATE
DRIVE TIME

RC11/R564 Fixed head disk 64 K words 17 msec 16 psecfword

RF11/RS11 Fixed head disk 256K 17 16

RK11/RKO5 Disk cartridge 1.2 miltion 70 11

RP11/RPO3 Disk-pack 20 millien 42 75

3.9 DISPLAYS

Characternistics and Applications

a) pleasing human interface-

b) soft copy of information

¢} fast presentation of information

d) alphanumeric and graphic capability
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Products
MODEL DESCRIPTION

VRO1 Oscilloscope

VR14 Point plot display
VTO1 Storage display

V105 Alphanumeric terminal
GT40 Graphic display system

(includes a computer)

3.10 COMMUNICATIONS OPTIONS
Characteristics and Applications

Asynchronous Interfaces—Character transmission time is variable, but
bits within the character are timed; a character transmission nor-
mally includes a start bit, several data bits, one or more stop bits,
and an optional parity bit.

Synchronous Interfaces——Continuous data stream once the receiver is
synchronized; data is generally transmitted in message blocks con-
taining both information and timing signals.

Other Communications Options—Provide error detection, autocalling
unit interfacing, and signal conditioning.

Preducts
MODEL . DESCRIPTION TYPICAL USE
DL11 . Single Asynchronous Line  Connects PDP-11 to local
Interface terminals {such as Tele-
type, LA3D and VTO5)
or to remote terminals
via modems.
DC11 Dual Asynchronous Line Connects PDP-11 to re-
Interface (Programmable)  mote terminals via
modems. Transmission
speed and other param-
eters may be changed
by software.
DJ11 16-Line Asynchronous Connects PDP-11 to up
Multiplexer to 16-local terminals or

up to 16-remote ter-
minals via modems.
Transmission speeds and
other parameters are
switch or jumper select-
able in 4-line groups.

DH11 16-Line Programmable Connects PDP-11 to up
Asynchronous Multiplexer  to 16-local terminals or
remaote terminals. Trans-
missions speeds and
parameters are program-
mable. "
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DP11 Single Line Asynchronous  Connects PDP-11 to
Interface modems or communica-
tions for high speed
transmissions. Can be
used in computer-ta-com-
puter communications.

KGl1 Cammunication Arithmetic Used to detect errors in
Element serially transmitted data.

DCO8 and H316 Telegraph Line Interfaces  Connect PDP-11 to tele-
graph equipmaent,

DF11 Signal Conditioning Options Convert computer (TTL)
signals to EIA or 20 ma
signals, Can be used
with DC11, DL11 and
DH11 interfaces.

DF11-B- Integral Modems Convert TTL signals to
audio frequencies. Used
to connect PDP-11
directly to Bell Data
Access Arrangement
options.

DFO1 Acoustic Coupler Connects terminal
(VTO5, LA30) to standard
telephona for communi-
cation with computer via
phone lines.

H313-A Voltage Current Adapter Converts Digital supplied
TTY output for use with
Bell 103 modems or
equivalent.

H312-A Null Modem Allows direct connection
of a terminal with an EIA
cable to a DC11, DP11,
DL11, or DM11-DB.

3.11 DATA ACQUISITION
Characteristics and Applicaticns
a) analog conversion equipment
b) analog circuitry

¢) digital control and monitoring
d) timing control

e} laboratory experimentation
f) industrial control

Products )

MODEL DESCRIFTION

AALL Digital-to-analog canversion subsystem, 12 bits
ADO1 Analog-to-digital conversion subsystem, 10 or 11 bits
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iLPS11

AFCI]
uDC11
Kwil-L
KWil-P

_Lab Peripheral System, 12 bits

{A{D, real time clock, D/ A, digital 1/ Q)
Low level analog input subsystem, flying capacitor scanner
Digital control subsystem
Line clock )
Programmable clock

3.12 UNIBUS EQUIPMENT

MODEL

DR11-C
DR11-B
DTO3

DAll-B
DAll-F

DESCRIPTION -

General device interface (program interrupts)
Direct-Mernory Access interface (NPR data transfers)
UNIBUS switch

UMIBUS link

UNIBUS window

3.13 MOUNTING EQUIPMENT

MODEL

BBI11
DD11
BA11-ES
HO6G-D
H960-E
H96G-CA
H961-A

DESCRIPTION SYSTEM UNIT SPACE
Blank mounting panei 1 '
Peripheral mounting panel 1

Extension Mounting Box 6

Cabinet with a drawer 9

Cabinet with 2 drawers 18

Cabinet

Cabinet without end panels
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CHAPTER 4

DESCRIPTIONS OF PERIPHERALS

4.1 INTRODUCTION

This c¢hapter contains detailed descriptions, specifications, program-
ming, and operating information for PDP-11 peripheral equipment. For
ease of reference, the peripherals have been arranged alphanumerically
by model number, with the model number appearing on the top right-
hand side of each page.

Since some peripherals have similar descriptions and specifications,
related peripherals will be described within the same section. Section
4.3 contains a compiete list of all equipment described in this chap-
ter. Appendix E contains an index to ali equipment described in this
Handbook.

4.2 EXPLANATION OF TERMS AND SPECIFICATIONS -

4.2.1 Products

All the peripherals mentioned in this chapter must eventuaily interface
to the UNIBUS. Some of the equipment, such as Line Printers, include
a control unit as well _as the printer itself. The control unit, sometimes
referred to as-a controlier or interface unit, is the actual logic equipment
between the UNIBUS and the peripheral device. With terminals, the
contral unit and the terminal itself are separate products. In this case,
several different control units could be used, depending on the applica-
tion. In other cases, such as disk drives, a single model number includes
a control unit and the first disk drive of the system. Other disk drives,
up to the limit of the system, are specified by another model number,
see Figure 4-1.

4.2.2 Registers

The device registers are shown with their common name, their mne-
moni¢ in parentheses, then their UNIBUS address. Note that these
addresses begin with 77 or 76 (instead of 17 or 16) to indicate that
they are in the highest 4K words of address space. Within the func-
tional description of each bit, if not otherwise indicated, the condition.
or operation when the bit is set (Jogic 1) is described,

Some bit positions of the registers are not used (not implemented
with hardware). When diagrams are shown, unused positions are indi-
cated by cross-hatching. Some of the bits are controfled conly by the
peripheral device and are indicated as read only (by the proegram). Some
of the bits are write only (by the program}, and are always read as
Zeros. Some bits are cleared (or set) by the UNIBUS master clear
signal called Initialize, which has the mnemonic INIT. It is issued by
turning Power ON, Console START, or the RESET instructian. Figure 4-2
summarizes the information about the device registers.
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Figure 4-1. Disk Storage System

The unused or write only bits are always read as zeros by the program.
Trying to [oad unused or read only bits has no effect on the addressed
register.

Register (REG) 77x xxx

13 4

L. ]

= unused bit

Read only: (with respect to the CPU or bus master)—The program can
monitor the bit, but cannot modify it. -

Write only: (with respect to the CPU or bus master)—The program can
set or clear the bit; but when reading, it will always appear
to be a zero.

Figure 4-2. Device Register

4.2.3 Specifications -

UNIBUS Interface

Interrupt and trap vectors are assigned to the lowest part of memory,
generally in the range 000800 to 000 377.  Bus Request (BR) levels
are indicated; also Non-Processor Request (MPR} operation if applicable.
Most devices that interface to the UNIBUS represent only 1 bus 'load.
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Mechanical
The mounting arrangement of the equipment is indicated as:

a) module: plugs into a dedicated logic module stot
b) SPC: fits in a small peripheral controller slot
{(quad modufe)
c) SU: system unit mounting assembly is included
d) panel: uses front panel space in a cabinet .
e) table top: suitable for placing on top of a table or a desk
f) free standing: hy itself, not in a cabinet
g) cabinet: mounts in a standard PDP-11 cabinet

Some peripherals include 2 separate physical parts and are indicated
by use of a plus (-}) sign.

Relative Humidity
All humidity specifications mean without condensation.

Temperature
Correspondence between Centigrade and Fahrenheit is shown in the
following table:

oc ﬁF
0 32
5 41
10 50 g
15 59 E°C) % —]Jr 32 = (°F)
20 68 5
25 77
30 86
35 a5
40 L 104
45 113
50 122
55 131 -

4.2.4 Conversion Factors
{inches} x 2.54 = {(cm)
{lbs) x 0.454 = (kg)
{Watts) x 341 (BTU{hr)

f

4.3 LIST OF PERIFHERALS
The peripherals described in this chapter are arranged in the following
sequence:

Model Numbers Description Page
AAlL (also BAGL4) D/ A subsystern 4-5
ADOL - A{D subsystem 49
AFClL Low level analog subsystem 4-13
BAll (also H720) Extension mounting box 4-19
BBI1 Blank mounting panel 4-21
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BM792 (alse MR11-DB,

M792)

cD11
CR11 (also CM11)
DA11-B
DA11-F
DB11
DC1l
DDl
DFQ1
DFil
DH11 (also DM11)
DJI1
DLI1
DN11l
DP11
DR11-B
DR11-C
DTC3
GT40
H312
H960 (also H961)
KG1l
Kw1I.L
KW11-P
LA30 (also LC11)
LP11
LPS11
LS11
LT33
Lv1]
MM11 (also MF11,

. ME1l)

MS511

PCI11 (also PR11)
RC11 (alse RS64)
RF11 (also RS11)
RK11 (also RKO5)
RPI11 (also RPO3}
TAll

TC11 (also TUSG)
TM11 (also TULD)
uDCl11

VRO1

VR14

VTO1

VTOS

Read only memory

Punched card reader

Punched card reader

UNIBUS link

UNIBUS window

Bus repeater

Asynch serial line interface
Peripheral mounting panel
Acoustic telephone coupler
Serial line signal conditioning
Asynch serial line multiplexer (prog)
Asynch serial line multiplexer
Single asynch serial line interface
Automatic calling unit interface
Synchronous interface

Direct memory access interface
General device interface
UNIBUS switch

Graphic display system
Asynchronous null modemn
Standard PDP-11 cabinet
Communications arithmetic option
Line time clock

Programmable real time clock
DECwriter

High speed line printer

Lab peripherai system

Line printer

Teletype terminal

Electrostatic printerfplotter

Core memory

Semiconductor memory

High speed paper tape reader!/punch
DECdisk

Fixed head disk

DECpack disk cartridge

Disk pack

Cassette

DECtape

Magnetic tape

Universal digital control subsystem

" Oscilloscope

Point plot display
Storage display
Alphanumeric display terminal

4-4

4-22
4-24
4-37
4-46
4-51
4-59
4-60
4-68
4-72
4-74
4-82
4-107

4124

4-141
4-149
4-160
4165
4-175
4-179
4-185
4-186
4-188
4-197
4-198
4.201
4-208
4-218
4-227
4-233
4-241

4-245
4-249
4-252
4.260
4272
4.282
4294
4-304
4-309
4-322
4336
4-343
4344
4-345
4346



AAll
PIGITAL TO ANALOG SUBSYSTEM, AA11-D

DESCRIPTION
The AALl-D is a low cost, high performance multichannel digital-to-
analog conversion subsystem for PDP-11 computers.

Interfacing directly to the PDP-11 UNIBUS, the AA11-D controis up to
four single buffered, 12-bit bipolar digital-to-analog converters. Each
BAEB14 converter, which includes output amplifier and reference voltage
source, is contained on a plug-in module and provides 10 ma current
output at = I0 volts. Full scale output voltage is trimpot adjustable from
= lvto # 10v in two ranges.

Storage scope, display scope, and light pen control options are available
for the AA1l-D. These options provide Z axis blanking for intensity con-
troi and require two D/ A converters to contrel X and Y trace coordinates.

Available as a factory or field installed option, the AA11-D fully imple-
mented with four digital to analog converters and a scope control option,
is contained in a single System Unit. A rack mountable power supply is
separate.

3 0/ CONVERTER
 (BABIA)
o I
COMPUTER tAAt1-D} ___,: D;Aitéin;\.;i?'ren E:: EZDF;SE_?ES:_: .
VL o =t
LIGHT PEN
AAL11-D Subsystem
REGISTERS
Command and Status Register (CSR) 776 756
_14 13 2 00 9 8 7 6 5 4 3 2 1 O
W 7/
LIGHT PEN FLAG I ]
READY

DISPLAY INHIBIT ENABLE
LIGHT PEN INHIB!IT ENABLE
MODE CONTROL
INTENSIFICATION CONTROL
ERASE
INTENSIFICATION
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BIT
15

4-3

NAME

Light Pen Flag

Ready

+

Display Inhibit Enable

Light Pen Inhibit Enable

Maode Contro!

Intensification Caontrol

Erase

Intensification

AAll

FUNCTION

[f bit 05 is “1," light pen flag causes
interrupt. Cleared by INIT and reading
the register. Read only.

Set when scope is ready for service,
because of INTEN or ERASE com-
mands or X or Y has been lcaded.
interrupt occurs if bit 06 is “1."” Bit
07 is set by INIT and cleared by dis-
playing new point. Read onily,

*

Set to permit interrupts to occur when
intensification or erasure is com-
pleted. This bit is set by program con-
trol and cleared by INIT. Read/Write.

Set to permit interrupts to occur when
signal is received from light pen. This
bit is set by program control and
cleared by INIT. Read/Write.

Determines intensification on loading
XorY. .

Selects Stored Mode or High Intensity
Mode depending on scope used.
Read/Write

Set to erase storage scope display.
Sets READY bit 7 at end of erase.

Set to delay display until scope de-
flects to new X, Y values, then strobes
intensification (Z axis) and sets
READY bit 7.

Data Registers (DAC) 776 760 to 776 766
DAC1 and 2 may be used either in conjunction with the scope or for DfA
channels. DAC3 and 4 may be used for additional D/A channels,

15 44 13 12 10 9 8 T & 5 4 3 2 1 ]

i, ]

MG

DATA LSB]
I 1 1 I 1 1 ] 1 1

SIGN READ ONLY——*

|

SIGN R/W
BIT NAME
15-12  Sign
11 Sign
00 Data

FUNCTION

‘Read only (2's complement)

Read/Write (2's complement)
Read/ Write.
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AAll

SPECIFICATIONS FOR AA11-D

Register Addresses

Command and Status (CSR)

Data Register (DACI)
Data Register {DACZ)
Data Register (DACS3)
Data Register {DAC4)

UNIBUS Interface

Interrupt vector address:

Priority level:
Bus loading:

Mounting:

Power
Input current:

Heat dissipation:

Environment
Operating. temperature:
Relative humidity:

Models

776 756
776 760
776762
776 764
776 766

140, 144
BR4, or 5
1 bus load

1 System Unit (SU)
0.5 Aat 115 VAC

3Aat+ 5V
60 W

10°C to 50°C
209, to 859,

AA1l-DA: DfA converter subsystem, 115 VAG, 60 Hz

AAll-DB:

230 VAC, 50 Hz

SPECIFICATIONS FOR D/A CONVERTER (BA614)

Digital Input:

Digitat Storage:

Update Rate{Channel:
Analog Qutput Voltage:

Current:

Gain Accuracy:
Linearity:

Zero Offset:
Settling Time:

Qutput Impedance:

Temp Coefficient:
{after 5 min. warmup)

11 kits + sign, 2's complement code.
Single buffered.
50 KHz

2 continuously adjustable full scale ranges:
1v to 5v and Sv to 10v

10 ma

+ 0.025% of full scale (25°C)
+ 1{2 least significant bit (LSB)
Adjustable to zero

20 ps max. to within 14 LSB for full scale
step change {at output connector with zero
capacitance loading).

Less than 1 chm.

* 50 uy/ °C - zero offset and
+ ,003%/ °C - gain accuracy
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AAll

SCOPE CONTROL OPTIONS
The following scope centrols each require two BA614 digital to analog
converters: .

AAll-A Scope Control for Tektronix 611 Storage Display Unit

Display Rate: 30 Hz {min) to 10 KHz (rnax}

Display Time: deflection time 80 us ’
intensification time 20 us
Nan-starage mode:
deflection time 80 us
intensification time 2 us

Erase Time: 0.5 sec

AAll-B Scope Control for Tektronix RM503 Oscilloscope
Display Rate: 45 KHz {max}
Display Time; deflection time 20 us

intensification time 2 us
Intensification: (program selectable} two levels
AAll-C Scope Control for VR12 Point Plot Display
Display Rate/point: 40 Hz {min) to 40 KHz (max}

Display Time: deflection time 20 us
intensification time 2 us

Intensification: {program selectable) two levels
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ADO1
ANALOG TO DIGITAL SUBSYSTEM, ADO1-D -

DESCRIPTION

The ADOI-D is a flexible, low-cost multichannel analog data acquisition
option which interfaces directly to PDP-11 computers. When it is under
computar or external clock control, the ADOI.D provides 10-bit digitiza-
tion of urnipolar high-level analog signals having a nominal fuil-scale
range of G to 4+ 1.25, 4+ 2.5, 4+ 5.0 or -+ 10.0 voits. An optional sign-bit
addition allows 11-bit bipolar operation. Programmable input range selec-
tion extends the ADQ1-I's dymamic range at moderate sampiing rates to
the equivalent of 13 bits for unipolar signats or 14 bits for bipolar signals.

An optional sample-and-hold amplifier reduces the conversion aperture
to 100 nanoseconds.

The standard ADO1-D consists of an expandable solid-state input multi-
plexer, programmable input range selector, A/D converter, control, and
bus interface-in a single 514 -inch rack-mountabie assembly plus a sepa-
rate logic power supply. The muitiplexer can he expanded by adding
4-channel modules up to 32 channels. An expansion multiplexer may be
added to provide a maximum configuration of 64 channels.

REGISTERS
Control and Status Register (ADCS) 776 770

15 14 13 12 1 W & 8 ¥ &6 5 4 3 2 1 Q

N
ernon— l Y

CHANNEL ADDRESS
DONE

INTERRUPT ENABLE
GAIN SELECT:
PRIORITY REQUEST
EXTERNAL CLOCK ENABLE

A/D START

BIT NAME FUNCTION

15 Error Set when a new conversicn is initiated
while a conversion is being performed.
Interrupt is produced when interrupt bit
{bit &) is enabled.

13-8 Channel Address Setects 1 of 32 multiplexer channels.

7 Done Set upon completion of conversion and
reset Upon reading data register.

6 Interrupt Enable Program selectable interrupt mode. In-

terrupt produced on AfD done (hit 7) or
error (bit 15) when selected.
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ADO1

34 Gain Select Selects inpﬁt gainrange of 1, 2, 4, or 8.
Prigrity Request Program can select priority request BR7
or BR6G, 5, 4.
1 External Clock Enable Set to initiate conversion by external
clock.
¢ A{ D Start Set to initiate conversion by pregram,

{Conversion is also started when a new
multiplexer channel {and gain} is se-
lected, except when external clock is
enabled.)

One input channel is selected by the multiplexer and connected to a
highly-linear programmable gain selector, which scales the input range
to + 10 volts fuli-scale.

The scaled 10 volt output is directed to the summing junction of the A{D
converter input threugh the sample-and-hold and sign-bit options, if in-
stalled. In 10 usec, the A!D converter digitizes the analog voltage at its .
input into a 10-bit binary code, using the successive-approximation tech-
nique. The sign-bit option permits conversion of bipolar inputs (0 to
=~ 1.25, = 2,5, = 5.0, or = 10.0 volts) to an 11-bit 2's complement
code with an extended sign format.

Data Buffer Register (ADDB)} 776 772
The A/D converter Data Register transfers data to the- PDP.11 in the
following farmat. To the processor, the data is read only.

15 09 o
ro 6 0 0,0 © IMSB ! ' LSBI
[ L L I L l 1 3 ' 1 L I L L

OUTPUT WORD FORMAT - UNIPOLAR OPERATION

0 5 : 0
5 s lmss ' LSBI
] n i i 1 I 1 1 | 1 i

QUTPUT WORD FORMAT- BIPOLAR OPERATION

13
|5 5 5 5
[ L L

Bits 15 to 10 are tied together, and are 0’ in the standard unipolar
configuration. With the sign bit option, bits 15 to 10 indicate the sign of
the input voliage.

OUTPUT NOTATION TABLE *

Anzlog Input Voltage Unipolar Bipolar
—10.0 176 000
— 5.0 177 000

0.0 Q00 000 000 GO0
+ 5.0 001 000 001 000
+ 9.5902 001 777 001 777

© % For 10 volt full scale input range. Divide by appropriate gain factor for other in-
put ranges.
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ADO1

Each multipiexer channel! switch consists of an enbancement mode
MOSFET, which is normally open when unselected or when system power
is removed. These switches provide overload protection up to + 20 volts,
and signal protection against electrical short-circuit.

SPECIFICATIONS
Main Specifications
Resolution:

System Accuracy:
Quantizing Error:

System Conversion Time:
(includes Channel and gain)

Sampie and Hold:
Analog Input Channels:

Input voltage range:
{program selectable)

Input Impedance:

Input Isclation:

Analog Input Connectors:

Channel Selection:
(program selectable)

Cross channel attenuation:

Input Gain:

Modes of Operétiun:

Expansion/ Installation

-

Unipoelar 10 bits, or 1 part in 1024
Bipolar (option) sign 4+ 10 bits.

0.1%, of full scale {FS) input
=+ 14 least significant bit

Unipolar: 22 usec
Bipolar: 29 usec

Acquisition: 5 psec to = 0.01% of FS'step
Aperture: 100 nanoseconds

4 minimum, expandable to 32 in groups
of 4

Unipolar: 0 to 4+ 1.25, 4+ 2.5, 4+ 5.0,
+ 10.0v FS

Bipolar {option); 0 to =
=+ 5.0, = 10.0v F§

1000 megohms in paratlel with 20 pf

Enhancement mode MOSFET switches,
“off'' when unselected or power off.

1.25, + 25v,

Plug-in cable-module
& hit address

78 db, DC-80Hz for 20 volts p-p signals,
100 ohm source impedance .

Program selectable

Interrupting/ non-interrupting (program se-
lectable)

Synchronous (Program control)
Asynchronous (external clock enable
+ 2.0v minimum into Schmidt trigger,
repetition rate, 60k Hz maximum.)

Multiplexer expansion or option inclusion in the basic ADO1-D is by
module insertion into prewired slots. )
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Register Addresses
Control and Status (ADCS)
Data Buffer (ADDSB)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Mounting:
Size:
Weight;

Power

Input current:
Heat dissipation:

Environment
Operating temperature:
Relative humidity:

Muodels

776 770
776772

130
BR4 to 7
1 bus load

I panel mounted unit
514" front panel height
15 hs.

05 Aat115 VAC
60 W

0°C ta 55°C
109 to 95%,

ADG1.DA: A/D converter subsystem, 115 VAC, 60 Hz

ADO1-DB:

, 230 VAC, 50 Hz
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AFC11
LOW LEVEL ANALOG INPUT SUBSYSTEM, AFC11

DESCRIPTION
The AFC11 is a flexible, high performance, differential analog input sub-
system for IDACS-11 industrial data acquisition control systems.

The AFC]1] system multiplexes up to 1024 differential input analog sig-
nals, selects gain, and performs a 13-bit analog-to-digital conversion at a
200 channel per second rate under program controi. Three signal condi-
tioning modules and eight program-selectable gains aliow the system to
intermix and accept a wide range of signals: low level {10 mv ful! scale},
high levef (100.0v FS), and current inputs (1 to 50 ma FS).

Designed for accurate and reliable operation in demanding industrial en-
vironments, the AFC11 achieves high isolation and common mode noise
rejection through relay switched capacitor multiplexing., The subsystem
also simplifies input wiring, requiring only simple twisted pairs which
connect to screw terminals.

Modularly constructed in eight-channel standard hardware units, the
AFC11 is easy to configure to user applications, and simple to expand.

The analog input subsystem is particularly suited for data acquisition in
the high noise environments encountered in process monitoring and con-
trol, production testing and laboratory applications. In such environments
common and normal mode noise, cabling and grounding probtems can
greatly affect the operation of such transducers as thermocouples, strain
gages, anaiytical bridges, and industrial miiliamp current transmitters.
These problems can also affect the accuracy and performance of the
measuring system.

In typical applications, use of ungrounded sensors could cause common
mode voltages of up to 150 valts peak-to-peak {at power line frequency)
to appear on the input signal leads to the measuring system. For exam-
ple, if thermocouples become ungrounded during operation, large com-
mon mode voltages can appear in coincidence with the signal, The design
features of the AFC11 allow either floating or grounded signal sources
thus insuring reliable, trouble-free operation. Due to the flying capacitor
design, the systemn tolerates common mode voltages in excess of 200
volts. FET solid-state multiplexers, in conirast, can be sernous!y damaged
with common mode voltages over 25 volts.

System Organization .

The AFC11 system is completely modular for ease of system configura-
tion and expansion. For applications requiring 128 channels or less the
system is available in a single cabinet configuration. Systems requiring
greater than 128 but less than 512 channels are housed in a dual cabinet
configuration—one cabinet to mount the electronics and one for the
screw terminal connectors. Two dual cabinet configurations, each con-
taining 512 channels, are required to implement a maximum system of
1024 channels.
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The system's electronic cabinets are organized in files. The first file in
the system is a master file which contains the computer interface, sys-
tem timing and controt, an A/D converter, a programmable gain differen-
tial amplifier, and address decoding hardware for selection of up to 32
channels. The master file may also contain three additional file units,
each providing address decoding and analog bus isolation for up to 32
channels, The hardware for each 32 channei group is implemented by
adding up to four eight-channe! pairs of multiplexer/signal-conditioning
modules and the reguired screw terminal cable assemblies—aone for each
madule pair. Fully implemented, the master file contains 128 channels.

Expansion beyond 128 channels is by addition of expander files. Each
expander file contains a programmable gain amplifier and provision for
a total of 192 channeils in six file units.

A file unit contains from one to four eight-channel Multiplexer Modules
{(Model BA150), each of which reguires an eight-channel input signal
conditioning module, The conditioning modutes, which connect to screw
terminal blocks via cable assemblies, are available in three types:

T “T>_ CAPACITOR

Direct Input Module (Model BAS03) provides eight channels of normal
maode input fittering with a break frequency of 2.5 Hz, Attenuation at 60
Hz is greater than 50 db. ’

Ve v >

A L FLYING
A “Tx_ CAPACITOR

Voltage/Voltage Input Module (Model BA%904} provides 8 channels of
10:1 attenuated input with the same normal mode filtering as direct in-
put. Maximum full scale input is 4+ 100 volts.

2 » L= FLYING
3 ~ “T CAPACITOR

Current/Voltage input Module (Model BA905) scales eight channels of
50, 20, or & ma full scale current inputs to 0.5, 0.2, or 0.05 volts full
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scale and provides the same normal mode fikering as-the direct input
module.

Flying Capacitor Multiplexing

The flying capacitor multiplexing technique permits micro-voit sighals to
be isolated, switched and digitized by an analog-to-digital converter with
a high degree of noise immunity.

The Flying Capacitor is a two pole RC filter network in which a2 second or
“flying' capacitor is charged, then isotated and switched to the measur-
ing circuit. Since the source is never directly connected to the measuring
circuit, extremely high isolation is achieved.

Lo-pass filtering per point (2.5 Hz cutoff} plus the high isolation of the
flying capacitor technique provide high common mode noise rejection
{120 db at 60 Hz) without requiring expensive individually-shielded input
wiring.

FILE

UNIT
MNORMALLY — MORMALLY 1ISOLATION
CLOSED OPEN RELAY
* . —3 FILE 1SOLAFION
i ' H {SCLID-5TATE SWITCH)
[ N ' i !
i ELYING 1 1 . ©
CAPACITOR : : H ADC
T H :
a2 e s ——— H o—
. Y — AN . J
SEGNAL TONCATIONING MULTIFLEXER PROGRAMMABLE
MODULE MODULE GAIN AMPLIFIER

Typical File Unit Channel

Programmable Gain Control Channel Selection

Both gain and channe! are under program control, A 16-bit Channel Ad-
dress Gain/Select Control word is transferred from the IDACS-11 proces-
sor to the AFC11 Channel/Gain Register (AFCG). The multiplexer channel
address is contained in bits 0-10 and decoded to select 1 out of 64 File
Units (6 bits) and 1 out of 32 channels (5 bits) within the File Unit. The
programmahie gain control on the input amplifier is buffered and FET
switched for reliability. Amplifier gain is selected by bits 13-15.

when a channel is selected, the input signal is isolated and the File Unit
isolation relay closes to connect the charged capacitor to the Program-
mabhle Gain Amplifier. The amplifier is connected to the analog bus and
ADC by closing the file isolation switch. Timing is initiated which allows
the switches to settle and conversion to hegin.
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REGISTERS
Control and Status Register (AFCS) 772 570

15 14 13 12 1 0 9 8 7

a3 2 o

J

DONE
INTERRUFT ENABLE

BIT NAME . FUNCTION

15 Busy Set by INIT or LOADING MX Channel Gain
Register. Reset by A/D DONE.

7 Done Set by A/D DONE. Reset by reading Data
Buffer Register.

[+ Interrupt Enable Set under program control. Reset by INIT

or under program control.
Data Buffer Register {(AFBR) 772 572 :

15 14 13 12 1 1o 9 2] 7 5 5 4 3 2 1 0

l SIEN | po v WMAGHITUDE Lsefl
l 1 1 d 1 I L 1 | I 1 1 L L

Multiplexer Channelf/Gain Register (AFCG) 772 574

15 ¥ 13 12 1 1 9 B 7T & 5 4 3 2 t B
1
1 1 AL I 1 1 I 1 1 I N l
[N J i A
cam—— 1 r
CHANNEL ADDRESS
BIT NAME FUNCTION
14-12 Gain Sets amplifier gain according to the follow-
ing table, Cleared by INIT, {READ/WRITE).
BIT GAIN
14 13 12
0 O 0 1000
0] o 1 200
0 1 0 100
0 1 1 50
1 0 Q 20
1 0 i 10 -
11 1 2
10-0 Channel Address Setects multiplexer channel. Bits 10-05

select I or 64 file units. Bits 04-00 select
1 of 32 channels in a file unit. Cieared by
INIT. (READ/WRITE).
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Maintenance Register (AFMR) 772 576

FILE UNIT

LS— .._’. : .
INHIBIT X TIMJMG'-'--—”—'—'j ) T : ]

CHANNEL

This Read/Write Register is for diagnostic purposes ohly. Permits check-
ing of channel address by reading back decoded bits.

SPECIFICATIONS
Analog Input Specifications
Number of Inputs:

Type:
Connection:

System Performance
Resolution:

Accuracy: {for direct input)

Scan Rate, Including
A/ D Conversion:

Normal Mode Rejection:
Common Mode Rejection:

Common Mode Voltage
Talerance:

Input Overload:
Effects of Overload:

Channel-to-Channel-
Isclation:

Gain Accuracy:
Gain Linearity:

Temperature Coefficient:

8 to 1024, in groups of 8
differential, 2 wire twisted pair

solder lug, or screw terminal

Sign 4 12 bits (2's complement)

=+ 0.0259%, of full scate or = 15 xV (which-
ever is larger)
+ 14 least significant bit (LSB).

200 channels{second, maximum {20 sam-
plesfsecond, same channel)

= 50 db for frequencies 60 Hz or. above
> 120 db DC to 60 Hz B

200 volts
Amplifier fused against overload

Recovers to within stated accuracy for
next channel.

10?2 ghms at DC, Channel-to-channel. 10"
ohms at DC, channels on same mubltiplexer
module.

+ 0.029%

* 0.01%,

+ .005¢9,/ °C or better
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Register Addresses
Control and Status (AFCS)
Data Buffer (AFBR)

MX Channel/Gain (AFCG)
Maintenance (AFMR)

UNIBUS Interface
interrupt vector address:
Priority level:

Bus loading:

Mechanical
Size:
Weight:

" Pawer (per cabinet)
input current:

Heat disstpation:

Environment
Opertating temperature:
Relative humidity:

AFCI11

772 570
772572
772574
772576

134
BR4
1 bus load

each cabinet is 72"H x 21"W x 30"D
750 ibs. {dual cabinet, 512 channels)

15 A at 115 VAC, 40 to 440 Hz,
single phase
1700 W

10°C to 55°C
109 to 959,
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BAll
EXTENSION MOUNTING BOX, BA1l-ES

DESCRIPTION

The BAl1-ES Extension Mounting Box can hold up to 6 System Units
plus an H720 power supply. The box uses 1014" of front panel space,
and is supplied with tilt and lock chassis slides.

The mounting box contains fans for forced air cooling, an insulated top
cover (nat shown) to prevent debris from falling into the wire-wrap pins
(this is necessary because the system units are mounted with the pins
up and the modules down), and a foam-lined bottom cover, which serves
as a module retainer and minimizes module vibration. The bottom cover
serves as part of the air plenum to ensure adequate cooling.

BAll Mounting Box {with wired System Units and H720
Power Supply installed)

The mounting box is fabricated from zinc-plated steel to resist corrosion.

H720 Power Supply

The H720 Power Supply provides power for the BA1I-ES Extension
Mounting Box. \t provides | 5V and — 15V regulated power. The 4 5V
portion is protected by overvoltage circuits and both portions of the sup-
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ply feature dynamic current limiting. The basic regulating element is a
high efficiency switching regulator that keeps voltages within a &= 3 per-
cent tolerance. In addition to providing power, the H720 Supply gen-
erates three other signals: a line frequency signal that approximates a
squarewave referred to as LTC (line time clock), and the AC LC and
DC LO UNIBUS signals. The low wvoltage detection circuits are inter-
locked so that — 15V is not established until 4~ 5V is established. If the
+ 5¥ fails, the — 15V section is shorted to ground to prevent damage to
system logic circuits.

There are two H720 Power Supply Models. The H720-E is designed for
use with an input of 115V, = 10 percent. The H720F is designed far an-
input of 230V, % 10 percent. In addition, the H720-F has taps for lower
voltages of 215 ard 200, % 10 percent. Both models are designed to
operate within a 47- to 63-Hz frequency range.

H720 Power Supply Outputs

Output Regulation Capacity Remarks

+ 5Y * 594 224
— 15v * 39, 10A

+ 8Y¥, rms = 159, 1.5A Full-wave, unfiltered
— 24Y * 20%, 1.0A Unregulated, filtered
LTC L 0 to SV Line time clock
ACL1OL Logic level ag line low

"DCLOL dc line low

Logic level

SPECIFICATIONS (BA11-ES plus H720)

Relative humidity:

Models
BAL1-ES:

H720-E:;
H720-F:

Mechanical
Equipment capacity: 6 System Units
Mounting: 1 panel mounted unit
Size: 1014" front panel space
Weight: 130 ibs.
Power .
Output current: 22 A at 4- 5V

10 A at — 15V
‘Input current: 6 A at 115 VAC
Heat dissipation: 700w
Environment
Operating ternperature: 0°C to 50°C

209, to 95%

‘Extension mounting box (needs a power sup-

ply) -
Power supply, 115 VAC, 60 Hz
“ , 230 VAC, 50 Hz
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BB11
BLANK MOUNTING PANEL, BBL1

The BB11 Blank Mounting Panel is a prewired System Unit (5U) designed
for general interfacing. It is prewired only for the UNIBUS and power.
The unit contains three 288-pin blocks assembied end-to-end in a cast-
ing which can be mounted in the various PEP-11 assembly units. Bus
and power connectors, described below, use only 6§ of the module slots,
thereby leaving 18 slots available for custormer vse.

The BB1l is wired to accept the UNIBUS in siots Al and Bl. This con-
nection can be made with an MS20 UNIBUS Connector or a BCL1A
UNIBUS Cable Assembly. All bus signals, including grant signals, are
wired directly to corresponding pins in slots A4 and B4, From this point,
the UNIBUS can be continued to the next unit by using an M920 or
BCL1A. If the BB11 is the last unit on the bus, slot A4-B4 accepts the
M930 Bus Terminator Module. Standard bus pin names are listed in
Appendix B.

The bus grant signals are wired through the BB11. These grant signai
wires must be removed and replaced with wires to and from the user's
contrel circuits for the grant levels used by the customer-supplied device.

Slot A3 accepts the G772 Power Connector (furnished as part of the
BAll Mcunting Box). Power for + 5V is distributed to all A2 pins; — 15V
is distributed to all B2 pins except in slots Al, Bl, A4, and B4; and
ground is maintained through the frame and power connector opn pins
C2 and T1 of all slots.

BBI1l System Unit

A B c D E F
UNIBUS CONN
POWER
RESERVED
UNIBUS CONN

[ % T FUR -9

BB11 Module Layout
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BM792
MR11
M792

READ ONLY MEMORY (ROM)

Read only memory is avaitable in 32 word increments, and a total of 256
words of ROM can be included in a PDP-11 system. ROM's can be pro-
grammed by the user; standard preprogrammed ROM’'s are offerad as
bootstrap loaders for various peripheral devices. Access time is 100 nsec
per word.

Programmable ROM (M792)

The basic ROM module contains 32 16-bit words of dicde read-anly mem-
ory. The ROM is supptied with a 32 by 16 diode matrix. Diodes can be
selectively cut out to yield the desired data pattern; diode in = 1, no
diode = 0. The unprogrammed ROM contains all 1's; programming of
the memory is accomplished by eliminating diodes for the bhits that
should be read as 0’s. The location of the diodes with respect to word
and bit number are indicated on the moduie, :

Addresses

The 32 words are in consecutive memory addresses. The address range
of the lowest address is jumper selectable betwen 773 000 and 773 700.
The jumper wires affect bits 6 to 8 of the address, and are indicated on
the module by the designations W1, W2, and W3,

Bit 8 (W3) Bi7(W2) Bit6 (Wl) Address Ranga

773 0001t0 773 076
773100ta 773 176
77320010773 276
77330010 773 376
773400t0 773 476
77350010 773576
773 600t0 773676
77370010 773776

To make the jumpers correspond to the desired bit addresses, jumper
in = 0, no jumper = 1.

HER~RQOQDO0O
= DO e s DO
=0 e O e D= O

A maximum of 8 ROM modules can fit into the address space allotied,
so that a small read-only memory of 256 words can be used. Such a
meamoty could provide non-erasable recovery routines, or lowered pro-
gram execution times for often-used loops or subroutines.

Bootstrap loaders (BM792-Y)

Several basic M792 modules are preprogrammed (diodes selectively
eliminated) as bootstrap loaders for convenient loading of initial pro-
grams to handle various 1/ O and peripheral devices,

An M792 ROM module mounts in one Small Peripheral Controller (SPC)
slot. The module is quad height.
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READ ONLY MEMORY {M792) SPECIFICATIONS

Access time: 100 nsec

Memory size: 32 words, 15 bits each

UNIBUS loading: 1 bus load

Mounting space: 1 SPC slet (quad module)

Current requirements: 0.3 A at 4 5V

Model No. Address Range Description

M792 77300010 773776  Basic unit with all diodes included
{contents are all 1's). Diodes are
selectively removed to make O's.

BM792-YA 773000 to 773076 Papertape bootstrap loader for
Teletype or high-speed paper tape

b reader {PC11).

BM792-YB 773 1001t0 773 176  Disk/ DECtape bootstrap loader.

BM752.YC 773 20010773 276  Card Reader bootstrap loader
(CR11)

BM792-YH 773300t0 773 376  Cassette bootstrap loader (TA1l)

MR11-DB 773 100t0 773 276  Bootstrap loader for mass storage

devices.
Device Starting Address

RF11 773 100
RKI1 773110
TCl11 773120
™11 773136
RP11 773 154
RC11 773 220

Thie MRI1-DB consists of 2 prepro-
grammed M792 modules,
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CD11
HIGH-SPEED PUNCHED CARD READER, CDI1

DESCRIPTION
The CD11 High-Speed Card Reader reads EIA standard 80-column
punched data cards at up to 1200 cards per rminute.

The punched-card reader uses a vacuum picker which works in conjunc-
tion with riffle air to make card wear insignificant and card jam virtually
impossible, while providing extreme tclerance to damaged cards. The
riffting action separates the cards in the input hopper to prevent sticking.
The picker uses a strong vacuum to grasp the bottom card and deliver it
to the read station on demand. The picker and associated throat-block
prevent the unit from multiple picking to the extent that taped or stapled
cards are not allowed to enter the card track. In such cases, the reader
stops, with pick check alarm on. The operator can then separate the cards
and enter them into the input hopper for normal reading. The card track
is very short, so that only one card is in motion at any time. The com-
bination of tolerance to damaged cards, gentle card handling and short
card track provide virtually jarm-proof operation for the CD11.

The CD11 accesses the UNIBUS from hoth the interrupt and the non-
processor request {Direct Memory Access) modes of operation. Control
and status information is relayed in the interrupt mode. Data is trans-
ferred through Direct Memory Access.

The CD11 reads a series of cards by using the Interrupt and NPR Control,
Setting the Read Bit in the Status and Control Register begins the read
operation.

A card is composed of 80 columns, each of which contains 12 zones,
when a column is read, an NPR request is generated. Each column is
loaded into memory as either a word ar a byte. On a word transfer, or
non-packing mode, each bit is loaded directly intc memory as card im-
age. On a byte transfer, or packing mode, the 12 bits on a column are
packed into 8 bits in memory, as described in the Register section.

The Bus Address Register is initially set to the memory location into
which the first column is to be read. It then increments by 1 for transfers
in the packing mode, or by 2 for transfers in the non-packing mode. The
column count register is initially set to the two's complement of the num-
her of columns to be read. When it becomes 0, further transfers into
memory are inhibited. If, while reading a card, the column count register
becomes 0, further transfers stop and after the card has been read, an
interrupt occurs, provided the interrupt enable bit is set. If, after reading
a card, the column count register has not become 0, the next card is
automatically picked for reading.

When a READ command .is sent from the control to the card reader, the
ready line from the card reader becomes 0. The busy line from the card
reader then becomes 1, immediately before the card is read. After the last
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" column has been read, the busy line becomes 0. The ready line from tha
card reader is set to 1 if an overflow condition occurred in the column
count register, otherwise the ready line remains 0 and the next card is
picked, )

CONTROLS & INDICATORS

STACK
LHELK

RESET ]

[ LHE CKR | STOR

| [ READ i PCK. I
PLAVER CHECK CHECK

a. Front Control Panel—(CD11-A)

L=
CHECK

READ

| el ITACK

CHECK

i POWER

HOPPER D OF
c"“‘J | STOP Il RESET l s |

b. Front Control Panel—(CD11-E}

LAMF TEST . SHUT DOWN
© ’ Lr @aum
WODE

wencre (@ procn

¢. Rear Control Panel—Both Models
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Front Panel Confrois and Indicators

Control or
Indicator Type

Function

POWER switch atternate-action
pushbutton/
indicator switch

READ CHECK white light
indicator

PICK CHECK white light
indicator

STACK CHECK white light
indicator

HOPPER CHECK white light
indicator

Controls application of all power to
the card reader.

When indicator is off, depressing
switch applies power to reader and
causes associated indicatar to light.

When indicator is lit, depressing
switch removes all power from
reader and causes indicator to go
out.

When lit, this light indicates that the
card just read may be torn on the
leading or trailing edges, or that the
card may have punches in 0 or 81st
column positions.

Because READ CHECK indicates an
error condition, whenever this indi-
cator is lit, it causes the card reader
to stop operation and extinguishes
the RESET indicator.

When lit, this light indicates that the
card reader failed to move a card
into the read station after it received
a READ command from the con-
traller.

Stops card reader operation and ex-
tinguishes RESET ingicator.

When lit, this light indicates that the
previous card was not properly
seated in the output stacker and,
therefore, may be badly mutilated.

Stops card reader operation and ex:
tinguishes RESET indicator.

When lit, this light indicates that
either the input hopper is empty or
the output stacker is full.

In either case, the operator must
manually correct the condition be-
fore card reader cperation can con-
tinue.
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Front Panel Controls and Indicators (cont.)

Control or
Indicator

Type

Function

STOP switch

RESET switch

END OF FILE
switch

momentary
pushbuttonf
indicator switch
(red light)

momentary
pushbutton/
indicator switch
{green light)

momertary
pushbutton/indi-
cator switch

When depressed, immediately lights
and drops the READY line, thereby
extinguishing the RESET indicator.
Card reader operation then stops as
soon as the card currently in the
read station has been read.

This switch has no effect on system
power; it only stops the current op-
eration.

Wwhen depressed and released, clears
all error Rlip-flops and initializes card
reader logic, Associated RESET indi-
cator lights to indicate that the
READY signal is applied fo the con-
troller.

The RESET indicator goes out when-
ever the STOP switch is depressed or
whenever an error indicator lights
(READ CHECK, PICK CHECK, STACK
CHECK, or HOPPER CHECK).

This switch is used as a program-
ming aid to inform the user when an
end-of-file has been reached.

As an example, assume that a par-
ticular file greatly exceeds the input
hopper capacity. The hopper is
loaded to capacity, the card reader
operated until a HOPPER CHECK in-
dication occurs, and the hopper is
loaded with more cards. When the
last group of cards is loaded, the
user can then depress END OF FILE.
As spon as the last card in this
group is read, an END OF FILE bit in
the controller is set. This END OF
FILE bit can then be read by the pro-
gram at any time.

Whenever the END OF FILE push-
button is depressed, the card reader
functions in a normal manner until
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Frant Panel Controls and Indicators (cont.)

Contral or

indicator

Type Function

the input hopper is empty (the last
card has been read). As soon as this
occurs, the card reader HOPPER
CHECK indicator comes on and the
controller END OF FILE bit is set.

Note that the END OF FILE can be
depressed at any time hut the END
OF FILE signal is not sent to the con-
trotler until the last card has been
completely read. ’

Rear Pane| Controls

Control

Type

Function

LAMP TEST pushbutton

switch

SHUTDOWN
switch

MODE
switch

2-position
toggle

2-position
toggle

When depressed, illuminates all indicators on:
the front control panel to determine if any of
the indicator lamps are faulty.

Controls automatic operation of the input
hopper blower.

MAN position—Dblower operates continuously
whether or not cards are-in the input hopper,

AUTO position—ecauses the blower to shut
down automatically whenever the input hop-
per is emptied. Blower automatically restarts
when cards are loaded into the hopper arnd
the RESET switch is depressed.

Blower activates approximately 3 sec after
RESET is depressed.

Permits selection of either on-line or off-line
operation.

LOCAL position—removes the READ com-
mand input from the controtler to allow the
operator to run the reader off-line by using
the RESET and STOP switches on the front
control panel.

REMOTE position—enables the READ com-
mand input frorm the controller to allow nor-
mal on-line operation under program control
once RESET is depressed.
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REGISTERS
Status and Control Register (CDST) 772 460

CD11

A
INFERRUPT ENABLE

EXTEMDER BUS ADDRESS
REALGER TRANSITION TO ON-LINE
HOPEER CHECK

DATA PACKING

READ

Effect of the Initialize (INIT} signal: clear bits 15 to 13, 11 t0 9, 6 to 3,
1, and Q.

Read only:

Write only: bits 8 and 0

BIT
15

14

NAME
Error (ERR)

Reader Check

bits 15 through 9, 7, 3, and 2

FUNCTION

Set to indicate an error condition that is the in-
clusive OR of all error conditions {bits 14-09 in
this register).

If the error condition is due to hit 11, 10, or 8,
the Error bit does not set until the Busy signal
from the Card Reader is cleared. This permits
the entire card to pass through the read station
hefore an interrupt occurs.

Set when an abnormal condition exists in the
card reader. Any one of the following four con-
ditions sets this bit:

a. Hopper Check—input hopper is empty or
the output stacker is full. This error indica-
tion occurs after column 80 of the last card
has been read.

b. Pick Check—feed mechanism failed to de-
liver a card to the read station when de-
manded. This error condition occurs if a
card is not delivered within 400 ms after a
Read command is initiated.

c. Stack Check—oprevious card was not prop-
erly seated in the output stacker and, there-
fore, may be badly damaged.
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BIT

13

12

11

NAME

End of File
{EOF)

Off Line

Data Error

CD11

FUNCTION

d. Read Check—read station electronics do not
agree with the usual light and dark areas of
the card. This could be caused by torn cards
or cards with illegal punches (holes in 0 or
81st column positions).

Error-causing condition should be corrected be-
fore clearing this bit.

Used with CD11-E only. Associated with the
END OF FILE pushbutton on that reader.

The END OF FILE pushbutton is used as a pro-
gramming aid to allow the user to insert an
END OF FILE flag at the appropriate place in
the program.

when the last group of cards in a specific file
has been loaded into the hopper, the user can
then depress the END OF FILE switch. When
the switch is depressed, the card reader func-
tions in a normal manner until the input hopper
is empty and the last card is read. At this time,
the card reader HOPPER CHECK indicator light
comes on and the contraller END OF FILE bit
(bit 13) is set, Because a hopper-empty condi-
tion is considered an error, the status register
Readér Check, Hopper Check, and Error bits
are also set.

When a CD11-A is used, bit 13 is always clear.

Set when the reader is off-line. When clear, the
reader is on-line, under program contrel, and
ready to accept a Read command.

Depressing the card reader RESET switch brings
the reader on-line, provided no error gonditions
exist and the reader MODE switch is in the RE-
MOTE position.

The card reader goes off-line (setting bit 12)
whenever an error condition is sensed (STOP
light on reader is lit), whenever the reader
STOP pushbutton is depressed, or whenever
the MODE switch is set to the LOCAL position.

When the controller is in the packing mode of
operation (bit 1 set), the normal 12-bit code is
compressed into an 8-bit code that allows a
column to be transferred as a single byte. When
this compressed code is used, card zones 1-7
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BIT

10

NAME

Data Late

MNon-Existent
Meamory

Power Clear
(PWR CLR)

Ready (ROY)

CDh11

FUNCTION

are represented by an octal code; therefore, no
more than one zone should be at 1 at any given
time.

Set in the packing mode whenever more than
one of zones 1-7 are a 1.

When bit 11 sets, it does not inhibit further
transfer of data into memory.

Set when NPR request is not granted during
the time that data is guaranteed valid from the
Card Reader. n

This bit prevents further NPR requests from oc-
curring, thereby preventing clocking of the
column-count register (CDCC) and current ad-
dress register (CDBA).

If the controller is engaged in an NPR data
transfer and attempts to access a memory ad-
dress that does not exist, bit 9 sets to provide
an NXM error indication. This NXM error occurs
if the controiler does not receive SSYN within
a specified time after it has issued MSYN.

When set, this bit inhibits further NPR requests.

Set to clear the column-count register (CDCC),
the current address register (CDBA), and all
bits in the status register (CDST) with the ex-
ception of bhits 12, 7, and 2.

Sat when the CD11 is ready to receive a new
command.

This bit is set by one of the following condi-
tions:

a. Error bit set-—an error condition exists and
the program should branch te an error-han-
dling routine. .

b. Power Clear bit set—all controller logic has
been cleared and the controller can engage
in a data transfer.

c. INIT signal occurs—same as POWER CLEAR.

d. Busy clear and CDCC overflow—the preset
number of data transfers has been per-
formed and the controller is now ready for a
new Read command.
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BIT
&

5-4

2

1

0

NAME

Interrupt Enable
(INT ENB}

Extended Bus
Address {XBAl7,
XBA16&)

Reader Transition
to On Line {ON
LINE TRANS)

Hopper Check

Data Packing

Read

CD11

FUNCTION

Set to allow either Ready or Reader Transition
to On Line = 1 to cause an interrupt.

Used to specify bus address lines 17 and 16 in

direct memory transfers. Increment with the

current address register (CDBA).
Bit 5 corresponds to 'XBA17, bit 4 to XBALlG.

Set when the card reader has gone on-line and
is under program control. Depressing the card
reader RESET switch hrings the reader on-line,
provided no error conditions exist and the
reader MODE switch is in REMOTE.

The card reader goes off-line whenever an error.
condition is sensed or when the STOP switch is
depressed,

NOTE
The READER TRANSITION 7O ON-LINE bhit
does nét clear when the reader goes off-line.

Set to indicate that either the input hopper is
empty or the output stacker is full. The bit wil}
set Reader Check (bit 14). The bit is cleared by
correcting the condition that caused the error.
Because the bit is controlled by the HOPPER
CHECK signal from the card reader, it will not
be cleared by Power Clear.

Determines whether the data is to be lpaded as
a 12-bit word or as a 8-bit byte; 0 = 12-bit
word, I = 8-hit byte.

NOTE
This hit has no effect on data read from the
Processor,

Set to cause the card reader feed mechanism
to deliver one card to the read station for read-

ing.

When set, the bit clears the following bits in the
status register: 15, 14, 11, 10, 9, 7, and 3.

The bit also clears Error (bit 15), provided
Hopper Check (bit 2} is clear.

If the Read bit is set when the Card Reader is
husy, it will reset bits 15 and 2. Error is set 1o
indicate that a Read command was issued
when the card reader was not available for use.
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Column Count Register (CDCC) 772 462

BIT NAME
15-0 Column Count

ch11

FUNCTION

Contains the 2's complement of the number of
columns to be transferred to memory when
cards are being read.

The column-count register is loaded prior to
initiation of the read function. The register is
incremented by 1 after each transfer. When the
contents of the register equal all Og, further
transfers are inhibited until another READ com-
mand occurs.

i an entire 80-column card is read and the ‘col-
umn-count register has still not advanced to Q,
then the next card is automatically fed to the
read station.

Alf bits may be loaded or read by the program.
Cleared by POWER CLEAR (bit 8 in the status
register set) or by INIT.

NOTE

The column-count register should not be modi-
fied by using byte instructions. Use onfy word
instructions when loading this register. The reg-
ister is wired in such a manner that the entire
word is lcaded even if a byte instruction is
used. Therefore, if the programmer attempts
to load only the low-order byte, for example,
the data on the high-order data lines is also
loaded. This latter data may be useless and{or
unknown to the programmer.

Whenever the column-count register reaches 0,

an interrupt is initiated if INT ENB is set to.in-

form the processor that the desired number of -
columns has been transferred.

Current Address Register (CDBA) 772 464

BIT NAME
15-0 Address

FUNCTION

These bits specify the bus or memory address
into which the next column of data is to be
stored.

The current address register is initially set to
the memary location of the first column to be
read. It then increments by 1 for transfers in the
packing mode (byte transfers) and increments
by 2 for transfers in the non-packing mode
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BIT

NAME

CD11

FUNCTION

{word transfers). Incrementation occurs imme-
diately after each data transfer.

The bits in this register are used in conjunction
with extended address bits A17 and AlG (bits 5
and 4, respectively, in the status register} so
that 18-hit mernory addresses may be used.

Note that the extended address bits participate
in the incrementation; they are a logical exten-
sion to this register,

The current address register is loaded prior to
issuing a READ command. The register may be
loaded or read by the program.

Cleared by POWER CLEAR (bit 08 in the status
register set) or by INIT,

NOTE
The current address register should not
be modified by using byte instructions.
Use only word instructions when loading
this register.

Data Buffer Register—Non-Packing Mode (CDDB) 772 466

BIT
11-0

[k} Erd il [[+] L] ! 7 & 5 F a 2 1 o
s ik nn R RN R R AN

NAME

Zone

FUNCTION

These bits represent the output of a 12-bit data
buffer register. When the register is in a non-
packing mode (bit C1 in the status register is
clear), data from a card is lpaded into this buf-
fer one column at a time on a word basis. After
each column is loaded, the contents of the
buffer is placed on the Unibus for transfer to
the processor, memaory, or other bus device.

The contents of the buffer is coupled to the
12 least-significant bus data lines as shown
bhelow:

Bit Corresponding Card Image
11 ZONE 12

10 ZONE 11

9.0 ZONES 0-9, respectively
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Bits 11-0 are read as 1s whenever 2 card is
not being read; bits 15-12 are always read as
0s,

Data Buffer Register—Packing Mode (CDDB) 772 466

V77777 07 e e

BIT  NAME FUNCTION

70 Zone These bits also represent the output of the data
buffer register. During- a read operation, data
froimm a card is loaded into this buffer one col-
umn at a time. After each column is loaded,
the contents of the 12-bit buffer are com-
pressed intc an 8-bit character by an encoding
network and are then gated onto the UNIBUS
as a low-order byte. This data compression is
made available so that the card reader con-
troller is fully compatible with the proposed ex-
pansion of the Hoilerith code.

Bits 7 through 3 are encoded as follows:

. Bit Corresponding Card Image
7 ZONE 12
6 ZONE 11
5 ZONE 10
4 ZONE 9
3 ZONE 8

Bits 2 through O represent an octal code that

defines the card zone as shown below. In the

case of multiple zones, these bits are the in-

clusive OR of the octal codes of the zones.

gg git gg Card Zone

zero, ZONES 1-7
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE

=000 O
PO D OO
e Ol O O RO
OO L N

All bits are read-only bits with the same condi-
tions as described previously.
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SPECIFICATIONS
Main Specifications

Input medium:
Speed:

CD11

CD11-A CD11.E
{when different)

80-column punched cards, 12 zones (or rows)
1000 cards/ minute 1200 cards{min

Hopper capacity: 1000 cards 2300 cards
Register Addresses

Status and Control (CDST} 772 460

Column Count {CDCC} 772 462

Current Address {CDBA} 772 464

Data {CDDB) 772 466

UNIBUS Interface

Interrupt vector address: 230

Priority levei: BR4

Data transfer: NPR

Bus loading: 1 bus load

Mechanical

Mounting: 1 table tog unit + 1 system uait (SU)
Size: 14"H x 24"W x 18"D 38" x 24* x 38"
Weight: 85 lbs. 200 tbs.
Power

Running current: 4A at 115 VAC 6A

Starting current: 9A at 115 VAC 16A

Current for control: 2.5A at | 8V

Heat dissipation: 450 W 700 W

Environment
Operating temperature:
Relative humidity:

Models

10°C to 50°C

'109%, to 90%,

CD11-A:  Card reader and controt, 1000 cards/min, 115 VAC, 60 Hz

CD11-B:

1000 cards/ min, 230 VAC, 50 Hz

CD11-EA: Card reader and control, 1200 cards/min, 115 VAC, 60 Hz

CD11-EB: "

1200 cards/ min, 230 VAC, 50 Hz
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CR11
CM11

PUNCHED CARD READER, CR11
AND MARK SENSE CARD READER, CMI11-F

DESCRIFTION

The CR1) Card Reader reads E!A standard 80-column punched data
cards at 300Q cards per minute; the CM11-F reads 80-column mark-sense
cards, which can have punched holes, at 285 cards per minute.

The punched-card reader uses a vacuum picker which works in conjunc-
tion with riffle air to make card wear insignificant, card jam virtually
impossible, and provide extreme tolerance to damaged cards. The riffling
action separates the cards in the input hopper to prevent sticking. The
picker uses a strong vacuum to grasp the bottom card and deliver it to
the read station on demand. The picker and associated throat block pre-
vent the unit from multiple picking to the extent that taped or stapled
cards are not allowed to enter the card track. In such cases the reader
stops with pick check alarm. The operator can then separate the cards
and enter them into the input hopper for normal reading. The card track
is very short, so that only one card is in motion at a time. The combina-
tion of tolerance to damaged cards, gentle card handling and short card
track provide virtually jam-proof operation.

Qperation

Cards are read by column, beginning with Column 1, A read command
starts the card moving past the read station. Once a card is in motion,
all 80 columns are read. Column information is read in one of two pro-
gram-selected modes: compressed or image. In the compressed mode,
the 12 information bits in one column are automatically decoded and
transferred into the least significant half of the Card Reader Data Buffer
(CRB2) as 8-bit compressed code. In the image made, the 12 bits of a
column are transferred directly into CRB1 so that Zone 9 is transferred
into the CRB bit 0 and Zone 12 is transferred into CRB bit 11. A punched
hole is interpreted as binary 1, and the absence of a hole as binary 0.

CARD READER
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CONTROLS & INDICATORS

CR11
CM11

Front Panel

Control or
Indicator

Type

Function

POWER
switch

READ CHECK
indicator

PICK CHECK
indicator

STACK CHECK

indicator

alteriiate-action
pushbutton/
indicator
switch

white light

white light

white light

HOPPER CHECK white tlight

indicator

Controls application of all power to
the card reader.

when indicator is off, depressing
switch applies power to reader and
causes associated indicator to light.

when indicator is lit, depressing
switch removes all power from
reader and causes indicator to go
out,

when lit, this light indicates that the
card just read may be torn on the
leading or trailing edges, or that the
card may have punches in the O or
81st column positions.,

Because READ CHECK indicates an
error condition, whenever this indi-
cator is lit, it causes the card reader.
to stop operation and extinguishes
the RESET indicator,

When tit, this light indicates that the
card reader failed to move a card
into the read station after it received
a READ COMMAND from the con-
troller.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that the
previous card was not properly
seated in the output stacker and
therefore may be badly mutilated.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that
either the input hopper is empty or
that the output stacker is full.
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STOP switch

RESET switch

momentary
pushbutton/
indicataor

switch (red light}

momentary
pushbutton/
indicator
switeh (green
light)

CR11
CM11

In either case, the operator must
manually correct the condition be-
fore card reader operation can con-
tinue.

When depressed, immediately lights
and drops the READY line, thereby
extinguishing the RESET indicator.
Card reader operation then stops as
soon as the card currently in the
read station has been read.

This switch has no effect on the sys-
termn power; it only stops the current
operation,

When depressed and released, clears
all error flip-flops and initializes card
reader logic. Associated RESET in-
dicator lights to indicate that the
READY signal is applied to the con-
troller,

The RESET indicator goes out when-
ever the STOP switch is depressed
or whenever an error indicator lights
(READ CHECK, PICK CHECK, STACK
CHECK, or HOPPER CHECK).

Rear

Panel

Control

Type.

Function

LAMP TEST
switch

SHUTDOWN
switch

pushbutton

2-position toggle

When depressed, illuminates all in-
dicators on the front control panel
to determine if any of the indicator
lamps are faulty,

Controls automatic operation of the
input hopper blower.

MAN position—blower operates con-
tinuously whether or not cards are

‘in the input hopper.

AUTC position—causes the blower
te shut down automatically when-
ever the input hopper is emptied.
Blower automaticaily restarts when
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CM11

cards are loaded into the hopper and
the RESET switch is depressed.

Blower activates approximately three
seconds after RESET is depressed.

MOCDE switch 2-position toggle Permits selection of either on-line or
off-line operation,

LOCAL position—removes the READ
COMMAND input from the controlier
to allow the operator to run the
reader off-line by using the RESET
and STOP switches on the front con-
trol panel. -

REMOTE position—enables the READ
COMMAND input from the controller
to allow normal on-line operation
under program control once RESET
is depressed.

REGISTERS
Card Reader Status Register (CRS) 777 160

soon——4 4 i :
LARD DONE

HOFFER CHECK
MOTION CHECK
TIMING ERRDIR
READER TO ONN-LINE

READER READY STATUS
COLUMN DONE
INTERRUFT EMNABLE
EJECT
READ

Effect of the Initialize {IN1T) signal: clear bits 15, 14, 11, 10, 7, 6, 1, and
0.

Read only: bits 15 through 7
Write only: bit 0

BIT NAME FUNCTION
15 Error Set when an error occurs.
14 Card Done Set when one card has passed through the

read station and ancther one may be de-
manded from the input hopper.
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13

12

11

10

0

Hopper Check

Motion Check

Timing Error

Rea‘der To on Line

Busy
Reader Ready Status

Column Done
Interrupt Enable

Eject

Read

CR11
CM11

Set when the input hopper is empty or
output stack is full, This signal is provided
by mark sense card readers and later
models of the punched card units.

Set to indicate abnormal condition in the
card reader. Three conditions can cause
this bit to be set:

a) Feed error

b) Motion error

c) Stack Fail

These signals are available from the mark
sense: readers and later models of the
punched card units.

Set when a new cofumn of data arrived
inte the CRB before the previgusly loaded
column was attended to by a program.

Set when the reader is on-line, Sensing an
error or operating the stop switch on the
card reader panel causes the reader to go
off-line, Operating the start switch brings
the reader on-line providing no ervor caus-
ing condition exists.

Set when a card is being read.

Set when the reader is off line; O indicates
on-line and hence ready to accept read
commands.

Set when a column of data is ready in
CRB.

Set to allow Card Done, Column Done, or
Error = 1 to cause an interrupt.

when set, column ready flag is inhibited
from setting. However, data transfers be-
tween card reader and data buffer do take
place.

Set to aliow the feed mechanisim to deliver
a card to the read station.

A program can load and read information from the Card Reader Status
(CRS) register using appropriate instructions and considering the foliow-
ing limitations:

a. Bits 15-7 can only be read on the bus.
‘h. COLUMN DONE bit is automatically cleared by reading the Data

Buffer.
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c¢. Bits 15-8 are automatically cleared when an attempt to load the status
register is made. However, if this loading is to read a card, and an
error condition requiring manual intervention has not been attended
hy the operator, appropriate error bit will be set again to cause an
interrupt. Commands to READ CARD under these circumstances is

not honored.

d. BIT D is always read as zero on the bus.

Card Reader Data Buffer Register (CRB1, CRB2) 777 162, 777 164

L

Vi LT

(TTTIT1]

ZONE 12 ——-—--———J
ZONE 11
ZOME

o0 G AL L s =D

Read only: all bits

Data from one column at a time of the card is loaded into this register.

BIT FUNCTION

ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
- ZONE
ZONE
ZONE
ZONE

fa d
(=N

O=RNWEOD-NONW

12
Il
0

VO~ WNE

If the data buffer is addressed at CRB2, the 12-bit content is compressed
into an 8-bit character by an encoding network before getting on to the

bus as low order byte. The 8-bit code is:
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BIT FUNCTION

ZONE 12
ZONE 11
ZONE 10
ZONE 9
ZONE 8
DATA encoded as follows:

000 == no punches, ZONE 1-7

001 —ZONE 1
010 = ZONE 2
011 — ZONE 3
100 = ZONE 4 -
101 — ZONE S
110 = ZONE 6
111 = ZONE 7

MW M
&

In case of multiple zones twice, bits will be the inclusive OR of the octal
codes of the zones.

PROGRAMMING EXAMPLE'

The following example shows-a typical method of programming the CR11
Card Reader System. In this example, the card reader is used to read a
bootstrap loader program from punched cards and load the program
into core memory.

CRS=777160 ;CARD REA-DER STATUS REGISTER
CRB1=777162 ;12-BIT DATA BUFFER
.=1000 ;STARTING ADDRESS FOR MEMORY
R1=91
R2=942
R3=9%3
RA— 944
START: MOV #CRS, Rl :SET UP ADDRESS OF CRS IN R1
MOY  #CRB1, R3 :ADD DATA BUFFER ADDPRESS IN R3
RTIST: BIT @R1, #1400 ;IS READER ON-LINE?
BNE RTST iNO, S0 MAY AS WELL WAIT.
RDCD: INC @R1 ;O.K., READ A CARD
RCHK: BIT  @R1, #140000 ;$SPECIAL CONDITION OR CARD
;DONE SET?
BGT RDCD ySPECIAL CONDITION OFF BUT CARD
;DONE ON.
BEQ GOGO :BOTH OFF
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END:  RESET
JMP  @R2
GOGO: TSTB @R1
BPL RCHK
BIT @R3,
BEQ GO2
MOVE @R3, R2
SWAB R2
MOV R1, R4
BR  RCHK
GO2: MOV R4, R4
BNE GO3
MOVB @R3,
BR  RCHK
GO3: ADD @R3, R2
CLR R4
BR  RCHK
.END
SPECIFICATIONS

Main Specifications
Input medium:
Speed:

Hopper capacity:

Register Addresses

Card Reader Status (CRS)
Card Reader Buffer (CRB1)
Card Reader Buffer (CRB2)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Meounting:

Size:
Weight:
Cable:

Power

Starting current:
Running current:
Current for Control Unit:
Heat dissipation:

#400

(R2)+

CR11
CM11

'SPECIAL CONDITION ON, ASSUME
;HOPPER EMPTY AND BRANCH TO
;PROGRAM

;COLUMN READY?

:NO, KEEP LOOKING.

;ROW 1 IN THIS BYTE?

;NO, MUST BE DATA.

iYES, IS FIRST ADDRESS BYTE

;MOVE TO HIGH-ORDER BYTE

" AND SET SECOND-ADD.-BYTE FLAG
;AND GET NEXT COLUMN

;TEST SECOND-ADD.-BYTE FLAGS
;IF ON, USE THIS FOR ADD. BYTE
;OTHERWISE, STORE IT'IN MEMORY
;AND GET NEXT BYTE.

;COMPLETE ADDRESS MAKEUP
;RESET SECOND-ADD.-BYTE FLAG
;AND GO AROUND

80-column punched cards
300 cards/minute N
600 cards

777 160
777 162 (12-bit characters)
777 164 (8-bit char, compressed)

230
BR&
1 bus load

1 table-top unit -+ 1 SPC slot (quad
module)

11"H x 19%W x 14”D

60 lbs

15 ft, supplied

9 A at 115 VAC
4 A at 115 VAC
15Aat 45V
400 W
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CMI11
Environmental
Qperating temperature: 10°C to 50°C
Relative humidity: 1094 to 909,
Madels
CR11: Punched card reader and control, 115 VAC, 60 Hz
CR11-A: 230 VAC, 50 Hz
CMI11-FA: Mark-sense card reader and control, 115 YAC, 60 Hz
CM11-FB: 230 VAC 50 Hz
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DAl11-B
UNIBUS LINK, DA11-B

DESCRIPTION

The DA11-B DMA UNIBUS Link is a high-speed, half-duplex data-transfer
channei connecting two PDP-11 computer systems over a distance of up
to 100 ft. (30 meters). Using the direct-memory-access (DMA)} facilities
of each computer, the link transfers either single words or blocks of data
from the memory of one machine to the memory of the other. Data
blocks up to 32K words in length can be transmitted via the Link in 2
single operation. The transfer rate can be as high as 500,000 words per
second.

The Link consists of a general purpose DMA bus interface attached to
each computer plus the interconnecting fogic and cables that synchro-
nize both interfaces. The bus link operates in two different modes: Word
and Block. In Word Mode, information is passed between computers one
word at a time by interrupt-driven program commands. In Block Mode,
the link transmits blocks of consecutive locations from the memory of
one computer to the memory of the other, using the DMA (NPR) facility
in each machine. Each comgputer controls its own interface to the link.
Eachk has its own Word Count and Bus Address registers that control the
number of words in a block transfer and the memcery addresses involved.
The Link's Word Mode can be used to pass this control information prior
to a block transfer.

After the interface registers have been initialized, a command is given
to initiate the block transfer, The transmitting interface reads a word
from its memory, using the NPR facility of the UNIBUS, and sends that
word to the interface on the adjacent computer. The receiving interface
gains control of its bus via an NPR request, and then transfers the word
from the interface to memory. As each word is transferred, both inter-
faces automaticaily increment their Word Count and Bus Address regis-
ters. The alternating sequence of cycles continues until the block
transfer is complete, whereupon both interfaces generate ‘‘transfer-
done' interrupts, Each bus interface is constructed as a single systemn
unit that can be installed in any PDP-11 mounting box. The intercon-
necting cables are shielded and terminated so that the two computers
can communicate over distances up to 100 feet (30 meters),

PROGRAMMING

In order to coordinate the channel set-up procedures, the programmable
control units in each interface are interconnected to pass interrupt re-
.quests and channel-usage parameters between the computers. Once the
block transfer is initiated, na further programming aperations on the
link control units are required until the transfer is completed.

Each of the interfaces of the DA11-B contains the following four ad-
dressable registers:
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PROGRAM BUS
REGISTER MNEMONIC QPERATION ADDRESS
Word Count DRWC Read/Write XXXX00
Bus Address DRBA Read/Write HXAX02
Control & Status DRST Read/Write XXXX04
Data Buffer DRDB Read/Write XXXX06

Data Buffer

The Data Buffer performs two separate functions in the interprocessor
channel. in Word Mode, the Data Buffer is used as a 16-bit addressable
register to transfer information between computers under program con-
trol. it is loaded by the processor transmitting the word, then read by
the other processor. The Request-interrupt bit (bit 3) of the Contral and
Status Register can be used to signal that data has been loaded by the
transmitting processor. In Block Mode, the Data Buffer serves as an in-
ternal storage register that holds the word being transferred under NPR
control.

Word Count Register

The Word Count register is initially loaded with the two's complement of
the number of words to be transferred. The register increments toward
zera after each bus cycle. When the Word Count overflows (all 1’s to all
0's), the Transfer Complete bit in the Control and Status register is set
and the transfer halts.

Along with the Extended Address bits (bits 5 and 4) in the Contral and
Status Register, the Bus Address Register is used to specify the bus
address of the focation to be transferred during DMA cycles. Because the
UNIBUS link is only used to transfer full 16-bit words, bit zero of the
Bus Address Register is always zero. The Bus Address Register is incre-
mented after each bus cycle, advancing the address to the next sequen-
tial word on the bus. If the Bus Address Register overflows, the ERROR
hit in DRST is set. Since Bus Address overflow does not increment the
Extended Address bits, the maximum block that can be transmitted in
one operation is 32K words.,

Control and Status Register

The Control and Status Registers in the two interfaces are infercon-
nected to provide a means of transferring channel status and interrupt
requests from one processor to the other. Either processor can set up
bits 1, 2, and 3 in its own Control and Status Register to indicate that
it wishes to initiate a transfer, Setting these bits causes bits 9, 10, and
11 to be set in the companion processor's Control and Status Register
(and an interrupt generated, if enabled) thereby informing the com-
panion processor of the request for transfer. The bits of the Control and
Registers are defined as follows:

BIT NAME FUNCTION
15 Error Set to indicate an error.
14 NEX Set to indicate an attempt to transfer
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13
S12
11

10

Interrupt Requested

Requested Transfer
Direction

Requested Transfer
Mode

Cycle

Transfer Done

interrupt Enabled

XBA17
XBAlG

Request Interrupt

Request Transfer
Direction

Request Transfer
Mode
GO

SPECIFICATIONS
Option Designations

DAll-B

data to or from a non-existent address.
Unused

Maintenance only.

Set to indicate that the companion com-
puter has requested an interrupt (by set-
ting bit 3 of its Control and Status Regis-
ter).

Set to indicate that the companion com-
puter wishes to receive data. Cleared to
indicate that the companion computer
wishes to transmit data.

Set to indicate that the companion com-
puter wishes to initiate a single-word
transfer. Cleared to indicate that it wishes
to transfer a block of data.

Set to initiate the first transmit cycle from
the requesting computer. Used in con-
junction with the Go bit.

Set at the completion of a transfer to in-
dicate that the Link is ready to accept a
new command. Forces the interface to re-
lease control of the UNIBUS and inhibits
further DMA cycles.

Set to force a program interrupt whenever
an Error (bit 15), an [oterrupt-Requested
(bit 11), or a Transfer-Complete (bit 7)
condition occurs,

Extended-Bus Address bits. Set to 00 for
a transfer in the area 0-32K, 01 for 32K-
64K, 10 for 64K-96K, 11 for 96K-128K.
Set to request an interrupt in the com-
panion processor. Sets Interrupt Re-
quested (bit I1) and Transfer Complete
{bit 7) in the compamnion computer and
causes an interrupt in the other computer
if its Interrupt Enable bit (bit 6) has been
set.

Set to request a transfer of data from the
companion processor. Clear to request a
transfer to it.

Set to request a single-word transfer.
Cleared to request a block transfer.

Set to initiate a transfer.

DA11-BP DMA Bus Link—25 ft. (7.5 meter)
cables .

DA11-BE DMA Bus Link—50 ft. (15 meter)
cables
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Addressable Registers

Interrupt Vector

Priority Level

Modes

Direction

Word- Size

‘Maximum Block Length
Bus Loading

DC Power

Installation

UNIBUS Compatibility

DA1l-B

DA11-BF DMA Bus Link—100 ft. (30 meter)
cables

Four in each interface:

Word Count

Bus Address

Control and Status

Data Buffer

Requires one vector at tocation 124 (or
assigned to floating vector field, location
300 and above)

BR5

Word or Block Transfer

Send or Receive

16-hits paraliel data

32K words

Each interface places a one-unit bus load
on its UNIBUS.

Each interface draws 4A (max.} from

+ 5V dc supply.

Each interface occupies one system unit.
and can be installed in-any PDP-11
mounting box.

Can be used with any PDP-11 Family
processor,
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DATA BUFFER

4—.-1
_..i
_..|

WORD COUNT —|

BUS ADDRESS ]

ERRCOR
NON-EXISTENT ADDRESS

IMAINTENANCE ONLY}
INTERRUPT REQUESTED BY B -
REQUESTED TRANSFER D¥RECTION -
REQUESTEL TRAMNSFER MODE -
CYCLE

TRANSFER COMPLETE
INTERRUPT ENABLED
EXTENDED BUS ADDRESS
EXTEMDED BUS ADDRESS
REQUEST INTERRUPT OF B
REQUEST TRANSFER DARECTION
REQUEST TRAMSFER MODE

GO

> Y YT YT Y Y

FORT

DA11-B

- DATA BUFFER

i.._..

WGQRD COUNT —i-—

I BUS ADORESS

l.._

ERROR
NOS- EXISTENT ADDRESS

[MAINTENANCE ONLY)
e INTERRUPT REQUESTED BY A
- REQUESTED TRANSFER DIRECTION
- REQUESTED TRANSFER MODE .
CYCLE
TRANSFER COMPLETE
INTERRUPT ENABLED
EXTENDED BUS ADDRESS
EXTENDED B85 ADDRESS.
REQUEST INTERRUPT OF A
REQUEST TRANSFER DIRECTION
REQUEST TRANSFER MODE

IR EEEEE

GO

B PORT

Control and Data Transfer Between the
A Port and B Port of A UNIBUS Link

4-50



DAl11-F
UNIBUS WINDOW, DA11-F

DESCRIPTION

The DA11-F UNIBUS Window is a high-speed interbus channel that con-
nects two PDP-11 systems. Since it is a bus-to-bus connection, the
DAll-F permits communications between any two devices on the two
busses. And, since it operates on a cycle-by-cycle basis, it permits inter-
bus DMA transfers as well as single-word accesses.

The UNIBUS window allows a PDP-11 system to access addresses on a
companion system’s UNIBUS as though they (the addresses) were on
its own. It does so by automatically translating requests to a designated
part of the bus-address space into requests on the other bus. Since all
synchronization is done internally by the window hardware, the operation
is completely transparent to the operating software.

Any unused block of addresses on the UNIBUS, from 512 to 32K words
in size, may be designated as the window. Normally, it is placed directly
above the last memory module. Thus, on a system with £4K words of
memory, an 8K window would be placed from 64K to 72K. Once this
window is initialized, any access to a location between 64K and 72K
will be translated automatically into an access to an 8K address area
on the companion system’s UNIBUS. {The 8K area to be accessed on
the companion's UNIBUS is selected as part of the window initialization
process.) Thus, a window operation involves both the UMIBUS on which
the access was requested, referred to as the originator bus, and the bus
on which the access is actually performed, referred to as the target bus.
Any type of address access (instruction fetch, data fetch, data write, or
DMA-type block transfer) may be performed through the UNIBUS win-
dow. Once the window is set up, the interbus transfer is completely
transparent.

Any device capable of being bus master may originate an access through
the window. A processor on one side, for example, can execute code
that is contained in the other computer's memory. Or a mass-storage
device can transfer data to memory on the opposite bus. An individual
processor is not limited to a single UNIBUS window; multiple windows
allow inter-communication between several processors.

The window channel appears as a field of UNIBUS addresses on the
otiginator bus. When the DA11-F recognizes a bus cycle addressed to a
location within that field, it gains control of the target bus via an NPR
request, The DAIL1-F then executes the same bus cycle but addresses it
to the desired physical location on the target bus. A “through-the-
window’ transaction, therefore, is composed of a data transfer cycle on
each bus. UNIBUS cycles operate as -master-slave handshaking se-
quences. As a result, the DAll-F appears as a slave on the originator
bus and as a master on the target bus.

The window field on tha originator bus is fixed in size and in its location
in the total bus-address space. The target space that the DAl11-F can ad-
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dress on the target bus is the same size as the window field but may be
relocated, under program control, throughout the full UNIBUS address-
ing range (128K). A device on the originator bus couid address its data
transfer to the window field between 64K and 72K, but would actually
gain access to target-bus locations between 32K and 40K. The relocation
factor may, of course, he changed to point the window fo any set of
locations (starting on an even 4K boundary) on the target bus.

The DA1l-F is a completely symmetrical unit and contains two of the
window channels described above, Transactions may, therefore, originate
on either bhus and data may flow in either direction. To distinguish the
two sides of the bus window, the UNIBUS interfaces are designated as
the A Port and the B Port.

Each processor is given compiete control over accesses to locations on
its own bus. A programmable control unit within each port governs the
use of the channel that originates on the oppeosite bus. The processor
on the target bus can disable transfers through the window, restrict
them to read only, and decide which addresses on its bus the window
may have access to.

PROGRAMMING

Since each processor controls window operations directed at its own
bus, the two computers must cooperate in establishing the access
parameters for the window channels. Both cross-interrupt and cross-
parameter transfer facilities are provided in the port-control units for
interprocessor communication. Information can be passed via the con-
trol units without disturbing any on-going window-channel operations.
Typical messages would regquest that a channe! be opened, indicate
whether it is to be read/write or read only, and set up the relocation
factor to be used in calculating the target address. Once a channel has
heen opened, programs on the originator side can make random ac-
cesses through the window at any time with ao further programming
operations on the DAL1-F contral unit itself.

Each port of the DAll-F contains the addressable reglsters explained
below:

MNEMONIC PROGRAM
REGISTER A PORT B PORT OPERATION ADDRESS
Controt and Status Word ACSR BCSR Read/Write XXXX0G
Qutput Data Buffer ADB BDB Read/Write XXXX02
Input Data Buffer BDB ADB Read Only XXXX04
Displacernent Address ADA BDA Read Only XXXX06
_{Internal)
Relocation Address . ARA BRA Read/Write XXXX10
Starting Address ASA 83A Read Only XXXX12
Vector Address AVA BVA Read Only X00(X14

Control and Status Register
. The Control and Status Registers on each porl: are interconnected to pro-
vide a means of transferring information, channel status, and interrupt
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requests from one processof to the other. They also report error condi-
tions due to illegal access by an originator bus or due to the inability of
the window channel to complete a target bus cycle.

Tie bits of the Control and Status Registers are defined as follows:

BIT NAME
15 Error
14  Timeout

13 Power Failure

12 New Data Loaded
by Other Bus

11 Data 3 from
QOther Bus

10 Data 2 from

Other Bus

9 Data 1 from
Other Bus

8 Enable Transfer from
Other Bus

FUNCTION

Set if an access request from the orig-
inating bus fails. When the error bit is set,
further window transactions originating on
this bus are inhibited. if the Interrupt En-
able bit (bit 6) is set, the error will cause
an interrupt,

Set on this port if a bus timeout occurs
while the window is attempting to access
a lacation on the opposite bus. Generally,
the timeout is the result of attempting to
access a non-existent target flocation in
memary.

Set to indicate a power failure on the tar-
get bus.

When set, indicates that the opposite
processor has loaded new information
into its CSR (bits 11.9) or its Data Buffer.
if Interrupt Enable (bit 6) is set, then
joading new data causes an interrupt on
this bus.

The new-data bit can be set and cleared
to signal successful passing of data. For
example, if bit 0 {(New Data for A} is set
on the B port, a 1 appears at bit 12 of the
A port. If Interrupt Enable (bit 6) on the A
port is set, an interrupt request will be
generated on the A bus. When the A pro-
cessor has serviced the interrupt, it can
clear the New-Data bit by writing a 0 into
bit 12 of its own CSR. This action clears
bit O of the B port CSR, thereby indicating
that the message has been received.
Readout of contents of bits 5, 4, and 3
from the opposite port. Used to pass in-
formation bits and flags between com-
puters.

Set to allow this port to be used as a tar-
get for transactions originating on the
opposite bus, (Transfer Enable should
only be set after Write Enable (bit 1) and
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the Relocation Address Register on this
port are loaded correctly.)
7  Transfer to Other When set, indicates that an originator on
Bus Enabled this bus may perform a window transac-
tion to the opposite bus, ie, the target
bus has set its Enabile Transfer bit (bit 8).
If this bit is clear, an attempt to originate
a window transaction from this hus will
calse an error.
6 Interrupt Enabled (IE) Set to generate a program interrupt when
an error occurs (bit 18) or when the com-
panion processor loads new data (bit 12).

5 Data 3 for Loaded to pass information to the com-
Other Bus panion computer,

4 Data 2 for
Other Bus

3 Data 1 for
Other Bus

2 Writing to Other - When set, indicates that the companion
Bus Enabled . pracessor has allowed write access to its

: UNIBUS locations (i.e., the companion
. processor has set its bit 1).

1 Enable Writing from Set to allow the companion processor to
Other Bus change locations an the UN|BUS.

¢ New Data Set to indicate to the companion proces-

sor that either the Data bits (bits 11:9)
or the Data Buffer on this port are loaded
with new information.

Output Data Buffer
The 16-bit Qutput Data Buffer operates in two modes—either as an in-
ternal data-storage register during window transactions or as a cross-
communication register during interprocessor program transfers. When
the window is not enabled for transfers (bit 8 of the status register is
cleared) the QOutput Data Buffer can be used to pass information to the
opposite processor, Since data transfers can only be enabled by the
target bus, the output data buffer provides a convenient way for the
originator bus to request that a window be enabled,

Y
Input Data Buffer
The 16&6-bit tnput Data Buffer holds the contents of the Output Data
Buffer from the opposite port. It permits the target bus to read data
loaded by the originator bus,

Relocation Address Register

The Relccation Address Register specifies the high-order bits of a re-
tocated target address, i.e,, the area on the target bus to which the
window points. it is Joaded by the processor on the target bus, During
a window transaction, the contents of the Relocation Address Register,
shifted left by two bits, are added to the low order bits of the address
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on the originator bus (that indicate the address within the window) to
form an 18-bit target address.

Operation of the UNIBUS Window
(Simplified examples using identical processars and
only one window port)

K | e
CORE oK oK CORE
MEMORY | 24K 24K | mEmORY
MODULES 32K R SECRN I MODULES | I
20K Lo
______ B el
MDS MEMORY g MORY
MODULES | %1 5:‘: MODULES
- ‘J »
[winDow | <27 7 ¢ 726 | MINDOW |
80K 80K
MEMORY SHARED
83K 88K | BYMEANS OF THE
96K 96k | BUSWINDOW
UNUSED BUS | 104K 04K | yruSED BUS
ADORESSES | nz2x nzx | ADDRESSES
120K 120€
70 PAGE 1/
YO PAGE | |10 PAGE
UNIBUS A UNIBUS B

a. Example: A is the originating bus; B is the target bus. An 8K Window
an UNIBUS Ais located at 64K. It has been initialized to connect to
locations 32-40K of UNIBUS B. Systemn A executes a MOV X, RO in-
struction where X is defined to be.z location between 64K and 72K.

1. Processor A issues a request on UNIBUS A to fetch location X.

2. The window recognizes this as an address within its address bound-
aries (64K-72K). It therefore translates it into the appropriate address
on UNIBUS B (an address hetween 32K and 40K) and issues a re-
guest on UNIBUS B to fetch that location.

3. The data is fetched from UNIBUS B and passed fo the window.

4. The data from UNIBUS B is transmitted to Processor A in response
te the original fetch cycle on UNIBUS A.

5. The data is loaded into Processor A's RO, thereby completing execu-
tion of the MOV X, RO. The fact that the data actually came from
System B’s memaory is transparent to Processor A,
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8K K
16K 16K
CORE CORE
MEMORY | 24K 24K | MEMORY
MODULES | 32K 32K | MODULES
20K 40K
—————— 48K 48K - — — — —
MOS MEMORY | 500 MOS MEMORY
HODULES emmmleoq T MODULES
[winDow | <& -7 [WINDOW
L 72K
80K 80K
MEMORY SHARED
88K | . 88K | BYMEANS OF THE
S6K P8K BUS WINDOW
104K 104K
2K uzx
120K 120K
1/O PAGE 1/0 PAGE
 e— "
UNIBUS & UNIBUS B

b. In this second example, the window has been reinitialized to point to
locations 56K-64K on UNIBUS B. If the same MOV X, RO instruction
were repeated, the value of X would be fetched from System B's
MOS meémaory instead of from its core memory.

Also, in this example, access to UNIBUS B has been initialized as
read-only, An attempt to execute a MOV RO, X instruction would,
therefore, result in a protection-violation trap.

’ 8K BE
16K oK
CORE CORE
MEMORY | (1=~ 24K | MEMORY
MODULES T ‘\\ ‘\ | 32K MODHLES
2ot N 40k
—————— k] 28 — — — =
MOS MEMORY 5K ‘\ \\\ 56K MOS MEMORY
MODULES B MODULES
WINDOW | <777, N1t [WikBow
PORT | P FORT
ORTA ™ Tgok | Y, 80K Ok BDE\”CE
MEMORY SHARED | 88K | 88K | REGISTERS SHARED
BY MEANS OF THE FEK ‘\ ] POK BY MEANS OF THE
BUS WINDOW 104K Voo oax BUS WINDOW
2K LY ek
120K VL
/O PAGE VST o ek
UNIBUS A UNIBUS B

UNIBUS Window Operation Utilizing Both Window Ports

In previous examples, only ane direction of window transfer was dia-
grammed. The window actually implements two independent paths be-
tween busses. Having both windows enahled for reading and writing
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allows each system to have shared access to part of the other system’s
memory. In this special case example, System A's window allows it to
access device registers and hence initiate transfers on one or more of
System B’s peripherals. By doing writes to the appropriate locations
between 68K-72K on its own UNIBUS (automaticaliy translated by the
window fo actually load disk controller registers in System B’s 1/0 page),
System A may initiate an 8K transfer to locations 64K-72K on System
B’s UNIBUS. But this data would, in turn, pass through System B's
window to locations 24K-32K of System A's memory, Thus, the window
permits System A to initiate a transfer from System B's disk directly
into its own memory on a completely transparent, DMA, basis.

~—] weurpatamorrer K

l  INPUT DATA BUFFER

I_— .

_ ——1 OUTPUT DATA BUFFER [/"’h‘\‘xl QUTPUT DATA BUFEER |-—

ERROR 15] ERROR
TIMEQUT 1] TIMEQUT
POWER FALURE T3 FOWER FAILURE
NEW DATA LOADED BY & [12]e—=  NEWDATALOADED SYA
DATAIFROME F—-——-’- DATA 3 FROM A
DATA 2 FROMB o|—» DATA 2 FROM A
DATA 1 FROME 51— DATA 1 FROMA
ENABI.E-TRANSFERS FROMB E - ENABLE TRANSFERS FROM A
TRANSFERS T8 ENABLED 71— TRANSFERS TC A ENASLED
INTERRUPT ENABLED & INTERRUPT ENABLED
DATA IFORB g DATAIFOR A
DATA 2 FORB 4 fa— DATA ZFOR A
DATA 1 FORB 5 e— DATATFOR A
WRITING TO B ENABLED (21—  WRITING TOAENABLED
ENABLE WRITING FROM 2 [V le—  ENABLE WRITING FROM A
NEW DaTALOADED FORB [C}e—~ NEW DATALOADEDFORA
A FORT B PORT

Control and Data Transfer Between the A Port
and the B Port of 2 UNIBUS Window

SPECIFICATIONS
Option Designation
Addressable Registers

DA11-F UNIBUS Window

Seven in each port:
Control and Status
Cutput Data Buffer
Input Data Buffer

Displacement Address (internal use only)

Relocation Address
457



Interrupt Vector

Pricrity Level
Bus Loading

Bus Latency
DC Power

Installation

UNIBUS Compatibility

DAl1l-F

Starting Address (maintenance)
Vector Address {maintenance)
Requires one vector assigned to floating vec-

tor field (location 300 and above)

BR7

Each port places a one-unit bus load on its
UNIBUS

300-ns internal address-translation time plus
time of the bus cycle on the target bus,
Draws 5 amperes from + 5 V dc supply
Occupies one system unit and can be in-
stalled in any mounting box that accepts
hex-height modules

Can be used with any PDP-11 Family Pro-
cessor
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BUS REPEATER, DB11-A

DESCRIPTION

The DB11-A Bus Repeater allows physical and electrical extension of the
UNIBUS. Each DB11l-A allows a 50-foot extension in bus length, and
will drive 19 extra bus loads, Most PDP-11 options that interface to the:
UNIBUS are one bus load.

All UNIBUS signals are carried through from one side to the other by
the DB11-A. Inclusion of a Bus Repeater in a PDP-11 system imposes
no operational changes, and no ‘timing restrictions. The operation is
transparent to programming, .and there are no addressable registers.
The bus cycle time is unaffected for devices on the same side of the
Repeater, and increase by only a maximum of 375 nsec for devices on
the opposite sides.

Bus Loading

Each section of the UNIBUS is rated for 20 bus loads and a length of
50 feet. The DB11-A represents 2 bus loads, 1 on the input (CPU} side,
and 1 on the output side. Therefore, the addition of one DB11-A allows
a total of up to 38 devices (excluding the DB11-A), for a net gain of 18
bus loads.

UNIBLS UNIBUS UNIBUS

’ | DBII A | [ —EDBH A’ ? ? m——————
19 DEVICES 30 DEV!CES i [EgIEES

50 FEET 50 FEET 50 FEET

- DB11 Bus Repeater

SPECIFICATIONS

Increase in Bus Timing

Master and slave cn same side: 0

Master and. slave on opposite sides: 375 nsec, max

UNIBUS Interface

Bus loading: 2 bus loads (1 on each side)
Drive capability: 19 bus foads and 50 feet
Mounting: 1 System Unit (SU)

Input current: 32Aat45V

Environment

Operating temperature: 5°C to 50°C

Relative humidity: 109 to 95%
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PROGRAMMABLE ASYNCHRONOUS SERIAL
LINE INTERFACE, DC11

DESCRIPTION

The DC11 series of character-buffered interfaces are used between the
PDP-11 and a seriat asynchronous line. They can be used to connect the
PDP-11 to a variety of asynchronous terminals or to another computer
through a common carrier communications facility. Also the communica-
tions facility can be bypassed and asynchronous terminal devices and
ather computers ¢an be connected focally to the PDP-11, The DC11 has
the flexibility to handle many different types of terminals. The line speed,
character size, stop-code length, and the data set of contro] lines may be
set under program control. Input and output line speeds can be varied
independently.

The DC11 provides the necessary control signals and levels to interface
to BELL 103 and 202 type modems or equivalent. The levels are E1A
RS-232-C and GCITT compatible.

The PDP-11 UNIBUS serves as a multipltexer for adding multiple DC11s.
Each two interfaces require one PDP-11 systemn unit's worth of mounting
space. The pre-wired system unit and clock module are designated as the
DC11-AA, DC11-AB, DC11-AC, DC11-AD, DC11-AE, DC11-AG, DC11-AH,
or DC11-AX depending on the baud rates desired. The DC11-DA is the
modulie set that interfaces the PDP-11 to a serial asynchronous line. Two
DC11-DA's will mount in each DC1I-A type unit. The DC11-A unit con-
tains the clock for both DC11-DA module sets.

Operation

The DC11 is a character-bufferad communications interface desigrned to
transtate asynchronous serial-bit stream data to parallel-character data.
The units contain two independent character buffers (transmit and re-
ceive) capable of simuftaneous two-way communication. Proper program-
ming of each unit will allow it to operate in a half-duplex or. full-duplex
mode. :

The receiver section offers serial to parallei conversion of 5-, -, 7-, or
B-level codes. The code size is under control of the program and appears
right-justified in the data buffer without start or stop bits. Four different
crystal-controlled clocking rates are available. When the character has
been received, its parity is available to the programmer for testing. An
interrupt request is generated in the middle of the last data bit of a
character being received. 1f the program does not remove the character
from the data buffer before the middle of the next start bit, a data over-
run error is set in the device. Both the receiver and transmitter character
length and stop-code size are simultaneously controlled by the program
{i.e., they are always the same). The receiver interprets a break as a
series of nulls.

The transmitter saction offers parallel-to-serial conversion of 5-, 6., 7-, or
8-level code. The transmission rate can be set by program control to one
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of four rates independent of the receive rate. An interrupt request is gen-
erated in the middie of the last data bit being set. Also included is the
ability to transmit a continuous space (break).

The control section provides connection to ali the leads from Bell 103
and 202 type data sets, with the excepticn of data set ready. Control of
the data set is done by the program. Interrupt requests are generated
when rings appears or at the transition of carrier detect.

The control leads are fail-safe; i.e., they will appear off if the data set
loses power.

Programming

Each line unit contains four registers and, hence, requires four ad-
dresses. Address space has been assigned for 32 line unit. Line unit
number 1 starts at 774 000, line unit 2 is at address 774 010, up to line
unit 32 at addresses 774 370. The four registers and their address for
line unit xx are:

REGISTER ADDRESS
Receiver Status Register (RCSR) F7AXX0
Receiver Buffer Register (RBUF) F74XN2
Transmitter Status Register (TSCR) F74XX4
Transmitter Buffer Register (TBUF) 774XX6

Each asynchronous modem interface requires one interrupt vector. The
vector addresses are assigned from 300 to 777. (See Appendix A.)

Each DC11 has a bus request level assignment. All units will be shipped
with the bus request line set to BR5. These levels are field changeable
with a priority jumper plug.

Receiver Status Register (RCSR) 774XX0

e —
ERROR'—+
CARRIER TRAMS
RING H4DICATOR
BATA OWVERRUN

CHARSC TER LENGTH
SUPERVISTIRY TRAMSMIT Dala

E
HYTERRUPT ErABLE
PARLTY CHECK
RECEIVER SPEED SELECT
CARRIER DETECT

EBREAK
DaTa TERMIBAL READY

Effect of the Initialize (INIT) signal: clear bits 15 to 12, 10 to 3, and 1.
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BIT NAME
15 Error
14 Catrrier Transition

i3

12

10,9

3,4

Ring Indicator

Data Dver&un

Character Length

Superv. Transmit Data

Done

Interrupt Enable

Parity Check

Receiver Speed Select

DC11
FUNCTION

The logical OR of bits 12, 13, 14, causes
an interrupt and is read only.

Set when carrier detect changes state.
Cleared on read of receiver CSR. Read
only.

Set when data set rings. Cleared on read
of receiver CSR. Read only.

Signals an error condition. Set when start
pulse is received and done flag is still
set. Cleared on read of receiver CSR.

- Read only.

Specify the number of bits per character:
BIT10 BITS

—_—

0 O 8 bhits/char.
0 1 7 bits/char.
1 0 6 bits{char.
1 1 5 bits/char.

Read and Write.

Provides signaliing capability on reverse
channel of 202C/D modems. Read and
Write.

Indicates character available, and is
cleared by reading the receiver buffer.
Read only.

Enables the receiver interrupt facility.
Read and Write.

Provides a parity check to incoming data:

Bits =1 Odd parity checks
Bith =0 Odd parity fault
Bit5 =0 Even parity checks
Bith =1 Even parity fault

Bit is read only and is valid until next
character start pulse is received.

Specify the Baud rate of the receiver:

BIT4 BIT3
0 0 Lowest
0 1
1 0
1 1 Highest

These bits are both read and write.
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1

0

Carrier Detect

Break

Data Terminal Ready

DC11

Control lead from wmodem. Indicates
status of carrier and is asserted when
channe! is established. This bit is read
only,

When asserted, pulls the output data line
to a space. This bit is read and write.

Control lead to modem. This bit condi-
tions automatic answer and is both read
and write. Must be set for register to
assemble characters.

Transmitter Status Register (TSCR) 774XX4

FIPERASORY
RECEIVE DATA
STOP CODE

REALDY

TRANSMIT INTERRUPT
TRANSMIT SPEED SELECT
MAINTENANCE
CLEAR TCH SEMD
REQUEST TO SEND

7 -] 5 4 3 2 1 &

(P77 11 V4 1T 1]

N

Effect of the Initialize (IMIT) signal: clear bits 8 to 6, 4 to 2, and Q.

BIT
15

4,3

NAME

Supervisory Receive Data

Stop Code

Ready

Fransmit interrupt

Transmitter Speed Select

FUNCTION

Pravides receive capability on reverse
channel of 202 C{D modems. Read
only.

Sets the stop code sent by the trans-
mitter:

0—Set stop code to 2 bits

1—Set stop code to 1 bit

Read and write.

Indicates transmitter ready to output
data. Cleared by loading transmitter
buffer, set by having transmitter buf-
fer zero'd. Read onfy.

Enables the transmitter interrupt facil-
ity. Read and Write.

Specify the Baud rate of the trans-
mitter
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BIT4 BIT3
&) 0 Lowest
Q 1
1 0
1 1 Righest

Read and Write.

2 Maintenance Maintenance function which connects
. transmitter serial output to receiver
serial input. Read and Write.

1 Clear to Send Control lead from modem; required
that this bit must be asserted for
transmit interrupt. Read only.

0 Request to Send Control lead to modem; required for
transmission of data. Read and Write.

Receiver Buffer Register (RBUF) 774XX2

G

Transmi&er Buffer Register {TBUF) 774XX6

a 7 ]

7

SPECIFICATIONS

Operating mode; - Full- or haH-duplex selected under software
control,
Data Rates: 110, 134.5, 150, 300, 600, 1200, 1800 Baud

or one user specified Baud rate between 600
and 10,000, Four speeds are avzilable to the
user under program control. Transmitting and
receiving rates are independent. See DCI1
models for specific combinations available.

Data Format: One start bit, Character size is variable under
program control to 5, 6, 7, or 8 data bits.
Stop code is programmable 1o one or two

bits.
Order of Bit Low order bit first.
Transmission:
Parity: Computed on ingoming data.
Distortion Input: Can tolerate up to 409%, per character.
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Output:
Data Signals:

Control Signals:

Progrém Interrupts:

Bus Load:

Physical Connection;
Space Required:

Power Required:

Temperature/ Humnidity:

DC11

Less than 39, per character.

Conforms to EIA RS-232-C and CCITT specifi-
cations.

All control leads from the Bell 103, 202 or
equivalent modems are brought into the unit
with the exception of data set ready. All leads
are E1A RS-232-C and CCITT compatible.

Receive done, transmit done, receive over-
run, ring, and carrier transition. (f appro-
priate enable bits are set.)

One line unit represents a one unit load to
the PDP-11 UNIBUS. The UNIBUS can handle
18 unit loads. For more than 18 unit loads a
bus extender, DB11-A, must be used. '

25-foot cable with EIA RS-232-C-Compatibie
25-Pin male connector.

1 systemns unit for either one or two line
interfaces.

2.2 amps of 4 5 Volts for the first interface
in a systerns unit.

2.0 amps of + 5 Volts for the second inter-
face in a systems unit. '

10° -50° C with 20 to 90% noncondensing
humidity.

Models

DC11-AA Dual Serial Asynchronous Line System Unit and Clock.
Provides space for mounting two DC11.DA Line Units.
Clock gives 110, 134.5, 150 and 300 baud signals.

DC11-AB Same as DC11-AA except Clock gives 110, 300, 1200,
1800 Baud signals.

DC11-AC Same as DC11-AA except Clock gives 110, 150, 600, 1200
Baud signals.

DC11-AD Same as DC11-AA except Clock gives 50, 110, 134.5, 150
baud signals.

DC11-AE Same as DC11-AA except Clock gives 75, 110, 134.5, 150
baud signals. ]

DC11-AG Same as DC11-AA except Clock gives 134.5, 150, 300,
1200 baud signals.

DC11-AH Same as DC11-AA except Clock gives 110, 134.5, 600,
1200.
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DC11-AX Same as DC11-AA except Clock gives 110, 134.5, 150
plus one non-standard baud rate above 600 Baud and
hetow 10,000 Baud.

DC11-DA Full dupilex serial asynchronous line unit with modem
control features. Allows programmable variation of line
speed character size, stop code length and data set con-
trol lines. -

Transmitting and receiving speeds are independent. Data-
set lines conform to EIA RS-232-C and CCITT specifica-
tions. Compatible with Bell 103, 202, or equivalent
modems. includes 25-foot modem cable.

H312-A Asynchronous null modem jumper box. Allows direct con-
nection of a PDP-11 to any peripheral with a data-set type
interface which conforms to EIA RS-232-C and CCITT
specifications. Also allows direct serial asynchronous
computer-to-computer data transfers between - two
PDP-11's. Each PDP-11 must have a DC11-DA and the
maximum separation must not exceed 50 feet.

Applications

The DC11 is ideally suited for interfacing a moderate number of serial
asynchronous lines to PDP-11 Systems. Applications of the PDP-11 such
as numerical control, data acquisition, physics, biomedical and data
processing often require several asynchronous serial line interfaces to
be connected to either terminals or other computers. The DC11 is also a
very flexible asynchronous interface for use in small time-sharing sys-
tems. Terminal manufacturers ecan easily interface the DCl1 to their
terminals provided they conform to EIA RS-232-C and CCITT Specifica-
tions.

The DC11 can connect a wide variety of terminals to the PDP-11 either
remotely or locally. These configurations would be:

REMOTE

I EOP-114 I—[ e RE] 2wl ] H MODEM WOLEM H TERMINAL [
LoCAL

i -
POP~14 —-4 NULL TERMIMAL
MODEM

FPHOMNE LINE
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The DCI1I also can connect two PDP-11's together. These connections
which could be either remote or local would appear as:

IFDP‘*H H De1IA

Do H H Dol ‘ DCtia PDP—Ill

LOCAL

| PDF-11 }—l DCIA

[ElmRieg I——-l H324 H ocio

DCiia I——I POP 1Y |

4-67



e DDll
PERIPHERAL MOUNTING PANEL, DD11

GENERAL .
The DD11 Peripheral Mounting Panel is a preiwired System Unit de-
signed for mounting up to 4 Small Peripheral Controller {SPC) inter-
faces, It is pre-wired for logic and UNIBUS signals, and for power. The
physical construction of the DD11 is similar to the BE11 Blank Mount-
ing Panel. '

Use of the DD11 requires specialized logic modules for the actual in-
terface, since the pin assignments are fixed for the various controt and
data signals. Customers may design interfaces to go into a DD11 by
using modules which have the same pin assignments for the signals.

There are two versions of the DD11, differing in only one functional
aspect. The DD11-B is pre-wired for 2 DF11 interfaces, while the OD11-A
is not,

DIFFERENCES
DD11-A DD11-B .
1. Pre-wired area. 4 SPC slots. 4 SPC slots +
2 DF11 slots
2. lse with BA11-ES Must be used. Cannot be used.
Mounting Box. (for power
: connection
reasons)
3. Power Connections. Modute for power Tabs are used
’ plugs into siot A3. oh the wire-
wrap pin side.
4. Pin numbers Interconnected Assigned to
CAl to CV1. between slots UNIBUS signals.
’ 1&2, also
3&4.

DD11-A

The following figure illustrates module allocation within a DD11-A unit.
Slot A2 must be empty because of power cable overhang; slots B2 and
B3 are unused. The DD11-A is wired to permit the instaliation of four
M7821 modules in column F, four M105 modules in column E, and four
double-height device interface modules in columns C and D or 4 quad
module Small Peripheral Controllers (SPC's), which contain the eguiv-
alent of the M105 and M7821 plus the device interface logic. The uni-
directional grant lines are wired to column D, and each device interface
modufe must inclede jumper arrangements to allow selection of the
davice priority level at the time of installation. Only BR<7:4> levels are
wired to this column; devices mounted in a DD11-A unit cannot be
assigned to the NPR priority level without rewiring the panel. An ad-
ditional constraint imposed on the interface is that each device may be
on anly one request level, since both interrupts available tfirough .one
M7821 module are wired in series and must be at the same priority
lovel.
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If the device requires interface logic that occupies more than one full
row of space in the DD11-A, columns C and D of the second row can
he used by using wiring provided between rows 1 and 2 and rows 3 and
- 4_ If this is done, it is no longer necessary to add anather M105 and
M7821 module to slots E and F of the second row,

UNIBUS-—The UNIBUS enters through slots Al-Bl of the DD11-A. This
connection can be made with either an M320 UNIBUS connector or a
BC11A UNIBUS cable. All bus signals {except grants) are wired directly
to corresponding pins in slots A4-B4. Connection can be made with
either an M920 connecior or BC11A cable to continue the UNIBUS ta
the next unit. If the DD11-A is the last unit on the bus, an M230 Bus
Terminator must be placed in siots A4-B4.

Power—The G772 Power Connector plugs into slot A3. This connector
distributes 45V power to all A2 pins and —15V power to all B2 pins
except in slots Al, Bl, A4, B4, A2, and A3, Ground is maintained
through the frame and power connector on pins €2 and T1 of all siots.

S
T
A a [ 7] £ '-\ F
4 Me20 Brr.
3 PWR [ery i
2 GrIT,
|

1 M2l DEVICE LOGIC

BUS "USED IF NO DEVICE INTERFACE
1] LOGIC EXISTS

DDi1-A Module Layout

Note that a G727 Grant Continuity module must always be installed in
column D if there is no interface logic in that row. The following figure
shows the wiring assignments that must be adhered to when using the
DD11-A. i

Extended Usage—Additional wiring provides 10 signal lines between
slots C1-D1 and C2-D2 as well as between slots €3-D3 and C4-D4. This
permits use of multiple board device controls, Thus, if device logic can
be divided into two sections with 10 or less interconnections between
sections, then one section can be mounted in slots C1-D1 and the cther
section in slots C2-D2,
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NOTE
Interconnections can be made only between
rows 1 and 2 or between rows 3 and 4. No con-
nections can be made between 1 and 3, for
example,

DD11

Othear sections of divided logic can also be placed into slots E and F
with the interconnections provided by the normal M105 and M7821

tnodule- to-device control signals,
:

CAUTION
When designing special logic, it is necessary to
prevent interference with bus signals prewired
to the pins of a particular slot,

CAZ,DAZ 5 VOLTS
<8102 -15 VOLTS
CC2,CF0, 002, DT GROUND

BUS INIT L —d DL1 43 p——— B3 DIsL
- CE:  p——— BUS DML
———— CE1 CF2 r—-—— ByU3 D13 L
— €F1 H2 pr——— BLS D121
— K] cHY b——— Bus5 DI L
TEST POANTS —_— CMl Ci2 p—— BLS DIOL
{PINGS LEET ——1 D! K o= BUS DD9L
LINWIRED: OM _— Dat cL? fr——— BUS 008 L
DoN-4) — oF1 M2 p——— BUS DO7 L
— Rl Cvi [—— BUS DD& L
o5l CPZ - p—— BUS D031
. DU M2 [——=— BUS DM L
= Crz  p——— BUS 003 L
cAl u2 P--—— BUS 002 L
CEt k2 p— BU5 D0 [
cCh . C52 p—— BUS DOOL
DEVICE col
INTERCOMNMNET TIONS —== NI DF1 f—— SELECTOH
“BETWEEN SLOTS — <A b I SELECT 2 H
1= AND 3-4) ——] CRI DE1 F— SELECT4H
—— 5] () [—-=—— SELECT & H
_— DEl =—=— OUTHIGHH
[ — on wn)] = OUT \OW H
CHY f———— INH
(2] e S5¥MN INHIRIT
INTR A H
BUS BR7 L IMTR ENB A& H
BUS BRa L INTR B H
BUS BRS L INTR ENE B H
BUS BRA L BUS REGUIEST L
BGIM H
BGOUT H
BUS BG7 INH BG7 QUT H
BLUS BOG6 MH BG& QUT H
BUS BGS INH G5 OUT H
BUS 854 INM BG4 OUT H

FRICRITY MIMPERS*

* REQUIRED ON MODULE FOR CONNECTED UNUDSED GRANTS.
SHOWHCOTTED LINES] FOR LEVEL 7

Device Control as Wired in the DD11-A
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Grant Continuity—The device control module mounted in stots £1-D1 re-
ceives the bus .grant signal from the UNIBUS. As a function of its
interrupt priority level, this device control must switch the grant signal
into-its interrupt control (BG IN). After passing through both stages of
the interrupt control, if not the interrupting device, the signal (BG QUT)
must be returned to the grant chain and passed on to the next device
cantrol {rnounted in slots C2-D2). In addition, the device control must
maintain the continuity of unused grant signais. The BG OQUT signals of
C1-D1 are wired to the BG IN fines of the next device control. This grant
chain must be continued through each device unti! the BG OUT signals
of the last device control are wired to the outgoing UNIBUS in siots
Ad4-B4,

Whenever slot [} is not used by a device control, a G727 Grant Contin-
uity modulte must be inserted in this slot. This module provides jumpers
between pins K2 and L2, M2 and N2, P2 and R2, and $2 and T2. Three
G727 modules and one M920 modute are provided with the DD1I-A unit.

External Device Cables—An edge connector mounted on the device

module socket may be mounted on the device control medule and an
M927 cable connector or M925 ribbon connector may be used. The
M927 is used for coaxial cables or twisted pairs and is electrically
equivalent to the M904 connector; however, the cable is mounted at
the edge of the module card rather than at the end. The M9325 is
similar to M903 and is used for ribbon cable connectors.

DD11-B
The DD11-B can hold:
4 SPC’s plus 2 DF11's

A B c D E- F
UNIBUS
4| CONNECTION SPC
3 DFI11 SPC
2 DF11 SPC
UNIBUS
1| CONNECTION SPC
r
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ACOUSTIC TELEPHONE COUPLER, DFO1-A

DESCRIPTION

The DFQ1-A Acoustic Coupler can be used to connect DIGITAL and other
terminals to remote computing systems via ordinary telephone sets and
the public switched telephone network.

Both 20 milliampere teletype current loop and E1A RS232C interfaces are
standard in the DFO1-A. The output from the interfaces can be used
simultanecusly, allowing the user to drive a plotter or other device re-
quiring EIA interfacing while using a teleprinter for data input or output.

The DFC1-A has built-in terminations for tying to the telephone com-
pany's Data Access Arrangement (Beli CDT Manual DAA} in the rare
instances where a hard-wired connection is necessary to avercome inter-
ference or switchboard losses. Through pushbutton switches, the user
may choose either acoustic or hard-wire and full- or half-dupiex operation.

“Sound-seal” cushions on the DFO1-A hold the telephone handset firmly
in position' and provide excellent acoustic shielding. Good durability is
provided by an injection-molded case made of a special impact-resistant
material. All electronic circuitry, switches, connectors and the sound-seal
cushions are mounted on a single printed circuit board.

SPECIFICATIONS
Operating Modes: Originate-only, in half- or full-duplex. N
Data Rate: Up to 300 Baud.

Receiver Sensitivity:—48 dBm in acoustic mode; —60 dBm hard-wire
(DAA)
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Frequencies:

Send Receive
Mark 1270 Hz 2225 Hz
Space 1070 Hz 2025 Hz

Frequency Stability: 0.3%
Modulation Technique: Audio Frequency—Shift Keyed {(AFSK)
Transmit Power Level: —10 dBm

Line Coupling: Acoustic or hard-wire {(Bell CDT Data Access Arrangement)
coupling to telephone line.

Interface: 0 to 20 miliiampere teletype levels or EIA RS232C (both avail-
able on the same unit; both outputs can be used simultaneously if de-
‘sired).

Compatibility:

Used with remote terminals (teleprinter, typewriter CRT dispiay, plotter,
card reader) to provide information transfer to/from a Bell 103A2 {or
‘equivalent) dataset. Cannot be used with 230V, B0 Hz, nor is it com-
patible with European modems.

Power Requirement: 115V, 60 Hz (abpmximately 30wW)
Operating Termperature:  32° to 140°F (0" 1o 60°C)
Size: Width 6.5" (16.5 cm)

Height 6 {15.2 cm1}
Length 12¥ (30.4 cm)

Weight: 61bs. (2.72 Kg)
Mounting: Tabletop case
Controls and Indicators: -

Power ON/OFF (pilot light integral with switch)
Acoustic/ Hard-Wire Mode {pushbution switch)
Full-Duplex/ Half-Duplex (pushbution switch)
Carrier ON indicator light

Cables: Supplied with 7.5 ft. (2.27 m) cable for connection to Model
33 ASR or KSR teletypewriter

A cable may be ordered (DEC No. BCO5D-25) to connect the DFOL-A to
EIA terminals not afready supplied with a cable.

Applications:

The DF01-A may be used to operate a standard DIGITAL LT33-8, D, E or
H Teletype over the switched network. In the case of the LT33-D and E,
connection to the DFO1-A will disable the paper tape punch/reader. The
reader may be enabled by DIGITAL field service personnel.
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SERIAL LINE INTERFACE SiGNAL CONDITIONING, DF11

DESCRIPTION

The DF11 furnishes flexibie, low-cost electrical and physical signal con-
ditioning between rmost Digital-suppiled serial fine interface equipment
and terminals, and commonly used serial communications channels.
DF11 units are used with the following Digital serial tine interface equip-
ment: DC11, DP11, DL11, DH11, and LA30.

Most modern digital computers handle data signais as Transistor-
Transistar Logic (TTL) tevels. These levels must then be converted to
other voltage levels or current values to prepare them for application fo
communications media so that they may be transmitted to a distant
processor or terminal, In addition to the need for level conversion, there
is a requirement to have cables of various lengths equipped with a vari-
ety of specialized” fittings for each communications medium serviced.

CONSTRUCTION

A DF11 unit will normally consist of two single-height modules. One
module performs the electrical signal conditioning function of converting
from the TTL signal levels internal to the computer logic 1o the external
signal discipline required (e.g., EIA RS-232C, 20 mA Teletypes, Bell Sys-
tem CBS or CDT Data Access Arrangements, etc.), The second module
performs the physical interface coaditiening required; i.e., furnishes a
cable to connect the tevel-converted signals produced by the first module
to the desired device or channei (e.g., a dataset). In the case of the
DF11-F 20 mA Teletype Interface, this second module provides a Mate-n-
Lok connector for a customer-furnished cable. In the case of the DF11-A
EIA Interface, the second module provides the 25-conductor cable and
plug to coanect the level-converted signals on the back panel wires to
the dataset.

COMPUTER
[FTL LEVELS,
PARALLEL OPERATION}

INTERFACE l
[PARALLEL TO

SEREAL OPERATION) J

I I

r

_ DEN
TiL TQ EXTERMAL

OF 11
CABLE OR M COMMUNICATION H__K——_ETEtIE':‘EI?NE
LEVEL CONVERTER

CONNECTOR CHANNEL

CFIT SIGNAL CONDITIONING
OPTION
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TYPICAL CONFIGURATIONS:

Dataset
Interface
. for units
requiring
EIAfRS232C
voltage
levels

Cinch
DB25P _ : y
25-pin ’ i
Dataset

connector

DF11-A .
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Cable and .

Integral Modem

converts TTL to connector -

fone signals for - for tohnection -

transmission on '+ to'Bell System
3 data access

) y arrangement

DFil-B
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T o Blt System. 7.6 meter (25 ft.)
+3011303 Bmm , Cable with Bell
._Intarfa@e :

- DF11-G
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Female -
Mate-n-Lok

.+ orquad
_:;stgt_i_on cable,
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MODELS

DF11-A—EIA ADAPTER

TTL to EIA{CCITT voltage levels. Cannects to ElA circuits AA, AB, BA, BB,
CA, CB, CE, CF, SBA, SBB, DA, CD, DB, DD, and C. Twenty-five foot
cable with DB25P 25-pin male Dataset plug. Signaling rates up to 9600
Baud.

DF11-BA—INTEGRAL MODEM

Integral 103-type modem converts TTL to audio frequency shift keyed
tone signals in the Originate-Only mode. Twenty-five foot cable and con-
nector provided for connection with Bell System data access arrange-
ment COT or to private wireline channels, Signaling rate up to 300 Baud.

DF11-BB—INTERNAL MODEM
As above (DF11-BA) except unit operates in Answer-Only mode, and in-
terfaces to Bell System data access arrangements CBS or CDT.

Note: The DF11-BA and BB may be used without data access arrange-
ments on customer-owned lines, at distances up to 5000 ft.

DF11-F—TELETYPE ADAPTER )

TTL to 20 mA active local Teletype loop. Connector is Amp Mate-n-Lok
for connection with customer-supplied 22AWG, 2 twisted pair cable to
local or remote (up to 1500 ft.) Model 33 or 35 Teletype. Signaling rates
to 300 Baud.

DF11-G—303 DATASET ADAPTER

TTL to Bell System 301/303 Dataset Interface, Signal levels, cable con-
nector, and signal pinning compatible with the Bell 301/303 Datasets.
Supplied with 25-foot cable. Signaling rates to 250K Baud.

DF11-K—OPTICAL COUPLER )

TTL to active or passive 4-wire current mode (20 mA) loop. Connector is
Amp Mate-n-Lok for connection with customer-supplied cable. Signaling
rates up to 2400 Baud, at distances up to 1500 ft.

Note: The data rates and distances cited above are recommended by
DIGITAL. They are applicable in electrically quiet environments and do
not necessarily represent limiting values,

APPLICATION

The DF11 series is applicable in most DECcomm-11 communications
line interface equipment. The following is a partial list of line interfaces
and mating DF111 signal conditioning options:

DL11* DF11-BA, DF11-BB, DF\ll-K
DC11 DF11-A, DF11-F, DF11-K
DPL1 DF11-A, DF11-G

DH11 DF11-A, DF11-BA, DF11-BB, DF11-F, DF1]1-K

* puajlable only when the DL11 is used in a DD11-B systern unit, or in the top
small peripheral cantroller slot of a PDP-11{10. .
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Related Options

H312-A Nuli Modem—rfor connection of DF11-A directly to local
ElA-compatible terminals.

959, Bag of B Male Mate-n-Lok connectors, with pins, For con-
nection of customersupplied cable with female Mate-n-
Lok connectars supplied with DF11-F and DF11-K options,
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16 LINE PROGRAMMABLE ASYNCHRONOUS
SERIAL LINE MULTIPLEXER, DH11

DESCRIPTION

The DHI1 multiplexer wonnects the PDP-11 with 16 asynchroncus seriat
comunications lines operating with individually programmable param-
eters. These parameters are:

Character length: 5.6, 7, ur 8 bits
Number of stop bits: 1 or 2 for 6-, 7-, 8-bit characters
1 or 1.5 for 5-bit characters
Parity generation and detection: 0dd, Even, or None
Operating mode: " Half Duptex or Full Duplex
Transmitter speed (Baud): 0, 50, 75, 110, 134.5, 150, 200,

300, 600, 120G, 1800, 2400, 4800,
9600, Ext A, Ext B.

Receiver speed (Baud): 0, 50, 75, 110, 134.5, 150, 200,
’ 300, 600, 1200, 1800, 2400, 4800,
9600, Ext A, Ext B.

Breaks may be detected and generated on each line.

The DH11 Multiplexer uses 16 double-buifered MOS/LSI receivers to
assemble the incorning characters, An automatic scanner takes each re-
ceived character and the line number and deposits that information in
"a first-in, first-out buffer memory referred to as the “silo.” The bottom
of the silo is a register which is addressabie from the UNIBUS.

The transmitter in the DH11 also uses double-buffered MOS/LSI units,
They are loaded directly from message tables in the PDP-11 memory by
means of single cycle direct memory transfers (NPR). The current ad-
dresses and data byte counts for each line's message table are stored
in semi-conductor memories jocated in the DH1l. This reduces the
UNIBUS time required for NPR transfers to one NPR cycle per character
transmitted.

As many as 16 DH11l's may be placed on a single PDP-11 processor,
creating a total capacity of 256 fines.

Models Available

The DH11 Multiplexer is available in three variations:

The DH11-AA consists of a double system unit, all moduies necessary to
implement a2 16 line asynchronous multiplexer, an externally mounted
14 cm (514 inch) level conversion and distribution panel with its own
power supply that can be mounted on the rear of the rack, and a data
cable between the logic in the double system unit and the level conver-
ston{distribution panel. .

The modules for tevel conversion are not included, so that the type and
quantity of lines may be customized to the customer’s requirements.
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The DH11-AB is the same as the DH11-AA, but dees not include the
level conversion/distribution panel or its associated power supply. A data
cable suwitable for connecting the DH11-AB to the DCOBCS telegraph con-
verter panel is supplied instead of a cable to a distribution panel.

The DH11-AC is the same as the DH11-AA, except that the power supply
for the level conversion/distribution panel is arranged for 240 Vv, 50 Hz
operation. (There is no need for a 50 Hz version of the DH11-AB because-
it is a processor-powered option).

All versions of the DH11l include pre-wired slots in the double system
unit for the insertion of the DM11-BB modem control (not included in
the basic DH11).

Operation-Receiver
Reception on each line is effected by means of Universal Asynchronous
Receiver| Transmitters (UARTs). These are 40-pin MOS/LSI circuits which
perform all the necessary functions for double buffered asynchronous
character assembly.

The receiver section of the UART samples the line at 16 times the bit
rate of the signals to be received on that iine. Upon detection of a Mark-
to-Bpace transition, the UART counts 8 clock pulses and checks the line.
This sampling will occur in the center of a normal start bit. If the sample
is a Mark, the receiver returns to its idling state, ready to detect another
Mark-to-Space transition. if the sample is a Space, the receiver sampies
the line at subsequent sample points spaced 16 clock ticks from the
center of the start bit. The number of samples taken is determined by
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the ''character length'’ information entered into the UART via the Line

Parameter Register. if parity checking has been enabled for this line, the

receiver Jogic computes the parity of the character just received and

compares it with the parity sense specified for reception on that line, If
- the parity sense differs, the parity error bit will be set.

The character length, parity sense, number of stop bits, etc. that will be
used by the UART to perform the above operations are stored within
each UART in a Control Bits Holding Register. The Control Bits Holding
Registers are addressable on a write-only basis from the UNIBUS, by first
setting the “line selection bits” of the Systemn Control Register and then
loading the desired line parameters into the lLine Parameter . Register.
Then they will automatically be transferred to the Control Bits Helding
Register of the designated UART. It is important that no interrupt han-
dling routine intervene and change the contents of the System Control
Register during the above operation.

The Silo

The silo is a MOS/LSI digital storage buffer that is 16 bits wide and 64 -
words deep. A 16-bit word is entered at the top, and attomatically
shifted down to the lowest location that does not already contain an
entry. The bottomn of the silo is the Next Received Character Register.

There are three registers associated with the silo. The Next Received
Character Register is a read-once register and is the bottomn of the silo.
Reading it extracts a character from the silo and causes all other entries
to shift down one mare position.

The other two registers are byte-size registers and are contained within
the Silo Status Register, The high byte is read only and contains the
status of an up-down counter giving the actual fiil level of the silo. The
low byte (bits 7-0) is read/write, and contains the number of characters
which must be loaded into the silo before an interrupt request will be
generated. Details of these registers can be found in the Section on Pro-
gramming under the heading ''Silo."”

Received Character Distortion

Received characters may contain up to 43.75% distortion on any bit,
due to the sampling rate. However, the overall bit rate must be accurate.
Specifically, errors in bit rate are cumulative such that when the receiver
samples the first stop bit to see if it is a mark (if not, it's a “framing
errar’”) the error accumulated by that time must not exceed 43.759% of
a bit time. The accumHated error (called “gross start-stop distortion™)
is calculated as clock error x number of data bits plus one, plus the bias
distortion of the final character. Assumning the reception of eight data
bits, or seven data hits plus parity, 4.89% speed distortion would be per-
missible. Speéd distortion {clock error, bit rate error) of any amount
poses severe problems in an echo situation, however, If a terminal sends
to the BA11 at a slightly fast rate and the DH11 sends the exact same
characters back to the terminal at the correct rate, the DH11 silo will
eventually fill with un-echeed characters. This problem wonld not oceur
with keyboard terminals, but high speed tape senders should have their
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transmission speeds carefully checked before use with the DH11 or any
other asynchronous communications interface. The acceptable tolerance
is - 0, — 4%, In computing speeds, one may assume the DH11 receiver
clock to be accurate within .059;.

Operation-Transmitter

Transmission on each line is also effected by means of UARTs., These
40-pin MOS{LSI chips perform all the necessary functions for double-
buffered asynchronous character transmission. The transmitter section
of the UART holds the serial cutput line at a2 Marking state when idse.
When the transmitter loading leads have heen conditioned with the char-
acter to be transmitted and the data strobe lead has been brought high
(these functions are performed by the NPR control), the UART will gen-
erate a start space within one sixteenth of a bit time. The start space
and all subsequent data bits are a full bit time each. The start space is
foilowed by 5, 6, 7, or 8 data bits, as determined by the control bits
holding register. (See Receiver Hardware for a description of the UART
control bits holding registers and how they are loaded from the Line
Parameter Register). The data bits are presented to the lines least sig-
nificant bit first. The parity bit, if parity generation is enabled, is calcu-
tated by the transmitter and affixed after the last data bit, but before the
stap marks.

The number of stop bits depends upon the setting of the control word.
[f the transmmission of &, 7, or 8 bits has been selected, the program may
select either one or two stop bits. If the transmission is in 5-hit code, the
program may select either one or one and a half stop bits.

If the transmitter’'s holding register has been loaded while a character
was being transmitted, that second character will have its start bit com-
mence irmmediately at the end of the preceding character’s stop bit(s).

The transmitter timing circuit is driven by the same c¢rystal clock as the
receiver, and is accurate to .059;.

The Auto-Echo Feature

The DH11 hardware is capable of echoing received characters without
software intervention. The feature may be enabled on any line by condi-
tioning the line selection bits in the System Control Register and then
setting the appropriate bits in the Line Parameter Register.

The auto-echc hardware is part of the receiver scanner and operates as
folkows: :

1) If the receiver scanner finds a received character for a line on which
auto-echo is NOT enabled, it loads that character into the silo and
resumes scanning.

2) If the receiver scanner finds a received character for a line on which
auto-echo IS enabled, it examines the error flags associated with that
character.

a) If a framing error is detected, the remote terminal may be trying
to gain the attertion of the processor by sending a “Break.”” In
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this case, the auto-echo hardware dumps the reaeived character
and associated flag into the silo so that the system software will
‘be alerted. The Break is not echoed to the remote terminal.

b) if an overrun error is detected, this may mean that the remote
terminal is trying to gain the attention of the processor by typing
characters. This case is treated identically to 2a, above.

3) If the receiver scanner finds a received character from a line wpon
which auto-echo is enabled and there are no error flags of the type
mentioned above, the receiver scanner and auto-echo logic will at-
tempt to echo the character. First, however, cer‘tain tests of internal
logic conditions wii) be made.

2) The UART transmitters are ali loaded from a common internal
data bus. Therefore, the auto-echo hardware must first check to
see that no NPR cycles are in progress loading a UART transmitter
from that bus. If a conflict is indicated, the receiver scanner is
restarted and the process will be tried again on the scanner's next
rotation.

b) If the above test indicates no problem, the one remaining check
is to see if the Transmitter Holding Register for the line on which
the character was received is available. if it is not, the scanner is
restarted. If it is available, auto-echo commences.

it should be noted that it is not advisable to transmit messages on a
line and auto-echo characters received on that tine simuttaneously. The
aute-echo hardware will interlock these functions to some degree, but if
more than twoe characters are received on a line while the scanner is
waiting for the transmitter. holding buffer to become available, a data
overrun will occur and characters will be lost. In short, auto-acho and
software-driven transmission should not be attempted on the same line
simultaneousiy if input from that line is expected.

Channel Interfaces

Multiptexer Distribution Panel and Power Supply:

The DH11l provides a panel for level conversion and cabling of the
individual line. The panel uses a standard HS11 style rack, with & con-
nector blocks:

Note that the slot assignments follow the DF11 (standard level conver-
sion and cable slot for ali PDP-11 communications products) format. Slot
A6 through A2l is used for evel conversion and slot B6 through B21 is
used for cabling out. Other slots provide inputs or special purpose out-
puts, The unit mounts on the standard 48.3 cm (19 in.) cabinet and con-
nects to the PDP-11 via the BCO8-5 data cable.

Power for the distribution panel is provided by the H751-C power sup-
ply mounted on the rear door of the cahinet.

The H751-C provides the foliowing voltages

+5VatdA
4+ 15Vat2A
—15Vat2A
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Power drain of the distribution panel depends on the type of level con-
varsion used. The maxirnum draw occurs when ElA levels are used with
modem control (DM11-BB is implemented).

For this configuration the following power is used:

+15Vat14A
—15Vat1.4A
+5Vatl7A

Note that level converter types can be mixed on a 4-line basis by using
different converters in slots A4, A5, B4 and B5. Alsc level converter types
can be mixed on a single line basis by using slots A6 through AZ21 for
level conversion on a single-line basis,

Programming
Double-Buffered Receivers-—General

Double-buffered receivers contain two registers, one of which is a Shift
Register. The character being received from the cormmmunications line is
shifted into this register a bit at a time. The second register is a Holding
Register. When the Shift Register has assembled a gomptete character,
that character is transferred in a parallel fashion into the Holding Regis-
ter. At that time a flag is set and the hardware or software using the
double-buffered receiver can access the Holding Register and remove or
copy the data stored there. When th Shift Register has assembled an-
other character, that character will be transferred into the Holding Regis-
ter, obliterating the character previously stored there. If this action takes
place before the data in the Holding Register has been accessed, a Data
Overrun flag will be set, indicating that data was lost.

Double-Buffered Receivers—DHI11

The UARTs used in the DH11 are MOS/LSI units, each containing a
double-buffered receiver and a double-buffered transmitter. In the DH11,
the flags indicating presence of data in the receiver’'s Holding Registers
are scanned by a automatic hardware scanner which copies data from
the Holding Registers into the silo if storage space is available, (If that
space is not available, and the scanner finds a flag indicating a holding
register with data in it, the Storage Overflow bit {(System Control Regis-
ter, bit 14) is set, and an interrupt is generated. The setting of this bit
does not necessarily mean that data has been lost. Rather, it indicates
that data will be Jost if the hardware scanner is unable to service (i.e.
dump into the silo} the data in one or more Holding Registers before
additional characters arrive on those lines. Actual data loss will become
evident to the program when characters are received with the Data Qver-
run bit set. (See the description of the Next Received Character Regis-
ter.)

Silo

The silo, actually more similar in operation to a granary, is a first-in first-

out buffer store. A parallel-loaded 16-bit word {see Next Received Char-
acter Register for the format) automatically propagates downward into
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the first location not already containing a word. In the case where the
silo is empty, this means that the word would propagate directly into the
Next Received Character Register.

The propagation time from the top of the silo to the bottorn may be as
much as 32 microseconds. For this reason, the hardware is arranged
sucht that the Receiver Interrupt is not generated until the number of
characters in the silo exceeds the silo alarm level AND there is at least
one character in the bottom of the silo. This arrangement is necessary
because the up-down counter that indicates the number of charac-
ters in the silo counts hoth those resting in the bottom and those
propagating downward. While the hardware arrangement protects the
case where the silo is empty and the alarm level is zero, the fact still re-
mains that the number of characters in the silo and the number actually
available to be serviced may differ due to the propagation time. For this
reason, character handling programs should not assume there is some
particular number of characters in the silo when servicing begins, Rather,
the program should extract a character, check the Yalid Data Present bit
{bit 15) and handle the character; then the program should extract the
next character and repeat the process until bit 15 no longer tests as 1.
At that time, the silo may be assumed to be empty (although there may
be another character propagating downward) and the character handling
routine may be terminated until another Receiver Interrupt is received.

On very fast processors, such as the PDP-11/45, the program should
avoid reading the Next Received Character Register more often than once
per microsecond, as it takes one microsecond for characters in the silo
to shift downward one position. Since the typical program will be check-
ing bit 15 and moving the character to some location in memory, it is not
anticipated that this speed restriction will present a problem.

Zero Bauds

A speed selecton of zero bauds is provided so that the program may turn
off any line. This is useful if excessive circuit noise on an unused line
causes annoying quantities of bogus characters,

BREAK Signals

When the Break Contral Register has been conditioned to transmit a
break signal on a particular line, DH11 logic immediately forces the out-
put on that line to the SPACE (0) condition. The duration of this signal
may be timed as described below.

The generation of a Transmitter Interrupt occurs when the last character
of a message is loaded into a UART transmitter from a message table in
PDP-11 core. At that time the program sets up a new maessage in core
and loads the appropriate current address and byte count so that the
new rmessage cah begin when the old one is finished.

It is important to note that the former message is not finished when the
Transmitter Interrupt is given. Rather, the use of the core table is fin-
ished, In terms of the serial communications ling, there are two more .
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characters left. One of these characters is in the U-ART transmitter's
Shift Register; the other is in the UART transmitter's Holding Register.

Therefore, sending a Break signal requires loading two nulls and waiting
for a transmitter interrupt before setting the appropriate bit in the Break
Control Register. in this way, generation of a Break will not interrupt the
transmission of any vatid characters. In like manner, nulis should be
used to time the transmission of a Break signal so that when the Break
condition is terminated, no valid characters wifl be produced fraom the
UART Shift and Holding Registers.

Interrupts
There are two kinds of receiver interrupts:

Receiver Interrupt (System Controb Register, bit 7)

This interrupt, when enabled, occurs whenever the number of entries in
the sito exceeds the silo status alarm level. (The program can determine
the actual silo fill at any time by examining the high byte of the Silo
Status Register.

Storage Overflow Interrupt (System Control Register, bit 14)

This interrupt, when enabled, occurs whenever the character storage silo
is fuli and the DH11 hardware needs to store an additional character.
This does not necessarily mean that data has been lost. {See the section
on ‘‘Programming.')

There are two kinds of transmitter interrupts; both are enabled by bit 13
of the System Control Register:

Transmitter Interrupt (System Contrel Register, bit 15)

This interrupt, if enabled, occurs when one or more lines finish the trans-
mission of a complete string of characters. Specifically, it occurs after
the NPR cycle that loads the last character to be transmitted {and hence
that increments the byte count to zero).

Non-Existent Memory Interrupt (System Control Register bit 10).

This interrupt, when enabled, occurs whenever the DH11 addresses non-
existent memory: specifically, this interrupt occurs if the DH1I enters an
NFR cycle, places an address on the Unibus, and fails to receive a slave
sync response for that request within 20 microseconds. .

Address and Vector Assignment

The PH11 uses floating addresses and is located after DJ11's in the
floating address space that begins at location 760 010. Because the
"DH11 has eight registers, it must be assigned an address that is a mul-
ple of 20 (octal). All DH11's in a system should have consecutive ad-
dresses,

Example #1: A system with no DJ11's but two DH11's:
760 010 Cannot use for DH11's because not multiple of 20.
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760 020 rust DH1L
760 240 Second DH11
760 060 DH11 Gap {Indicates that there are no more DH11's).

Example #2: A system with one DJ11, two DH11's:

760 01C First DJ11

760 020 DJ11 Gap {Indicates that there are no mere DJ11's).
760030 Cannot use for DH11's because not multiple of 20,
760 040 First DH11

760060 Second DH11

760 100 DH11 Gap {Indicates that there are no more DH11's).

The DH1l vectors (2) follow those of the DJ11 in the floating vector
space that staris at address 300. The vectors starting at 300 are used in
the following order: DC11: KL11/DL1%-A, B; DP11: DMI11-A; DN11;
DM11-BB; DR11-A; DR11-C; PA611 Readers; PA611 Punches; DT11:
DX11; DL11-C, D, E; D411; DH11.

The receiver vector is the lower numbered vector. The priority of the re-
ceiver and transmitter interrupts are individually selectable by means of
two standard PDP11 pricrity jumper plugs. BR tevel 5 is standard.

Register Definition

The following chart presents the bit assignments within each register
Bits marked Unused and Write Only are always read as zero. Attempting
to write into Unused or Read Only bits has no effect on those hits. INIT
refers to the Initialize signal generated by the processor (e.g. upon exe-
cution of a RESET instruction.) Transmit and Receive are with respect to
the DH11. All bits in the accompanying diagrams are shown in the state
they assume on POWER CLEAR or INIT.

The System Control Register—Address X00

5 W 13 2 1 w7 ] 7 & 5 L] 3 1]

The System Controi Register is a byte-addressable register. The bit
assignment is as follows;

BITS DESCRIPTION
00-03 - Line Selection

Each of the 16 lines served by the DH11l has its own storage for line
parameter information, current address, and byte count. These storage
locations are lnaded by the program via the Line Parameter Register,
Current Address Register, and Byte Count Register, but the hardware
must first be told which line is to have its line parameters, current ad-
dress, or byte count changed. This routing is accomplished by setting
the Line Selection bits to the binary address (0000-1111) of the desired
line. These hits are read/ write,
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04, 05 Memory Extension

06

o7

09

10

11

12

13

14

The information stored in these bits becomes bits 16 and 17 re-
spectively of any current address loaded by the program into the
Current Address Register. These bits are readfwrite but, when
read, represent only the status of bits 4 and 5 of the System Con-
trol Register, NOT the status of address bits 16 and 17 of the
selected line. See the Silo Status Register for further information.
This arrangement permits interrupt service routines to save the
contents of the System Control Register accurately.

Receiver Interrupt Enable
This bit, when set, enables receiver interrupts (bit 7)

Receiver Interrupt

This bit, when set, indicates that the number of characters stored
in the silo exceeds the '*alarm level’' specified by the low byte of
the Silo Status Register. This bit is read only, except in mainte-
nance mode, where it is read/write. Setting of this bit will gen-
erate an interrupt reguest if bit 6 (above) is also set.

Clear Non-Existent Memory Interrupt
This bit, when set, clears the non-existent memory interrept flip-
flop (bit 10} and clears itself. This bit is read/write.

Maintenance
This bit, when set, places the DH11 in maintenance mode.

Non-Existent Memory

This bit is set whenever the NPR hardware places the addresses
of 2 memory location on the UNIBUS and no slave sync is re-
ceived in 20 ux5. This indicates that the addressed location or de-
vice does not exist. This hit causes an interrupt request if set
while Transmitter and Non-Existent Memory interrupt Enable is
set. This bit is read only, except in maintenance mode, where it
is read/write.

Master Clear

This bit, when set, generates “lInitialize™ within the DH11, clear-
ing the silo, the UARTs, and the registers. The exact bits cleared
are discussed in the section on initialization, Read/Write.

Storage Interrupt Enable
This bit, when set, permits the setting of bit 14 to generate an
interrupt requast. This bit is read/write.

Transmitter and Non-Ex-Mem Interrupt Enable
This bit, when set, permits the setting of hit 10 or 15 to generate
an interrupt request. This bit is read/write.

Storage Interrupt

This hit is set when the receiver scanner finds a receiver holding
buffer with a character in it, tries to store that character in the
silo, and cannot do so because of a lack of space. When set this
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bit will cause an interrupt request if bit 12 is set. This bit is read
only, except in Maintenance Mode, where it is read/write.

Transmitter Interrupt

This bit is set when the DH11 concludes an NPR cycle that in-
cremented a byte count to zero, indicating the last character in a
message buffer was loaded into a UART transmitter Holding Reg-
ister. This bit will cause an interrupt request if bit 13 is set. This
bit is read/write. (It is set during an NPR cycle.)

Next Received Character Register Address X02

BITS
00-07

08-11

12

13

14

15

15 14 13 2 1 B 7 o
OIOJO[OJG‘ODOIO o0 o ¢ 0 0 Ol
L Il 1 i . AL § N . L
[N . VN R S
1 L-—RECEI\"ED Gala
LINE NUMBER
RECEWED Dala PaRTY ERROR
FRAMING ERROR

e e e e O ERRLIN
DaTA PRESENT

DESCRIFTION

Next Received Character
These bits contain the next received character, right justified. The
least significant bit is bit 00,

Line Number
These bits indicate the line number on which the next received
character was received. Bit 8 is the least significant bit.

Parity Error
This bit is set if the parity of the received character does not
agree with that designated for that line.

Framing Error

This bit is set if the receiver samples a line for the first stop bit,
and finds the line in a spacing condition (logical 0). This condi-
tion usually indicates the reception of a Break.

Data Qverrun

This bit is set when the received character was preceded by a
character that was lost due to the inability of the receiver scanner
to service the UART receiver holding buffer. Refer to the section
on Programming for further details on doubie-buffered reception.

Valid Data Present

This bit indicates thai the data presented in bits 14-00 is valid,
It permits a character handling program to take characters from
the sile until it is empty. This is done by reading this register and
checking bit 15 until a word is obtained for which bit 15 is a zero.
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The entire Next Received Character Register is read-only and is addressa-
ble only on a word hasis.

Line Parameter Register Address X04
1‘5 14 13 2] L & 5 4 3 2 ] 1]
Lo|o|ol-lvloolAlllo|n|oolo.o‘

This register should be loaded only afier the line selection bits of the
Systern Control Register have been set to sefect the line to which these
parameters apply, This register is write only.

BITS DESCRIPTION
00-01 Character Length
These bits shouid be set as shown to receive and transmit char-
acters of the length {excluding parity) shown:
bit 01 QQ

O 5 bit
1 6 bit
0 7 bit
1 8bit

HEOO

02 Two Step Bits

This hit, when set, conditions a line transmitting with 6-, 7-, or
8-bit code to transmit characters having two stop marks. If the
line is transmitting 5-bit code, assertion of this bit causes the
characters to be transmitted with 1.5 stop marks. If this bit is not
asserted, 1 stop mark is sent.

03 Not Used.
04 Parity Enabled

If this bhit is set, characters transmitted on this line will have an
appropriate parity hit affixed, and characters received on this line
will have their parity checked.

05 Even Parity

If this bit and bit 4 are set, characters of even parity will be
generated on this line and incoming characters will be expected
to have even parity. If this bit is not set, but bit 4 is set, charac-
ters of odd parity wili be generated on this line and incoming
characters will be expected to have odd parity. If bit 4 is not set,
the setting of this bit is immaterial.

06-09 Receiver Speed

The state of these bhits determines the operating speed for this
. line’s receiver. The speed table below is applicable.
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10-13 Transmitter Speed

The state of these bits determines the operéting speed for this
line’s transmitter. The speed table below is applicable.

Speed Table for Receiver and Transmitter Speeds:

Bit
Transmitter 13 12 11 10
Receiver 9 8 7 &
0 Q ] 0 Zero Baud
] 0 0 1 50 Bauds
0 0 1 0 75 Bauds
0 0 1 1 110 Bauds
o 1 0 0 134.5 Bauds
O 1 0 1 150 Bauds
1] 1 1 Q 200 Bauds
0 1 1 1 300 Bauds
1 0 0 0 600 Bauds
1 Q ) 1 1200 Bauds
1 0 1 0 1800 Bauds
1 0 1 1 2400 Bauds
1 1 0 4] 43800 Bauds
1 1 0 1 9600 Bauds
1 1 1 0 External Input A
1 1 1 1 External Input B

14 Half Duplex/Full Duplex

If this bit is set, this line will operate in half-duplex mode. If not
set, this line will operate in full-duplex mode.

In this application half-duplex means that the DH11 receiver is
blinded during transmission of a character,

15  Auto-Echo Enable

When this bit is set, characters received on this line wiil be hard-
ware echoed. See the discussion of Auto-Echo for further details.

Current Address Register Address X06

This register should be loaded only after the System Conirol Register
(SCR) has had the appropriate bits set to select the desired line number.
When this register is loaded, address bits 00-15 are transferred into
semiconductor memories in the DHI1 from bits 00-15 of this register.
Address bits 16-17 are transferred into semiconductor memories in the
DH11 from bits 4-5 of the System Control Register.
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interrupts must be inhibited or the SCR saved between the setting of the
SCR hits 0-3 and the read or write of the Current Address Register.

When this register is read, it will indiéate the current address of the line
selected by the System Control Register, Bits 16 and 17 will appear in
the Silo Status Register, bits 6 and 7.

Byte Count Register Address X10

In the same fashion as the Line Parameter and Current Address regis-
ters, this register should not be loaded or read without first selecting a
line number by means of the lower-order four bits of the Systern Control
Register. This register should be loaded with the two's complement of
the number of characters (bytes) to he transmitted con that line. The byte
count register is read/write.

Interrupts must be inhibited or the SCR saved between the setting of the
SCR bits 0-3 and the read or write of the Byte Count Register.

Buffer Active Register (BAR) Address X12

'1:093?‘554321'0

15 14 13 12
Lofelefolefefojofoiofole]
Lrnmsmr ENABLE TRARNSMIT EN&BLE—T
LINE 15
. _ TRANSMIT EN.ABLE

This register contains one bit for each line. The bits are individually set
using BIS instructions. Setting a bit initiates transmission on the associ-
ated line. The bit is cleared by the hardware when the last character to
be transmitted is loaded into the transmitter Data Holding Register of the
UART for that line. It should be noted that while the clearing of a BAR
does indicate that a message may be sent, it does not indicate that the
last characters from the preceding message have been completely sent.
Specifically, two more characters will be sent after the BAR bit clears.
These are the last two characters of the message; one of themn was just
starting when the BAR was cfeared and one was that final character that
was loaded into the holding register, thus clearing the BAR bit. This
effect is a normal consequence of double-buffered transmission and is
mentioned here for the benefit of programmers who want to write pro-
grams that control such modern leads as Request to Send.  Request to
Send (RTS) should not be dropped until at least two character times
after the BAR hit for a given line clears.

This timing may be effected by sending. twa extra (nult) characters in a
"message and dropping RTS when BAR clears. .

4-96



PH11

Clearing a BAR bit should not be used to abort transmission on a line.
Rather, the byte count for that line shouid be set to zero. The Buffer
Active Register bits are read/write.

Break Control Register Address X14

A
LBREAK 118 BEEAK. SI'I"—T

LINE 15 ’ LINE O

This register contains one bit for each line. Sefting a bit in this register
will immediately generate a Break condition on the line corresponding to
that bit number. Clearing the bit will terminate the Break condition, The
Break condition may be timed by sending characters during the Break
interval, since these characters will never actually reach the line. Further
comments concerning the transmission of Break signals may be found
in the Break Signals Section.

Silo Status Register Address X16

B 7 ] 5

ooliooNo

This register is actvally two byte-sized registers. The bit assignments are:

o |2
L

Bit Description and Operation
0C-05 Silo Alarm Level

The program may load an integral power of 2 between 0 and 63
into this location (e.g., ©, 1, 2, 4, 8, 16, or 32). When the number
of characters stored in the silo exceeds that number, an interrupt
request (System Contro! Register bit 7) is generated, if System
Control Register bit 6 is set. These bits are read/write,

06-07 Read Extended Memory

These bits are read only and contain the A16 and Al7 bits of the
current line address to which the line selectlon bits of the System
Control Register are pointing.

08-13 Silo Fill Level

These bits are an up-down counter that indicates the actual num-
ber of characters in the silo. It should be noted that there are six
bits, hence numbers between O and 63 can be represented. A full
silo has &4 entries and the fill level appears as 00000, but one
may easily tell the difference between an empty silo (00000} and
a full silo (CO000) by checking the Storage Overflow bit {(bit 14 of
System Control). These bits are read oniy.
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14 Unused
15 Reserved for Maintenance

MODEM CONTROL MULTIPLEXER CwNi1l-BE

In cases where tha DH11 is used in public switched networks such as
DDD, or TWX, the modem controt muitiplexer DM. * 8B shouid be used.
The control multiplexer provides the necessary control ieads to interface
with the Bell 103 and 202 type modems or equivalent, All leads meet
EIA RS-232-C and CCITT electrical specifications,

DM11-BB Modem Control Option

Each DM11-BB modem control mulliplexer contains two registers and
requires two addresses. Address space has been assigned for 16
DM11-BB modem control multiplexers. The first DML1-BB is at 770500,
The second starts at 770510, etc. to the 16th at 770670, The two reg-
isters and their addresses are listed below for DM11-BB unit xx,

Register Address
Control and Status Register F70xx0
Line Status Register 770xx2

Each DM11-BB requires one interrupt vector. The vector addresses are
assigned from 300 to 777.

All units are shipped with the bus request line set to BR4.
Control and Status Register (770X0(0)
BIT- NAME i DESCRIPTION

15 Ring Flag When DONE is set, this flag indicates that a Ring
OFF to ON transition has been detected at line
#--. This bit is read only and is cleared by Ini-
tialize and Clear Scan.

14  Carrier Flag When DONE is set, this flag indicates that a Car-
rier Flag transition has been detected at line #--.
This bit is read only and cleared by Initialize and
Clear Scan.

13 Clear to Send When DONE is set, this flag indicates that a Clear
to Send transition has been detected at line #--.
This bit is read only and cleared by Initialize and
Clear Scan,

12 Secondary . When DONE is set, this flag indicates that a Sec-
Receive Flag  ondary Receive transition has been detected at
line #--, This bit is read only and cleared by

Initialize and Clear Scan. )

11 Clear Scan Clears all Read/Write functions. Additionally, the
Scan Decoder is set to 0 and the Scan Memory
Logic is cleared. This function is useful for having
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BIT NAME
10 Clear
Muitiplexer

9  Maintenance

Mode

8 Step

7 Done

6 Interrupt
Enable

5 Scan Enable

DH11

DESCRIPTION

the Hardware Test and Interrupt on all lines that
have an On condition (CO, CS, Sec T). Clear oc-
curs when a ONE is written into this bit position.

Clear Mulfiplexer clears the request to Send, Ter-
minal Ready, Secondary Transmit, and Line En-
able flip flops when a ONE is written into this bit
position.

The Scan Input (Ring, Clear to Send, Carrier, and
Sec Rx) to a ONE or ON state Utilizing Step or
SCAN EN with MAINT MODE will exercise 1009
of the Scan Logic (not the data multiplexers). This
inctudes the Interrupt Circuits {(M7820) and the
Address Selector (M105). This mode provides a
diagnostic feature, as well as an on line test facil-
ity for the DM11-BB's interaction with the Unibus.
This bit is Read/Write and cieared by Initialize
and by Clear Scan.

STEF, when set to a ONE, causes the Scan to in-
crement the Line Number and test that line for
interrupts causing transitions. Step may be used
in place of Scan Enable but care should be exer-
cised that the Scan rate is great enough {(milli-
seconds) such that double carrier transitions will
be detected. Additionally, DONE does not inhibit
STEP. A STEFP requires 1 usec = 109 t0 execute.
This bit is Write One’s anly.

The DONE flag set 1o a ONE indicates that the
hardware SCAMN has detected a transition requiring
an Interrupt to the program. An Interrupt will
occur if Interrupt Enable is on (a ONE). Addi-
tionally, DONE set to a ONE inhibits the SCAN
clock and makes available to the programmer: (a)
the Line Number that caused the Interrupt; (b) the
status of the flags (4 bits); (¢) modem status (8
bits}. The SCAN will be released again when DONE
is reset. This bit is Read/Write and cleared by
Initialize and Clear Scan,

Allow Interrupts on Priority four if set to a ONE.
This bit is Read{Write and cleared by Initialize
and Clear Scan.

A ONE allows the scan to test ait lines for Ring,
Carrier, Clear to Send, and Sec. Receive Inter-
rupts. If the SCAN EN flip flop is negated while
the Ring Counter is cycling (i.e. DONE not set),
the Ring Counter will come to rest in 1 asec
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BIT NAME

4

BUSY

3-0¢ Line Number

Line Status (770XX2)

7 Ring

&  Carrier

5 Clear to Send

4  Secondary
Receive

3  Secondary

" Transmit

2 Request to
Send

1 Data Terminal
Ready

DH11

DESCRIPTION

*+ 109% (max). The LINE register must not be
changed untit BUSY (Bit 4) is cleared, or line
number transitions may be lost. This bit is Read/
Write and cleared by initialize and Clear Scan,

Set when Scan is cycling, Reset at end of Clear
Scan or Init. Read Only. Must be tested for 0 be-
fore changing the registers,

The LINE NUMBER bits are the Binary Addresses
for the DM11-BB's 16 lines (0-15) as follows:

Bit 3210 Line #
0000 Q
0001 1
ete ete
1111 15

If the Scan is cleared by Initialize or Clear Scan,
the Line Number Register will settle in 16 usec
10%. When settled, the Line Number Register will
be set to Line #0 (0000). NOTE: When the Scan
is Enabled (or STEP) the next line to be tested
will always be Line # 1. These bits are Read/Write
and cleared by Initialize and Clear Scan.

Modem status of the Ring lead. This bit is Read
Only,

Modem status of the Carrier lead. This bit is Read
Only.

Modem status of the Clear to Send lead. This bit
is Read Only,

Modem status of the Secondary Receive lead. This
bit.is Read Only.

- When set, presents a MARK to the modem's Sec-

ondary Transmit lead. This lead is Read/Write and
is cleared by initialize and Clear Mux.

This lead is vused to condition the modem to trans-
mit if ait other conditions are met. This bit is
Read/write and cleared by [nitialize and Ciear
Mux.

This lead ailows the modem to enter and maintain
data mode. This bit is Read/Write and cleared by
Initialize and Clear Mux. )
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0 Line Enable
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This bit enables the state of Ring, Carrier, Clear
to Send and Sec Rx to be sampled by the program
and to be tested for transitions. This bit is Read/
Write and cleared by Initialize and Clear Mux.

Maintenance Bits and Their Function

Setting of SCR 09 (Maintenance) does the following:

1)

2.

It enables the program to write SCR0O7 (Receiver
Interrupt). SCR 10 (Non-Ex-Memory Interrupt), and
SCR 14 (Storage Overflow Interrupt) bits. This write
capability is normally not enabled as it can produce
hardware/software synchronization problems unless
carefully done,

It loops the Tranmsmitted Data leads (Serial Out,
line 00-15) to the Received Data leads (Serial In,
line 0Q-15).

Setting of Silo Status Register 15 (Silo Maintenance):

Specifications

Function:

Operating Modes:

The setting of bit 15 in S8R causes the inputs of
the silo to be set to a 1010101010101010 bit pat-
tern, and a single I6-bit character made up of this
pattern to be loaded into the silo. Successive clears
and sets of SSR 15 will repeat this procedure. Afl
receiver speeds should be set to O and the silo
emptied before this is done, so that no data from
the incoming serial lines will be placed in the silo
while it is under test,

The DH11 is a program-controlled interface be-
tween the PDP-11 UNIBUS and 16 asynchronous
bit serial communications channets. The DH11 re-
ceiver section provides conversion of binary serial
asynchronous (start-stop) signals to parzaflel binary
data, and temporary buffering of that data. The
DH11 transmitter section provides retrieval of
parallel binary data from FDP-11 memory and con-
version of that data to binary serial asynchronous
{start-stop) signals for transmission over data com-
munications channels.

Each individual channel may be set to operate in
half- or full-duplex mode, under program control
In haif-duplex, the receiver for a channel is disabled
during transmission of a character on that channel.

Any individual channel may be set, under program
control, to echo (retransmit) received characters
automatically.
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Data Format:

Order of Bit
Transmission

and Reception:

Data Rates:

Distortion:

DH11

Individual receivers may be continuously disabled
under program cantrol.

Asynchronous, serial-by-bit tof/from the communi-
cations channel. Paratlel-by-character to/from the
UNIBUS, The serial data format is one stairt bit; 5,
6, 7, or 8 data bits; none or 1 parity bit {odd or
even): and 1, 115 (5 level codes only), or 2 stop
bits per character. All data format parameters are
individually program selectable for each channel.
The data format for the receiver and transmitter on
a given channel, however, is the same.

A one in apny bit of a character presented by the
program to the DH11 for transmission will cause a
Marking (logical 1) condition to appear on the
Transmitted Data lead during the corresponding bit
interval. A zero presented by the program will cause
a Spacing (logical 0) condition to appear. A Marking
condition on the Received Data lead during any
data bhit sampiing interval will be presented to the
program as a one in the Mext Received Character
Register, and a Spacing condition will be presented
as a zero,

Low order bit first

The operating data rate (Baud rate) of the receiver
and transmitter on each channel is independently
program selectable from among the following 14 rates:

0, 50, 75, 110, 134.5, 150, 200, 300, 600, 1200,
1800, 2400, 4800, and 9600 Baud. In addition, any
two other speeds between 40 and 110 Baud, and be-
tween 312.5 and 9600 Baud may be added as options,
by ordering an M405 or M401 clock module at the
proper frequency {desired bit rate x 18).

The DHI1I receiver will operate properly in the pres-
ence of up to 439%, distortion between any twao code
elements ({intersymbol distortion). The long term
{within any one character} speed variation of the re-
ceived data may not exceed * 4.3%, provided that
the auto-echo feature is not used. If auto-echo is used,
the tong term (greater than one character time) speed
variation of the received data may not exceed O to
— 49%,. The DHI11 receiver clock is accurate to within
+ 059% of the nominal data rate. The DH11 trans-
mitter will introduce less than 294 intersymbol distor-
tion, with a long term stability of = .05%,.
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Physical
Arrangement:

Environmental

Information:

Bus Loading:

Power
Consumption:

Heat
Dissipation:

Electrical
Interface:

Models

DH11

The DH11-AA and DH11-AC are comprised of a pre-
wired, double PDP-11 system unit suitable for mount-
ing in a PDP-11/40 or PDP-11/45 or equivalent cabi-
net; and all logic cards necessary to implement a
16:line multiplexer. Also included is an externally
mounted distribution panel, 14 cm by 48.3 em (5%
x 19 in.), with separate power supply for individual
channel termination. The DH11-AA and -AC system
unit and distribution panel are pre-wired for plug-in
installation of the DM11-BB 16-line Data set Control
Multiplexer. The DH11-AB is supplied without distribu-
tion panel, but with cables for connection to the
DIGITAL DCO8 Telegraph Line Subsystem Option.

The DH11 will operate at temperatures between 1+ 5°
and 4 45° C, and at relative humldmes between 0%,
and 95%,, noncondensing.

Each DH1l1l presents 2 unit loads to the PDP-11
UNIBUS. The DM11-BB Data set Control Multiplexer,
if present, represents one additional unit load.

The DH11 logic draws 8.4 A of - 5 Vdg, and 240 mA
of — 15 Vdc. if the DM11-BB Data set Control Multi-
plexer is added, the total current drain is 11.2 A at
4+ 5 Vdc.

56.4 kg cal/hr—DH11 alcne
120 kg cal/hr—DH11 plus DM11-BB

Connection between the DH11 logic and the distribu-
tion panel is via a cable containing 16 input and 16
output data lines at Transistor-Transistor Logic levels
{0, -+ 5 Vdc). The logic levels are: Mark (logical 1) =
OV, Space (logical 0) = 4 3 V. Input leads from the
distribution panel are equipped with pull up resistors
which clamp open input lines in a logical 0 {space)
condition. However, logic in the DH11 regeiver section
prevents this from assembling contmuous all-zero
characters.

The electrical and physical interface to the external
channels is provided by optional level conversion mod-
ule sets (DM11-DA, -DB, -DC) that plug into the dis-
tribution panel. These options are described in the
next section,

- Connection to Switched Network (DDD Net) Data sets

DEC No.
DH11-AA

PREREQUISITE DESCRIPTION
PDP-11 Programmable 16-line asynchronous

serial line multiplexer and distribution
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DHI11-AC

OM11-BB

DM11-DC

PDP-11

DH11-AA or
DH11-AC

DM11-B8

DH11

panel, includes space for mounting up
to four line adapters (16 line inter
faces). Power requirement is 115 Vac,
60 Hz, 500 W.

Same as DH11-AA except 230 V, 50 Rz,
600 W.

16-line modem control muHliplexer pro-
yvides program operation of controf
leads for 103, 202 or equivalent data
sets. Mounts in DHI1-AA or DH11-AC.

Line adapter which implements four
EIA/CCITT-compatible lines equipped
with data set control features. Includes
25-foot data set cables.

Private Line Modems (No Control) or Local EIA Terminals

DH11-AA
DH11-AC
DM11-DB

Local Teletypes
DH11-AA
DH11-AC
DM11-DA

DEC No.
" DH11-AB

POP-11
PDP-11

DH11-AA or
DH11-AC

PDP-11
PDP-11

DH11-AA or
DH11-AC

Prerequisite
PDP-11

See above -AA
See above -AG

Line adapter which implements four
EIA/CCITT lines (data only). Includes
four 25-foot modem cabies.

Note that the -DB can be used on a
switched network system, This requires
that the data set have Auto Answer
strapped on. The data set wiil answer a
call auvtomatically. Mot provided in this
type of operation is the ability to not
answer a call, the ability to initiate a
disconnect by the computer, and the
ability to sense an intermittent carrier.

See above DH11-AA
See above DH11-AC

Line adapter for four 20 mA Teletype
lines (data only).

Description

Programmabie 16-line asynchronous
serial line multiplexer and connecting
cable fo DCOBCS mounting panel
{Does not include DCOBCS.} Up to 2
DH11-AB’s plug into one DCOBCS,
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DCO8CS

DCOBCM

DCOSEB

DCO8D

793

793A

893

Related Options

DH11-AB

DCOBCS

DCO8CS

DCOSCS

DCOSCM

DCOSCM

DCOBCS,
DCOBCM.

DH11

Telegraph or Telex line adapter distri-
bution panel. Mounts line adapters for
interfacing between the DH11-AB and
telegraph or Teiex lines. Accommaodates
up to 16 dual, solid-state telegraph line
adapters, type DCDOSCM {Each DCOBCM
provides two telegraph line interfaces).

Dual salid-state telegraph line adapter;
provides transmit and receive switching
of two lines, in half duplex or duplex,
neutral or potar operation. This unit is
used with either externally supplied

- peutral or polar transmit and receive

line power or internally supplied trans-
mit line power (793 or 793A).

Line current adjusting option, Provides
rheostats on each send and receive line
for adjusting send and receive line cur-
rent, Meter is provided for current
monitoring.

Line ferminator panel. Provides screw
terminal connection points for interfac-
ing the DCOBCM felegraph line adapters
to telegraph lines. Can accommodate
up to 32 lines with four connections
provided for each.

Line power supply for driving a maxi-
mum of 32 telegraph lines (transmit
only). Can drive unipolar or bipolar
lines, = 45 V¥ to £ 80 V and 80 mA per
line. For operation with 115 V, 60 Hz,
700 W.

Same as 793 except 230 V, 50 Hz,
700 W.

Fuse panel for up to 32 lines.
Fusing for bhoth transmit and receive
lines.

The following options are useful in connecting various terminals and
channels to the DH11.

Option No.
H312-A

Prerequisite

None

Description

Null modem. Required for local con-
nection of terminals with ElA-compati-

ble interfaces such as the BIGITAL

4-105



BCO5D-15

DF11-BB

DF11-K

M405

M401

None

DH11-AA,
DH11-AC

DH11-AA
DH11-AC

DH11

VTO5B, LA3CEA, the Hazeltine 2000,
etc., to. the standard DMI1I1-DB or
DM11-DC modem interface.

Modem cable. 7.6 m, 25-conductor
cable terminated in Cinch DB25S socket
at cne end and Cinch DB25P plug at

. the other. Used to extend standard

DM11DB or DM1IDC modem cable.

Integral Modem. Single line, answer-
only, integral modem which plugs into
the DHI11-AA distribution panel. It is
compatible with Bell 103A and 113A
datasets. The DF11-BB connects to a
Bell System type CBS or CDT Data
Access Arrangement. ' .

Current mode interface. This is a TTL
to active or passive 4-wire current
mode (20 mA) loop converter. Con-
nector provided is Amp Mate-n-Lok
for connection with customer-supplied
cable. Signalling rates up to 2400
Bauds, at distances up fo 1500 feet,

Clock Card. Required to provide non-
standard speed (Ext. A or Ext. B) for
DH11. M405 frequency ordered should
be 16 x desired Baud rate. Minimum
rate is 312.5 Bauds, maximum is 9600
Bauds.

Clock Card—as above except minimum
rate is 40 Bauds, maximum is 110
Bauds.
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PJ11
16-LINE ASYNCHRONOUS SERIAL LINE MULTIPLEXER, DJ11

’ ONIBUS, )
[

C-AA ooni-AcC [=NIREYF Y-
\_""E""“‘" Muumzxen_l MULTIPLEXER
1)

MULTIFUEXER
B

_ . BCOSD CaBE Y
BEOSEY CaBE " lpcasn
CABLE

E—{T

MODEM

oCOB
TELECRAPH

HazA ] {FULL CHIALEX}

LINE
N INTERFACE
NODEM :

HITA
MULL
MODEM

LAZD-CA
L DUPLEX] oD w
o
C 800S0 TERMINALS
CABLE [T33.0T33)
ocaL
TERMINAL
LOIC AL WID5A

{8

=
=

TERMINAL vTo3B
LAZG-EA REMCTE
LAI0-EC TERMIMAL

wigsa
YTO5B

;
]

LaM
LADO-EC

The DJ11 is a multiplexed interface hetween 16 asynchronous serial
data-communications ¢channels and the PDP-11 UNIBUS. The DJ11 is a
low-cost, high-performance unit whose character formats and operating
speeds are jumper or switch selectable in groups of four lines. The
customer may select from 11 standard speeds {75, 110, 134.5, 150, 300,
600, 1200, 1800, 2400, 4800, or 9600 Bauds); four character sizes (5,
6, 7, or 8 data bits); three parity configurations generated and checked
by the hardware (odd, even, or none); and three stop code lengths (1
and 1% stop bits for 5 data bits. 1 and 2 stop bits for 6, 7, or 8 data
hits), aiso generated and stripped by the hardware.

MODELS AVAILABLE
Three models of the DJ11 are available, differing only in the type of
input/ output level conversion they provide.

The DJ11-AA furnishes level conversion conforming to the Electronic In-
dustries Association (EIA} Standard RS232C, and to CGITT Recommen-
dation V.24, supporting Transmitted and Received Data leads only. The
Data Terminal Ready and Request To Send leads are permanently
asserted (ON). The DJ11-AA is suitable for connection to local terminals
with EJA interfaces, to private-line modems, and to dial network data
sets, where computer contral of the data set is not required. An exter-
nally mounted interface panet with 16 Cinch DB25P ElA connectors is
provided for attachment of data set cables (not supplied).
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The DJ11-AB is supplied without level conversion, but with cables which
bring the TTL signals out of the mounting cabinet, This allows connection
to external signal-conditioning equipment, such as the DIGITAL-supplied
bCO8 Telegraph Line Interface Options, and customer-supplied special
interface equipment. '

The DJ11-AC furnishes 20-milliampere active neutral current-loop level
conversion, suitable for operating DIGITAL-supplied terminals, such as
the LA30-CA and LA30-CD DECwriters, VTO5A and VTQOSB Display Ter-
minals, LT33 and LT35 Teletypewriters, and RTQ1 or RTOZ Data Entry
terminals. An externally mounted distribution panel with 16 four-screw
terminal strips is provided for connection of customer terminals.

OPERATION:

General

The DJ11 is a buffered, multiplexed interface between 16 asynchronous
serial communications channels and the PDP-11 UNIBUS. It performs
serial-to-parallel and paraliel-to-serial conversion of serial start-stop data
with double character buffered MOS/LSI circuits called UART's (Univer-
sal Asynchronous Receiver Transmitters). These circuits provide the logic
necessary to double buffer characters in and out, to serialize-deserialize
data, to provide selection of character length and stop code configura-
tion, and to present status information about the UART and each charac-
ter, A 64-character, first-in/first-out buffer is provided in the hardware to
hold characters as they are received.
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Receiver

The receiver section performs serial-to-parallel conversion of 5-, 6-, 7-, or
8-level codes. The desired character length is switch selectable n four-
line groups. That is, all lines within each group of four lines (lines 0-3,
4-7, etc.) wiil expect the same character format, i.e., number of data bits,
duration of stop elernent (stop code} and parity sense, For any line, the
character format is the same for both the received and the transmitted
data. The receiver data rate (Baud rate} is jurnper selectable from among
11 standard speeds, also in four-line groups. These speeds are 75, 110,
134.5, 150, 300, 600, 1200, 1800, 2400, 4800, and 9600 Bauds. The
receiver data rate for any four-line group may be different from the trans-
mittqr data rate for that group. Each receiver samples the line at 16
times the data rate.

The duration of the stop element is switch selectable, again’in four-line
groups. Values available are 1 or 114 bit times for characters with 5 data
bits, and 1 or 2 bit times for characters with &, 7, or 8 data bits.

As each character is received, it, along with the four-bit number of the
line it came from and four bits of status information, is stored in a 16-bit
wide by 64-word deep first-in/first-out hardware buffer, called a ‘Silo.’
This storage cccurs at the time the center of the first stop bit of the
¢character is sampled. Each complete character is loaded into the top of
the silo and propagates (falls) automatically toward the ‘bottom’ of the
silo, until it comes to rest against the bottom, or against the last previ-
ous character stored in the silo. The bottom of the silois actuaily the
Receiver Buffer Register (RBUF) and is seen, by the program, as a de-
vice register on the UNIBUS. Thus, there are no accesses to the UNIBUS
at all until a complete character is received, stripped of start and stop
bits, checked for proper parity (if required), and stored in a hardware
buffer. :

Indications of character words available from the silo and of device
status are provided to the program by the Control Status Register (CSR).

The exact definition of each bit in CSR is given in the section on Pro-
gramming, but the functions of the bits related to the DJ11 receiver sec-
tion are discussed in the following paragraphs.

At the time a received character word appears in RBUF the Receiver
Done hit (bit 7} is set in the CSR. If the Receiver Interrupt Enable bit
(bit 7} is also set in CSR, an interrupt request is generated. The BR level
is set by a priority jumper plug, and is the same for receive and transmit,
BR 5 is standard.

In order to operate on received characters, the program tests bit 15 of
RBUF for a 1 {data present). If bit 15 is set, the program moves the word
from RBUF. This causes the silo to shift, automatically, all other charac-
ters it may contain 'down' one position, with the next received character
appearing in RBUF not more than 1.4 us later. Thus the program may
disable received character interrupts, entering the receiver service routine
on a timed basis and ‘clearing out’ the silo each time, or it may respond
to an interrupt on each character.
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The parity sense for received data is switch selectable in four-line groups.
The DJ11 offers a choice of odd, even, or no parity. If odd or even parity
is selected, the receiver assumes that the hit received after the nth data
bit (where n-is the number of data bits seiected) is the parity bit, and
compares that bit with the parity of the n received data bits. If the parity
is correct, the parity bit is discarded, and the n data bits are retained
and placed in the received character buffer (sifo)., If the parity is incor-
rect, the hardware will set the Parity Error bit (PE, bit 12} of the received
character word before storing it in the silo. If no parity is selected for a
particular line group, parity is not checked and bit 12 will never be set.

" Note that if odd or even parity is selected, the total character length is
the sum of the start bit, plus the number of data bits selected, plus the
parity hit, plus the number of stop bits selected.

If, at the time the center of the first stop bit should appear on a particu-
lar received data line, that line is found to be in a spacing (0) state, the
Framing Error bit (FE, bit 13} will be set in the received character word.
Such a condition may occur, for instance, if the data line goes open, or
if the terminal connected to that line transmits a Break signal. In these
cases all bits of the data character will be zero. Succeeding all-zero or
Break characters, however, will not be assembled by the UART on that
line or put into the silo. The received data line must return to a marking
condition for 1/16 of a bit time before character assembly is resumed.

The Overrun bit {(OR, bit 14) is an indication that the DJ11 receiver scan-
ner has failed to remove a completed character from the UART before
the next character was moved in on top of it. This only occurs if the silo
has completely filled, and the program fails to respond to a FIFO Full
ftag. Since each UART is doubie buffered (32 complete characters), in
addition to the 64-character silo buffer, this condition is unlikely to occur
unless the program servicing the DJ11 is faulty. By means of a split-lug
jumper, the DJ11 can be wired to give a Recelver Interrupt after having
stored 5, 9, or 17 characters in the silo instead of interrupting on each
character.

A Receiver Enable bit (CSR Bit 0) is provided which, when cleared, pre;
vents the DJ11 from depositing characters in the silo.

The program can set the DJ11 for half-duplex operation (afl channels
simultaneously) by asserting bit 1 (Half-Duplex Select} in the CSR. Half-
duplex, for the DJ11, means that if a character is in the process of being
transmitted on a given line, the receiver associated with that line is dis-
abled. :

The entire sile and all 16 UART's may be cleared by assertion of CSR hit
3 {MOS Ctear). Since more than one instruction time is required to clear
the LS! circuits, CSR bit 4 (Busy Clear) is provided as a flag. Bit 4 is
asserted any time the MOS Clear is in process. No load aperations to
the DJ11 or reads, of other than bit 4 of the CSR, should be attempted
while bit 4 is set. MOS Clear causes all transmit lines to assume a mark-
ing (logical 1) state.
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It should be noted that ‘ciearing’ the silo only clears the Data Present bit
(bit 15) in the Receiver Buffer Register (RBUF) and does not atfect the
state of any RBUF bits. These RBUF bits may contain anything, and will
he updated each time a new character is presented to the program.

The DJil hardware asserts C5R bit 13 (FIFQ Full) anytime the receiver
scanner finds a line with a character available, but cannot load the pew
character into the silo. If CSR bit 12 (Status Interrupt Enable) is also set,
an interrupt request is generated. The assertion of FIFO Full does not
necessarily mean data has been lost. On any given line, there will be dne
character time between the time the character is presented to the re-
ceiver scanner, and the time Overrun actually occurs. In the worst case
{9600 Bauds, 7 bit characters) the program has approximately 700 us to
respond to the FIFO Full Interrupt and remove characters from the silo
before any data is actually lost. The receiver scanner runs at about 2 1
MHz rate, and so scans each UART many times during one character
time.

Transmitter

The transmitter section of the DJ11 performs paraliel-to-serial conversion
of data supplied to it from the UNIBUS. The character length and stop
- code for any given line are the same as for the receiver on that line. The
transmitter data rate, however, is jumper selectable in four-line groups,
independent of the receiver data rate.

The transmitter for each line is fully double huffered. That is, the pro-
gram has a full character time to respond to the Transmit Ready (bit 15)
flag from any line, and still transmit data on that line at its maximum
character rate. :

The transmitter section of the DJ11 is operated by the program through
four registers on the UNIBUS: The Control Status Register (CSR) previ-
ously mentioned, the Transmitter Contral Register {TCR), the Transmitter
Buffer Register (TBUF), and the Break Control Register (BECR).

To initiate transmission, the program sets CSR bit 8 (MASTER TRANS
SCAN ENB). i it is desired to have the transmitter section give an in-
terrupt when a character is requested, the program also sets CSR bit 14
{TRANS INT ENB). The Transmitter Control Register (TCR) is used to
setect an individual line for transmission. In order to set and clear bits
in TCR, it is required that CSR bit 10 (BREAK REG SEL) be cleared (0).
If the line-select bit in TCR associated with a particular line is set, and
the transmit character buffer {TBMT) in the UART for that line is empty,
the DJ11 transmitter scanner stops when it reaches the selected line.
CSR bit 15 (TRANS RDY} will be set, and, if CSR bit 14 (FRANS INT
ENB) is set, an interrupt request is generated. The BR level is the same
as far the receiver. BR 5 is standard. When the transmitter scanner
stops, the line nurmber to which it is pointing will be contained in the
Transmitter Buffer Register (TBUF) in bits 8-11. These bits are read only.

The program may then read the line number and furnish a new character
to be transmitted on that line, by loading the character i TBUF, or the
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program may clear the line select bit in TCR. Either action clears CSR
kit 15 (TRANS RDY) and atlows the transmitter scanner to continue,

It should be noted that the so-calied ‘transmitter scanner’ is not really
a scanner, but is, instead, a 16-level priority encoder. The practical effect
of this is that when any line is serviced as described above, the next line
requiring service will be found and the TRANS RDY bit (CSR bit 15) set
in 1.3 ps or less, independent of the line number. Thus, the hardware
allows the programm to perform transmit service in a very effictent manner
on all active lines on one entry to the transmit service routine. The trans-
mit character buffers in the UART's are sampled every 400 ns. Line 15
has the highest priority, and line O the lowest. For mixed-speed con-
figurations, the highest-speed line should be connected to DJ11 {ines
15-12, the next highest to lines 11-8, efc.

The normal rest condition of the Transmitted Data lead for any line is
Marking (1). A continuous Spacing (0) signal may be applied to a line
by means of the Break Control Register (BCR). The program addresses
the BCR by setting CSR bit 10 (BREAK REG SEL). The program may then
cause a continuous Spacing condition on a particular line by setting the
Break Bit in BCR for that line. The Spacing condition remains on the
Transmitted Data lead as long as the Break Bit is set for that line. If
characters are supplied to the transmitter for that line, however, it con-
tinues to appear to the program as if they are being sent normally, This
provides the facility for sending precisely timed spacing signals, by
asserting the Break Bit and using the Transmit Ready Interrupts as a
timer.

It should be remembered in this context that each line in the DJ11 is
double buffered internally. This means that when the transmitter section
gives a TRANS RDY and an interrupt, it has just started sending the last
character loaded into TBUF (not finished). When the transmitter is used
as a timer for sending Breaks, the program should ensure that the char-
acters sent, or at least the final one, are all ones (Marks), else the line
may remain in a spacing condition longer than desired,

Line Interfaces
The Line-Distribution Panels supplied with the DJ11-AA and DJ11-AC are
used to fan out the lines to the cutside world.

The DJ11-AA is supplied with an electrical interface and connectors
which meet the specifications of Electronic Industries Association Stan-
dard RS232C, and CCITT Recommendation V.24, for the Transmitted
Data {(Circuit BA, pin 2) and Received Data (Circuit BB, pin 3) leads.

The DJI1-AC is supplied with an active electrical interface which fur-
nishes a nominal 20 mA at 20 V dc, for operation of local neutral Tele-
type terminals and other terminals operating on 20 mA neutral current
loops.

The DJ11-AB is supplied without level conversion {TTL input-output
levels} and without a Line Distribution Panel, for control of DIGITAL-
supplied DCO8 Telegraph Line Interface equipment,
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The BJ11-AA and DJ11-AC Panels do not require that power be supplied

to them, that is, they are completely passive. These panels can be
mounted across a 19-in. rack or flat against a wall. Level conversion of

the TTL signais is performed within the DJ11. The level-converied data

are sent fram the DJ11 to the Distribution Pane! by two flat cables which

terminate in Berg connectors. The Distribution Panel fans out the lines

to Individual Cinch DB25P canneciors (DJ11-AA) or four-wire screw ter-

minal strips (DJ11-AC) for each line. The TTY Distribution Panel

(DJ11-AC) contains several components of the TTY circuit.

Several jumper selections are available on the Distribution Panels. In the
EIA case, the Data Terminal Ready lead (Circuit CD, pin 20) and the Re-
quest To Send lead {Circuit CA, pin 4) nermally are strapped to a positive
or ‘ON’ voltage. This strapping can be removed individually (on a per-line
basis). The DJ11-AA Distribution Panel also contains a Jumper that con-
nects together the Protective Ground (Circuit AA) and Signal Ground
(Circuit AB} leads from each channel. The jumper can be cut to separate
the two grounds.

Two jumpers for each line exist on the DJ11-AC Panel (20-mA TTY).
With these jumpers the receiver porticn of the TTY circuit can be shifted
from an active receiver (one that supplies the current source) to a pas-
sive one (where the remote equipment must supply the current). The
active receiver is required for Teletypes and similar devices that provide
a switch opening or closing for a binary one or zero. The disadvantage
of this mode is that the signatling is singie-ended and noise introduced
on the jine can cause errors, When wired as a passive receiver, the de-
vice has common-mode rejection, since any noise introduced on the
wires appears on both wires and hence causes no net change in the
current through the diode.

The DJ11-AC Panel also contains two other jumpers for each iine. These
are used to insert capacitors to filter out high frequency noise in the cir-
cuit. There are three speed ranges. The low-speed range is used for 300
Bauds and helow; both capacitors are left in for this range. The filtering
adds 109%, distortion, maximum, to a 300-Baud signalling rate. The
medium range is used for 2400 Bauds and below; capacitor Cl is re-
moved, and the filtering causes 109, distortion, maximum, to a 2400-
Baud signal. The high range is obtained when hoth capacitors are re-
moved and should be used above 2400 Bauds. For the higher speed
ranges it is preferable that the remote device be the current source so
that the DJ11-AC receiver can be strapped as a passive receiver with
common-mode rejection.

Maintenance Provisions

The DJ11 has a maintenance bit {(CSR bit 2) which will, when set, loop
back all 16 lines internally. Alsc, if split speed was selected an any or ali
of the groups, the transmitter speed will be forced to that of the receiver:
s0 that lcop-back can occur.
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PROGRAMMING

General

The Interface between a program running in the PDP-11 processor and
the DJ11 is via five device registers, two of which share a common ad-
dress on the UNIBUS.

These registers are:
Control Status Register (CSR), address 76XXX0
Receiver Buffer Register (RBUF), address 76XXX2
Transmitter Controi Register {TCR), address 76XXX4
Break Control Register (BCR), address 76XXX4
Transmitter Buffer Register (TBUF), address 76XXXé

The functions of the bits provided in each register are defined helow,
Each register is assigned an 18-bit memory address, and may be read
from or written into using any processor instruction that references these
addresses, with the exceptions noted. Selection of BCR or TCR (BREAK
REG SEL) is accomplished by setting or ¢learing CSR bit 10, if bit 10 is
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cleared (0) references to address 76XXX4 will reference TCR. If bit 10
is set (1), references to address 76XXX4 will reference BCR.

Interrupts

The DJ11 uses two interrupt vectors; vector address XX0 for the interrupt
caused by Receiver Done (CSR hit 7} and FIFQ Full (CSR bit 13), and
vector address XX4 for Transmit Ready (CSR bit 15). Both interrupts
operate independently, except that the receiver takes priority on simul--
taneous interrupt requests (is closer to the processor on the UNIBUS).
Since the interrupt through wvector address XX0 can come from two
sources (Receiver Done and FIFQ Full), it is necessary for the program
to check both bits 15 and 13 each time the service routine for this inter-
rupt is entered. The program must clear the bit which caused the inter-
rupt request when exiting the service routine, else the occurrence of an-
other interrupt-causing conditian, while the first is bemg semced may
fail to give an interrupt.

Address and Vector Assignment

The address assigned to the DJ11 is in the floating address space re-
served for PDP-11 peripherats. The DJ11's for a system are assigned
contiguous addresses in the range from 760010, to 764 000,. Each
D111 requires 10, locations. Each unit uses two interrupt vectors, one
for Receiver Done and FIFO Full (address XXO), and one for Transmit
Ready (address XX4).

Register Definition

Bits marked ‘Not Used' and ‘Write Only' are always read as zero. At-
tempting to write into ‘Not Used’ or ‘Read Qnly’ bits has no effect on
those bits. INIT' refers to the initialize signat generated by the pro-
cessor {e.g., upon execution of a RESET mstructlon) “Fransmit’ and
‘Receive’ are with respect to the DJ11,

Control Status Register {(CSR) 76XXX0

4 1 12 [} & 5 4 k) 2 1 1]

ERER/ A EEN EEEEN

BIT DESCRIPTION AND OPERATION

15 Transmitter Ready. Read only. This bit is set whenever the trans-
mitter scanner finds that the transmit-character buffer in the UART
for line n (TBMTn) is able to accept a character for transmission
and the line-select bit in the Transmitter Control Register (see be-
fow) for that line (TCRn) is set. The logical condition is then
CSR15«<CSR8* TMBTn* TCRn (*implies ‘AND". This bit is cleared
by the hardware within lus after a character is loaded into the
Transmitter Buffer Register (see below), negating TBMTn, or when
TCRn is cleared. The transmitter scanner stops when Transmitter
Ready is set, and resumes when it is cleared. If another line needs
transmit service at the time bit 15 is cleared, bit 15 will be set
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again within 1.4 us of the completion of the bus cycle that loads
TBUF or clears TCRn. This bit is cleared by INIT or by the actions
described above.

Transmitter Interrupt Enable. Read{Write. This bit, when set, causes
an interrupt request to be generated whenever CSR bit 15 is set.
This bit is cleared by INIT or by the program.

FIFO Full. Read only. This bit is set if the DJ11 receiver hardware
attempts to load a character into the FIFO buffer and finds the buf-
fer full. The receiver scanner continues 1o scan. This bit is cleared
when the Receiver Buffer Register (see betow} is read from, or by
INIT.

FIFO Buffer Status Interrupt Enable. Read/Write. This bit, when set,
causes an interrupt request to be generated whenever CSR bit 13 is

‘set. This bit is cleared by INIT or by the program. The program

servicing this interrupt should clear bit 12 upon entering the service
routine, and should reset it upon exit, to make sure the hardware
picks up all transitions of bit 13.

Break Register Select. Read/Write. This bit, when set, causes pro-
cessor references to address 76XXX4, to access the Break Control
Register (see below). When clear, this hit causes processor refer-
ences to address 76XXX4 to access the Transmitter Control Register
{see below). This bit is cleared by INIT or by the program. ’

Master Transmit Scanner Enable. Read/Write. This hit, when set,
enables the transmitter bardware to scan the UART’s for lines
requiring transmit service. When clear, this bit prevents CSR bit 15
from bheing set. This kit is cleared by INIT or by the program.

Receiver Done. Read Only, This bit is set when a received char-
acter word appears in the Receiver Buffer Register (RBUF, see
below). If CSR bit & is also set, an interrupt request is generated.
This bit is cleared by an instruction which references RBUF. How-
ever, if another received character word is in the sito, this bit is
reasserted and the new data appears in RBUF within 1.4 us. This
hit is cleared by INIT or by the actions described above.

Receiver Interrupt Enable. Read/Write. This bit, when set, causes
an interrupt request to be generated each time CSR bit 7 is set.
This bit is cleared by INIT or by the program.

Busy Clear. Read only. This bit is set by the hardware whenever
the MOS Clear process, initiated by CSR hit 3, is in progress. 1 is
a flag to the prograrn indicating that other kits in CSR and other
registers of the DJ11 shoutd not be accessed. This bit is set, then
cleared, by the setting of CSR bit 3. N

MOS Clear. Write only. This bit, when set, causes a 2us clear pulse
to be issued to the silo and all 16 UART's. During the ¢lear pulse,
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CSR bit 4 is also set. This bit is set by the program and cleared
by the DJ11 hardware,

Maintenance ‘Mode. Read/Write, This bit, when set, causes all the
Transmitted Data leads to be connected to their respective Re-
ceived Data leads at the TTL outputs. The Transmitter data rate
of each four line group is also forced to that of the receivers for
that group. This bit is cleared by INIT or by the program,

Half-Duplex Select. Read/Write. This bit, when set, disables the
receiver section of any line during the time the transmitter section
of that line is active. This bit applies to all 16 lines. 1t is cleared
by INIT or by the program.

Receiver Enable. Read/Write. This bit, when set, enables the re-
ceiver scanner to operate and enables received character words to
be loaded into the silo. It is cieared by INIT or by the program,

Receiver Buffer Register {RBUF), 76XXX2

15 14 13 2 1 8‘ 7 O

IDI010—|O|0 Q0 ] 0'I0 ? o 0 0 ¢ 1] OJ
L ¢ L —L i L 1 1 L L

[N 4 —_—

T L—RECEIVED CaTA,

LINE NLIMBER

— RECEIVED DATA PARITY ERROR
FRAMING ERROR

OVERRUN
DATA PRESENT

BIT DESCRIPTION AND OPERATION

15

14

13

12

Data Present. Read only. This bit, when set, indicates the presence
of a received character and its asscciated line number and status
bits in RBUF. This bit is cieared by the hardware when data is read
from RBUF, but is set again within l.4us if more data is present
in the silo. It is cleared by INIT or by setting CSR hit 3.

Overrun. Read only. This bit is set if data from the line specified
in bits 11-8 of RBUF has been lost. This may occur if the silo filis
up. The character in this received character word is the first good
character after the data loss (rather than the last good character
before the data loss). This bit is valid only for this character. All
hits in RBUF are updated as each new received character word ap-
pears in RBUF.

Framing Error. Read only. This bit is set If the UART, at the time
it samples the Received Data line in the center of the first stop bit,
finds the line in a spacing (0) condition. This may indicate an open
input line, a ‘Break’ signat, or excessive distortion of the Received
Data character.

Received Data Parity Error. Read only. This bit is set by the UART
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if the parity of the raceived data character does not agree with the
parity specified for this group of lines (odd or even). This bit is
always zero if the ‘no parity check’ option is specified. Bits 14, 13,
and 12 are updated for each new character,

11-8 Line Number. Read only. These bits are the binary nurmber of the

70

line from which the character in bits 7-0 of RBUF was received.

Received Data. Read only. These bits contain the complete char-
acter assembled by the UART. If the character length specified for
this group of four lines is less than 8 bits, the character appears
right justified (low-order bit in bit Q). _The unused high-order bits
will contain Q's.

Transmitter Control Register {TCR) 76XXX4

15 14 3 12 11w ¢ ] 7 & 5 4 3 2 1 Q

TRANSMIT ENABLE TRANSMIT EN-nQBI.:E—t
LINE 15 LINE T
TRANSMIT ENABLE
LiNE

BIT DESCRIPTION AND OPERATION

15-

0 Transmit Enable. Read/Write, Each bit in TCR enables the DJII
transmitier scanner to flag that a character is required for trans-
mission on one line. If the Transmit Enable bit in TCR is set for a
particular line, CSR bit 8 is set, and the transmitted data buffer
in the UART (TMBT) for that line is empty, then the scanner stops,
CSR bit 15 is set, and, if C5R bit 14 is set, an interrupt request is
generated. The line number at which the transmitter scanner is
stopped appears in bits 11-8 of the Transmitter Buffer Register
{TBUF, see below). The scanner restarts when TBUF is written into
or when the TCR bit for the line whose number appears in bits 11-8
of TBUF is cleared. The bits in TCR are cleared by INIT or by the
program.

Note that TCR may be accessed from the UNIBUS only if C3R bit
10 is cleared.

Break Control Register (BCR) 76XXX4

[T = S ¢ S i 4 a7 ] 5 4 3 2 1 o
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LINE 15 LINE O
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BIT DESCRIPTION AND OPERATION

15-0 Break Bit. Read/Write. Each bit in BCR controls the state of one
Transmitted Data line. if the Break Bit in BCR is set for a particular
line, that line is clamped in a Spacing (logical 0) state. This condi-
tion remains until the bit is cleared. The transmitter for that line
appears to the program to function normally, however. This register
may be accessed from the UNIBUS only if CSR bit 10 is set. BCR
may be cleared by INIT or by the program.

Transmitter Buffer Register (TBUF) 76XXX6

15 12 13 8 7 0
I NOT USED | 0 o 0 © | ¢ o © © @ o 0 o©
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L L A
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TRANSMITTER CHARACTER

BIT DESCRIPTION AND OPERATION

11-8 Line Number. Read only. If CSR bit 15 and the bit in TCR asso-
. ciated with the indicated line are set, these hits contain the four-bit
number of the line requiring a character for transmission. Cleared

by INIT. Note that bits 11-8 are valid only if CSR bit 15 is set.

7:0 Transmitted Character. Write only. The data character to he trans-
mitted on the line whose number is contained in bits 11-8 of
TBUF is loaded into these bits. If the data character contains fewer
than 8 bits, the character must be right justified when lpaded into
TBUF. The bits of the data character are presented to the serial
line low-order bit (bit 0) first. A bit set to a one in TBUF causes
a marking condition to appear on the Transmitted-Data lead for
the line whose number is in bits 11-8 of TBUF for one bit time.
These bits are cleared by INIT. Note that bits 7-0 should only be
loaded when CSR bit 15 is set. Loading TBUF with CSR bit 15
cleared results in the transmission of the character on line 0.

SPECIFICATIONS

Function: The DJ11 provides an interface between the PDP-11
UNIBUS and 16 asynchronous bit serial communica-
tions channels.

Connectability: A maximum of 16 DJ11's may be connected to a
single PDP-11.

Operating Mode:  Half or Full duplex, under program control.

Data Format: Asynchronous, serial by bit. One start and 1, 114
(5-level codes only), or 2 stop bits supplied by the
hardware. The DJ11 will accommodate characters of
5, 6, 7, or 8 bits, with or without even or odd parity.
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DJ11

The data format is the same for transmitted and re-
ceived data on any lire. The data format is switch
selectable in four-line groups.

A one (1) presented by the program to any bit in the
Transmitter Buffer Register causes a Marking {logical
1) condition to appear on the Transmitted Data lead
during the corresponding bit interval. A zero (0) pre-
sented by the program causes a Spacing (logical 0}
condition to appear. A Marking condition on the Re-
ceived Data lead during any data-bit sampling inter-
val is presented to the program as a one (1) in the
Receiver Buffer Register, and a Spacing condltlon is
presented as a zero (D).

Low-grder bit first

The DJ11 is supplied with 11 standard data rates:
75, 110, 134.5, 150, 300, 600, 1200, 1800, 2400,
4800, and 9600 Bauds. The data rate is jumper
selectable in fouriine groups. The data rate for the
receivers in a group may be different from that of the
transmitters in that group.

DJI1-AA: 15.2 m {50 ft) at up to 9600 Bauds with
BCOSD cahle, or equivalent.

DII1-AB: 3.7 m (12 ft) with supplied cable.
DJ11-AC: 55 m (18 ft} with DIGITAL BCO4R-18
cable. With cable made with shielded twisted pairs,
such as Belden no. 8777 or equivalent, the following
rate/distance table may be used as a guide, This
chart is for informational purposes only, and is not
to be construed as a warranty by Digital Equipment
Corp. of error-free operation of D11 at these speeds
and distances under all circumstances.

150 m at 9600 Bauds

150 m at 4800 Bauds

450 m at 2400 Bauds

450 m at 1800 Bauds

450 m at 1200 Bauds

450 m at 600 Bauds

600 m at 300 Bauds and below

The DJ11 receiver operates properly in the presence
of 409, space-to-mark or mark-to-space distortion
between any two received-data bits, and -up to

4120



Bus Loading:

- Physical Layout:

Electrical
Interface:

DJ11

* 4.59%, long-term speed distortion, provided the
data format contains a least 114 stop units. If the
data format contains only one stop unit, the speed
tolerance is = 49;. The DJ11 transmitter operates
with less than 39, bit-to-bit or long-term distortion.

One DJ11 presents one unit load to the PDP-11
UNIBUS.

The DJ11 consists of a singie prewired PDP-11 sys-
tem unit, suitable for mounting in a PDP-11/4Q,
PDP-11/45, or equivalent cabinet, and all .logic
modules and cables necessary to implement a 16-line
multiplexer. The DJ11-AA and DJ11-AC are supplied
with an externally mounted, 14-cm high (515 in.)
Line Distribution Panel with connectors appropriate
to type of channel to be connected. Cables to con-
nect the Distribution Panel to data sets are not sup-
plied but are available separately (see below).

The DJ11-AB is supplied with cables and connector
cards that plug into the DCO8 Telegraph Line Inter-
face Option or into a standard DM11 Line Distribution
Panel.

Note that the DJ11 cannot be mounted in a PDP-
11/1% or PDP-11{20 processor box, or in a BA11ES
extender box. See below for recommended mounting
cabinet.

DJ11-AA: Provides a voltage-level interface for 16
lines whose signal levels and connector pinnings
conform to Electronic Industries Association Standard
RS232C and CCITT Recommendation V. 24, The leads
supported by the DJ11-AA are:

Protective Ground, Circuit AA (CCITT 101} pin 1.
Transmitted Data, Circuit BA (CCITT 103) pin 2.
Received Data, Circuit BB (CCITT 104} pin 3.
Signal Ground, Circuit AB (CCITT 102) pin 7.

Signal Ground and Protective Ground are connected
together by a removable jumper on the DJ11-AA
Distribution Panel;

In addition, the Data Terminal Ready lead, Circuit
CD (CCIT 108.2) pin 20, and the Request to Send
lead, Circuit CA (CCIT 105) pin 4, are clamped ON
(logical 1). This condition may be removed on a per-
line basis by removal of jumpers on the DJI1-AA
Distribution Panel. If the jumpers are removed, how-
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- ever, these leads are left floating (D V dc). These cir-

cuits are terminated in 16 Cinch DB25P connectors

.mounted on a 1l4-cm-high by 48.3-cm-wide (514 X
19 in.) Distribution Panel supplied with the DJ11-AA,

Cables with the proper connectors for connecting the
Distribution Panel to modems or local terminals with
ElA interfaces are available from DIGITAL as No.
BCO5D—25 (7.6m, 25 ft). ’

DJ11-AB: Provides standard Transistor-Transistor-
Logic (TTL) Levels for 16 receive and transmit data
leads on two cables 3m (10 ft) long, terminated in
M971 cards. The pinning of these cards is such that
they may bhe plugged into the DIGITAL-supplied
DCO8 Telegraph-Line Interface Option, or into the’
Distribution Panel supplied with the DM11 16-line
Asynchronous Serial Line Multiplexer.

DJ11-AC: Provides 20-mA neutral active or passive
(jumper option) current-loop circuits for 16 transmit
and receive data leads. These circuits are terminated
in 16 four-screw-terminal barrier strips mounted on
a 14 cm-by-48.3 cm {5145 x 19 in.) Distribution Panel
that can be mounted on the back door of a standard
48.3-cm (19 in.} rack, or mounted on any flat surface
no farther than 3 m (10 ft) from the DJ11 logic.

DJ11-AA: 47 Aat - 5Vdc
0.25Aat — 15 V¥V dc
0.25Aat 4- 15V de

DJi11-AB: 4.7 Aat 4 5Vdc
OAatf 15Vdc
0.25 A at— 15 V dc

DJ11-AC: 53Aat +5Vde
OAat 4 15Vdc
1.0 Aat — 15 Vdc

35 kg-calf hr maximum

The DJ11 operates at an ambient temperafure of 5
o 50° C with relatively humidity of 10 to 959%,
non-condensing,

DJ11-AA: 16-line Asynchronous Serial Line Multiplexer, Full- or Half-
Duplex operation. Electrical Interface meets Standards EIA
RS5232C and CCITT V.24, Supports Transmitted and Re-
ceived-Supports Transmitted and Received-Data leads only.
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DJ11-AB:

DJ11-AC:

DJ11

Request To Send and Data Terminal Ready leads clamped
ON. Speed and character format strap selectable in four-
line groups. Provides 5, 6, 7, or 8 data bits: 1, 114, or 2
stop bits; even, edd or no parity. Provides standard data
rates of 75, 110, 134.5, 150, 300, 600, 1200, 1800, 2400,
4800, and 9600 Bauds. Split-speed operation. Suppiied with
externally mounted Distribution Panel, but without modem
cables. See Related Options for recommended cable.

As DJ11-AA zbove, except electrical interface is TTL levels
(0,45V) for Transmitted and Received Data leads only.
Supplied without external Distribution Pane!, but with
cables and cards for connection to DCO8 Telegraph Line
Interface Options, or to the DIGITAL DM11-AAfAC Line Dis-
tribution Panel,

As DJ11-AA above, except electrical interface is 20-mA
neutral active or passive current joop, for ogeration of local
devices with 20-mA current-loop interfaces (Teletypes,
LA30-CA and -CD, VT05-A and -B etc). Externally mounted
Distribution Panel has screw-terminal strips to connect
Transmitted and Received Data Leads from devices.

Related Equipment

BCO5-D-25
Cable

H312A

BCO4R-XX
Cable

H960-DA

H9&0-DB
HSEO-EA

H960-EB

Modem Cable, 7.6 m (25 ft), 25-conductor cable terminated
in Cinch DB255 socket at one end, and DB25P plug at
the other end. For connection of one line from DJS11-AA
Distribution Panel to modem, data set, or Null Modem
listed below.

Null Modem. Required for local connection of terminals
with ElA interfaces, such as LA30-EA or -EC, Hazeltine
2000, etc, to BCOSD cable from DJ11 Distribution Panel.

Four spade lugs to male Mate-N-Lok cable. Faor local con-
nection of DIGITAL RTC1 etc to DJ11-AC Distribution Panel.
This cable is supplied in standard lengths of 3.7 m {12 ft,
BCO4R-12) and 5.5 m (18 ft, BCO4R-18).

Cabinet with single PDP-11/40 or PDP-11/45 Extension
Mounting Box. Provides mounting space for nine system
units (9 DJ11°s}. Includes power supply for 115-¥, 60-Hz
power.

As above, except for 230-V, 50-Hz power.

As H960-DA, except two boxes and two power supplies,
providing space for 18 system units. For 115-V, 60-Hz
power,

As H960-DC above, except for 230-V, 50-Hz power.
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DESCRIPTION

The DL11 series of asynchronous single line interfaces handle full or
half duplex communication between a wide variety of serial communica-
tion channels and a PDP-11 computer.

With a DL11 interface, a PDP-11 computer can communicate with a
local terminal such as a console teleprinter, with a remote terminal via
data sets and private line or public switched telephone facilities, or with
another local or remote PDP-11 computer.

DL11 systems provide wide flexibility. The user can specify data rate
from a selection of 13 standard rates between 40 and 9600 Baud, or
he can order a non-standard rate device. With most of the standard rates,
the interface can offer split-speed operation for faster, more efficient
handling of computer cutput,

For additional flexibility, character size is strap selectable for 5, &, 7,
or 8level codes. Also strap selectable are parity checking (even, odd,
or nane) and stop code length 1, 1.5, or 2 bits).
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Remote Communication via Private Lines
There are five DL11 models.

Model DL11-A replaces and is compatible with DIGITAL's KL11 inter-
face, handling 20 mA neutral current loop devices {(such as console
teleprinters) which use 8-level code and two stop bits.

The DL11-C handles the same current levels but provides the flexibility
of a wide choice of speeds and stop bit configurations. This model is
recommended for direct interfacing of DIGITAL-supplied teleprinters, the
VT05 alphanumeric display, and the LA30-C DECwriter—a DIGITAL-
designed electronic keyboard printer.

Model DL11-B meets the interface specifications of Electronic Industries
Assaciation Standard RS5232C and CCITT Recormmendation V.24 and
handies either local or remote (data only) communication for 8-level code
devices. With local devices, this model requires a null modem; in private
line communication, modems are requirad.

Model DL11-D meets the specifications of and is applied in the same
manner as Mode! DL11-B. However, like the C model, it gives the user
a choice of operating speeds and stop bit configurations, so that it is
easily adaptable to a wide range of terminals. With a null modem, this
model may be used for local interfacing of a terminal or another PDP-11.

Model DL11-E meets the EJA and CCITT interface specifications cited
for Models B and D. This interface provides the user with the full range
of data rates as well as with complete dataset control for remote com-
munication with either a terminal or another PDP-11 computer.
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Using the PDP-11's versatile UNIBUS as a muiltiplexer, a PDP-11 can
handie multiple DL11 interfaces. Assigned addressing space. allows a
singie system to support up to 16 DL11-A and/or B models and up to
31 DL11-C, D, or E models. Each DLI1 module represents one unit load
to the UNIBUS and plugs into a standard small penpheral controller
sfot in a PDP-11 system unit.

With its exceptional versatility, the DL11 is ideally suited for such appli-
cations as numerical control and data acquisition and reduction, espe-
cially in such fields as biomedicine and physics where input and pro-
cessing often require multiple asynchbronous lines.

OPERATION

General

The DL11 is an interface between a single Asynchronous Serial Com-
maunication Channel and the PDP-11. 1t performs serial-to-parallel and
‘parallel-to-serial conversion of serial start-stop data with a double char-
acter bhuffered - MOS/LS| circuit called a UART (for Universal Asyn-
chronous Receiver-Transmitter). This 40-pin dual-in-line package includes
all of the circuitry necessary to double buffer characters in and out,
serialize-deserialize data, provide selection of character length and stop
code’ configuration, and present status information about the unit and
each character.

Receiver

The receiver section performs serial to parallel conversion of 5, 6, 7 or
8-ievel codes. The character length is selectable by split-lug jumpers on
the circuit card, and is specified by the customer at the time of the order.
Each character appears right justified in the Receiver Data Buffer Reg-
ister (RBUF), stripped of start, stop, and parity bits,

The data rate may lie anywhere in the range between 40 baud and
10,000 baud, and in. many cases need not necessarily be the same for
the receiver as for the transmitter. {See section on DATA RATES). The
receiver sarnples the line at 16 times the data rate.

A complete character is formed in the UART and is transferred to the
Receiver Data Buffer Register (RBUF) at the time the center of the first
stop bit is sampled. At that time, the Receiver Done Bit (Bit 7) is set
in the Receiver Status Register (RCSR). If the Receiver Interrupt Enable
Bit (Bit 8) is aiso set in RCSR, an interrupt request is generated. The
BR level is set by jumper plug. BR4 is standard.,

The program then reads the RBUF. The character appears right justified
in bits 7-0 of RBUF, stripped of start, stop, and parity (if odd or even
is selected) bits. Unused high order bits (6 and 7 in the case of a
6-level code) are zero-filled, Bits 8-11 are always zero and bits 12-15
contain status information about the character supplied by the UART®,
{See section on PROGRAMMING.)

* Ali references to the character status and error bits {12-15) apply to the DL11.C,

D, and E models only. The DLLI1-A and B are KL11 compatible, and theretore
have no such status bits.
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ELECTRICAL LEVEL STOP PARITY BAUD RATE .
MODEL INTERFACE CODE BITS CHECKING GROUPS* APPLICATIONS
DLIL-A 20 ma 8 2 None 1,3 Modsis LT33 & LT35
neutral teletypewriters with or
current without paper tape.

DL11-B EIA/CCITT 8 2 None 1,3 Local (needs null modem)

Remote (private wire)
via modems.

DL11-C 20 ma 56,7, 8 1,15,2 None, -All Used as A, but choica

neutrat odd, of code ete,
current even VTO5, LA3O-C, ...

DLII-D EIAfCCITT 5,6 7,8 1,152 None, All Used as B, but choice of
odd, code etc. Can be used for
even local interfacing of a PDP-11

with a null modem.

DL11-E EIA/CCITT 5678 1,15, 2 None, All Beil'103, 202, 113 modems
odd,
even

* See data rate table later in this section.
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~ Mote that the program has a full character time fo remove the com-

pleted character from RBUF before the next character is put there by the
UART. Should the program fail to remove a character before the next
is available, the old one(s) will be lost, and the Overrun Bit and Error
Bit (bits 14 and 15) are set in RBUF,

The customer may specify, at the time of ordering, that the DL11 will
check received data characters for even parity (an even number of data
bits are ones), odd parity, or no parity check. If even or odd parity is
selected, the DL11 will compute the parity of the incoming character
and set bits 12 and 15 in RBUF if an error is found. {Bit 15 is the
jogical OR of bits 12, 13 and 14.) Note that if odd or even parity is
selected, the total character jength is the sum of the start bit, plus the
number of data bits selected, plus the parity bit, plus the number of
stop bits selected,

If, at the time the center of the first stop bit shoufd appear on the re-
ceived data line, the tine is found to be in a spacing condition, the
Framing Error Bit (Bit 13) and Error Bit (Bit 15} are set in RBUF. Such
a condition may occur, for instance, if the data line goes open, or if the
terminzl to which the DL11 is connected transmits a Break signal. Should
this occur, RBUF will contain a character all of whose bits will be zera.
Succeeding all-zero or Break characters, however, will not be assembled
by the WART and presented to the program. The received data line must
return to a marking condition before character assembly will be resumed.

Transmitter _

The transmitter section performs parallel to serial conversion of data
supplied to it from the UNIBUS, The character length and stop code
(number of units of mark at the end of each character) are the same as
for the receiver section. The transmitter section is also fully double buf-
fered. Any time the Transmitter Ready Bit (bit 7} is set in the Transmitter
Status Register (XCSR), the program may load the low-order eight bits
of the Transmitted Data Buffer Register (XBUF) with a right justified
data character. The Transmitter Ready Bit witl be set any time the XBUF
is available, whether or not a character is currently being transmitted.
This is a natural result of the double buffering and means that if a char-
acter is not currently being transmitted and XBUF is empty, the program
may provide two characters in succession {within less than one character
time) to the transmitter.

As the first character is loaded, it is immediately transferred to the
serializer register internal to the UART, and the Transmitter Ready Bit
{bit 7) in XCSR iz set again, If the Transmitter Interrupt Enable Bit (bit &)
is set in XCSR, an interrupt request will be generated any time the Trans-
mitter Ready Bit (bt 7} is set. The BR level for the transmitter is the
same as for the receiver.

The transmitter supplies the start bit, odd, even, or no parity hit, and
the proper number of stop bits as specified by the customer at the time
of order.** The code configuration (number of data bits, odd, even, or
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no parity, and number of stop bits) is the same for the transmitter as
for the receiver section.

The normal rest condition of the transmitied data lead is marking. A
continuous spacing signal may be applied to this lead by setting bit 0 or
XCSR {the *“BREAK" bit) to & one,** The Transmitizd Data lead will re-
main in a spacing condition as long as this bit is asserted. If characters
are supplied to the transmitter, it will, however, continue to appear to
the program as if they were being sent normally. This provides the facility
for sending precisely timed spacing signals, by asserting the “BREAK"
bit and using the transmitter interrupts as a timer.

** Note that references to parity generation and “BREAK" bits are not applicable
to the DL11-A and B, since these twe are functionally and program compatible
with the KL11.

Paper Tape Reader Control

The DL11-A and DL11-C have a 20 mA current loop electrical interface
and are equipped to control the paper tape Reader Run Relay with which
some DIGITAL-supplied teleprinters are equipped. If bit 0 of RCSR is set
to a one, the lead controlling the Readér Run Relay is asserted, and a
character will be read from paper tape. This bit is reset upon detection
of a valid start bit by the UART receiver. The DL11-A is supplied with a
214 ft. cable (DIGITAL part #7008360) terminated in a female MATE-N-
LOC connector which connects to the teleprinter supplied with a PDP-11,
or to the cable supplied with the DIGITAL VT05 terminal, or DIGITAL
LA30-C DECwriter.

Dataset Interface

The DL11-B and DL11-D are supplied with an electrical interface and
connector whose signal levels and connector pinning conferm to Elec-
troric Industries Association Specification RS232C, and to CCITT Recom-
mendation V.24, Their cables are terminated in a Cinch DB25P plug with
protective hood. The DL11-B and DL11-D connect to the Protective
Ground (EIA circuit AA, connector pin 1), Signal Ground (Circuit AB, pin
7), Transmitted Data (Circuit BA, pin 2), Received Data {Circuit BB,
pin 3), Request to Send (Circuit CA, pin 4), and Data Terminal Ready
(Circuit CD, pin 20) leads. The Data Terminal Ready lead (Circuit CD,
pin 20) and Request to Send lead {Circuit CA, pin 4) are held asserted
(ON, logical 1). It is therefore possible o connect the DL1i-B and
DL11-D to datasets such as the Bell 103A2, which will autornatically
answer incoming calls. It is not possible, however, to terminate the
calt, determine the presence of Data Carrier (Circuit CF), detect a
Ring signal (Circuit GE), or operate the Secondary Transmitted and Re-
ceived Data leads. {Circuit SBA and SBB} with the DL11-B and DL11-D,
under program control. These functions are provided by the DL11-E,

Dataset Control

The DL11-E is supplied with an electrical and physical interface as de-
scribed above for the DL11-B and D, except as noted. However, the
DL11-E is equipped for full dataset controd, and supports the following
dataset leads:
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Signal Name EIA Circuit .  Connector
Designation Pin No.
Protective Ground AA 1
Transmitted Data BA 2
Received Data BB 3
Request to Send CA 4
Clear to Send CB 5
Signal Ground AB 7
Received Line Signai Detector (Carrier) CF 8
*Secondary Transmitted Data SBA 11
#*Secondary Received Data SBE 12
Data Terminal Ready Cb 20
Ring Indicator CE 22

* The pinning convention for Secondary Transmitted and Secendary Recaived Data
leads does NOT conform to the cited ELA and CCITT specifications, but rather to
the Bell 202C, D Dataset Intevface pinning. In order to make the connector pin-
ning conform to the EIA/CCITT specifications for these two leads, it is necessary
to rmove the wire connected to pin 1I in the Cinch DB25P connector to pin 14,
and the wire connected to pin 12 to pin 16.

These leads are sensed (for signals from the dataset) and setfreset (for
signals to the dataset) by the program via bits in RCSR. The operation
and meaning of these bits is explained in the section on “Programming."”

Note that it is not possible to convert one DL11 model to another in the
field.

Data Rates

The DLI1 is aveilable with a wide range of standard data rates. The
customer must specify on his order one of four groups of data rates for
hoth the transmitter and receiver, in bits per second. The following table
lists the standard rates available, and whether or not it is possible to
operate the transmitier at a different speed from the receiver (split
speed}).

Speed Speeds (Bits Per Sec) Split Applicable
Group Transmit J_ Receive Speed Terminals
1 110 110 No Teletype Models
33,35
2% 1345 1345 No  IBM 2740, 2741,
Datel, etc.
3 50 50 Yes DIGITAL LA30,
75 75 V105, M37 TTY
150 150 Most CRT Terminals
300 300
600 600
1200 1200
1800 1800
2400 2400
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4% 200 200 Yes DIGITAL LA30-C,
300 300 VTGS,
600 600 GE Terminet 300,
1200 1200 Most CRT Terminals
2400 2400
4800 . 4800
7200 7200
9600 9600

* Not available on DL11-A and Di1l1.B.

It is possible to fietd change speeds within groups 3 and 4 to other
speeds within the same group, but it is not possible to field change from
ane group to another group. Where the data rate specified by the cus-
tomer may be either group 3 or 4 (2.g. 300 baud}, the unit will be sup-
plied with group 3 speeds.

PROGRAMMING

General

The interface between a program running in the PDP-11 processor and
the DL11 is via four device registers. They are the 1) Receiver Status
Register (RCSR); 2) Receiver Data Buffer Register (RBUF); 3) Transmit-
ter Status Register (XCSR); and 4) Transmitter Data Buffer Register
{XBUF). The functions of the bits provided in each register are described
below. Each register is assigned an 18-bit memory address, and may be
read from or writlen into using any processor instruction which refer-
ences these addresses, with the axceptions noted.

Interrupts

The DL11 has two channels of interrupts: one for the receiver section
(vector = XX0} and one for the transmitter section {(vector = XX4).
These twa circuits operate independently, except that receiver takes pri-
ority on simultaneous interrupt requests (is closer to the processor on
the bus).

However, it is very important to note that in the DL11-E {dataset opera-
tion), the receiver section handles a muitiple source interrupt: RCVR
DONE and DSET INT. Furthermore, DSET INT is set by several conditions
{RING, CARRIER, etc.). If while servicing an interrupt for one condition,
a second interrupt condition occurs, a unique second interrupt {and all
subsequent ones as well) may not occur. To prevent this: 1) all possible
interrupt conditions should be checked after servicing one particular con-
dition, or 2) both interrupt enables (bits 5 and &) should be cleared upon
entry to the service routine for vector XX0, and set again at the end of
service.

Address and Vector Assignments .
The DL11-A and DL11-B follow the same address and vector assighments
as the KL11:
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Address Vector Priority

Consocie 777 560 60/64 BR4
777 562
777 5684
777 b66

Additional 776 X0 Floating BR4
Units 776 XX2

776 XX4

776 XX6

Since each DL11 unit has four registers, each requires four addresses,
Address space assignment for the DL11-A and B is the same as that for
the KL11; that is, unit O occupies addresses 777 560-777 566, and units
1-15 occupy from 776 500 through 776 676. For the DL11-C, D, and E,
unit O will have address 775 610, unit 1, 775 620, etc., up to unit 30 at
776 170,

The four registers and their addresses are listed for DL11 unit O, where
XXX is 756 for DL11-A and B, and 561 for DL11-C, D, and E.

1. Receiver Status Register {(RCSR) F7XAX0
2. Recgiver Data Buffer Register (RBUF) FIXAK2
3. Transmitter Status Register (XCSR) FIXXNA
4. Transmitter Data Buffer Register {(XBUF) 77XXN6

The interrupt wector addresses for the DL11-A and DL11-8 follow the
same scheme as for the KL11. That is, if one is used for the console
teletype, it gets vector address 60 and 64. The next units occupy ad-
dresses beginning after all DC11's (if any) on the system are assigned,
beginning at address 300. Any DP11, DM11, DN11, DM11-BB, DR11-A,
DR11-C, and DT11's are then assigned. After all of the preceding are
assigned, the DL11-C's, D111-D's and DL11-E's are then assigned.

Register Definition

The following chart presents the bit assignments within each register.
Bits marked “Unused”™ and “Write Only'’ are always read as zero. Al-
tempting to write into “Unused’ or ““Read Only” bits has no effect on
those bits. “INIT” refers to the initialize signal generated by the proces-
sor (e.g. upen execution of a RESET instruction.} “Transmit’”" and ‘'Re-
ceive' are with respect to the DL11. All bits in the accompanying dia-
grams are shown in the state they assume on POWER CLEAR or INIT, A
“dash’' indicates that the bit is set by the terminal or dataset or the
hardware and is not cleared by IN1T.

BIT DESCRIPTION AND OPERATION

15* Dataset Status Change. Read only. This bit is set (1) by any change
in the state of bits 10 (Secondary Receive Data), 12 (Carrier Det.),
and 13 (Clear to Send} in RCSR, and by an off to on (0 to 1} change
in the state of bit 14 (Ring Ind.} in RCSR. It is cleared (0) by INIT
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Receiver Status Register (RCSR) 77X00(0
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and by reading from RCSR. If bit 5 (Dataset [nt. Enable) is set, the
setting of bit 15 will cause an interrupt request to be generated.

Ring Indicator. Read only. The state of this bit follows the state of
the Ring Indicator lead (Circuit CE, pin 22) from the dataset. It is
set when the signal on Circuit CE is high, and cleared when that
signal is low. A transition of this bit from O to 1 will cause bit 15 in
RCSR to be set, and if bit § in RCSR is set, will cause an interrupt
request to be generated.

Clear to Send. Read only. The state of this bit follows the state of
the Clear to Send lead (Circuit CB, pin 5) from the dataset. it is set
when the signal on Circuit CB is high, and cleared when that signal
is low. Any transition of bit 13 will cause bit 15 in RCSR to be set,
and if bit 5 in RCSR is set, will cause an interrupt request to be
generated.’

Carrier Detector. Read only. The state of this bit follows the state
of the Received Line Signal Detector (Carrier) lead (Circuit CF, pin
8) from the dataset. It is set when the signal on Circuit CF is high,
and cleared when that signal is low. Any transition of bit 12 will
cause bit 15 in RCSR to be set, and if bit 5 in RCSR is set, will
cause an interrupt request to be generated.

Receiver Active. Read only. This bit is set when the receiver section
of the UART detects a vaiid start bit on the Received Data lead. In
the case of the DL11B, D, and E, this lead will be Circuit BB, pin 3
from the dataset. it is cleared when bit 7 in RCSR (Receiver Done)
is set, and by INIT.

* Note that bits 15-12 in RBUF are not enabled in the DL11-A and DL11-B, and wifi
appear as zero in these models when read by the program. This is to provide pro-
gram compatibility with the DIGITAL KLi1.

Mote that all signals from the dataset will appear negated (low} to the program
if the dataset is disconnected or loses power. This affects bits 14, 13, 12, and 10,
all of which will appear as cleared under such conditions.
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10 Secondary Received Data. Read only. The state of this bit follows
the state of the Secondary Receive Data lead (Circuit SBB, pin 12)
from a Bell 202 dataset. It is set when the signal on circuit 5BB is
high {spacing) and cleared when that signal is low (marking). Any
transition of bit 10 will cause bit 15 in RCSR to be set, and if bit &
in RCSR is set, will cause an interrupt request to be generated.

7 Receiver Done. Read only. This bit is set when the receiver section-
of the UART bas transferred an incoming character to the Receiver
Data Buffer Register (RBUF). it is cleared by setting bit O (Reader
Enable) in RCSR, by addressing {read or write) RBUF, or by INIT.
If bit & in RCSR is set, the setting of bit 7 will cause an interrupt
request to be generated. .

6  Receiver interrupt Enable. Read/Write. This bit, when set, causes an
interrupt request to be gernerated each time bit 7 in RCSR is set. it
is cleared by INIT, or by the program.

5 Dataset Interrupt Erable. Read/write. This bit, when set, causes an
interrupt request to be generated each time bit 15 in RCSR is set,
It is cleared by INIT, or by the program.

4  Unassigned

3 Secondary Transmitted Data. Read/Write. This bit, when set, zauses
the signal on Circuit SBA, pin 11, to the dataset to go high (spac-
ing), and when cleared, causes that signa! to go low (marking). It
is cleared by INIT, or by the program.

2  Request to Send. Read/Write. This bit, when sef, causes the signal
on Circuit CA, pin 4, to the dataset to go high, and when cleared
causes that signal to go low. There is a Jumper on the DL11-E Card
such that this bit may be made to control the Forced Busy lead (pin
25) to the dataset instead of Circuit CA. It is cleared by INIT, or by
the program.

1 Data Terminai Ready. Read/Write. This bit, when set, causes the
signal on Circuit CD, pin 20 to the dataset to be asserted (high),
and when cleared causes that signal to be negated (low). This bit is
not cieared by INIT, and may be set/reset only by the prograrm. it
must be set or cleared as appropriate by the program after power is
applied to the machine, since its state at that time is undefined.

0 Reader Enable, Write only. This bit, when set, causes the Reader
Run Relay on certain DIGITAL-supplied teleprinters to advance the
paper tape reader. It also clears Receiver Done {bit 7} in RCSR. It
is cleared by INIT, or when bit 11 in RCSR is set. Operation of bit 0
is possible in alt DL11’s, but its associated 20 mA output circuit is
used only on DL11-A and C.
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Receiver Data Buffer Register (RBUF) 77XXX2
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DESCRIPTION AND OPERATION

Error. Read only. This bit is set if bit 14, 13, or 12 (or any com-
biration of these hits) in RBUF is set (logical OR of bits 14, 13, 12).
It is cleared only if none of the above bits are set.

Overrun. Read only. This bit is set if bit 7 in RCSR (Receiver Done)
is not cleared before the UART attempts to present a new character
to RBUF, i.e., if the UART attempts to set bhit 7 in RCSR, and it is
already set. The previous character in RBUF is lost, and the new
character reptaces it.

Framing Error. Read oniy. This bit is set if the UART, at the time it
samgples the received data line in the center of the first stop bit,
finds the line in a spacing () condition. This may indicate an open
input line, “"BREAK™ signa), or excessive distortion of the received
character.

Receive Data Parity Error. Read only. This bit is set by the UART if
the parity of the received data character does not agree with the
parity specified to the UART (odd or even). This bit is aiways zero
if the "‘no parity check” option is specified. Bits 14, 13, and 12 are
updated each time a character is received.

Received Data. Read only. These bits contains the last complete
character assembled by the UART. If the character length specified
to the UART is less than 8 bits, the character will appear right justi-
fied {low order kit in bit 0). The unused high order bits will con-
tain 0,

* NOTE The state of bits 14, 13, and 12 applies to the character currently in
RBUF, bits 7-0. It is not necessary to ciear them in order to receive the next
character. Also, these bits are not enabled in the DL11-A and DL1I-B, and will
appear as rero in these models when read by the program. This is to provide
program compatibility with the DIGITAL XKL11.
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Transmitter Status Reg'ister (XCSR) 77XXX4
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DESCRIPTION AND OPERATION

Transmitter Ready. Read only. This bit is cleared when a data char-
acter is loaded intc XBUF. It is set when XBUF can accept another
data character, and by INIT. If bit 6 in XC3R is set, this bit, when
set, will cause an interrupt request to be generated. Note that this
hit is set, not cleared, by INIT.

Transmitter Interrupt Enabie. Read/Write. This bit, when set, will
cause an interrupt request to be generated whenever bit 7 in XCSR
is set. This bit s cleared by INIT and by the program.

Unassigned.

Maintenance. Read/Write, This bit, when set, causes data emitted
at the serial output of the UART transmitter section to appear at the
serial input of the receiver section. tn addition, it forces the receiver
to run at the same data rate as the transmitter, and disconnects the
external serial line input to the receiver. It is cleared by INIT, and
by the program.

_ Unassigned.

BREAK. Read/Write. This bit, when set, clamps the serial data out-
put of the UART transmitter to a spacing (togical 0) coendition. The
transmitter will appear to the program to function normaily if char-
acters are presented to XBUF, but a continuous spacing signal will
appear on the Transmitted Data lead (Circuit BA). This bit is cleared
by INIT, and by the program.

** Not available on DL11-A and DL11-B.
Transmitted Data Buffer Register (XBUF) 77XXX6

BIT
7-Q

DESCRIPTICN AND OPERATION

Transmitted Data. Write only. These bits contain the data character
to be transmitted by the BART. If the data character contains fewer
than 8 data bits, the character must be right justified when lcaded
into XBUF. The bits of the character are presented to the serial {ine
low-order bit (bit 0} first. A bit set to one in XBUF will cause a
marking condition to appear on the transmitted data lead for one
bit tire. Cleared by INIT.
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SPECIFICATIONS

Function: Provides an interface between the PDP-11 UNIBUS
and a single asynchronous bit serial communications
channel.

Mechanical: The DL11 consists of one quad module and a con-

necting cabte terminated in a ptug appropriate to the
data communications equipment to be connected. -

Operating Mode:  Full or half duplex under program control.

Data Format: Asynchroncus, serial by bit. One start and one, one
and one-half (5-level codes only), or two stop bits,
supplied by the hardware. The DLI1-A and B are
supplied with 8 level, no parity, 2 stop bit code con-
figuration. The DL1I-C, D, and E will accommodate
characters of 5, 6, 7, or 8 bits, with or without even
or odd parity, The data format must he the same for
transmitted and received data. The data format must
be specified at the time of order.

A one (1) presented by the program to any bit in the
Transmitted Data Register will cause a Marking (logi-
cal 1) condition to appear on the Transmitted Data
lead during the corresponding bit interval. A zero (0)
presented by the program will cause a Spacing (logi-
cal 0) condition to appear. A Marking condition on
the Received Data lead during any data bit sampling-
interval will be presented to the program as a one (1)
in the Received Data Register, and a Spacing condi-
tion will be presented as a zero (0).

* Order of Bit Low order bit first.
Transmission:

Distoition: The DL11 receiver will operate properly in the pres-
ence of 409%, space-to-mark or mark-to-space distor-
tion between any two received data bits, and up to
*+ 4,5%, longterm speed distortion, provided the
data format contains at least one and one-half stop
units. If the data format contains only one stop unit,
the speed tolerance is = 4%, The DL11 transmitter
operates with less than 39% bit-to-bit or long-term

distortion.
Bus Loading: Cne DL11 presents one unit load to the PDP-11
) UNIBUS.
Electrical DL11-A and DL11-C provide a 20 mA active current
Interface; loop for both send and receive leads for connection

to tocal teleprinters such as the DIGITAL LA30-C and
Teletype Models 33 and 35, and displays such as
DIGITAL ¥TO5 Terminal.
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The DL11-A and DL11-C are supplied with a 214 .,
6-conducter cable terminated with a fernale MATE-N-'
LOC connector.

The DLL11-B and DL11-D provide a voltage level inter-
face and connecior whose signal levels and connector
pinning confarm to Efectronic !ndustries Assnciation
Standard RS232C and CCITT Recommerdation V.24,
The ieads supported by the DL11-B and D are:

Protective Ground, Circuit AA, pin 1.
Transmitted Data, Circuit BA, pin 2.
Received Data, Circuit BB, pin 3.

Signal Ground, Circuit A8, pin 7.

Data Terminal Ready, Circuit CD, pin 20%,
Request to Send, Circuit CA, pin 4%,

* These leads are held ON (ogical 1) by the hardware.

The DL11-B and D are supplied with a 25-ft., 25-
conducter cable terminated in a2 Cinch DB25P plug
with a protective hood.

The DL11-E provides a voltage level interface as de-
scribed above for the DL11-B, but in addition sup-

perts the foilowing leads, giving full dataset control

capability to the computer program:
Data Terminal Ready, Circuit CD, pin 20.
Clear to Send, Circuit C8, pin 5.
Request to Send, Circuit CA, pin 4.

Received Line Signal Detector (Carrier), Circuit CF,
pin 8.

Ring Indicator, Circuit CE, pin 22.

Secondary Transmitted Data, Circuit SBA, pin 11*,
Secondary Received Data, Circuit SBB, pin 12%.

* Note that the pin assignment of. these two leads conforms to that of the Bell
202 Dataset, rather than to the cited EIA/CCITT standard.

Power
Requirements:

The DL1I-E is supptied with a 25 ft., 25-conductor
cabie terminated in a Cinch DB25P plug with pro-
tective hood.

The DL11 requires 1.8 amps of 4 5v., .05 amps of
+ 35y, and .15 amps of — 15v.
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Data Rate:

DL11

The DL11 is supplied to customer order with 13
standard data rates in four groups.

Group 1. 11Q baud receive and transmit.
Group 2.¥% 134.5 baud receive and transmit.

Group 3. Following 8 speeds, which may be different
for receive and transmit: 50, 75, 150, 300, 600,
1200, 1800, 2400 baud.

Group 4.%** Following 8 speeds, which may be differ-
ent for receive and transmit; 200, 300, 600, 1200,
2400, 4800, 7200, 9600 bhaud,

** Not available on DL11-A and DLI11-B.

Models
DL11-A:

DL11-B:

DL11-C:

DLI1-D:

DL11-E:

Single Asynchronous Serial Line Interface Unit. Full duplex
operation, 20 milliampere neutral current loop electrical
interface. Replaces and is program compatible with the
DIGITAL KL11 for controt of PDP-11 console teleprinters. Fur-
nished with 214-ft. cable terminated in female Mate-n-Loc
connector, suitable for connection to DIGITAL terminals.
Supplied only with code configuration of 8 data bits, 2 stop
bits, no parity generation or checking. Customer must specify
speed groups 1 (110 baud) or 3 (50, 75, 150, 300, 600,
1200, 1800, 2400 baud) only. If not spec;fled unit witl be
supplied at 110 baud.

As DL11-A ahove, except electrical interface conforms to
ElA RS232C. Supports Transmitted and Received data leads.
Request to Send and Data Terminal Ready leads are clamped
always ON. Supplied with 25-foot cable terminated by Cinch
DB25P plug for connection to modem (BCOS5C-25 cable).

Single Asynchronous Serial Line Interface Unit. Full duplex
gperation, 20 mA neutrat current loop electrical interface.
Code configuration (5, 6, 7, 8 data bits; 1, 1.5, 2 stop bits;
odd, even, or no parity) and speed (Groups 1, 2, 3, or 4)
customer specified. Furnished with 214 ft. cable terminated
in female Mate-n-Lo¢ connector, suitable for connection to
DIGITAL LA30-C DECwriter. DIGITAL VTO5 Display Terminal,
ot DIGITAL-supplied Teletype, If speed and code configura- -
tion are not specified, unit will be supplied as 8 data bits, ric
parity, 2 stop bits, 110 baud.

As DL11-C above, except EIA RS232C electrical interface.
Supports Transmitted and Received Data leads, and cdamps
ON Request to Send and Data Terminal Ready leads. Fur-
nished with 25 ft. cable terminated in Cinch DB25P plug, for
connection to modern (BCO5C-25 cable).

As DL11-D above, except supports full dataset control inter-
face, including Data Terminal Ready, Clear to Send, Request
to Send, Carrier, Ring, Secondary Received and Secondary
Transmitted leads.
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AUTOMATIC CALLING UNIT INTERFACE, DN11

DESCRIPTION

With the DN11 and a Bell 801 Automatic Calling Unit (ACU), any PDP-11
can dial any telephone number in the Direct Distance Dial Network and
establish a data link. The DN11 is a digit-buffered interface, and digits
to be dialed are presented as four-bit binary numbers., The interface
drives the ACU with EIA-232-C voltages and is connected via a standard
25-pin plug.

The programmer has access to all Iines of the 801 through the DNI1.
The 801 presents the following leads to the DN11: Power Indicater, Data
Line Occupied, Abandon Call and Retry, Data Set Status and Present
Next Digit. The DN11 provides the following leads to the 801: Digit
Present, Call Request and four Digit Leads. -

Because the PDOP-11 UNIBUS serves as a multiplexer, multiple automatic
calling units can be added to the PDP-11. One PDP-11 System Unit
accepts up to four 801 ACU Interfaces. Each interface looks like one de-
vice to the UNIBUS.

The Sequence of Operations

The foliowing describes the use of the DN11 to originate a DDD call. This
is an automated version of the procedure that everyone goes through
when placing a telephone call.

1. Turn 801 power on (PWl = O).

2. Check for unoccupied data line {DLO = 0).
3. Set Call Request bit (FCRQ = 1).
4

. The 801 will seize the line on receiving the dial tone and assert
Present Next Digit which causes a PDP-11 program interrupt {FPND
=1). )

5. The line is now in use and the Data Line Cccupied bit is set (DLO
= 1)

6, The first digit to be dialed is provided by loading the four least sig-
nificant bits of the byte into the digit bits (8 to 11) of the DN11
status register. The upper four bits of the byte are read-only and can
have any value during the loading of the four low-order bits,

7. The 801 is informed that the 1st digit has been loaded by asserting
the Digit Present Bit (FDPR = 1).

8. The 801 then reads Digit leads 1 through 4 and lowers Present Next
Digit Lead (FPND = 0).

9, The hardware responds and lowers Digit Present Lead (FDPR = 0).

10, The 801 then dials the first digit and again raises Present Next Digit
Lead (FPND = 1).
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11. The next digit is loaded and the Digit Present bit is asserted (FDPR\
= ).

12, Sequences & through 10 are repeated until all digits have been
dialed. i

13. When the last digit has been dialed,. one of two procedures must be
used to complete the call.

a) If “handshaking signals'™ are used {Bell 100 series modems
or equivalent):

A Detect Answer option is used. The 801 retains line contral and
looks for an answering tone, from the called station. Upon receiving
the tone the modem is connected toc the iine, Data Set Siatus is
asserted and a program interrupt is generated (DSS = 1). This
stops the Abandon Call and Retry timer which would have been
initiated had no tone been received. These, in turn, would have
generated a signal to the DN11 and cause a program interrupt
with the Abandon Call and Retry bit set (ACR = 1). The program
would then either retry or drop the call.

b) If using modems without the automatic handshaking feature:

The End-of-Number (EON) mode must be used. EON is sent after
the last digit has been dizaled, This causes the 801 to connect the
modem to the line and assert Data-Set Status (DSS — 1). How-
ever, the modem and its controller must be able to determine
when the called station has answered and is sending data. To do
this, it is necessary to use an 801 with option "Y' (avaitable from
the Telephone Company}. This option lets the Abanden Call and
Retry timer continue running even after the DSS bit has been set.
When the ACR timer times out it will notify the user of the line to
check if data is being received by the modem.

14, There are two options available when terminating a call:

a) The Call Request bit is set to zero (FCRQ = 0). This wili re-
main until the Data Line Occupied bit also goes to zero (DLO =
0), which is a necessary condition before a new call can be
initiated. ’

k) If the 8C1 option “Z” is used, the call can be terminated by
clearing Data Terminat Ready in the modem. In this case, drop-
ping Call Request will not terminate the call. However, it must be
dropped before a new call can be attempted.

15. Should the 801 lose power during a call an interrupt witl be gen-
erated and the Power O bit will be set (PWI —= 1). The interface
will not return an interrupt if the Ca!ll Request bit is set with the
power off (FCRQ = 1).

Programming
Each ACU interface contains one register and therefore requires one
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16-bit address. Address space has been assigned for 64 interfaces, The
four addresses for the four interfaces that can be plugged into one sys-
tem unit must be consecutive addresses starting with 775XX0 where
XX = 20 for the first line. If only one line is in use, it uses address
775 200. Interface number 2 has address 775 202, and interface number
64 has address 775 376,

Note: In addition to the individual Interrupt Enable bit for each interface,
there is a master enable bit associated with line number 1 of a given
system unit. It enables the interrupts for the entire group, The master
enable bit on lines 2 through 4 of a given system unit are ignored by the
interface.

Each set of four DN11's require one interrupt vector. The vector address
for communications options are assigned in the range from 300 tc 777.
(See Appendix A).

Al units are shipped with the bus request line set to BR4. This can he
changed in the field with a Bus Request Priority Jumper Plug.

ACU Interface Status Register

15 14 13 2 n 4 7 -] 5 A 3 2 I ]

HE7 IR

FOWER IN —* ~ I

ABANDON CALL
CATA LINE OCCLUFER

DIGIT BITS
DOME

DATA SE? STATLIS

PRESENT NEST OI1GIT
MAINTENANCE
MASTER ENABLE
DIGIT PRESENT
CALL REGUEST

}
T EMABLE - Al

BIT NAME - FUNCTION
15 Power Indicate This bit is normally zero and is set by the
{PWI) ACU whenever power is switched off at -

the unit. If a call is in progress at that
time, DONE is set. This causes an inter-
rupt if INTENB and MINAB = 1 (Read

ofly).
14 Abandon Calt and A control lead from the ACU. This bit is set
Retry by the ACU whenever an internal timer
{ACR) times out. The timer is reset by the ACU

whenever it gives PND and is for detecting
wrong numbers and busy signals. It is in-
hibited by the presence of DSS except if
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12 . Data Line Occupied
(FDLO)

11-8 Digit Bits (NB1-4)

7 DONE
6 tnterrupt Enable
(INTENB}

5 Data Set Status
(DSS)

DN11

the 801 option “Y'" is in use; it times out
even then and gives an interrupt (by set-
ting DONE). This is used when the pro-
grammer wanfs a timer to detect wrong
numbers and busy signals.

This bit is set by the ACU whenever the
line to the telephone central office is being
used by the ACHL. It allows the programmer
to test the ACL) to see if the last cal! was
successfully terminated before he tries to
use it for the next one (Read only).

These four bits are control leads to the
ACU. These low order bits of the second
byte make up the BCD digit to be dialed.
Since the high-order four are read only, it
does not matter what is in them during a
load, and the programmer may use them
as he wishes. In MAINT mode, these bits
are used to drive the four control lines
that can cause interrupts. See bit 3 for
description (Read/Write).

This bit is set to indicate that the ACU is
done with the previously requesfed action
and ready to accept new data, usually the
next digit in a sequence to be dialed.

The conditions that set DONE are listed
(CRQ must be a one):

1. Transition of PND %o one (after CRQ
set or previcus DPR set).

2. Transition of DSS to one (after last
DPR or EON).

3. Transition of ACR to one (if timeout
error—anytime),

4. Transition of PWI| to one (if power
switched off) (Read/Write)

This bit allows the setting of done to cause
an interrupt if the master enable bit ({bit
02 line #1 of a system unit) is set (Read/
Write). '

Control lead from ACU. This is a state-
ment by the ACU that the called party has
answered and that the associated data set
now has control of the line. Kt is accom-
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1

‘Present Next Digit

(FPND}

Maintenance
(MAINT)

Master Enable
{MINAB)

Digit Present (FDPR)

DN11

panied by the setting of DONE to obtain
an interrupt. it remains set until after the
end of the call (or until the data terminal
ready lead to the associated modem is
dropped which then drops FDSS).

" if the associated modem answers a call

while the dialer is in use (CRQ = 1), then
DSS will be enabied and DONE set. If in-
terrupt Enabie is set there will be an inter-
rupt {Read only).

Control lead from the ACL) This is a re-
quest by the ACU for the program to load
ancther digit during dialing. 1t is accem-
panied by the setting of DONE to obtain
an interrupt. It is cleared by the ACU when
the digit is accepied (after DPR is set) and
will remain off at least 600 ms hefore
coming up for the next request (Read
only}.

This bit, when set, allows checking of
the interface without a connected ACU. It
allows FCRQ to be read and switches the
ACU response lines—PND, DSS, Pwl and
ACR to the output of the digit lines for
testing purposes.

Bit Digit ACU Line to Ctl Bit

08 NB1 PND FPND 04
09 NB2Z DSS FDSS 05
10 NB4 PWI  PWO 13
11 NB8 ACR FACR 14

This bit also forces CRQ (toc ACLS) off and
forces FDLO (Bit 12) on. {Read/Write).

Allows the program to disable then re-
enable ail 4 ACU interrupts easily with one
bit. This bit is connected for only one of
the four possibie lines which mount in one
system unit (Read/ Write}.

Control lead {o the ACU. This bit must be
set by the program after it loads the next
digit {in response to a PND request) {0 in-
form the ACU to continue dialing. The in-
terface automaticaily clears this bit when
the ACU clears PND to indicate acceptance
of the digit (Read/Write),
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0 Calt Request (FCRQ) .

SPECIFICATIONS

Control Signals:

Bus Load:

Program Interrupts:

Physical Connection:

Power Required:

Tempef'atu ref Humidity:

Pin Numbers on the 801 Cable

DN11

Contral lead to ACU. This bit starts the
Automatic Calling Sequence (Write only).

All controd leads are brougnt into the DN11
from the Bell 801. All leads are EA RS-366
and CCITT compatible. All leads are fail-
safe (i.e., they appear off if the 801 loses
power).

One DN11 interface represenis one unit
ioad to the PDP-1F UNIBUS., Thus, four
contrals in one System Unit represent four
unit loads.

Normal interrupts'are caused during a calt
by:

1. Transition of PND to a one. Sets DONE.
Digit desired.

2. Transition of DSS to a one. Sets DONE.
Data set connected.

3. Transition of ACR t0 a one. Sets DONE.
Busy or wrong number.

Error interrupts are caused during a call

by

1. Transition of PWI to off. Sets DONE.
Power to ACU was switched off.

(Mote: Appropriate Enable bits must be
set.)

25-foot cahle with RS$-232-C compatible
25-pin maie connector,

1.4 Amps of 4- BY for the first line; 0.4
Amps of + 5V for the second through the
fourth {ines.

0°-40°C with Relative Humnidity of 20% to
909%, non-condensing.

Qutput

Pin  Designation

4 Call Request
5 Digit Present
14 Digit Lead

Abbr.
CRQ
DFR
NB1
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Prewired System Unit for up to four Befl 801 Automatic

One Line Interface for a Bell 801 Automatic Calling Unit.
Includes 25° Cable (Up to four DN11.DA’s may be

15 Digit Lead NB2
16 Digit Lead NB4
17 Digit Lead NB8
Input

Pin  Designation Abbr.
5 Present Next Digit PND
6 Power Indication PWI
22 Data Line Occupied DLO
1 Frame GND “FGD
7 Signal GND SGD
Models
DN11-AA

Calling Unit interfaces, (DN11-DA)
DN11-DA

maunted in a DN11-AA),
CONFIGURATIONS

UNIBUS

D

b

l

|

POP=-11
Py

PERIFHERAL S
ANC
MEMORY

DNI-AA

[T

|

DC1t-A

o]

s

801
ACU

103
MODEM

ASYNCHRONOUS SINGLE-LINE INTERFACE

< LUNIBUS
- PERIPHERALS
FOF-1 AND) DN11-BA OP1Y-CA
Py MEMORY
DN -DA
801 201
ACU WOTEM

SYNCHRONOUS SINGLE-LINE INTERFACE
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UNIBUS >

POP-11 ! PERIPHERAL 5

: AN DN1I-AA DM11-4
CPRU MEMORY

[T
| [
v [

|

r 80} 103
ON11-DA acul | maDeEm
! 801 03
ON1-DA ACU MODEM —

ASYNCHRONOUS MULTIPLE LINE INTERFACE
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SYNCHRONOUS INTERFACE, DP11

DESCRIPTION

The DP11 provides a double-buffered program interrupt interface be-
tween a PDP-11 and a serial synchronous line. This interface allows the
PDP-11 to be used in remote batch and remote concemtrator applications. .
with the DP11, a PDP-11 can also he used as a front end synchronous
line controller to handle remote and locat syrchronous terminals.

The DP11 interface offers flexibility. it handles a wide variety of terminals
and line disciplines {i.e., line control procedures and error control tech-
nigques). A programmer can vary sync character, character size, and
modem controd leads. Automatic sync charactar stripping and automatic
idling are also program sefectable. While idiing, the DP11 transmits the
contents of the sync buffer.

The P11 design provides individual interrupt vectors and hardware in-
terrupt priority assignments for the transmitter and receiver. Interrupt
priority is jumper selectable, This feature, coupled with the automatic
transmit idle capability, enables dynamic sysiem adjustment to peak
message activity. For example, the programmer can temperarily ignore
the transmitter if receive activity is high.

Because the PDP-11's UNIBUS serves as a multiplexer, multiple syn-
chronous lines can be added to a PDP-11. Opne PDP-11 system unit's
worth of mounting space is used for gach independent synchronous line
interface unit.

Operation .

The DP11 is a fully character-buffered synchranous serial line interface
capable of two-way simultaneous communications. The DP11 translates
between serial data and parallel data. Output characters are transferred
in parallel from the computer to a buffer register where they are serialty
shifted to the communication line. Input characters from the modem are
shifted into a register, transferred to a buffer register, and made avail-
ahble to the PDP-11 on an interrupt basis.

Both the receiver and the transmitter are doubie buffered, This allows a
full character time in which to service transmitter and receiver interrupts.

The clocking necessary 1o serialize the data is normally provided by the
associated high-speed synchronous modem. Alternately, the internal
clocking option can be used for local terminals when no external clock-
ing is available,

Receiver

Synchronization between the DP11 and the transmitiing terminal is es-
tabtished by a sync character code. Since the sync code and character
size are programmable, the programmer must load them in the receiver
status register prior to synchronization. After this is done, the controller
witl scan the incoming bit stream until it finds two sequential sync char-
for eight-hit ASCH is 26,(00010110} and eight-bit IBM BISYNC is
32..({00110010).
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Once synchronization is achieved, serial data can be transmitted and re-
ceived continuously (no start or stop blts are required as in asynchro-
nous communications).

The DP11 can be in one of two modes while receiving data:

1. All sync characters will ke automatically stripped from the incoming
data stream, if the receive active hit is set and the strip sync hit is
set.

2. Sync characters will be treated as normal data and cause an interrupt
request, if the receive active bit is set and the strip sync bit is-not set.

Incoming characters appear right justified in the receive data buffer. The
first bit received appears as the right-most bit in the buffer. When the
character has been received, its parity is available for testing by the pro-
gramimer,

There are two independent interrupt request levels and interrupt vectors
associated with the DP11. One is for the receiver and the other is for the
transmitter and the DP11 status.

A receive interrupt request is generated as the received character is
transferred inta the receive data buffer. If the program does not remove
the character from the data buffer before the next character is trans-
ferred, a data overrun error bit is set in the DP11 status register. If
the status interrupt enable bit is set, this error condition will cause a
DP11 status interrupt request.

fn hali-duplex cperation, setting the half-duptex bit will disable the re-
cejve logic when request to send is on. This prevents the transmitted
character which appears on the receive data lead from also causing a
receive interrupt.

Transritter
The transmitter has two modes of operation:

1. When the idle sync bit is not set the transmitter must be refreshed
approximately once a character time (i.e., {1/Baud) (bits per charac-
ter—14) seconds) or the DP11 wili stop transmitting ¢hold the trans-
mitted data line in the binary 1 mark condition) and set the Request-
to-Send fo the modem {0 the off state.

2. When the idle sync bit is set the logic will transmit from the sync buf-
fer if the programmer does not refresh the transmitter in approxi-
mately one character time (i.e., (1/Baud) (bits per character—14)
seconds).

The transmitter has a separate interrupt enable controt bit from the re-
ceiver and the DP11 status. When the transmitter interrupt is enabled,
an interrupt request is generated when the leading edge of each charac-
ter is presented to the line.
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Contral Leads

The modem control leads are provided to interface the DP11 to Bell 201,
303 or equivalent moderns. These leads allow the DP11 to be used in
switched or dedicated, full- or half-duplex configurations. The DP11
status interrupts have a separate interrupt enable bit hut share the same
bus request level and interrupt vector as the transmitter. If the status in-
terrupt is enabled, a carrier flag, data overrun, or ring will generate inter-
rupt requests. The control leads are fail-safe, i.e., they will appear off if
the modem loses power.

The DP11-DA is connected to a Bell model 201 modem {or equivalent)'
by a 25-ft. cable terminated at the modem end with a 25-pin male con-
nector. ‘Standard interface signais are bipofar (EIA/CCITT),

Connector Pin Assignments for Bell Series 201 Modems

Pin Signal
1 Signal or Protective Ground
2 Send Data
3 Receive Data
4 Send Request
5 Clear to Send
6 Interlock
7 Signai Ground
8 Carrier On-Off
15 Serial Clock Transmit
17 Serial Clock Receive
20 Remote Control
22 Ring Indicator 1
24 Externai Timing

The DP11-DC is connected to a Bell 303 modem {or equivalent) by a
25-ft. cable terminated at the modem end by a male 12-pin coaxial con-
nector. Standard interface signais are the current mode type where a
mark is 5 milliamperes or less and a space is 23 milliamperes or greater.
However, there are two excepiions: data terminal ready and ring indica-
tor. These signals are normally bipelar leyels (EIA/CCITT).

Connector Pin Assignments for Bell Model 303 Interface

Pin Signal

£ Send Data

K Receive Data

D Send Request

C Clear to Send

F {Center Conductor) AGC Lock

M {Center Conductor) Carrier On-Off

J Serial Clock Transmit

L Serial Clock Receiver

‘M (Outer Conductor) Data Terminal Ready*

F (Outer Conductor) Ring Indicator®

H Serial Clock Transmit (External) -
*ElA Levels
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Maintenance

The DP11 has on-line diagnostic capabiity. When the maintenance
mode is set, the fransmitter output is connected to the receiver input.
Additiaonally, the clear-to-send Jead is simutated and the transmit receive
ciocks are replaced by a 3000 Hz ciock. This allows the DP11 diagnostics
to be run without operator intervention (i.e., no cabies must be re-
moved).

Programming

Each line unit contains five registers and, hence, requires five addresses.
Address space has been assigned for 32 line units. Line unit number 1
starts at 774 770, line unit 2 is at address 774 760, up to line unit 32
at address 774 400.

The five registers and their addresses are listed below (Note the XX = 77
for the first line unit and decreases to 40 for the 32nd line unit).

REGISTER ADDRESS
Receiver Status Register F74XX0
Receiver Buffer T74XN2
Sync Register F74XX3
Transmitter Control and Status Register F74XX4
Transmitter Buffer 774X¥6
Extgnded Sync Register (4 bits) F7AXXT

Eack synctironous modem interface requires two interrupt vectors: one
for receive done and the other for transmit done and status. The vector
addresses are assigned from 300 to 777. (See Appendix A.)

Each DP11 has twe independent bus request levels. All units will be
shipped with both bus requests lines set to BR5. These levels are field
changeabie with a priority jJumper plug.

Receiver Status Register 774XX0

[E] 1 n B 7 & 2 1 "]

%A_‘d;//ﬁ | ‘ .: 1 ‘ I:/// //A ‘ I ] —‘
[

HIT5 PER CHARACTER
RECEIVE DONE FLAG
INTERRUPT ENARLE
MISCELLANECS RECENVE
MAINTEMANCE MODE
HALF DUPLEX
STRIP SYNC

BIT NAME FUNCTION

12 Characler Parity The character parity (VRC) bit indicates
the parity of the last character assembled
and contained in the receive buffer. A
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11 Receive Active
¥

10-8 Bits Per Character

7 Receive Done Flag

6 interrupt Enahle
{Receive Done)

5 Not Used
Not Used

3 Miscellaneous
Receive

2 ‘Maintenance Mode

PP11

“one'" indicates “‘odd" character parity,
while a “zero' indicates “even” parity.
This bit is changed at the same time the
receive done flag is set.

Receive active is set when the hardware
recognizes two consecutive sync charac-
ters. This bit is read/write.

Selects 6, 7, 8, 10, 11 or 12 bits per char-
acter as follows:

000 8 bits per character

001 7 bits per character

010 6 bits per character

011 Not Used

Optional with DP11-CA;

100 12 bits per character

101 11 bits per character .
110 10 bits per character

111 Not Used

These bits are write/read and. ihitializé
selects 8 bits per character.

The receive done flag indicates that the
receive buffer contains an assembled char-
acter. If the program does not respond to
this flag in 1/Baud X bits per character
seconds, the receive overflow flag will he
set (causes a transmit status interrupt).
This bit is read/write and is cleared by:

a. Initialize
b. By gating the receive buffer to the UNI-
BUS.

The: receive done interrubt enable allows a
receive interrupt to occur when the receive
done flag is set. This bit is read/write.

Miscellanaous receive is provided to moni-
tor any non-standard modem status re-
quired by the user. Changes can be imple-
mented by computer specialt systems or by
the user. Standard units will be wired to
secondary receive data (i.e. 202). This hit
is read only.

Maintenance maode provides an internal
data loop which connects the transmitter
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1 Half Duplex

0 Strip Sync

DP11

output to the receive input. Additionally,
the clear-to-send lead is simulated by the
hardware. This mode of operation provides
its own clock which will handle data at
approximately 3000 Baud. :

If set, request tp send con will inhibit the
receive logic, This bit is read/write.

If set, all sync characters following receive
active will be stripped from the incoming
serial data. This bit is read/write.

Transmit Status Register 774XX4

CARRIER FLAG j J

RECEIVE CVERRUSY
FLAG

CLEAR TO SEND
REQUEST TO SEND

Tl DONE
INT ENABLE [TRANSMIT BONE}

INT ENABLE (STATUS)
MISCELLANEQUS

MISCELLAMECHYS TRANSMIT

ICLE SYNC

TERMINAL READY

BIT NAME
15  Carrier Flag

14 Receive Overrun Flag

FUNCTION

This bit s set if the modem carrier lead
made an on to off transition. A transition
occurring on this lead while data is being
received, indicates a high probability of
data errors. Also, the receive synchronism
with the incoming data bits is no longer
reliahle and a new sync sequence should
he established. This is done by writing a
zero into the receive active hit and re-
guesting a re-syn¢ {i.e., sync, sync) from
the remote terminal.

This bit is set if the receive buffer was not
read in 1/Baud x bits per character time
following the receive done flag. This flag
indicates a loss of at least one data char-
acter and suggests that a re-transmission

. be requested. This hit is read/write.
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13

12

11

10

8

Ring Flag

Maodem Ready

Carrier

Ctear to Serd

Request to Send

Not Used

Transmit Done

DP11

A one indicates that a ring signal has heen
received by the modem. Also the flag wili
cause a transmit status interrupt if inter-
rupt enable {status) is set. This bit is
read/ write.

This bit reflects the current state of the
data set ready (also interlock) lead. This
bit indicates that the modem is powered
and not in test, talk, or dial mode, This bit
is read only,

This bit reflects the current state of the
modem carsrier (agc if 300 series) control
fead. An off indicates that no signal is be-
ing received or that the received signal is
unsuitable for demodultation.

This bit reflects the current state of
modem clear-to-send lead. A ‘‘one’ indi-
cates that the modem is ready to transmit
data. This signal is a resuit of the reguest-
to-send lead in a half-duplex configuration,
Read onfy.

Request to send is a hardware function,
This bit is set on the second positive tran-
sition of the transmit clock if the transmit
buffer is leaded or if the idle sync bit is
set.

This .bit is read only and is cleared:

a. By initialize

b. If idle sync is not set and the transmit
buffer was not refreshed in 1/Baud x
{bits per character—14) seconds after
transmit done was set. Request o send
will go to zero on the second positive
transition of the transmit clock follow-
ing the end of bit presented to the line.

The transmit done flag is set to a one
when the leading edge of the first bit of
each character is presented to the line. Ad-
ditionally, this flag will cause a transmit/
status interrupt if interrupt enable {(irans-
mit done) is set. This bit is read/write and
is cleared by:

a. Initialize
b. By loading the transmit buffer
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1

o

Interrupt ‘Enable
{Transmit Done}

Interrupt Enable
{Status)

Misceitaneous

Miscellaneous

Transmit

Not Used
fdie Sync

Terminal Ready

DP11

The interrupt enable (transmit done) if set
allows the transmit/status interrupt to be
generated by transmit done. This bit is
read/ write,

Interrupt enable (status) if set allows the
transmit/status interrept to be generated
by carrier flag, receive over run flag and by
ring flag. This bit is read/write,

Provided to satisfy a variety of needs; such
as: new sync rate selector, ete. This lead
is expected tc be wired by Computer Spe-
cial Systems or the end user. This bit is
write only.

Provided to satisfy a variety of needs such
as: new sync, rate selector, etc. This lead
is expected to be wired by Computer Spe-
cial Systems or the end user. Standard
units will he wired for secondary transmit
data (i.e. 202). Additicnally, the secon-
dary transmit data line is used to generate
the receive and transmit cleck in the ex-
ternal loop test configuration. Note: The
external loop configuration will not operate
if the miscellaneous transmit lead is re-
assigned. This hit is read/write.

Aliows “transmit from- the sync buffer,
MNote: Transmit done is set {if enabled) as
the first bit of each character as presented
to the line. If the idle sync bit is set when
the transmit is inactive, the logic will raise
request to send and begin transmitting
from the sync register.

Once active, the transmit shift register will
ke loaded from the sync register if the pro-
gram has not responded to transmit done
in 1/Baud x (hits per character—15) sec-
onds. This bit is read/write.

Controls switching of the data communi-
cation equipment to the communication
channel. Auto dial and manual call origi-
nationi: maintains the established call.
Auto answer: allows handshaking in re-
sponse to a ring signal. This bit is read/
write. .
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Sync Register 774XX3 Receiver Buffer 774XX2
' RECEIVER DATA i

r NG REGISTER

|

4
answr {@
®

DATA
REGISTER

‘ ] TRANSMIT DATA |

{

Transmitter Buffer 774XX6 i'
@
®

SPECIFICATIONS

Type: Double-buffered transmit and receive

Operating Mode: Full- or haif-duplex selected under software
control

Maximum Data Rate: © B0,000 bits per second (9600 bits per second
with the DP11-DA) -

Data Format: Character size is variable under program can-
trol to 6, 7, or 8 hits (10, 11, or 12 bits
optional}

Clocking: Synchronous clock from the madem (internal

- ¢lock optional)

Sync Character: Programmable

Sync Detection: Two successive sync characters required to
activate the unit.

Bit Transmission: Low order bit first -

Parity: Parity check bit provided on incoming char-
acters

Modem Compattbitity (Typical)

Type Speed {Baud) Communications Channel

Bell 201A 2000 direct distance dialing network Type 3002(C2)

Be!l 201B 2400 leased line only; Type 3002 (C2)

Bell 303B 19,200 !gased line only; haif group (6 voice-band
lines)

Bell 303C 50,000 ~ leased line only; group (12 voice-band lines)

Data and Modem

Control Signals: All leads of Bell 201 and 303 modems are
brought into the unit. All leads are EIA RS-
232-C and CCITT compatible for the 201
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modem. All leads for the 300 Series are cur-
rent mode as defined in the apprapriate ref-
erence manual.

Program Interrupts: Receive Done, Transmit Done, Carrier Flag,

Receive Overrun, and Ring (If appropriate En-
able bits set)

Bus Load: One line unit represents one unit load to the
PDP-11 UNIBUS.

Physical Connection: For 201 modems. 25-foot cable with-RS-232-C
compatible 25-pin male connector. For 303
modems, 25-foot coaxial cable with appro-
priate connector,

Space Required: 1 System Unit for one interface.

Power Reqdired: 2.5 Amps of + 5 Volis

Temperature/ Humidity: 0V°40°C with 20 to 909, noncondensing

Models
DP11-DA

DP11-DC

DPL1-CA

DPI11-KA

H312-A

APPLICATIONS

“humidity.

Full/half duplex synchronous line module set. Doubie
buffered. 6, 7, or 8 bit characters. EIAfCCITT termination
suitable for direct use with 201 modems. Includes 25-foot
modem cable.

Same as above except suitable for direct use with 303
modems. Includes 25-foot modem cable.

Allows the DP11 to handle 10, 11, or 12 bits per charac-
ter.

Internal clock option. Clocking source to be used for di-

rect connection of DP11 to a local synchronous terminal

or a local synchronous computer interface. The following
Baud rates are dvailable: 2000, 2400, 4800, 9600, 19.2K,
40.8K and 50K Baud. If no rate is specified, 40.8K Baud
will be supplied.

Synchronous/asynchronous null modem jumper box.
Allows direct connection of a PDP-11 to any peripheral
with a modem type interface which conforms to ElA RS-
232-C and CCITT specifications, (A DP11-KA is generally
required when the HB312A is used with the DP11-DA).

The DP11 is ideally suited for interfacing the PDP-11 to high-speed syn-
chronous lines for remote batch, remote data collection, and remote
concentration applications, Multiple DP11's on a PDP-11 allow its use
as a synchronous concentrator or front-end synchronous controller to a
larger computer.
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For applications requiring autormnatic calling the DP11l can be combined
with the DN11 auto calling interface and a Bell 801 automatic calling
unit. For more information on this interface, refer to the DNI11.

|

DR 801

|
_'Wl' MODEN

The DP11 also can connect two PDP-11's together or a PDP-11 to an-
other large processor {e.g., IBM 360). These connections which could be
either remote or local would appear as:

PDP-11

REMOTE
= oP 11 POP- 11
R e Kl e ) o s I o
PHONE JJLINE B TN 160 360
LIEAL
DP-11DA
n H312A - POP- 1)
POP-11 gg,:;i‘; UL DP&“ — or
MODEM BN 2703 LEM 350

The DP1] can connect a wide variety of terminals to the PDP-11 either
remotely or locally. These configurations would be:

REMDTE

(S]] DPIY MODEM ) TERMINAL
[N [ S W ey B

LOCAL

1 [DF-110a | j taiza
POP-11 4 { P TiKa |, TERMINAL
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DIRECT MEMORY ACCESS INTERFACE, DR11.B

DESCRIPTION :

The DR11-B is a general purpose direct memory access (DMA) interface
to the UNIBUS. The DR11-B, rather than using program controlied data
transfers, operates directly to or from rmemory, moving data between
the UNIBUS and the user device.

The interface consists of four registers: command and status, word
count, bus address, and data. Operation is initialized under program
control by leading word count with the 2's complement of the number
of transfers, specifying the initial memory or bus address where the
block transfer is to begin, and by loading the command/status register
with function bits. The user device recognizes these function bits and
responds by setting up the control inputs. If the user device requests
data from memory or a UNIBUS device, the DR11-B performs a UNIBUS
Data In transfer (DATI} and foads its data register with the information
held at the referenced bus address. The outputs of this register are
available to the user device. (This output data is buffered.) If the user
device requests data to be written into memory, the DR11-B performs
a UNIBUS Data Qut transfer {DATQ), moving data from the user device
te the referenced bus address. (This input data from the user is not
huffered.) Transfers normally continue at a user defmed rate until the
specified number of words are transferred.

The user is given a number of control lines allowing for flexible opera-
tion. Burst modes, read-modify-restore operations, and byte addressing
are possible with the control structure.

—— e — = [T T T
FANIN l-—{ CONTROL QUT

CONTROL . ]

} CONTROL | CONTROL IN
ADDRESS [

+ o |
A 700 I

1 DRIVERS I f

| | |

I } | pata
DarA MULTIPLEXER

+ AMD i |
D utolo DRIVERS ||

| L [———H FUNCTION
{ DAIA QUT
CONHROL | sppRESS BUS WORD STATLS

| SELECTOR ADDRESS COUT oM

NIBLES

1 I gESrCE
D 1500 — s ———
L DRV1-B L




DR11-B

Physical Description

The DR11-B is packaged in one standard System Unit allowing con-
venient incorporation into a PDP-11 system. A UNIBUS jumper module
(MS20) is supplied with the unit,

Connections to the user device are made through two M957 split lug
cable boards or one M9760 cable connector board (preferred over the
M957's), which are supplied with the unit. Alternatively, an M920 can be
used to jumper all user signals to an adjacent BB11 blank mounting
panel, which can be used to hold sorme or all of the device logic. (Neither
the additional M920 nor the BB1l is supplied with the unit.}

TEST BOARD POWER CONNECTOR
1 v 3/ 4

¥,

£ .
' W ]
UNIBUS 1N J umIBUS QuT

Eip -
A\ T\

i

A LOGIC MODULES

N\

AN

DR11-B System Unit

/ .
)

REGISTERS

MNote: The INIT signal is held asserted internal to the DR11-B whenever
an interlock error occurs (M9680 test board neither in slots ABOZ for
noermal operation nor CDO4 for maintenance mode).
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Word Count Register {DRWC) 772 410

DRWC is a 16-bit R/W register. It is initially lpaded with the two's gom-
plement of the number of transfers to be made and normally increments.
up towards zero after each bus cycie. Incrementation can be inhibited by
the user device; refer to the WC INC ENB user signal. Wnen overflow
occurs (all 1's to all O’s), the READY bit of DRST is set and bus cycles
stop. DRWC is a word register; do not use byte instructions when load-
ing this register. Cleared by INIT.

Bus Address Register (DRBA) 772 412

DRBA is a 15-bit R/W register. Bit 0, corresponding to address line AGO
is provided by the user device, Along with XBA16 and 17 in DRST, DRBA
is used to specify BUS A<{17:01>> in direct bus access. The register is
naormally incremented (by 2} after each cycle, advancing the address to
the next sequential word location on the bus. If DRBA (corresponding to
A<15:01) overflows (all 1's to all 0’s) the ERROR bit in DRST is set.
This error condition (BADF) is cleared by loading DRBA or INIT. Incre-
mentation can be inhibited by the user device; refer to the BA INC ENB
user signal. With this control sighal and AQO provided externally, DRBA
cah be used to address sequential bytes. This is a word register; do not
use byte instructions when loading this register. Cleared by INJT.

Status and Command Register (DRST) 772 414
The DRST is used to give cormmands to the vser device and to provide
status indicators of the DR11-B control and the user device.

BIT NAME FUNCTION

15 Error Set to indicate an error condition: either
. NEX (BIT 14}, ATTN (BIT 13), interlock
error (test board is neither in slots ABO2
nor CDO4), or bus address overflow
{BAOF:DRBA incremented from all 1's to
all 0's), Sets READY (BIT 7) and causes
interrupt if IE (BIT 6) is set. ERROR is
cleared by removing all four possitle error
conditions: interfock error is removed by
inserting test board in CD0O4 for diagnos-
tic tests or in ABO2 for normal cperation;
hus address overflow is cleared by loading
DRBA; NEX is cleared by loading bit 14
with a zerc; ATTN is cleared by user de-
vice, Read anly.

14 Nonexistent Memory Set to indicate that as Unibus master, the
{NEX) DR11-B did not receive a SSYN response

20 usec after asserting MSYN. Cleared by

INIT or lcading with a (; can not be

lcaded with a 1. Sets ERROR. Read only.

13 Attention (ATTN) Attention bit that reads the state of the
ATTN user signal, Sets ERROR. (Used for
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12 Maintenance
11-9 Device Status
(DSTAT AB,C)

- 8 Cycle

7 Ready

6 Interrupt Enable (IE)

5-4 Extended Bus Address

31 Function 3, 2, 1-

O_Go

DR11-B

device initiated interrupt.) Set and cleared
by user control only. Read only.

Maintenance bit used with diagnostic pro-
grams. Cleared by INIT. Read/Write.

Device status bits that read the state of
the DSTAT A, B, and C user signals. (Not
tied to interrupt.) Set and cleared by user

control only. Read only. :

CYCLE is used to prime bus cycles; if set
when GO is issued, an immediate bus
cycle occurs, Cleared when bus cycle be-
gins; cleared by INIT. Read/Write.

Set to indicate that the DR11-B is able to
accept a new ‘command. Set by INIT or
ERROR; cleared by GO; set on word count
averflow. Causes interrupt if bit 6 is set.
Forces DR11-B to release control of the
Unibus and prevents further DMA cycles.
Read only.

Set to allow ERROR or READY — 1 to
cause an interrupt. Cleared by INIY. Read/
Write.

Extended bus address bits 17 and 16 that
in conjunction with DRBA specify A{17:01)
in direct memory transfers. Cleared by
INIT. XBA17 & 16 do not increment when
DRBA overilows; instead ERROR is set
Read/Write.

Three bits made available to the user
device. User defined, Cleared by INIT.
Read/Write.

Set to cause a pulse to be sent to the user
device indicating a command has been

issued. Clears READY. Always reads as a

zero. Write only.

Data Buffer Register (DRDB) 772 416

The DRDB serves two functions: First, it is a 16-bit write only register.
The outputs of this register are available to the user device (refer to the
DATA OUT signals). The register can be |loaded under program control,
but is also used to buffer information when data is being transferred
from the UNIBUS tc the user device {(when DR11-B does a DATI cycle).
DRDB is a word register; do not use byte instructions when [oading this

register. Cleared by INIT,
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Second, the DRDB functions as a 16-bit read only register. Information
to be read is provided by the user device on the DATA IN signal lines.
These lines are not buffered and must be held until either read under
program control or transferred directly to memory (DATO bus cycle).

Maintenance Mode .

Checkout and test of the DR11-B is accomplished by using a MAINT bit
in DRST along with a special maintenance module which simulates the
user's device. The maintenance module plugs directly into the two slots
normally occupied by the cable boards and jumps the cutput and input
signals. The maintenance module is included with the DR11-B.

SPECIFICATIONS

Usage: Direct memory access (DMA) data transfer
Input/ output levels: logicl =43V

{user interface) logicD= 0OV
Register Addresses
Word Count (DRWC) 772 410
Bus. Address (DRBA) 772412
Status and Command (DRST} 772 414
Data Buffer (DRDB) 772 416
2nd DR11-B 77243010 772 436
3rd DR11-B 772 450 to 772 456
4th DR11-B : 77247010 772 476
UNIBUS Interface
interrupt vector address: 124 (1st DR11-B)

(for other DR11-B's, assigned by user)

Priority level: BR5
Data transfer: NPR
Bus loading: 1 bus load
Mounting: 1 Systemn Unit (SU)
Input Current: 33Aat4 5V

{no current needed at — 15 Y)

Environment
Operating temperature: 10°C to 50°C
Relative humidity: 20% to 90%
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GENERAL DEVICE INTERFACE, DR11.C

DESCRIPTION

The DR11-C is a general-purpose interface between the PDP-11 UNIBUS
_and a user’s peripheral, The DR11-C provides the logic and buffer regis-
ter necessary for program-controiled parallel transfers of 16-bit data
between a PDP-11 System and an external device. The interface also
includes status and control bits that may be contrelled by either the
program or the external device for command, monitoring, and interrupt
functions.

The DR11-C interface consists of three functional sections: address se-
lection logic, interrupt control togic, and device interface logic.

The address selection logic determines if the interface has been selected
for use, which register is to be used, if a word or byte operation is to be
performed, and what type of transfer (input or output) is to be per
formed.

The interrupt control iogic permits the interface to gain bus control and
perform program interrupts to specific vector addresses. -The interrupt
enable bits are under program control; the interrupt bits are under con-
trol of the user's device.

The DR11-C interface logic consists of three registers: contro! and status,
input buffer, and output buffer. Cperation is initiatized under program
control by addressing the DR11-C to specify the register and the type of
operation to be performed.

if an output operation is specified, information from the UNIBUS is
stored in a 16-bit register, Once this register has been loaded under pro-
gram control {e.g., MOV RO, OUTBUF), the outputs are available to the
device unti! the register is loaded with new data from the bus. The regis-
ter can also be read onto the bus. Upen transfer of data to the buffer
register, a NEW DATA READY control signal is supplied to indicate to the
user's device that datz has been loaded by means of a DATO or DATOB
bus cycle and is read by means of a DAT] ar DATIP bus cycle.

When an input operation is specified, the DR11-C provides 16 lines of
input to UNIBUS transmitters. This permits data from the user's device
to be read onto the bus. A control signal, DATA TRANSMITTED, informs
the device that the input lines have been read. The input lines, which
are not buffered, can be read by a DATI bus cycle (e.g., MOV INBUF, RO).

The control and status register provides six bits that can be used to con-
trol and monitor user functions. Two of these bits are interrupt enable
{INT ENB) bits under control of the program. Two bits (REQ A and B)
are under direct control of the user's device and can only be read by the
program. These bits can be used either to initiaie interrupt requests or
to provide flags that can be monitored by the program. The remaining
two bits (CSR0O and CSR1) are read/write bits that can be contrclied by
the program to provide command or monitoring functions. In the main-
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REG A (INT Al
INTERRUPT | REG B UINFB)}
BBSY LOGIC IE A
E3¥N B
. SACK
3G-6R
INTR
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"| | DRIVERS, | ] ”"1 DRIVERS I DRIVERS

DR11-C Interface, Block Diagram
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tenance mode, they are also used to check operation of the interface.

A maintenance cable, which is supplied with the interface, permits
checking of the DR11-C logic by loading the input buffer from the output
buffer rather than from the user’s device., Thus, a word from the bus is
loaded into the output register and the same word appears when reading
the input buffer, provided the interface is functioning properly.

The DR11-C can also be used as an interprocessor buffer (IPB) to allow
two PDP-11 processors to transfer data between each other. In this case,
one DR11-C is connected to each processor bus and the two DR11-Cs
are cabled together, thereby permitting the two processors to communi-
cate.

Physical Description
The DR11.C interface is packaged on a single quad module that can be
plugged into a small peripheral slot (SPC).

The module has two Berg connectors for all user inputfoutput signals.
Two M971 connector hoards, which are not supplied with each interface,
can be used to bring ali input/output lines to individual pins on a back
panel via two HB856 cables. Note that this cable is a “mirror image"”
rather than a straight one-to-one cable.

The following accessories are available for interfacing:

a. BCOSR (Berg-to-Berg) flat cable. Available in lengths of 1, 6, 8, 10,
12, 20, and 25 feet. When ordering, the dash number indicates the
desired cable length; e.g., BCOSR-1 or BCOSR-25.

b. M971 connector board. A single-height by 8-1/2 in. board that brings
the signals from one Berg connector to the module fingers.

¢. BC11K-25 cable. Consists of a 20 twisted-pair cable with a Berg con-
nector on one end only. Available in 25 ft lengths.

d. H856 Berg connector. Includes an H856 Berg connector and 40 pins.
Crimping tools are availabie from: Berg Electronics, Inc., New Cum-
berland, Pa. 17070,

REGISTERS
15 14 3 7 & 5 4 3 1 [
pResk [REG %eG | 1E ] IE esh | Csr
783770 | B ol B k| <3
= o
e ‘ OUTPUT DATA BUFFER |
18 o

DRINBUF
TEFT

INPUT DATA BUFFER —‘

The register addresses can be changed by altering the jurmpers on the
address selection logic. However, any programs or other software re-
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ferring to these addresses must also be modified accordingly if the
jumpers are changed.

Control and Status Register (DRCSR) 767 770

The controd and status register is used to enable interrupt logic and to
provide user-defined command and status functions for the external
device.

Two REQUEST bits, which are under device control, may be used to pro-
vide device status indications, or may be used to initiate interrupts when
used with associated INT ENB (interrupt enable} bits which are under
program control. Two other bits {CSR0O and CSR1) are controlled from
the UNIBUS and serve as command bits.

-Although the REQUEST and CSR bits can be used for any function the
user desires, standard PDP-11 interface conventions attempt to allocate
hit 15 for error conditions and bit 7 for ready indications and both of
these bits can generate interrupt requests. In addition, bit 0 is normally
used for start or go commands.

DRCSR Bit Assignments

BIT NAME FUNCTION

15 REQUEST B  This bit is under control of the user's device and
may be used to initiate an interrupt sequence or
to generate a flag that rmay be tested by the pro-
gram.

When used as_an interrupt request, it is set by the
external device and initiates an interrupt provided
the INT ENB B bit (bit 05} is also set.

When used as a flag, this bit can be read by the
program {c moenitor external device status.

When the maintenance cable is used, the state of
this bit is dependent on the state of CSR1 (bit
01). This permits checking interface operation by
loading a 0 or 1 into CSR1 and then verifying that
REQUEST B is the same value.

Read-only bit. Cleared by INIT when in Mainte-
nance Mode.

o7 REQUEST A  Performs the same function as REQUEST B (bit
15} except that an interrupt is generated only if
INT ENB A (bit 06) is also set.

When the maintenance cable is used, the state of
REQUEST A is identical to that of CSRO (bit 00).

Read-only bit. Cleared by INIT when in Mainte-
nance Mode.
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06 INT ENB A Interrupt enable bit. When set, allows an interrupt
sequence to be initiated, provided REQUEST A
{bit 07) becomes set.

Can be loaded or read by the program (read/write
bit). Cleared by INIT.

05 INT ENB B Interrupt enable bit. When set, allows an interrupt
sequence to be initiated, provided REQUEST B
{bit 15) becomes set.

Can be loaded or read by the program (readfwrilé
bit). Cleared by INIT.

01 CSR1 This bit can be loaded or read (under program
control} from the UNIBUS and can be used for a
user-defined command to the device {appears
only on Connector No. 1}.

when the maintenance cable is used, setting or
clearing this bit causes an identical state in bit 15
{REQUEST B). This permits checking operation of
bit 15 whick cannot be tcaded by the program.

Read/write bit (can be loaded or read by the pro-
gram). Cieared by INIT.

00 CSRO - Performs the same functions as CSR1 (bit 01) but
appears only on Connector No, 2.

When the maintenance cable is used, the state of
this bit controls the state of bit 07 (REQUEST A).

Read/write bit. Cleared by INIT.

Output Buffer Register (DROUTBUF) 767 772

The output buffer is a 1&-bit read/write register that may be read or
loaded from the UNIBWS. Information from the bus is loaded into this
register under program control. At the time of loading, a pulsed signal
(NEW DATA READY) is generated to inform the user's device that the
register has been lpaded. The trailing edge of the positive pulse should
be used to allow the data to be loaded and settle on the user's input
lines. Data from the buffer is transmitted to the user's device on the
data OUT lines by means of a DATO or DATOB bus cycle.

The contents of the output buffer register may he read at any time by
means of a DATI or DATIP bus cycle. During the read operatien, the out-
put of the buffer is fed directly to the bus data lines.

Whenever the maintenance cable is used, the data from the output
buffer is afso applied to the input buffer register. This permnts checking
operation of the interface logic.

The DROUTBUF is cleared by INIT.
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Input Buffer Register (DRINBUF) 767 774

The input buffer is a 16-bit read-only register that receives data from the
user's device for transmission to the UNIBUS. Information to be read is
provided by the user’'s device on the data IN signal lines. Because the
input buffer consists of gating logic rather than a flip-flop register, the
data IN lines must be heid until read onto the bus. The register is read
by a DAT| sequence and the data is transmitted on the UNIBUS for
transfer to the processor or some other device, When the input lines are
read during a DATI sequence, a pulsed signal (DATA TRANSMITTED) is
sent to the user's device to inform it that the transfer has been com-
pleted, The trailing edge of the positive-going pulse indicates that this
transfer is completed.

Whenever the maintenance cable is used, the input buffer register re-
ceives data from the output buffer register rather than from the user's
device. This permits checking of the interface logic by loading a word
from the bus into the cutput register and verlfylng that the same word
appears in the input buffer.

Input and Output Signals

Inputs Gutputs
Signal Connector  Pin Signai Cannector Pin
INOD 2 TT CUTCO 1 c
INO1 2 LL ouTOol 1 K
iNO2 2 H ouT02 1 NN
INO3 2 BB OuUTo3 1 )
ING4 2 KK ouTO4 I L
INOS 2 HH CUTOS 1 N
INO6 2 EE oUTO6 1 R
INO7 2 cC oUTO7 1 T
INO8 2 Z ouTOB 1 w
INO9 2 Y CuUTO9 1 X
IN1G 2 w QUT1D 1 Z
IN11 2 v OUT11 1 AA
IN12 2 u ouT12 1 BB
[N13 2 P ouT13 1 FF
[N14 2 N ouUT14 1 HH
IN1IS 2 M ouTls 1 J
REQ A 1 L NEW DATA RDY*# 1 vV
REQ B P S DATA TRANS.* 2 C
CSRO 2 K
C5R1 1 oD
INIT 1 P
INIT 2 RR, NN

* Pulse signals, approximately 400-ns wide. Width can be changed by
user.

4-170



DR11-C

Pin Connections

M971 DR11-C Ma71
Connectaor No. 2| Connector No. 1
Berg Berg

Board Header Pin Name | Name Fin Header Board
uz2 A w OPEN |OPEN A W Al
u1 8 U GND OFEN B Uy A2
v2 c LI INOC ouTDO ¢ T Al
¥l D 83 GND OPEN D 35 A2
T2 E RR INIT H |[CPEN E RR B1
T1 F PP GND OPEN F PP B2
T2 H NN  INITH |OPEN H NN Cl1
T1 J MM  GND GND J MM c2
52 K LL INO1 oUTO1 K LL D1
s1 L KK INC4 ouTo4 L KK D2
R2 M JJ GND GND M J El
R1 N HH INOS ouUTO5 N HH E2
P2 P FF OPEN [INITH P FF F1
Pl R EE INOB OUTO6 R EE F2
N2 s DD  GND GND 8 DD H1
N1 T cC INO7 QUTO? T cec H2
M2 u BB INO3 ouTO3 u BB 1
M1 v AA GND GND v AA J2
L2 w i INO8 ouTo8 W Z K1
L1 X Y INOS ouTOoS X Y K2
K2 Y X GND GND Y X L1
K1 z W, IN1G ouT10 z w L2
J2 AA v IN11 OUTI11 AA v M1
J1 88 u IN12 ouT12 BE u M2
H2 ccC T GND GND cC T N1
H1 DD |s REQ B |[CSR1 DD 5 N2
F2 EE R GND GND EE R P1
F1 FF P IN13 OUT13 FF P P2
E2 HH | N IN14 oUT14 HH N R1
El AN M IN15 OUTL5 11| M R2
D2 KK L GND GND KK L st
D1 LL K CSRO REQ A LL K 52
c2 MM | GND GND MM J Tl
c1 NN {H iNO2 ouTe2 NN H T2
B2 PP F OPEN  [GND PP F T1
Bl RR E INOZ QuTo2 RR E T2
A2 S8 D OPEN |GND 58 D V1
Al i c DATA  [OPEN T c v2

TRANS.
A2 vy B OPEN |GND uu B ui
Al v A OPEN  |NEW DATA W A Uz
RDY
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_ Connector Connector
Twisted Pair Calor Pin No. 1 No. 2
black/white-orange black A OPEN OPEN
wh-org 8 OPEN OPEN
black/white-vellow  black c OuUTO0D DATA TRANS.
wh-yel ] OPEN OPEN
black/white-grey black E OPEN INO2
wh-gry F OPEN OPEN
black/white-red black H OPEN INO2
wh-red J GND GND
black/white-green black K ouT01 CSRO
wh-grn L ouUTD4 GND
brown/green brown M GND IN15
' green P INIT IN13
brown/red brown N OUTOS IN14
red R ouTo6 GND
black/white-blue black s GND REQ B
wh-blu T ouTo7 GND
black/orange black U ouUTo3 IN12
orange v GND IN11
black/white-violet black w ouTos IN1C
wh-vio X OUTo9 GND
hlack/red black Y GND INCS
red z QUTLD INO8
brown/yellow brown AA OuT11 GND
veliow BB ouT12 INO3
black/blue black cc GND INO7
blue DD CSR1 GND
brown/orange brown EE GND INO&.
orange FF ouT13 OPEN
brown/blue brown HH ouTl4 INOS
blue 3 OuT15 GND
black/yellow black KK GND INO4
) yellow LL REQ A {NO1
brown/violet brown MM GND GND
violet NN INIT
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black/violet black PP GND GND
violet RR ouTo2 INIT

blackfgreen black 85 GND . GND
grean T OPEN INQD

pink/white-red pink uu GND GND
wh-red vy NEWDATA RDY OPEN

SPECIFICATIONS

Usage: Pricrity interrupt interface control
input/output levels: logic 1 =43V

(user interface) logicO = OV
Register Addresses

Control and Status (DRCSR) 767 770
Output Buffer (DROUTBUF) 767 772

Input Buffer (DRINBUF) 767 774

2nd DR11-C 767 760 to 767 764
3rd DR11-C 767 750 to 767 754
4th DRL1-C {etc) (etc)

UNIBUS Interface
Interrupt vector addresses:  floating (see Appendix A) (2 needed for
each DR11-C)

Priority level: BR5 (may be changed)
Bus loading: 1 bus load

Mechanical

Mounting: 1 SPC slot

Size: quad module

Input Current: i.BA at 45V

{no current needed at —15V)

Environment

Qperating temperature: i0°C to 50°C

Relative humidity: 209 to 909,

Miscellaneous:

Inputs: One standard TTL unit load; diode protection clamps to
ground and 4-5V _

Outputs: TTL levels capable of driving 8 unit loads except for the
following:

NEW DATA READY = 30 unit loads
DATA TRANSMITTED — 30 unit loads

INIT (initialize) = common signal on beth connectors
driven by one 30-unit load driver ’
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Signals:

Data tnputs:

Data Outputs:

Maintenance
Mode: -

DR11-C

NEW DATA READY—drives 30 unjts, positive pulse,
400-ns wide unless width changed by an external ca-
pacitor

DATA TRANSMlTTED———-drwes 30 unit loads, positive
pulse, 400-ns wide unless width changed by an exterpal
capacitor

INIT (initialize}—common signal on both connectors
driven by one 30-unit load driver

16-bit word from the external device

16-bit word from the UNIBUS. Either a full word or an
8-bit byte (either high or low} may be loaded from the
hus.

A MAINT cable (supplied with basic system) jumpers
the DROUTBUF ocutputs to the DRINBUF inputs and
forces bits 15 and 7 to read as CSR1 and CSRQ, respec-
tively.
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UNIBUS SWITCH, DTO3-F

The DTO03:F UNIBUS Switch is an electronic switch that aliows a single
peripheral or a group of peripherzls to be switched from one processor
to another, 1t provides on-line system back-up and dynamic reconfigura-
tion for systems where very high reliability is required.

The UNIBUS Switch implements a switched or “common' bus that can
be selectively connected to the UNIBUS of any processor in a multi-
pracessor system. Any device or devices except a processor may be
connected to this common bus. When the switch is connected to a par-
ticular processor's UNIBUS, all peripherals and memory on the common
bus operate just as though they were permanently connected to that bus.,
When the switch is disconnected, all peripherals on the comman bus
are removed from that UNIBUS and are available for connection to any
other processor's UNIBUS. Once switched to a particular UNIBUS, the
Bus Switch is transparent to the processor program. The switch is engi-
neered to preserve the transmission properties of all busses attached
to it regardless of the switch’s position. Even during on-line switching
all busses are synchronized to prevent interfering with individual pro-
grams. In order to guarantee bus operations, the switching elements are
electronic circuits that receive and regenerate all bus signals passing
through the switch. These electronic circuits not only eliminate imped-
ance-mismatch and crosstalk problems, but also provide the long-term
reliabitity inherent in solid-state circuits.

The bus switch is available in two versions:
BPTO3-FP—Both programmable and manual controt
DTO3-FM—Manual control anly

Both maodels are constructed from modular sections, each of which is
analogous to a multi-pole, single-throw switch that connects the shared
bus to one processor bus at a time: The module consists of a UNIBUS
isolation circult, a bus repeater, bus-synchronization logic, and, in the
case of the -FP version, a programmable controller.

Each DTO3-F sectiori {a DTO3-F has one section for each processor that
can attach to the common bus) has two switch positions: Connected
and Neutral, defined as follows:

Connected: In this position the switched bus is connected directly to the
processor associated with that section, and all of the devices on the
switched bus are available to that processor. Only one section of a
switch can be in the connected position at a {ime (i.e., the common bus
can only be used by one processor at a time).

Neutral: tn this position the switched bus is not connected to the pro-
cessor. When the switches in all sections are in the neutral position,
devices on the switched bus can then be serviced or repaired without
disturbing operations on any processor busses.

In the manual-control mode, the operator can select either local- or
remote-command inputs te the DTO3-F. Local control is derived from a
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toggle switck that either enables or disables the bus signal-flow through
the switch section. In the remote mode, the DTO3-F position can be
manually controlled via signal wires from a distant location.

The FP version includes a programmable control that allows switch
operation under processor control,

In . both manual and programmable modes, the bus synchronizer assures
that the switch changes position without interfering with any operations
on the processor bus, i.e., the switch can be thrown while a program
is running. f two or more processors request use of the shared bus
simultanecusly, a priority-arbitration circuit within the switch specifies
which processor will be serviced first. The priority-arbitration circuit
assures that no more than one processor at a time is connected to the
shared bus.

All DTQ3-F's inciude circuitry to isolate the switch itself from the processor
" buses in the event that either the switch power supply is de-energized or a
peripheral-device power supply is de-energized on the shared bus. When
the supply is off, a relay disconnects the + & ¥V and ground lines be-
tween the supply and the logic modules. The UNIBUS interface circuits
are held in a high-impedance state that wili not load down the processor
busses. At the same time, another set of relays close and provide an
alternate path to preserve continuity of the bus grant signals on each
processor bus, The DTO3-F logic panel ¢an then be serviced without in-
terfering with program operation.

An important feature of the bus switch in high-reliability appiications is
the ability to disconnect itself from a processor that is no longer opera-
tional. The DTO3-FP contains a “watch-dog” timer that monitors the
pracessor currently using the switch. If thal processar does not reset
the timer within the allotted interval (thereby indicating that the pro-
cessor has haited or is executing an invalid program), the switch auto-
matically disconnects. Simitarly, a power failure in the system to which
the common bus is connected automatically disconnects the switch, A
back-up processor can then assurme control of the switch and proceed
to operate the devices on the shared bus.

¢ o 5 >

SHARED BLS

' < _ URIES B >

Equivalent Circuit of DTO3
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The DTO3-FP has associated witk it two programimable registers {one for
each CPW), the Control and Status Registers, and cne interrupt vector
for each processor connected to it. The bits of the Control and Status
Registers are defined as follows:

BIT NAME
15  Watch-Dog Timer
Overflow

14 Power Failure

13 Bus Active

12 Common Bus

Requested
11
14
9 Reset
8
7 Common Bus
Connected

&  Interrupt Enabled

5—1
0  Reguest Common
Bus

FUNCTION

Set to indicate that the processor failed to
clear the Cormmon Bus Requested hit (hit 12)
within 10 milliseconds. The common bus is
automatically disconnected. Causes an inter-
rupt if Interrupt Enable (bit 6) is set.

Set to indicate a power failure on the shared
bus or in the switch itself. Setting of this bit
also triggers a power-fail interrupt in the pro-
cessor connected to this switch section and
isolates the switch from the processor bus,
thereby allowing the processor to restart.
Set to indicate that the shared bus is already
connected to a processor,

Set to indicate that some other processor
wants to use the common bus, i.e., it has set
its own Request bit (bit 0). Causes an inter-
rupt if Interrupt Enable (bit &) is set and also
starts the watch-dog timer. {Clearing this bit
stops the watch-dog timer.)

Not used.

Not used.

Set to send an initialize pulse to all devices
on the commaon bus,

Not used. :

Set to indicate that the processor has been
connected to the common bus. Causes an
interrupt if Interrupt Enable (bit 6) is set.
Set by the processor to allow interrupts un-
der the following conditions:

1. Common bus connected (bit 7)

2. Commuon bus requested (bit 12)

3. Watch-dog timer overflow {bit 15}

4. Connect reguest failed (see bit 0)

Not used.

Set to reguest connection to the common
bus. If the common bus is not in use, the
switch will connect the processor to it im-
mediately. If the shared bus is in use, the
Common Bus Requested bit (bit 12) is set
for the processor connected to the common
bus and the watch-dog timer is started for
that processor, At the same time, a Request
Timer in this DTO3-F section is started. If the
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SPECIFICATIONS
Option Designations.

Interrupt Vector
Priority Level
Switching Time
Watch-dog Timer
Latency

Bus Loading

Power Supply

AC Power
Instatlation

UNIBUS Compatibility

: DTO3

processor using the shared bus does not re-
linquish the bus within the timer interval, the
Request bit will be cleared and an interrupt
will occur (if Interrupt Enable, bit 6, is set).
If the other processor does release the
shared bus in time, this DTO3-FA will connect
and will set the Connected bit (bit 7).

The Request bit can be cleared by the pro-
cessor to disconnect itself from the shared
bus.

DTO3-FP UNIBUWS Switch (Programmable and
Manual Contral).

DTO3-FM UNIBUS Switch (Manual Controtf
Only).

Requires one vector assigned from' either the-
User Reserved Vecters (170, 174, 270, 274)
or from the Floating Vector Field.

BR7

- Less than one microsecond; busses auto-

matically synchronized.

Interval set to approximately 10 milliseconds.
Bus cycles that go through the switch (i.e,
between a switched and a non-switched
peripheral) are extended 450 nanoseconds.
Each DTO3-F module places a one-unit load.
on its processar UNIBUS and on the shared
UNIBUS.

Power supply is mounted on rear door of
cabinet. Relay power isolation when de-
energized.

115/230 ¥V, 50/60 Hz, 2 A.

Each DTO3-F section is constricted on a
standard 5i4 x 19-inch rack-mountable logic
panel. '

Can bhe used with any PDP-11 Family proces-
sor, (When used with the PDP-11/20, the
KH11-A Large-System Capability Option must
be instatled in the processor).
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GT40
GRAPHIC DISPLAY SYSTEM, GT40

DESCRIPTION

The GT40 is a low-cost, high-performance graphic display system which
operates through a powerful general-purpose computer, The GT40 is de-
signed for applications which require both visvalization and computation.
The systemn can dispiay either alphanumeric information or graphic in-
formation such as drawings, diagrams, or patterns, It is especiaily valu-
able for displaying dynamic, fast changing infoermation such as wave
forms. Designs and layouts can be plotted in minutes instead of hours,
then instantty modified using the light pen. Designers are free to con-
centrate on laycut while the system handles the calculations. And, the
computer can easily monitor a check list to make sure every detail is
included.

Systemn :
The GT40 is a multipurpose system. It is a graphic display system which
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operates through a sophisticated terminal connected to a PDP-11 mini-
compirter. When not engaged in graphics tasks, it is a general-purpose
computer which can operate as a stand-alone system or initiate dialogue
with a central computer as part of a computer network.

The GT40 consists of seven parts: central processor, display processor,
light pen, keyboard, communications interface, memory, and bootstrap
read-only memory.

The central processor is a 16-hit processor with standard PDP-11 in-
struction set capability and 8K words of memory. Because the GT40 has
its own programmable, general-purpose processor, expansion to keep
pace with increased needs and changing requirements is always possible.

For example, the GT40 can be programmed to simulate any alpha-
numeric or graphic terminal. A programmable terminal also permits the
use of different line protocel and allows different interfacing require-
ments to be satisfied. The PDP-11 UNIBUS makes interfacing easy be-
cause the diversity of inexpensive peripheral and communications op-
tions simply plug in. Al of the peripheral equipment available for use on
PDP-11 family computers can be used by the GT40, As the system grows,
it Is only necessary to modify the software to meet atmost any change.

The display processor performs the most popular graphic techniques
quickly in hardware with minimum central processor overhead. The heart
of the GT40, it feiches data and commands from memory, interprets and
executes these commands, and performs all vector and character cal-
culations. The display processor consists of the UNIBUS control, the
data and instruction processor, the vector generator, the character gen-
erator and CRT monitor. A solid-state light pen is provided to facilitate
interaction with the system.

The keyboard is free-standing, full-ASCIl encoded with serial outpit
coupting directly into the ¢entral processor. Character capability includes
ASCIt upper and fower case with italics and special characters. A sepa-
rate eight-key function pad is located adjacent to the operator's keyhoard
for convenience in entering instructicns.

The communications interface is a flexible, serial, asynchronous inter-
face with both ElA level and 20 milliampere current loop output capabil-
ity for unrestricted intercomputer dialogue and data flow. It also has
multibaud rates and separate transmit and receive timing.

The 8K memoaory is supplemented by a 256-word read-only memory which
contains the programming required to read in a program or initiate
dialogue with a timesharing computer.

Operation

Because the GT40 uses digital techniques, it is a stable system which
requires only minimum adjustments, The vector function operates
through a combination of digital and analog technigues, providing a good
compromise of speed and accuracy and assuning a precise digital vector
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cajculation. The presentation and accumulation of vectors mean that
every point of the vector is available in digital form.

During plotting, the end-point position is automatically and accurately
held, preventing accumulated errors or drift. The vectors are of near
constant velocity and are time-efficient regardiess of iength. Four differ-
ant vectors—saolid, fong dash, short dash, and dot/dash—are available
in hardware. The smooth ramp deflection signal permits fast vectoring
with moderate deflection of band width and power.

The GT40 character generator has hoth upper and lower case capability
with a complete repertoire of displayable characters. The display is the
automatically refreshing type rather than the storapge type so that a
bright, continuous image with excetlent contrast ratio is provided during
miotion or while changes are being made in the elements of the picture.
A hardware blink feature is applicable to any characters or graphics
drawn on the screen. A separate line ciock in the display permits the
GT40 to be synchronized to line frequency of 60 Hz. Scope resolution
is precise enough to allow averprinting.

The terminal includes fogic for descender characters such as “p” and
g, positioning them correctly with respect to the text line. In addition
to the 96 ASCH printing characters, 31 speciai characters are included
which are addressed through the shift-infshift-out control codes. These
include some Greek letters, architectural symbois, and math symbols.
Characters can be drawn in italics simply by selecting the feature through
the status instruction bit. Eight intensity levels permit varying the bright-
ness and contrast so that the scope can be viewed even in a normally
lighted room.

The instruction set consists of four control-state instructions and five
data-state formats. The control instructions set the mode of data inter-
pretation, set the parameters of the displayed image, and allow branch-
ing of the instruction flow. Data can be interpreted in any of five different
formats, aliowing multiple tasks to be accomplished efficiently from bath
a core usage and time standpomt. The graph/piot feature of the GT40
automatically plots the X or Y axis according to preset distances as
values for the opposite axis are recorded.

SPECIFICATIONS

CRT

Viewable Area 6.75" x 9"

Brightness = 30 foot lamberts

Contrast Ratic 1001

Spot Size 20 mils at 30 foot lamberts (FWHM)
Phosphor P39 {medium-long persistence)
Pincushion + 19, of full scale to best fit line
DISPLAY CONTROLLER

General

Resoluticn 10 bits (1024 words x 1024 words)
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Viewable Size

Paper Size
Hardware Blink

8 intensity Levels
Line Freguency
Synchronization

Characters

Font
Characters/Ling
Lines/Frame
Character Set

Cantrol Characters

Vectors

Relative Vectors
Arbitrary Vectors
Vector Writing Rate
Vector Types

Points
Point Plotting Rate

GENERAL INFORMATION
Word lLength

CPU Instruction

Display Processor Instruction

Data Formats

Keyhoard

Light Pen
Communication Controtler

GT40

1024 words horizontal, 768 words
vertical

12 bits {4096 words)

Programmable

Programmable

Programmable

6 by 8 dot matrix

72

31

96 ASCIl—upper and lower case, 31
special symbols (Greek letters, math
symbols, etc.)

Italics for the above printing charac-
ters (programmable)}

Carriage return, line feed, backspace
& hell

Just give A X and A Y of the move
Can draw at any angle on the screen

— 200 us for fult-screen vector {min)
4—solid, long dash, short dash, dot/
dash—all programmable

« 20 ps{point

16 bits

Entire PDP-11/10 Instruction Set
Set Graphic Modes (3 registers)
Jump

No-op

Character (2 char/word)

Short Yector (1 word}

Long Vector (2 words)

Point Mcde (2 words)

Relative Point Mode (1 word)
Graph Plot X, Y (1 word/point)
Full ASCll keyboard with separate
function keys

Solid-state light pen
Asynchronous dialogue

Separate RECEIVE and TRANSMIT
speeds up to 9600 baud

Capable of driving EIA data leads,
with fuil data set control
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SPECIFICATIONS

Mechanical
Mounting:
Size:
Weight:

Power
Input current:
Heat dissipation:

Environment

Operating temperature:

Relative humidity:
GTA0 INSTRL!CTION SET

GT40

table top unit
18H x 20"W x 24°D
150 Ibs.

15 A at 115 VAC
1500 W

15°C to 35°C
209, to 809,

The basic instruction set for the GT40-—-Set Graphic Modes, Jump,
No-Op, and Load Status Registers—is simple, concise, and powerfui. It
is augmented by the versatility of the PDP-11 CPU instructions which

are executable by the GT40,

SET GRAPHIC MODE

L

11 0w 7 ] 5 4 L) 2 1 4]

BEIEN HEEREEE

1
1" WDICATES CONTROL WORDJ

0000 SET CHARACTER MODE
Q001 SET SHONT VECTOR MODE
QD10 SET LONG VECTOR MODE
G011 SET POMT MO0

Q100 SET GRAPH X MOUE
0101 5ET GRAFH ¥ MODE
G110 SET RELATIVE POINT MODE
Q141 SPARE

1T EMABLES BITS 9+ 7 INTQ THE WITERSITY RECISTER

J-BIT WaTENSITY VALUE
DO0= MINMLM  INTERSTY

[ r [e——

11 b= mnsimun: IMTENSTY

WWHEM SET, BMABLES BT 5 WTD L P INTERRUPT ErdaBLE REGASTEN ~————— e —

17 F INTERRUFT ENABLED  OamO L P

WHEN SET, ENABLES 817 3 170 BLRK REGISTER

T BLIMK 0N, Q= BLINK OFF

1 ERABLES MITE 1-0 INTO THE LIWE REGISTERS

GRSALID LINE
QoG DASH

Q215HORT DASH

1-BIT LINE TYPE VALI..E}
D3DOT DdSH
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JUMP

'“l 1 ‘ oo 1 SPARE

J [ N . . 2
I NDKCATES CONTROL wORD T
QP CODET FOR JUmP

SPARE BITS

- I5

Q
wers i ADDRESS
16 BITS | 28K WORDS) OF CORE ADORESS H
NO-OP
NO-0F
5 1 W . ]
' | o1 l SPARE . I
U4 IDMCATES CONTROL wmo—t b j ) T
0P CODE" FOR THSRLAY MG OPERATION
SPARE TS
LOAD STATUS REGISTER A
1% 14 [ 0}
{
CT o TTTTITT T
[ — L ——

ST INCHCATES COMTRCL WD T
“OP CODE” FOK LOAD STAIUS A REGISFLR

WILL STOF THE DISPLAY ‘WHEN SET

WHEN SET ENABLES 41T N INTCHSTOF RITERRUPT REGISTER ———
1:NTERRLPT 11405 wHER CaSPLaY STORS l

CeWILL WOT RITERRLIPT ‘WHEM DISPLAY STCHS {[
WHEM SET, ENABLES BIT & INTCH THE L @ WJTEMSITY HIE REGISTER

L=POINT OF LIGHT PEN WITERACTION 'WILL BE IMTERSIFIED I
1=PCIRMT OF LIGHT PEN WTERACTION wiLL MOT BE INTEMSIFIED™
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ASYNCHRONOUS NULL MODEM, H312-A

ASYNCHRCNOUS NULL MODEM, H312-A

The H312 null moadem allows a user to connect a terminal device to a
computer without the use of two modems as would be normally required.
It consists of two female 25-pin data-phone sockets mounted on a
printed circuit board with the 15 most commonly used wires brought out
to spiit lugs in the center of the board. The split lug allows the user to
interconnect the two sockets in any way he wishes as long as the pins
used are on the split lug interconnection points.,

The H312 is wired (as shown below) to simulate back-to-back Beall
103A’s. However, the user may make wiring modifications.

couhﬁcmﬁ counscroa
250} 3LARE ©25 2 SPARE__ 1595
21 EXT CLOCK o 21 EXL CLOCK_ |45,
e ) === =—=—==q r----q o
2204—RING iND $2.2 i : 22$ RING IND__ |
210 --— :__: r---d4 e
20 0| DATATERM READY o5 ! er DATA TERM READY |
\CX) e e - ! o9
Bo : ! o8
17 3R S ) 1 7&- SCR Loy
ol SECREC__ gy | P 16O $CREC 1oy,
5o scT &5 1' t 156 5CT 015
Mot SEC_TSRG P 4o SEC TSRG |,
Bo : : i on
12 of— 3P REC sn | Re- SUP_REC ”
liof S0P ISRG__ _ an | e SUP TSRG 1oy
0o : ! o1
90 | 09.
§ ol CARR OETC &§ ul--——--!--s- : ARR DETC [,
7ol SIG GND ?——-{—-:r—i ————— " Lo 7
5o DATA_SET READY 55--J L Y DATA READY 1.,
5 ol CLR YO SND &5 1 St TR CRTOSND |, o
4ol REQ TO SND $1-J : ri REG TO SND .
10 REC DATA 3 '--3-? REC DATa {4
70 TSRG DATA 2T T T L. ;_—:"5 TSRG_DATA o2
19 _?_‘_--_‘j:"J L"'?_ o 1

UMLESS OTHERWISE IMCHCATED:
CONNECTORS ARE OB235-3
& =5PULIT LIGS

TO SPUT LUGS.
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STANDARD PDP-11 CABINETS, H960 & H961

Cabinets

The standard PDP-11 cabinet is 72" high by 21" wide by 30" deep. It
has mounting space for six 10L4” front panel units of equipment. Each
cabinet contains a power control and switched AC outlets so that all
equipment within the cabinet (and other connected cabinets) can have
their power turned on and off together.

The cabinet can mount standard 19" wide equipment, and has two
rows of mounting holes in the front, spaced 18%;" apart. The holes ara
located at 145" or 35" apart from each other, see the following diagram.
Standard front panel increments are 134",

%+ %+ Y% =1%)

o FRONT VIEW .
el T1oE
O / I T O+
o | o o
134"
/9"
o 1o g
O Fu2 O+
58"
O o+
8"
O C
————— = |2
O o |-+
el Rl ﬂ“L et
- -5 |

Standard PDP-11 Cabinet

H960-CA & H961-A

The H960-CA is a basic PDP-11 cabinet with power control, fans, exten-
sion feet, but no power supplies. The H961-A is the same as the
H960-CA, except it does not have side panels. It is used as the second,
third, or higher cabinet in a multi-cabinet system that is tied together
{only 1 set of side panels are needed).
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H960-D

The H960-D cabinet has a sliding extension mounting box drawer which
fits in the lower half of the cabinet. The sliding drawer provides mount-
ing space for 9 System Units (SU). Power supplies are provided to
furnish a total of:

75 amps at +5V
20 amps at —-15 ¥V
lamp at +15V

The component parts are:

H742 lamp at 415V Power supply with room for &
regulators; includes input trans-
former and mechanical housing.

H744 2S5ampsat 45V =+5 ¥V regulator (3 per H960-D)
H745 10 amps at —15 ¥V —15 V regulator {2 per H960-D)
H960-E

The HS80-E cabinet has two sliding extension mounting box drawers,
and has mounting space for 18 System Units. The included power sup-
plies provide twice the power capability of the H960-D, divided evenly
between the two sliding drawers.

SPECIFICATIONS
Size: 72"H x 21"W x 3¢"D
Weight: 120 ths (H960-C)}
300 {H960-I)
470  (H960-E)
Models:
H960-CA:  Cabinet with side panels
H9&61-A: Cabinet without side panels

HS60-DA:  Cabinet with sliding drawer and power supplies,
115 VAC, 60 Hz

H960-DB:  Cabinet with sliding drawer and power supplies,
230 VAC, 50 Hz

H960-EA: Cab with 2 sliding drawers and power supplies,
115 VAC, 60 Hz

H960-EB: Cab with 2 sliding drawers and power supplies,
230 VAC, 50 Hz
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COMMUNICATIONS ARITHMETIC OPTION, KG11-A

FEATURES

+ Computes three different Cyclic Redundancy Check (CRC) polynomials
and two Longitudinal Redundancy Checks (LRC)—CRC-16, CRC-12,
CRC-CCITT, LRC-8, LRC-16

+ Program selection of desired polynomial

* Fits in small peripheral slot

* Computes an 80-character message btock in less than 100 microsec-
onds '

DESCRIPTION

The KG11-A is attached to the UNIBUS and is used to compute a Cyclic
Redundancy Check (CRC) or Longitudinal Redundancy Check {LRC) for
detecting errors in serially transmitted data. it is used with a DP11 serial
synchronous line interface to compute the Block Check Character(s)
{BCC) appearing at the end of a block of data transmitted over a serial
synchronous line.,

A typical configuration might be:

R S—

PDP-11 MEMORY KG11-& DRl DPIl

For received data, the characters are moved to the KG11-A and a BCC Is
computed for the data and compared to the BCC received. If they are
equal, the data is assumed to be correct and is accepted. If they do not
match, the message is not accepted and the data is retransmitted.

When data is being transmitted, the BCC is generated by moving all the
characters to the KG11-A. The resuiting BCC is transmitted at the end
of the message.

* Not all characters are Included in the BCC. The exclusions will depend on the
tine protocal used.

The KG11-A, under program control, can compute the most popular CRC
and LRC polynomials:

CRC-16 X% 4 X . X2+ 1
CRC-12 X2 X4 X4 X2 X+ 1
CRC-CCITT X' 4 X1 4 X5 4 1

LRC8 Xt 41

LRC-16 X641

gRwh
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- CRC-16 :

CRC-16 is used for synchvonous systems that employ 8-bit characters. lt
is used in [BM binary synchronous systems when the transmission code is
EBCDIC or 8-bit transparency. For IBM compatible systems, the message
format is:

1 2

3 . Ebb s Ebb
(1) T—text—Tce : (23 T—text—Tcc
X Bcc X Xcc
] i bb Ebb 3 | bb Ebb
(3} T—text-—Tcec —text—Tcc (4 T—text—Tce —text—Tcc
X Bcce Bce X - Boe Xce
3 4

In the preceding examples, each character represents an 8-bit character.
The first BCC character is the least significant 8 bits of the BCC com-
puted in the KG11-A. The STX is not included in the BCC. The BCC in-
cludes the first text character through the ETB, ITB or ETX. In examples
(3) and (4), the second BCC begins with the character following the first
BCC in the block (even if it is an STX or DLE). The exarnples are for
normal transmission. For transparent transmission, the characters indi-
cated by (*} in the following example are nat included in the BCC,

[ 1 L1 L3
¥ s * &
D5 bD DI BLRDS DEbb
LT—ftext—LL —text—L Tecec L T—fext—L T c ¢
EX EE EBcec EX- EXce

' At this point, a new BCC sequence is begun which includes initialization of the
BLC registers.

The DLE DLE indicates that the second DLE is really data and not the
contro! character and is, therefore, inciuded in the BCC. It may appear
in text as often as that B8-bit representation is required. Because the
DLE ITB sequence takes the system out of the transparent mode, the
DLE 5TX following the BCC is included in the next BCC and also pufs the
system back into the transparent mode.

CRC-12 i

CRC-12 is used for six-bit characters. It is compatible with IBM Binary
Synchranous Communications {BSC) when the transmission code used is
Six-Bit Franscode, The characters included in or excluded from the BCC
are the same as for CRC-16. The difference is only in the length of char-
acter (6 versus B bits).,

CRC-CCITT

CRC-CCITT is the standard polynomial used to compute BCC for Eurc-
pean systems. The characters inciuded or excluded will depend on the
line protocol used for the system in which the KG11-A is used.
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LRC-8 .

Some systems use only an 8-bit LRC on the characters. LRC-8 performs
an exclusive OR on an 8-bit or less character. The LRC is usually used
in combinaftion with a Vertical Redundancy Check {VRC). VRC is possible
anly when the characters are 7-bit or less pius one parity bit. LRC{VRC
is used for IBM BSC when the transmission cade is USACIL, For IBM sys-
tems, the parity bit makes the character contain an odd number of bits.

LRC-16 )

LRC-16 performs an exclusive OR on a 16-bit or less character. It can be
used to perform a word exclusive OR, or to compute LRC for 10, 11 and
12 bit characters transmitted via a DP11 with the DP11-CA option,

KG11-A Programming Technigques—Recommended Practice

There are two ways to use the KG11-A: Message Basis and Character by
Character {Partial BCC). It is recommended that the KG11-A be used to
compute on a message basis. The BCC register is Write Only. Therefore,
a partial BCC has to be loaded through the data register in the LRC-16
mode. To do a partial polynomial computation {character by character),
for example, a character is added to the accumulation as it is received.
This can be done efficiently for one line (half duplex) because the BCC
can be left in the KG11-A until all the characters have been processed.
However, for full duplex and/or multiple lines, the BCC accumulation
cannot be left in the KG11-A because it may have to be used for another
line before the next character appears. Therefore, the partial BCC has to
hbe saved and reloaded when the next character appears. The following
sequence is required to load a partial BCC, add a character, and store
the new partial BCC:

. Set mode to LRC-16 and clear BCC

Load the partial BCC

Test DONE flag

Set mode to proper polynomial (don't clear BCC)
Load character

Test DONE flag”

Store partiat BCC

NO N

* Depending on which PDP-11 processor Is used, thess tests may not. be required
for single-byte operations hecause the KG11.A completes the operation in one
microsecond. For word operations, the maximum cycle time of the KGIil-A is
2 usec. The KG1l-A does not generate an interrupt so, if a programmer wants
confirmation, he must test the DONE bit.

It is recommended that the message be passed through the KG11-A in
one continuous loop operation after the entire message is received or
prior to commencing transmission. I this method is undesirable, mut-
tiple KG11's can be used. For full duplex, two KG11-A's can be used,
one for each direction. Addresses for eight KG11-A's have been allocated.

Figure 1 is a flow chart of the recommended practice (compiete BCC).
The numbers in parenthesis represent the KG11-A operations.

* Not required but may be used (see description).
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S5TART

SET UP LGOP
BASED ON 4
MSG LENGTH

1

SET POLYNOMIAL
MIODE AND CLEAR
BCL REGISTER

. {2
NQ DONE
7

YES
]

CH;éA?gTER YES UNLOAD OR TEST
? BCC REGISTER

NG

3)
LIDAD DATA
REGISTER
WITH NEXT
CHARACTER({s)

Figure 1

KG11-A Programming

Registers

The KG11-A consists of these three registgrs:
Address Description

7707x0  Status register

7707x2  BCC register

7707x4  Data register

Where x = 0-7, assignments for 8 KG11-A's.

Status Register—This is a 16-bit register used to control {set mode) and
to present status. Sonie bits are Read Only (QUO, DONE), some are
Write Only (STEP, CLR) and the rest are Read/Write. Figure 2 describes
the status register.

4-191



KG11

BCC Register—This is the result register and is Read Only. The format
of this register will be described later for each KG11-A operational mode.

Data Register—This is a 16-bit Write Only register. It is used as the input
register for the data on which the BCC is calculated. The format of the
input data will be described later for each KG11-A operational mode.

STATUS REGISTER 4

R R R/W W W R/WR/WR/WR/W

15-9 L= I - - T I - T - I I I ¢

L v )
NOT USED —J .
Quo

DONE
SEN
STEP ——
CLR
ooa
CRC 1AC
LRC

16 BCC

R = Read Only
W = Write Only (ONES)
R/W — Road/Write .

Figure 2

Initialize KG11-A ({1) in Figure 1)

The initialization procedure consists of moving a command word to the
Status Register that selects the desired polynomial, indicates whether
bytes or words will be presented for accumuiation, indicates whether the
unit is to cycle or be single stepped and clears the BCC register.

Select the Desired Polynomial

The polynomial is selected by a combination of bits 2, 1, & (CRCI/C,
LRC, 16 BCC respectively) of the Status Register. The bit selection is as
follows:
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STATUS BIT
1
LRC 16

Polynomial

o

CRC-12
. CRC-16
LRC-8
LRC-16
. Undefined®
CRC-CCITT
Undefined®
. Undefined*

* The “undefined” polynomials mean the combinations wiil have undefined results.

@WNO R W=
RO DN
=R = NN ]

~ Indicate Word or Byte Operation {DDB}

The purpose of this indicator is to tell the KG11-A if the data register
will be loaded each time with a word (16 bits) or a byte (8 bits), Bit 3
(DDB) selects word (DDB = 1) or byte (DDB = Q). Even if characters
are being accumulated, the programn loop (Figure 1) is shorter if the
characters can be presented two-at-a-time (WORD option).

Caution:

CRC computations are correct only if the characters are presented to the
KG11-A in the order in which they are put on or received from the com-
mupnications line. If the messages are formed (received)} in byte mode,
then a word move can he made to the Data Register, In other words, the
message must be stored in memory in ascending order of byte address.
Figure 3 shows the order of characters on the basis of words moved to
the KG11-A. '

* Character Order

Relative Word
Address *

B NO
RN
ol th o=

Figure 3

The position of the data for the KG11-A option is given in Figure 4. Note
that if CRC-12 is selected, double mode {DDB = 1) produces undefined
results,
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DATA REGISTER™
MSBI" DATA REGISTER—-lLSB
B3 jiz|n|w|9leir|B6iS5a|3|21]0
L -
h

CRC - 12

(DDB=0)
LN 2

W
LRC
CRC-16
CRC-CCITT (D0B=0)
L. - -
LRC,CRC-18, CRC-CCITT {DDB=1
* Write Only

M5B Maost Significant Bit
LSB Least Significant Bit
CRC-12 {DDB 1) is not supported

Figure 4

Cycle or Single-Step Mode

For diagnostic purposes, the unit can be single stepped and the opera-
tion can be monitered at each step. For normal operation, a complete
cycle can be initiated. The two states are set up as follows:

Operation Status Bits

SEN STEP
Cycle i : 1 lgnored
Singte Step O 1
Cycle Mode

Once the status register is initialized with SEN = 1, the KG11-A will per-
form a complete cycie each time the data register is loaded as specified
in Figure 4. Once the data register is loaded, the DONE flag is inactivated
until all shifting ceases and the new BCC is in the BCC Register. Elapsed
time is 2 psec {max) for 16 data bits and 1 usec (max) for 8 or less data
bits. The programmer can test the DONE flag (there is no interrupt un-
less requested) but it is not necessary for proper operation -of the
KG11-A.

Step Mode
The STEP bit is a gate, not a flip-flop. Each time it is set by a Bit Set in-
struction, the KG11-A performs one shift and exclusive OR,

The programmer can monitor the operation by examining the cantents
of the BCC register after each step and by testing the QUO bit (8) in the
status register. The QUO bit s the result of the exclusive OR of the LSBE
Data Bit shifted out of the data register and the LSB Data Bit shifted
out of the BCC register. This value is fed back and an exclusive OR is
performed with bits in the BCC register as specified by the polynomial.
By examining QUO and the BCC register, the programmer can determine
whether the KG11-A is functioning properly.
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Initialize BCC Register

To begin a new BCC accumulation, the BCC Register has to be cleared
to zero, This can be done under program control by setting the CLR bit
(4) at the same time (or independently) the polynomial is selected. CLR
is a gate and the BCC register is reset each time CLR is set by the pro-
gram.

Test for KG11-A Completion ({2} in Figure 1)

When the BCC register is cleared or a KG11-A cycle is complete, the
DONE flag is set. When it is set, the contents of the BCC register can be
used, or the data register can be loaded with the next character, pair of
characters or word. On the flow chart (Figure 2}, the DONE flag is set the
first time because of the ipitialization in {1). Each time thereafter, it is
set because a new character has been loaded into the data register and
is added to the BCC accumutation,

If the programmer wishes, he does not have to test the DONE flag before
proceeding. The KG11-A is fast enough to complete its cycle while the
program is testing to see if there are more characters to accumuiate.*
The DOMNE flag is provided for testing purposes in case of malfunctions
of the KG11-A.

* This may not be true for all PDP-11 processors.

Load Data Register With Next Character{s) {{3) in Figure 1}

The manner used to load the data register depends on the polynomial
and the DDB flag. Figure 4 shows the bits that have to be loaded for
each operation.

Once initialized, the act of loading the data register by a MOV(B) in—
struction initiates a cycle that resutts in the data being processed and
added to the BCC accumulation in the BCC register. When shifting starts,
DONE is cieared. When the shifting is complete, the data register is clear
and DONE is set.

Note: The data is to be right justified in the data register. If double byte
mode is used, the leading character is to be in the right byte and the
trailing character in the left byte. The Data Register operation assumes
the least significant bit of each byte to be to the right (low bit number
of the register).

Unioad BCC Register ((4) in Figure 1)

Once the CRC (or LRC) has been performed on the message, it is ready

to use. If the value is the BCC of a received message, the value can be

compared to the received BCC characters. In this case, the value does
not have to be moved out of the register to perform the comparison.

Alternatively, the received BCC may be included in the accumulation. A

good BCC will result in a zero accumulation. *#

** When ITB is used, the BCC that follows can be inciuded in the accumulation.
The results should be zero. H the rest of the message is accumulated without
testing for zero, the only way the final BCC (after ETB or ETX) can compare is
if the intermediate BCC's caused the accumulation to go to zero. This method
will reduce the operations on the KG11 because the BCC dpes not have ta be
reset after the ITB, and only one loop has to be set up.
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If the BCC is for a message to be transmitted, the contents of the BCC
register can be moved to the mesgage buffer for subsequent transmittal.

The faormat of the data in the BCC register is different for each poly
nomial type. The formats are displayed in Figure 5.

BCC REGISTER™

L I
MsB [+ BCC - {Lsa
siali|iz|tjws|lej7|els]a]lziz|1|o
i, ;) X, 4
——
CRC-12 CRC-12
{2nd) : (st}
N A _
L ¥
CRC-16 (2nd) LRC -8
CRC-CCITT (2nd} CREC-16 {1at)
CRC-CCITT (1st)
- h
LRC-16
* Read Only
Figure 5
Applications

The KGI11-A can be used in any application where error detection and:
carrection of serially encoded data are required. The source can be ¢on-
ventiona! communication channels, paper tapes or magnetic tape re-
cording provided the required CRC or LRC polynomial is one of the
options of the KG11-A.

Configurations

The number of KG11-A’s required on a system will depend upon the
number of messages reguiring concurrent calculation of block check
characters. When used in conjuntion with the DP11, the following num-
ber of KG11-A's is recommended:

Number of DP11's at 3KB Number of KG11-A's
FULL HALF
DUPLEX DUPLEX
14 1 1
58 2 1
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LINE TIME CLOCK, KW11-L

DESCRIPTION

The KW11-L Clock divides time into intervals, 16-2/3 msee or 20 msec,
determined by the line frequency, 60 Hz or 50 Hz. The accuracy of the
clock period is that of the frequency source.

There are two modes of operation: ;
Interrupt Mode—An interrupt is generated for each cycle of the line fre-
quency,

Non-Interrupt Mode—The program checks a Monitor bit for timing in-
formation.

Clock Status Register (LKS) 777 546

o pps———

Effect of the Initialize {(INIT) signai: clear kit 16, set bit 7.

BIT NAMEL
7 Monitor

6 interrupt Enable

SPECIFICATIONS
Main Specifications
Time intervals:

Operating modes:

Register Address (LKS)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Mounting:
Size:

Power

FUNCTION

Set by the line frequency clock signal and
cieared by the program.

Set to -allow Monitor = 1 to cause an in-
terrupt. Determines mode of operation; 1
—= interrupt, 0 = non-interrupt.

16-2/3 msec at 60 Hz line frequency
20 msec at 50 Hz

Interrupt

Non-Interrupt

777 546
160

BRG
1 bus load

{Within main CPU assembly)
1 single height module

O8Aat5YV
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PROGRAMMABLE REAL-TIME CLOCK, KW11-P

FEATURES

» Four clock rates, program selectable
Crystal-controlled clock for accuracy
Two external inputs

Three modes of operation

Interrupts at 50 or 60 Hz line frequency

»

* 8 @

DESCRIPTION

The KW11-P Clock provides programmed real-time interval interrupts
and interval counting in 3 modes of operation. The major functional
units of the Clock include:

_ 16-bit Counter—Counts up or down at 4 selectable rates and can be read
while operating. The interrupt sequence is initiated at zero (underflow)
during a count down from a preset interval count. The count-up mode is
used to count external events; an interrupt is initiated at zero (overflow).

16-bit Count Set Buffer—Stores the preset interval count. At underflow,
depending on the operating mode, the buffer automatically reloads the
Counter or is cleared,

Control and Status Register—Provides various control and status signals
related to the operation of the buffer and counter.

Clock—Provides 2 crystal-controlled signais of 100 kHz and 10 kHz to
clock the counter. Two external ciock inputs are provided: 50/60 Hz line
frequency and an analog signal input.

MODES OF OPERATION

Single Interrupt Mode—A program specified time interval is preset and
an interrupt is generated at the end of the interval. The time interva!l,
represented as a specific count, is loaded into the counter. Count down
or count up is initiated at 1 of 4 selectable rates, and at underflow or
overflow an interrupt is generated. Clocking is stopped .and the counter
is reset to zero.’

Repeat-Interrupt Mode—A program specified time interval is preset and
repeated interrupts are generated at a rate corresponding to the time in-
terval. Operation is similar to the Single-Interrupt Mode, except that after
the interrupt is generated on underflow or overflow, the counter is auto-
matically reloaded from the count set buffer, and clocking is restarted.
At the next underflow or overflow, another interrupt is generated.

External Event Counter Mode——The external input is used to clock the
counter in the count-up or count-down mode, The counter may be read
during operation to determine the number of events that have occurred.
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REGISTERS
Control and Status Register 772 540

J;';’]s’4:;°]

RUN

Effect of the Initialize (INIT) signal: clear a!l bits.

Read only: bits 15 and 7
Write only: bit 5 -

BIT NAME FUNCTION

15 Error Set when, in Repeat-lnterrupt Mode, a sec-
ond underflow or overflow occurs befare
the interrupt of the preceding one has
been serviced. It is ¢leared when the
Status Register is addressed.

Done Set on underflow or overflow.

Interrupt Enable Set to allow Done = 1 to cause an intesr-
rupt.

5 Fix Set to cause single clocking of the counter
as a rmaintenance aid.

4  Up/Down Selects either count-up or count-down for
the counter; 1 = up, 0 == down.

3 Mode Sefects interrupt mode of operation; 1 =
Repeat-Interrupt, 0 = Single-Interrupt.

2,1 Rate Select Selects 1 of 4 available clock rates.

Bit 2 Bit 1 Rate

Q 100 kHz
0 10 kHz
Line frequency

1
1 External

HOI—IQI

0 Run Set to aliow the counter to count. Cleared
on underflow or overflow in Single-Inter-
rupt Mode. ; »
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Count Set Buffer Register 772 542

This 16-bit register is used for storage of the interval count. 1t aliows
automatic refoading of the Counter in Repeat-Interrupt Mode. The regis-
ter is cleared by the INITIALIZE signal and by underflow or overflow in
the Single Interrupt Mode. The bits are write only.

Counter Register 772 544
This 16-hit register is a birary up/down counter. It is cleared by the
INITIALIZE signal. The bits are read only, -

SPECIFICATIONS

Main Specifications
Clock rates: 1?8 :ﬂ: % crystal-controlled
Line Frequency
External (Schmitt Trigger input)
Operating modes: Single Interrupt
Repeated Interrupt -
External Event Counter
No#n-interrupt :

Register Addresses

Control and Status 772540
Count Set Buffer 772542
Counter 772544

UNIBUS Interface
Interrupt vector address: 104

Priority level: BR6
Bus loading: 1 hus load
Mechanical ’
Mounting: 1 SPC slot (quad module)
Power 05Aat 45V
rd
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DECWRITER, LA30

DESCRIPTION

The LA30 DECwriter is a fast, reliabte and low cost data terminal. it
prints from a set of &4 characters at speeds up toc 30 characters per
second. Data entry is made from either a 97- or 128-character keyboard.
It produces an original and one copy on a standard 9 7/8-inch wide,
tractor-driven continuous form,

The DECwriter is delivered with an attractive stand. The nocise generated
by the terminal is less than that of an electric typewriter, a feature, wel-
comed in an office environment. Because of its low price, the DECwriter
is particularty appropriate for systems.requiring large numbers of highly
refiable printer/terminals,

High reliability has been achieved through reduction of the number of
mechanical parts. Clutches, brakes, dashpots and other similar parts
have been eliminated from the printing mechanism. Instead, the DEC-
writer generates a 5 x 7 matrix. Seven solenoid-driven, spring-loaded pins
are arranged vertically in the printing head. The head is advanced by
solid-state logic; drive circuitry actuates selected pins to generate char-
acters. : :

CONTROLS AND INDICATORS

The following Table shows the controls and indicators for the serial ver-
sion of the LA30; the parallel version has only the READY lamp and the
LOCAL LINE FEED switch.

READY . Lamp—Indicates power up on printer elec-
tronics and that the DECwriter is READY for
use. Indicates an interrupt is enabled by
keyboard electronics, if INT ENB bit is set
hy software.

LOCAL LINE FEED Switch—When depressed, causes a local
line feed to be applied to the printer with-
out a code being sent out to the computer,
This control will also disrupt printing, but
no characters will be lost.

MODE LOCAL{LINE 2-Position Switch—=Selects either local or
on-line operation.

BAUD RATE 110, 150, 300 3-Position Switch—Selects the baud rate
clock frequencies for 110, 150, or 300 baud.

MOTOR POWER Breaker (CB2)—Applies power to printer
stepping motor etectronics.
AC POWER : Breaker (CBl)—Applies ac power to the

unit power supply.
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LA30-DECwriter

. REGISTERS

Programming

The parallel version of the LA30 interfaces to the PDP-11 wa the LCIl A
Controd Unit and is explained in this section. The serial version uses the
DL11-A Control Unit, which is explained in the L.T33 section. The serial
LA30 uses a few hits that the parallel LA30 does not.
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All software control of LC11-A is accomplished via four device registers.
These are assigned memory addresses and can be read or iorded (with
the exceptions noted} using any instruction that refers to their address.

The UNIBUS addresses mentioned in this section apply only when the
LA30 is being used as the consocle terminal. When used in other appli-
cations, the addresses and vectors float, see Appendix A.

Keyboard Status Register (KBS) 777 560

Effect of the Initialize (INIT) signal: clear all bits
Read only: hit 7
BIT NAME FUNCTION

7 Done Set when a character is available in the
Keyboard Data Buffer (KBB). It is cleared
by any instruction that meodifies KBE.

If maintenance bit (bit 2 in Printer étatus
Register) is set, loading the Printer Buffer
sets this bit.

6 [nterrupt Enable Set to allow Done = 1 to cause an inter-
rupt.

Keyboard Data Buffer (KBB) 777 562

15 8 7 & 0
V7222277 ,/J#l L

DaTa [JUMPERED}

BIT NAME FUNCTION -

7 Data (jumpered) If desired, this bit can be gated onto the
bus along with information in the data
buffer (bits 6-0). Note that this bit does
not come directly from the DECwriter key-
board but is provided by a jumper on the
controf module.

If a jumper is added at J1, the state of this
hit is dependent on the condition of the
MAINT bit (bit 2 in the Printer Status
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Register). if the MAINT bit is not set, KBB
bit 7 is read as a 1.

If a jumper is added at J2, this bit is al-
ways a 0.

NOTE .
A jumper must be added to either J1 or 12 but
never to both. ¥ no jumper is present, the bus
may hang with BUS DO7 asserted; with both
jumpers, the keyboard buffer reads as aifl Os re-
gardless of the state of the MAINT bit.

Note that bit 7 is not offered as a parity
option with the LA30,

Bits 6 through O hold the 7-bit ASCIl character read from the keyboard,
To the processor, the data is read only.

CAUTION
A character is stored in the buffer only unti! the
next character is keyed. At this time, the buffer
is reloaded and the previous character, if it has
not already been read, is lost. There is no over-
run condition to inform the program of this.

Any program reference to KBB (777 562 or 777 563} as a word or byte
will clear Done, bit 7 of the Keyboard Status Register (KBS).

Printer Status Register (PRS) 777 564

14 43 2 11 10

INTERRUPT ENABLE
MAINTENANCE

N

Effect of the Initialize (INIT) signal: clear bits © and 2, set bit 7
Read only: hit 7
BIT NAME FUNCTION

7 Ready Set when the printer is ready for the next
character_ to be loaded. Indicates that the
previous function is either complete or
has been started and continued to a point
where the printer can accept the next
command. P

-The hit is set when power is applied to the
LA30 and cleared by the leading edge of
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the PRINT STROBE signal, which indicates
that a character is being sent to the
printer.

The printer sets Ready approx 2 psec after
it receives a Carriage Return (CR) com-
mand. This permits ‘‘non-printing'” char-
acters, such as Line Feed {LF), to be
received during carriage return time. If a
“printing”’ character is received during
carriage return time, Ready is cleared and
is then set after CR and printing are com-
plete.

6 interrupt Enable Set to allow Ready — I to cause an inter-
: rupt.

Printer Data Buffer (PRB) 777 566

T 6 o

Bits & through © hold the 7-bit ASCII coded data for the character to be
printed (or acted upon}. To the processor, the date is write only.

Any instruction that modifies PRB as a word or byte, clears Ready, bit 7
of the Printer Status Register (PRS).

Note that bit 7 is not offered as a parity option on the LA30.
- PROGRAMMING EXAMPLES

Read a character (from keyboard}

LOOP: TSTB KBS ;LOOK FOR DONE
BPL LOOP WAIT IF DONE =0
READ: MOV KBB, RO ;READ CHARACTER
ECHO keyboard
ECHO: TSTB KBS ;CHARACTER AVAILABLE?
BPL ECHO SWAIT IF DONE = O
WAIT: TSTB PRS ;1S PRINTER READY?
BPL. WAIT ;WAIT IF READY = 0
MOV KBB, PRB  ;PRINT CHARACTER
BR ECHO ;REPEAT FOR NEXT CHARACTER

SPECIFICATIONS FOR LA30
Main Specifications

Printing speed: 30 char/sec, asynchronous
Number of columns: 80
Printing characters: 64 (upper case ASCII subset)

4-205



Keyboard characters:
Carriage return time:

Printing

Type:

Vertical spacing:
Horizontal spacing:

Paper
Type:

Slew speed:

Mechanical
Mounting:
Size:
Weight:

Power
{nput current:
Heat dissipation:

Environment

Operating temperature:

Relative Humidity:

Models
LA30-PA:
60 Hz
LA30-PD:  DECwriter,
50 Hz
LA30-CA:
60 Hz
LA3G-CD: DECwriter,
50 Hz
LA30-EA: DECwriter,
LA30-ED: DECwriter,

LA30

97 or 128 (switch selectabie)
300 msec

impact, 5 x 7 dot matrix
6 lines/inch
14 charfinch

9-7/8 inch wide, continuous form, tractor-
driven, original plus one copy
30 lines{sec

1 free-standing unit
31"H x 21"W x 24"D
110 Ibs

3 Aat 115 VAC
300w

15°C 10 35°C
209, ta 809%

DECwriter, parallel interface, {Control is LC11-A), 115 VAC,
parallel interface, (Control is LEC11-A), 230 VAC,
DECwriter, serial interface, (Control is DL11-A), 115 VAC,
serial interface, (Control is DL11-A), 230 VAC,

serial interface to a modem, 115 VAC, 60 Hz
serial interface to a modem, 230 VAC, 50 Hz

SPECIFICATIONS FOR LC11-A or DL11-A (interfaced to LA30D)

Usage:
Register Addresses

Keyboard Status (KBS)
Keyboard Buffer (KBB)

Printer Status (PRS)
Printer Buffer (PRB)

UNIBUS Interface
Interrupt vector
address:

Priority tevel:

Bus loading:

Control for LA30 DECwriter

777 560
777 562
777 564

777 566

60 (for keyboard)

64 (for printer)

BR4 {keyhoard has precedence over printer}
1 bus lead
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Mechanical

Maounting: 1 SPC slot

Size: quad modute

Input current

LC11-A: ) 1.5Aat 45V

DL11-A: 1.8Aat +5Vv,0.15Aat —15V
Models '

LC11-A:  Controd for parallel LA30
DL11-A: Control for serial LA30
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HiGH SPEED LINE PRINTER, LPI1

DESCRIPTION

The LP11 High Speed Line Printer is available in several models, ranging
from an 80-column, 64-character model to a 132-column, 96-character
model. Either column-width printer is available with 64- or 96-character
print sets. The printer is an impact type using a revolving character drum
and a hammer per column. Forms up to six-parts, may be used for rulti-
ple copies. Fanfold paper from 4-inch to 19 inches wide (depending on
model} may be used with adjustment for pin-feed tractors. The print rate
is dependent upon the data and the number of columns to be printed.

There are six different line printers to choose from. A control unit is in-
cluded.

LP11-F 80 column, 64 character

|LP11-H 80 column, 96 character

LP11-J 132 coiumn, 64 character

LP11-K 132 column, 96 character

LP11-R 132 colurnn, 64 character (heavy duty, high speed}
LP11-S 132 column, 96 character (heavy duty, high speed}

tP11-F, LP11-H, LP11-J, LP11-K

Low cost

High reliabitity

Upper and lower case characters

Print up to 111G lines per minute

Long:-life print hammer

Easy to read indicators

90 degree drumn gate opening for easy paper and ribbon loading

* & & & & o @

LP11 HIGH SPEED LINE PRINTER
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Operation

Characters are loaded into the printer memory via the LPB (Line Printer
Buffer) serially by character. When the memory becomes full {20 charac-
ters) they are automatically printed. This continues until the full 80 col-
umns have been printed or a special character is recognized, The 132.
column model prints 24 characters at a time. The special characters
{non-printing) are:

CR (015,) Carriage Return. Causes the currently-stored characters to
be printed, and resets the column counter to 1 (the next printing char-
acter loaded would print in column 1). Does not advance the paper.

LF (012,) Line Feed. Causes the currently-stored characters to be
printed, then resets the column counter to 1 and advances the paper
one Kne.

FF (014,) Form Feed. Causes the currently-siored characters to be
printed, then resets the column counter to 1 and advances the paper
fo top of next page.

Timing Considerations

The LP11 will accept characters at a 750 KMz rate until the character
print memory is filled. There is a delay of approximately 4 milliseconds
while the printing is done. An LF command requires about 20 millisec-
onds. FF commands cause paper slewing at a maximum rate of 13 inches
per second-—timing is dependent upon the distance to the next top of
form.

For maximum transfer and highest printing rate, a full (20 or 24) char-
acter buffer should be transferred as rapidly as possible with the imterrupt
disabled. If the intersupt is enabled after the buffer is filled or after an FF,
CR or LF command, then the interrupt will occur following the completion
of the print and/or paper-move cycles,

INDICATORS & CONTROLS
The foltowing figure shows the printer control panel on which are mounted
three indicator lights and three toggle switches,

POWER READY ONHINE
ONALINE
[+ PAFER CFF-LINE
OF SYEP
FORM

Line Printer Control Panet
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Operation of the lights and switches is as follows:

POWER light

READY light

ON LINE light

ON/OFF {main
power) switch

TOP OF FORM switch

PAPER STEF switch

ON LINE/
OFF LINE switch

LtP11-R and LP11-S

Glows to indicate rmain power, switch is at ON
position and power is available to the printer,

Glows shortly after the POWER light goes on to
indicate that interrnal components have reached
synchronous state and the printer is ready to op-
erate.

Glows to indicate that ON LINE/OFF LINE toggle
switch is in ON LINE position.

This switch controls line current to the printer,
if power is available, the POWER light on the
cantrol panel will glow when the switch is posi-
ticned at ON,

The switch is on when in the up position. The ON
and OFF jabels are printed on the stem of the
switch,

This switch is used to roll up the form to the top

- of the succeeding page. It is spring returned to

nuli position, and produces a singie top-of-form
operation each time it is actuated. The switch is
effective only when the printer is off line.

Operates similariy to TOP OF FORM but produces
a single line step each time it is actuated. It is
only effective with printer off line.

This two-position toggle switch is spring-returned
to center. When momentarily positioned at ON
LINE it logically connects the printer to the com-
puter and causes the ON LINE light. to glow. Po-
sitioned momentarily at OFF LINE, the logical
connection to the computer is broken, the CN
LINE light goes off, and the TOP OF FORM and
PAPER STEP switches are enabled.

» Minimum wander in print line

» Simple rugged hammer mechanism

* Vernier adjustment for both horizontal and vertical paper tension
« Copies control to compensate for thickness
[ ]

Full line buffering

The LP11-R and LP11-S are fast, reliable, high quality drum printers with
64 and 96 characters respectively, Paper and inked ribbon pass between .
a row of hammers and a continuously rotating metal drum, containing
132 coiumns of all print characters. A 132-column line js pnnted in one

drum revolutmn or less.
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The LP11-R and 8 require minimum maintenance due to their modutar
design and integrated circuitry. Paper is loaded by opening the drum gate
and placing the paper directly on the tractors. The wide swing of the gate
pravides complete access to the paper loading area and the print ribbon.

Operator Controls
The operator's control panel, externally located on top of the cabinet,
contains the following switches and indicators.

Indicators:
Power—Illuminated when power is on.

Ready—Illuminated when power is on and all interlocks are closed.

On Line—Ililuminated when printer is in the ready condition, the prmt in-
hibit switch is off, and the on line switch has been actuated.

Drum Gate—Indicates the drum gate is unlatched.
Print Inhibit—Indicates the print inhibit switch is on—Hammer Fault.

Paper -‘Fault—Indicates the paper is torn or out; ribbon counter alarm or
runaway is detected.

Switches

Top of Form—~A momentary switch used to advance the tractors to a top
of form position, i.e., channel zero of the tape reader. This switch is dis-
abled when the printer is on line.

On Line/ Off Line—A momentary switch that puts the printer on line and
illuminates the on line indicator. In order to put the printer on line, the
ready indicator must be onr and the print inhibit switch must be off. If the
printer is on line and the switch is actuated, the printer will go off line
and extinguish the on line indicator.

Master Clear—A ni_omentary switch that initializes the printer control
electronics.

Main Power—A circuit breaker which atfows the operator to enable or
disable primary power to the printer.

REGISTERS
Line Printer Status Register {LPS) 777 514

15 14 13 12 11 'IO 9 4 3

BONE
INTERRUPT ENABLE
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Effect of the Initialize (INIT) signal: clear bit 6

Read only: bits 15 and 7

BIT NAME
15 Error
7 Done
I3
i
2] Interrupt Enable

FUNCTION
Set when an error condition exists in
the printer. Errors are:
a) Power off
by Mo paper
¢) Printer drum gate open
d) Over temperature alarm
e) Printer placed OFF-LINE
Reset only by manual correction of
error condition.

Set whenever printer is ready for next
character to be loaded. Indicates that
previous function is either complete or
has been started and continued to a

- point when the printer may accept the
next command. Set only by printer
condition. Will not be set if printer is
OFF-LINE.

Set to allow Done or Error =1 to cause
an interrupt.

Line Printer Data Buffer Register (LPB) 777 516

DATA

Bits 6 through O hofd the 7-bit ASCH coded data for the character to be
printed. To the processor, the data is write only.

PROGRAMMING EXAMPLE
Interrupt Service Routine
200: LPSERV

242: 200

MAIN: BIS #100,LPS

LPSERY: TST LPS
BMI ERRCR
MOV RO,-(SP)
MOV BUFADR,RO

;VECTOR TO SERVICE ROUTINE
;SERVICE AT PRIORITY 4
;ENABLE INTERRUPT

* ;CHECK FOR ERROR

;BRANCH IF ERROR
;SAVE RO
;GET BUFFER POINTER
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LOAD:

BHI PRCOMP
TSTB LPS
BMI LOAD

£X1T:
RTI

SPECIFICATIONS

Main Specifications

Number of columns:

Number of characters:
_ Printing speed:

Printing

Method:

Size of characters:
Vertical spacing:
Horizontal spacing:

Character Set
64 characters:

96 characters:

Paper
Type:

Register Addresses
Printer Status (LPS)
Printer Data Buffer (LPB)

UNIBUS interface
Interrupt vector address:
Priority level:

Bus loading:

Mounting:
Current for control:
Environment

Operating temperature;
Relative humidity:

MOVB (RG) + ,LPB
CMP RO,BUFEND

MOV RC,BUFADR
MOV (SP) 4+ ,RO

LP11

;LOAD PRINTER BUFFER

JEND OF DATA?

:YES, GO TC PRINT COMPLETE
;NO, CHECK DONE

;NOT FULL, GET ANQTHER CHAR.

;SAVE BUFFER POINTER
'RESTORE RO

80 or 132
64 or 96
170 to 1200 lines/ min (full line)

drum

0.095* high x 0.065" wide
6 lines/inch

10 char/inch

AtoZ,0to9, 1" # 5% &' ()" +—1:,.
T ==t @[]\ — space &
all the above plusatoz {3 .

standard fanfolid, edge punched,

11 inches between folds

15 Ib bond for single copy

12 Ib bond with single shot carbon for up to
6 parts,

777 614
777 516

200
BR4
1 bus load

1 free-standing unit + 1 SPC slot
15Aat 5V

10°C to 43°C
15% to B0%
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Models

Number of
columns:

Number of
characters:

Print speed .

(full fine):
Line advance
time:

Paper width:
Paper slew
speed:

Size:
Weight:
Current at
115 VAC:
Power
dissipation:

i1Pi1-F
80

LP11-H
80

64 g6
350 LPM 250

20 msec

4" to 9"
13 infsec

46H x 24W x 22D
200 Ibs.
2A

250 W

LP11-J
132

LP11-K
132

64 96
240 170
20 msec

4% to 1474"
13 in/sec

46 x 48 x 25
575 Ibs.
4 A

500 W
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LP11-R LP11-§
132 132

64 96
1200 900
20 msec

44 1o 197
35 in/sec

48 x 49 x 36
800 tbs.
17 A

2000 W
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LAB PERIPHERAL SYSTEM, LPS11

FEATURES

+ Flexible

+ Low cost

+ Easy to Interface
+ 514 Inches High

* 4 Plug-In Options
—A/D Converter
—Real Time Clock
—Display Controller
—Digital I/ O Registers

LPS-11 Lab Peripheral System

The LPS-11 Lab Peripheral Systemn is a high performance, modular, real-
time subsystem which interfaces to the PDP-11 family of computers. The
system houses a 12-bit A/D Converter, Programmable Rea! Time Clock,
Display Controller and a 16-bit Digital I/ O Option. The front panal is de-
signed to permit easy interfacing with outside instrumentation. The LPS
is 514 inches high and mounts in a standard 19-inch cabinet. AII neces-
sary power and cables are included.

The flexibility of the LPS makes it well-suited to a variety of applications
including biomedical research, analytical instrumentation, data collection
and reduction, monitoring, data logging, industrial testing, engineering
and technical education.
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4 AN
< PDP-11 UNIBUS™ >
S i

UNIBUS CONTROL
POP-H GTHER
WEMORY AND MOUNTING
COMPUTER BOX {LPS1-5S) PERIPHERALS
ArD CONVERTER REAL - TIME DISPLAY DIGITAL
SYSTEM CLOCK CONTROL /0 OPTIuN
LLPSAD-12) ILPSKW) (LPSYC) \LPSDR)

LAB PERIPH ERAL SYSTEM

A/D CONVERTER SYSTEM (LPSAD-12)
* Sample and Hold Circuitry

* Dual Sample and Hold Option

DMA Option

8-Channei Multiplexer

* Optional Expansion Multiplexer

* Light Emitting Diade {LED) Display
» Differential Preamplifier Option

»

The 12-bit A/D Converter System enables the user to sample analog
data at specified rates and store the equivalent digital value for sub-
sequent processing. Sample and hold circuitry ensures accurate conver-
sions, even on rapidly changing signals, by holding the input voltage
constant until the process is completed. The throughput rate for a single
channel is approximately 40 kHz,

[ncluded in the system is an 8-channei multiplexer which provides 8
single-ended = 5 volt inputs. Four of the channels are connected to
phone jacks on the front panel and to potentiometer knobs, which can
be used as program parameter inputs. The other four channels are also
connected to phone jacks which permit direct interfacing with the labora-
tory equipment. An 8-channel expansion multiplexer option {(LPSAM) may
bhe added so that the system can handle a total of 16 channeis.

The LPSAG option implements 4 channels with preamplifiers and pro-
vides a = 1 volt differential input to the preamplifier-implemented chan-
nels, Ranges of 0 10 2, = 5, and 0 to 10 volts are optionally available.

A direct memory access (DMA) option {(LPSAD-NP) to the AfD Converter
allows the conversions to be stored in memory at maximum rates with-
out processor intervention. The user can specify the buffer size (4K
maximuim) and location for the digitized data. This frees the central
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T0 LPS11-§
[ 3
LPSAD - 12
A/D CONTROLLER [ oirecT MEmoRY |
AND NUMERIC DISPLAY % ACCESS OPTION |

L _LFsao-he

12- BIT A/D CONVERTER

— 1
| I :I__

SAMPLE AND HOLD | CHANNEL B(PANSiON
8 CHANNEL ’ 1 MULTIPLEXER OPTION |
MULTIPLEXER I {LPSAMY X |
[~ achanneL [ 4 chanmer 1[4 CrateL 4 CHANNEL )

i PREAMPLIFIER -- PREAMPLIFIER ' 1 PREAM 11 PREAMPLIFIER 1
Lmuon {LPSA%J Lf 10N (LPSAG_' lo_w'no« ;LPsAG Lf 10N (LPSAG_]

T T

A/D CONVERTER SYSTEM (LPSAD-12)

processor for other tasks until an interrupt indicates the buffer has been
filled. The throughput rate will depend on the number of bits used in the
conversion. For example, for 12-bit single channel A/D operation, the
throughput rate is 47 kHz; if only 10 bits are used, the rate is 75 kHz;
for 8 bits, the rate is 100 kHz,

Also implemented in the system is a programmable 6-digit decimal
numeric readout Light Emitting Diode {LED) display, which is mounted
on the front panel of the LPS11.5. The LED display is useful for pro-
grammed visual indications.

*|f a dual Sarmple and Hold configuration is required, the LPSSH option must be
implemented. The LPSAM is prerequisite for the LPSSH.
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When speed as well as accuracy is of primary importance, a dual sarnpie
ard hold configuration (LPSSH option) will enable the user to acquire
data from two fixed and predetermined channeis simultanecusly.-

PROGRAMMABLE REAL-TIME CLOCK (LPSKW)
* 5 Programmable Frequencies

* 4 Programmable Modes of Operation

s 2 Schmitt Triggers and Line Frequency

* Concurrent Operations

The LPSKW Programmable Real-Time Clock offers the user several meth-
ods for accurateiy measuring and counting intervals or events. It can be
used 1o synchronize the central processor to external events, count ex-
ternal events, measure intervals of time between events or provide inter-
rupts at programmable intervals. It can be used to start an analog fo
digital converter with the overflow from the clock counter or from the
firing of a Schmitt trigger. Many of these operattons can be performed
concurrently.

The clock will operate in any one of four programmable modes: single
interrupt, repeated interrupts, external event timing, and event counting
from zero base.

The user can choose from five programmable frequencies: 1 MHz, 100
kHz, 10 kHz, 1 kHz, or 100 Hz. The realtime clock also provides an ex-
ternal (Schmitt trigger) input and a line frequency input.

Included with the real-time clock are two Schmitt triggers with the front
panel slope and level adjusting knobs. The Schmitt triggers can start and
read the clock, start the A/D converter, and cause program interrupts.

DISPLAY CONTROL {LPSVC)
* 4096 By 4096 Dot Array

* “Fast Intensification Enable” Feature
s 4 Program-Controlled Modes

The LPSVC Display Control will display data in the form of a 4096 by
4096 dot array. Under program control, a bright dot may be produced
at any point in this array. A series of these dots may be programmed to
produce graphical output. The display control is primarily used with
DIGITAL's VR14 display. However, it has the capabilities to operate with
the Tektronix RM503, 602 and 604 scopes and the 611 and 613 storage
SCOpes. )

The display control offers four program-controlled modes in which the
scope can intensify a point. In addition, the ''Fast Intensification Enable™
feature enahles X or Y register values to bhe changed by a small incre-
ment without a long scope settling time. This feature is useful in de-
veloping a scoftware character generator. The dispiay control includes two
12-bit D/A converters with = 5 ¥V full scale nomina! output and all the
necessary circuitry and controls,

DIGITAL 1/0O OPTION (LPSDR)

+ Pragram Controlled Relays

* Two Modes of Program Controi
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+» Recoverahle Overload Protection
« TTL Compatible Voltage Levels

The Digital 1/0 Option consists of a 16-bit buffered input register and a
i6-bit buffered cutput register. The 1/O Option features two program
controlled relays which are normally left open. Using these relays, labora-
tory equipment such as recorders, oscillators, lamps, motors and general
instrumentation may be conveniently controlled.

Program control of digital input/output can he achieved in either of two
selectable maodes,

Program Transfer Mode

The transfer of data between the digita! I{O registers and memory may
be accomplished through the use of a MOVE instruction. Flags are set
when data has been received and accepted by either the input or output
registers. The user program tests the data flag and determines what
additional operations are necessary.

External Interrupt Mode

This mode allows an externat device to initiate the transfer of data. A
pulse is received from the external device and an interrupt is auto- -
matically initiated, The program is then vectored to a predetermined
mermory address and the user routine takes control. This mode frees the
user program from baving to read and clear the data transfer flags.

All voltage levels are TTL compatibie with a recoverable overload protec-
tion of up to £ 20 volts, The circuits are equipped. with fuse resistors to
ensure protection above 20 volts,

PROGRAMMING
STANDARD* REGISTER ADDRESSES

Option Register _ Address
LPSAD-12 Status 770 400
LPSAD-12 : Buffer/Led 770 402
LPSKW Status 770 404
LPSKW Bufferf Preset 770 406
LPSDR Status 770410
LPSDR Input 770412
LPSDR Qutput 770 414
LPSVC Status - 770416
LPSVC X—DI/A 770 420
LPSVC Y—D{A 770 422
LPSVC EXT D/A 770 424
Unused —_ 770 426
Unused —_ 770 430
Unused — 770432
Unused —_ 770434
LPSAD-NP DMA 770 436

* The register address is jumper selectable in increments of 40 locations, however,
the relative location of the various registers witl remain the same (see Appendix A),
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VECTOR ADDRESSES** And PRIORITY LEVELS

Option Address - BR Leve!
LPSAD-12 300 6
LPSKW 304 5
LPSDR (IN) 310 4
LPSDR (OUT) 314 4
LPSVC : 320 4
UNDEFINED 324 4
LPSAD-NP 300 &

** The vector address field is jumper selectable, and wifl be assigned in conjunc-
tion with existing options. However, the relative positions of the option will rernain
constant once the initial location is determinad,

LPSAD-12 STATUS REGISTER

Bit Function

15 Error Flag

14 Dual Mode Enable (LPSSH)

13-8 Multiplexer Channel

A/D Done Flag

Interrupt Enable

Clock Overflow Enable

Schmitt Trigger Enable

Burst Mode (LPSAD-NP) :
DMA Address Pointer {LPSAD-NP)
AfD Start

oNwhOON
it

Bit 1 Function

o Unused

1 DMA Status Register

0] MA Word Count Register

1 DMA Current Address Register

12
=0
]

LPSAD-12 BUFFER/LED REGISTER

Al D Buffer {Read only)
15

L ]
¥

URUSED — ’
AD DATA
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LED Register—-Numeric Display (Write only)

15 . 11 [0} L] 7 5 4 k| 0

_ | | [ ] |

s T\—T— I “——T—~

iED ACDRESS

VYSED
DECIMAL POINT
DISPLAY

LED Address

Bit 10 Bit 9 Bit 8 Digit
0 0 0 LED 1 (Rightmost)
0 0] 1 LED 2
0 1 0 LED 3
] 1 1 LED 4
1 0 ] LED 5

1 0 1 LED 6 (Leftmost)
i 1 &) Unused
1 1 1 Unused

Display

Bit 3 Bit 2 Bit 1 Bito Numeric Value
O 0 0 0] Number O
0 0 G- 1 Number 1
0 0 1 0 Number 2
0 0 1 1 Number 3
0 1 0 0 Number 4
0 1 0 1 Number 5
0 1 1 0 Number 6
0 1 1 1 Number 7
1 0 o 0 Number 8
1 0 0 1 Number 2@
1 0 1 0 Test Pattern
1 D 1 1 Blank
1 1 0 0 Blank
1 1 0 1 Minus Sign
1 1 1 0 Blank
1 1 -1 1 Blank

LPSKW STATUS REGISTER
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Bit Function

i5 Schmitt Trigger #1 Flag
14 Schmitt Trigger # 1 Interrupt Enable
13 .Schimitt Trigger # 1 Clock Start Enable
12 Maintenance Schmitt Trigger #1
11 Maintenance Count
10 Maintenance Schmitt Tngger #2
9.8 Mode
7 ‘Mode Flag
6 Mode Interrupt Enable
5, 4 Unused
3,21 Rate
0 Clock Enable
Mode
Bit 9 Bit 8 Function
o 0 Single Interval
o 1, Repeated Interval
1 0 External Interval (Schmitt Trigger # 2)
1 1 External Interval from Zero Base
Rate
Bit 3 Bit 2 Bit 1 Base Frequency
4] ] 0 Stop
0] Q 1 1 MHz
o 1 0 100 kHz
0 1 i 10 kHz.
1 0 0] 1 kHz
1 0 1 100 Hz
1 1 0 External (Schmitt Trigger # 1)
1 1 1 Line Frequency

LPSKW BUFFER/PRESET REGISTER

M.
t

1

DATA

No byte operation is permitted. Data will simultaneously be loaded to the
clock counter when Bit O of the status register is disqualified.

LPSDR STATUS REGISTER

4.222



LPS11

Bit - Function

15 Qutput Flag

14 QOutput Interrupt Enable
13 Maintenance Bit 2
129 Unused

8 Relay #2

7 Input Flag

6 input Interrupt Enable
5 Maintenance Bit 1

4.2 Unused

1 Load Input Buffer

) Relay #1

LPSDR INPUT and OUTPUT REGISTERS

F
L
)

DATA:

i

Input — Read only
Cutput — Read/ Write

LPSYL STATUS REGISTER

Bit Function

15-13 Unused
Erase {Storage Scope)
Write thru.  (Storage Scope)
Store {Storage Scope)
Channel {VR14)
Unused
Ready Flag
Interrupt Enable
Unused
Ext Delay (Special Scopes)
, 3 Mode
Fast Intensify
Intensify

e
WS N

CHEN&EO G0

Mode
3 Bit 2 Function
Intensification with Bit O only
Intensification on Loading X Register

0
1
0 Intensification on Loading ¥ Register
1 Intensification on X or Y
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LPSVC X and Y REGISTERS

15 L o

| ]

. 4 . L
UNUSED :
DaTA

Data is in offset binary format.

LPSVC EXT D/A REGISTER

_ N N -
(577 PUNTERT T
UNUSED J

!
CASPLAY DATA

D/A Painter

Bit 15 Bit 14 Bit 13 Expansion D/ A Converter

DAC O (LPS DA #1)
DAC 1 (LPS DA #1)
DAC 2 (LPS DA #2)
DAC 3 (LPS DA #2)
DAC 4 (LPS DA #3)
DAC 5 (LPS DA #3)
DAC 6 (LPS DA #4)
DAC 7 (LPS DA #4)

HHRE OO0 0
e DO D
=D e O O O

LPSAD-NP DMA REGISTER

The DMA Register will function as defined by the DMA Pointer in the
LPS AD-12 5tatus Register

DMA Status Register

L= I | 121 ]

[ — . ]
TiME QuT H
[REAL ML
EXT ADDRESS .
Dmdy EMABLE

UNUSED
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DMA Current Address Register

h

LPS11

L I

_F
X

Bit 0 will always be loaded as a zero.

DMA Word Count Register
15 .12 1 0
. il J
URUSED ————* T
OF TRANSFERS
(2% CLMPLEMENT]

SPECIFICATIONS FOR LPS11-5

Register Addresses: floating (see Appendix A)

UNIBUS Interface

Interrupt vector address: floating (see Appendix A)

Priority level: BR4to 6

Data transfer: NPR (optional)

Bus loading: 1 bus load

Mechanical

Mounting: 1 panel mounted unit {or table top)

Size: 51/ ¥ front panel height
(514"H x 19"W x 23"D)

Weight: 80 Ibs.

Power

Input Current: 3 A at 115 VAC, max.

Heat dissipation: 300w

Environment

Operating temparature: 5°Cto 43°C

Relative humidity: 209%, to 80%

Models

LPS11-8A: Lab Perlphera[ System, rack mount 115 VAC, 60 Hz

LPS11-SB: rack mount, 230 VAC, 50 Hz
LPS11-SD: “ table top, 115 VAC, 60 Hz
LPS11-SE: - table top, 230 YAC, 50 Hz

4-225



Model

L PSAD-12:

LPSAD-NP:

LPSAM:
LPSSH:

LPSAG:

LPSAG-VG:

LPSKW:

LPSVC:

LPSDR:

Description
12-bit ADC, sarnple & hold, 8 channel multi-
plexer, and LED (Light Emitting Diodes)
6-digit programmable decimal readout dis-
play.
Direct memory access {(DMA) option for
LPSAD-12 ADC.

8 channel expansion multiplexer (if more
than 8 channels are implemented).

Second Sample & Hold for a Dual Sample &
Hold Configuration.

Four differential preamplifiers with = 1 volt
input. ‘Maximum of 4 LPSAGs per LPSI1-S
system.

Four independently selectable multigain dif-
ferential preamplifiers, Ranges: = 1V, £ bY,
0 to + 2V, 0 to 4 10V; and all differential
inputs.
Programmable real-time clock & two Schmitt
triggers.

Display control including two 12-bit DACS.
This controller is capable of handling a YR14;
also, Tektronix's RM503, 602, 604, 611 & 613
scopes.

16-bit buffered digital 1O with drive capabil-
ities and two programmable N.O. relays.
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Prerequisite

LPS11-§

LPSAD-12
LPSAD-12
LP3AM

LPSAD-12

LPSAD-12

LPS11-8

LPS11-8
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LS11
LINE PRINTER, LS11

FEATURES

132-cotumn impact printer

Prints expanded or oversized characters

60 lines per minute—165 characters per second
Vertical forms control

Pin feed forms handlling

Multiple copy

Variable paper width

Software select/ de-select codes

DESCRIFTION

The LS11 Line Printer is a functional and attractive forms-handling unit
designed to print clear reports, statements, and Sistings as required by
most users. It is an inexpensive, medium-speed, and reliabie impact dot-
matrix line printer for the POP-11 family. The Line Printer prints at a rate
of 165 characters per second at 10 characters per inch with up to 132
characters per line, using the latest state-of-the-art imprint techniques.
Printing speeds range from 60 lines per minute on full fines to 200 lines
per minute for 20-character lines. The print assembly is a completely
self-contained unit that includes the power supply plus the mechanical
and logical components. ’

Vertical Forms Control (VFC)

The LS11 includes a vertical forms control feature that comsists of a
two-track tape-controlled tractor carriage. The two-track tape is standard
l-inch perforated tape (10 holes per inch) that can be readily obtained
in a variety of materials to meet desired life requirements. This feature
provides flexibility of vertical forms movement under program control.
The two channels are designated (1) top of form and (2) vertical tab.
The top of form can also be operated manually.

.« 8 & 8 5 8 8 b

Vertical line spating is & lines per inch. Slew speed is 4 inches per
second and single-line spacing takes 45 milliseconds, with 40 millisec-
onds added for each additional line of multiple-line slew.

Ling/Form Feed

A line- or form-feed instruction causes a carriage return {print cycle) and
then executes the line or form feed. This assures compatibility with soft-
ware written for the LP-11 Line Printers.

Printable Character Set

The basic character set is USASGCII. The USASCI character set consists
of 10 numeric digits (0 through 9), 26 upper-case letters (A through Z),
and the 26 special characters shown helow.
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USASCII

-vr-.@“o\,a #Y - @
> A~ e -

SPECIAL CHARACTERS
Ribbon '
The LS11 Printer uses a special single-color 1-inch fabric ribbon on stan-
dard 3-inch spools. The ribbon is mounted such that it angles across the

face of the platen and allows full utilization of the entire ribbon, thereby
extending ribbon life.

‘Forms Specification

Width of forms used on the LSI1 Line Printer is restricted only to the
width of the standard 1474-inch form. Both tractors are adjustable and
can be moved to accemmodate narrower form widths,

CONTROLS & INDICATORS

On/Off Switch—Ilighted in the on position. -

Top of Form Switch—used for manual slewing to top of form for proper
location of the VFC tape when installing forms.

Select Switch—used to select the printer after turning on power.

Forms Override—an operator override on the paper out switch. This
aliows the aperator fo complete the form being printed before changing
paper.

Paper Qut indicator Light—indicates out of paper or a paper-handling
matfunction.
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ON an—1— SINGLE
ADVANCE
SELECT
©‘//SPARE
QP OF
FOR
PAPER
FORMS
OVERRIDE
out

OPERATOR PANEL

REGISTERS
Control and Status Register {LSCS) 777 514

5 14 3 12 U 4 3 2 1 o

_r

DONE
INTERRUFT ENABYLE

BIT MNAME FUNCTION
15 Error ERROR asserted indicates the Inclusive CR of one of the
following line printer error conditions:

a. Paper Empty

b. Hardware Alarm
c. Light Detection
d. Select

ERROR is Read Only, and is reset only when the error
condition is removed, If Interrupt Enable is also set, the
LS11 starts an interrupt sequence.

7 Done DONE is asserted when the line printer is ready to
accept another character. DONE is set by INIT and
cleared by loading the LSDB. If Interrupt Enahle is also
set, the LS11 starts an interrupt sequence.
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6 Interrupt  Interrupt Enable is set or cleared by the program and
Enable cleared by INIT. Either DONE or ERROR set when IE is
set initiates an interrupt sequence,

Data Buffer Register (LSDB) 777 516

15 M 8 12 W 10 9 8 S, 8 5 4 3 2 1 o
DaTA by
BIT NAME FUNCTION
6-0 Data The Data bits are the 7-bit characters transferred to the
tine printer. The characters are coded in ASCIl.and are
Write Only,

PROGRAMMING EXAMPLE
The following exampile represents a typical program used to control the -
line printer by means of an interrupt service routine.

The routine requires 18 words. This routine may be speeded up by

saving and restoring R1, R2, and R3, and loading these registers with the
LPCS, LPDA, and BUFFEND values.

Interrupt Service Routine

LPCS = 777514 iCONTROL AND STATUS
JREGISTER
LFDB = 777 Sl6 ;DATA BUFFER REGISTER
SP = 9,7
.= 200 JORIGIN FOR LPT VECTOR
WORD LPSERY iVECTOR TO SERVICE
;ROUTINE
WORD 200 ;SERVICE AT PRIGRITY
;LEVEL 4
.= 1004
MAIN: BIS #1100, LPCS ;ENABLE INTERRUPT
.= 2000
LPSERY: TST LPCS ;CHECK FOR ERROR
BMI ERROR
MOV 2940, —(SP) :SAVE RO
MOV BUFADR, %0 -+GET BUFFER POINTER
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LOAD. MOVEB %0, LPDB iLOAD PRINTER BUFFER

CMP (%0) +, BUFEND ;END OF DATA?
BHI PRCOMP “YES, GO TO PRINT
:COMPLETE
TSTB LPCS :NO, CHECK READY
BMI LOAD :NOT FULL, GET ANOTHER
:CHARACTER
EXIT: MOV 90, BUFADR :SAVE BUFFER POINTER
MOV (SP} 4, 940 :RESTORE RO
RTH :BACK TO MAIN PROGRAM
BUFADR: :BUFFER DATA POINTER
BUFEND: :BUFFER END ADDRESS
ERROR: 'START OF ERROR
:ROUTINE
PRCOMP: -START OF ROUTINE FOR

;PRINTER COMPLETE
.END
BUFADR 002044
BUFEND 002 044
ERRCR 002 044
EXIT 002 D34
LOAD 002 014
LPCS 777514
LPDB 777 516
LPSERY 002 000
MAIN 001 002
PRCOMP 002 044
sp 000 007R

SPECIFICATIONS

Main Specifications

Numbet of calumns: 132

Numher of characters: 62

Printing speed: 165 char{sec
60 lines/ min (for 132 columns)

Carriage return time: 200 msec, max

Printing

Method: impact, 7 x 9 dot matrix

Vertical spacing: & lines/inch

Horizontai spacing: 10 charfinch

Paper

Type: muitiple copy, up to 5 parts with
single-shot carbon

Size: 4" to 147" wide

Slew speed: 4 inches/sec

Single line advance: 45 mgec
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Register Addresses
Data Buffer (LSCS)
Control and Status (LSDB}

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanicat
Mounting:
Size:
Weight:

Power
lnput current:

Heat dissipation:

Environmental
Operating temperature:
Relative huimidity:

Models

LS11

777 514
777 516

200
BR4
1 bus load

1 table-top unit -+ 1 SPC slot
127H x 28"W x 20"D 4. quad module
155 |bs.

3 Aat 115 VAC
1.5 A at 4+ 5 V (for control)
300 W

5°Cto 38°C
5% to 909%

LS11-A: Printer and control, 115 VAC, 60 Hz
L511-B: " 230 VAC, 50 Hz
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DL11-A

TELETYPE TERMINAL, LT33

DESCRIPTION

The LT33 Teletype can be used to type in or print out information, or to
read in or punch out perforated paper tape. Printing, punching and. read-
ing are performed at rates of up to 10 characters per second. The
DL11-A Teletype Control assembles or disassembles Teletype serial in-
formation for parallel transfer to, or from, the UNIBUS.

OPERATING THE TELETYPE

The LT33 Teletype is a basic inputfoutput device for PDP-11 computers.
It consists of a printer, keyboard, paper tape reader, and paper tape
punch, all of which can be used either on-line under program control or
off-line. The Teletype controls (see following figure) are described as they
apply to the operation of the computer.

ASR-33 Teletype Console

Power Controls

LINE The Teletype is energized and connected to the computer as an
input/output device, under computer control.
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OFF The Teletype is de-energized. -
LOCAL The Teletype is energized for off-line.operation.

Printer

The printer provides a typed copy of input and output at 10 characters
per second, maximurn.

Keyboard i

The Teletype keyboard ig 5|m|[ar to a typewriter keyboard. However, cer-
tain operational functions are shown on the upper part of some of the
keyboard tops. These functions are activated by holding down the CTRL
key while depressing the desired key.

Although the left and right square brackets are not visible on the key-
board keytops, they are shown in the following figure and are generated
by typing SHIFT/K and SHIFT/M, respectively. The ALT MODE key is
identified as ESC (ESCape) on some keybhoards.

OQOOOOOOOLOLOO®
HOOOOOLOLOOO®®
@OOOOOLLOOO®O®
.QQ@O.@@@@@.

TPALE

ASR-33 Teletype Keyboard

Paper Tape Reader

The paper tape reader is used to read data punched on eight-channe!
perforated paper tape at a rate of 10 characters per second, maximum.
The reader controls are described below,

START Activates the reader; reader sprocket wheel is engaged and op‘
erative.

STOP  Deactivates the reader; reader sprocket wheel is engagecl but
not operative.

FREE Deactivates the reader; reader sprocket wheel is disengaged.

The following procedure describes how to properly position paper tape
in the reader.

a. Raise the tape retainer cover.
b. Set reader control to FREE. .
¢. Position the leader portion of the tape over the read pens with the
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sprocket (feed) holes over the sprocket (feed) wheel and with the
arrow on the tape {printed or cut) pointing outward.

d. Close the tape retainer cover.

e, Make sure that the tape moves freely.

f. Set reader contioi to START, and the tape will be read.

Paper Tape Punch
The paper tape punch is used to perforate eight-channel rolled oiled

paper tape at a maximum rate of 10 characters per second. The punch
contrals are described below.

RELease Disengages the tape to allow tape removal or loading.

B.SP - ' Backspaces the tape one space for each firm depres-
sion of the B.SP button.

ON (LOCK ON)  Activates the punch.

OFF (UNLOCK) Deactivates the punch,

Blank leader/trailer tape is generated hy:

--1. Turning the Teletype switch to LOCAL.
Turning the Punch ON.

. Typing the HERE [S key.

. Turning the Punch OFF,

. Turning the Teletype switch to LINE,

LR

TELETYPE CONTROL, DL11-A

The DL11 is a character-buffered communications interface that performs
two basic operations: receiving and transmitting asynchronous data.

When receiving data, the interface converts an asynchronous serial char-
" “acter from an external device into the parallel character required for
transfer to the UNIBUS. This parallel character can then be gated
through the bus to memory, a processor register, or some other device.
When transmitting data, a paral'el character from the bus is converted
to a serial line for transmission to the external device. Because the two
data transfer units (receiver and transmitter) are independent, they are
capable of simultaneous 2-way communication. The receiver and trans-
mitter each operate through two. related registers: a control and status
register for command and monitoring functions, and a data buffer regis-
ter for storing data prior to transfer to the hus or the external device.

Operation

Signals transferred between the Teletype and the control logic are stan-
dard serial, asynchronous, 11-unit code sighals. They consist of “marks"
and “spaces’ which correspond to bias and idle current in the Teletype
serial line, and 1’s and O's in the control and computer. The 11-bit code
consists of a start bit, 8 data bits, and 2 stop bits.
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VAN

RECEIVE _INPUT

§ PARALLE, DATA oL SERIAL DATA YEHE:,T’;PE

z -_ -

& —TrAnsmIT CUTPUT

.

Teletype and Control, Block Diagram -
Data Transfer DL11 External Device
RECEIVE (from external device) INPUT Keyboard or Reader
TRANSMIT (to external device) OUTPUT Printer or Punch
OLE STATE OF
LINE fe————¢pamna aws———~———-|-ﬁ|rs—r{ EOr Tt
‘j—LP“;T]‘; TIT s e ,“Wg}’:
o LS Lo il _mse]1 g2 NEw ChakhcTeR
Ss.#l'l’ - - ORE BIT TIME =OE ABALIC RATE

SERIAL DWATA CHARACTER FORMAT

The 10-bit code consists of a start bit, 8 data bits, and only 1 stop bit.

In addition to the LT33, the DL11-A can also be the controf unit for a
VTO5 Alphanumeric Terminal, or an LA30-C serial DECwriter.

REGISTERS

The UNIBUS addresses mentioned in this section apply only when the
Teletype is being used as the console terminal. When used in other appli-
cations, the addresses and vectors float, see Appendix A.

The DL11-A Teletype Control has 4 addressable registers.
Reader Status Register (TKS) 777 56D

P 4521

////////

INTERRUFT ENABLE
READER ENABLE

Effect of the Initialized (INIT) signal: clear all bits

Read only: bits 11 and 7
Write only: bit 0
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BIT NAME FUNCTION

11 Busy Set when receiving information. It is set by
the start bit and is cleared by the leading
edge of Done, bit 7.

7 Done Set when a character is available in the
Reader Data Buffer. It is cleared by any
program reference to the Reader Data
Buffer, or when Reader Enable, bit 0, is

set. .

6 Interrupt Enable Set to allow Done = 1 to cause an inter-
rupt.

] Reader Enable Set to allow the Paper Tape Reader (not

keyboard) to read one character. It is
cleared when a legitimate start bit is de-
tected.

Reader Data Buffer (YKB) 777 562

$ 2 1 w0 9% B T 8 S5 4 3 2 1 ©

DATA ¢

4

Bits 7 through O hold the coded data for the character read. The register
is double buffered. To the processor, the data is read only.

Any program reference to TKB (777 562 or 777 563) as a word or byte
will clear Done, bit 7 of the Reader Status Register.

Punch Status Register (TPS) 777 564

READY : T I
INTERRUPT ENABLE
MAINTENANCE

T _ 6

NY°

Effect of the Initialize (INIT) signal: clear bits 6 and 2, set bit 7
Read only: bit 7

BIT NAME FUNCTION

7 Ready Set when the Punch is available to accept
data. It is cleared when the Punch Data
Buffer is loaded, and is set when another
character can be loaded.
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6 Interrupt Enable Set to allow Ready = 1 to cause an inter-
rupt.
2 Maintenance Set to disable the serial line input from

the Teletype {(or termiral) and enable se-
rial output of the Punch to feed into the
Reader Data Buffer. It also forces the re-
ceiver to run at transmitter speed.

Punch Data Buffer (TPB) 777 566

DATA ’

Bits 7 through O hold the coded data for the character to be printed or
punched. The hits are cleared by the Inittalize signal. The register is
double buffered. If a RESET instruction is given after a data message, a
fill character {all zerces) must be used as the last character to prevent
losing the last character of data.

Any instruction that could modify TPB as a byte or word, clears Ready,
bit 7 of the Punch Status Register. Other program reference has no ef-
fect on the Punch Registers.

Receiver

The Reader DONE flag (bit 7 in TKS) sets when the Universal Asynchron-
ous Receiver/ Transmitter (UART) has assembled a full character. This
occurs at the middie of the first STOP bit. Because the UART is double
buffered, data remains valid until the next character is received and as-
sembied. This permits one full character time for servicing the DONE
flag.

Transmitter

The transmitter section of the UART is also double buffered. The Punch
RDY flag (bit 7 in the TPS) is set after initialization. When the buffer
{TPB) is loaded with the first character from the bus, the flag ciears but
then sets again within a fraction of a bit time. A second character can
then be loaded, which clears the Hag again. The flag then remains cleared
for nearly one full character time.

PROGRAMMING EXAMPLES -
Reading a Character (from reader or keyboard):
READ: INC TKS ;SET RDR ENB
LOOF: TSTB TKS ;LOOK FOR DONE
BPL LOOP WAIT (BRANCH) IF DONE =0
MOVE TKB,RQ ;READ CHARACTER
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Punching or Printing a Character

PUNCH: TSTB TPS
BPL PUNCH
MOVE RO, TPB

Echoing Keyboard
ECHO: TSTB TKS
BPL ECHO
LOOP: TSTB TPS
BPL LOOP
MOVB TKB,TPB
BR ECHO

;TEST FOR READY
‘WAIT IF READY = 0
:PUNCH CHARACTER

;CHARACTER AVAILABLE?
IWAIT IF DONE = 0@

;1S PUNCH READY?

iWAIT IF READY = 0

:PUNCH CHARACTER

;REPEAT FOR NEXT CHARACTER

Reading 10 Characters (by means of an interrupt)

START: MOV #10,RO
MOV #2000,R1
MOV #101,TKS

STALL: BR STALL

60:  RDRINT
62: 000200

RDPRINT: MOVB TKB,(R1)+
DEC RO
BEQ END
INC TKS
RTI

END: CLR TKS
TST(SP)-+
MOV(SP)+,PS
JMP STALL + 2

SPECIFICATIONS FOR LT733
Teleprinter

Printing speed:

Number of columns:
Numbar of characters:

Reader/Punch '
Storage medium:
Reader speed:

;SET UP COUNTER

;SET UP BUFFER POINTER
;SET EINTR ENB AND RDR ENB
;MANG UP HERE UNTIL
;BLOCK 1S READ

;START OF READER SERVICE
;ROUTINE

{RAISE PROCESSOR TO PRIORITY
(LEVEL 4

;PUT CHARACTER INTO BUFFER
;DECREMENT COUNTER

;IF COUNT = 0, BRANCH TO END
;ENABLE READER AGAIN

iRETURN FROM INTERRUPT

;CLEAR INT ENB

;POP RETURN ADDRESS

;RESTORE PROCESSOR STATUS WORD
;BACK TCO PROGRAM

10 charfsec
72
64

8-hole paper tape
10 char/sec
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Punching speed:
Data format:

Mechanical
Mounting:
Size:
Weight:

Power
Input current:
"Heat dissipation:

Environment

Operating temperature:

Relative humidity:
Models

LT33

10 char/sec
8-bit characters

1 free-standing unit
347H x 22"W x 19"D
60 Ibs

2 A at 115 VAC
200 W

15°C to 35°C
209% to 80%

LT33-DC: Teletype with KB, printer, paper tape rdrf/punch, 115

VAC, 60 Hz

LT33-DD: Teletype with KB, printer, paper tape rdr/punch, 230

VAC, 50 Hz

LT33-CC: Teletype {without paper tape capability), 115 VAC, 60 Hz
LT33-CD: Teletype {without paper tape capability), 230 VAG, 50 Hz

SPECIFICATIONS FOR DL11-A (interfaced to LT33)

Usage:

Register Addresses

Reader Status
Reader Buffer
Punch Status
Punch Buffer

UNIBUS Interface

Interrupt vector address:

Priarity level:
Bus loading:

Mechanical
Mounting:
Size:

Input current:

Control for LT33 Teletype

Alternate Names
777 560 Receiver Status {RCSR)
777 562 Receiver Buffer {RBUF)
777 564 Transmitter Status {XCSR)
777 566 Transmitter Buffer {XBUF)

&0 (for keyboard/reader)

64 (for teleprinter/ punch)

BR4 (keyboard has precedence over printer)
1 bus load

1 SPC slot
quad module

18Aat45V
0.15Aat—15Y
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LV11
ELECTROSTATIC PRINTER/PLOTTER, LVIi

DESCRIPTION

The LV1l high-speed Electrostatic Printer-Plotter provides quieter and
more reliable operation than conventional impact printers and pen plot-
ters, especially under heavy, continuous use. The entire ASCII character
set (including upper- and lower-case alphabet) is printed in 132 columns
per line at 500 lines per minute. The included control unit allows both
printing and plotting, and accommodates most DIGITAL lire printer soft-
ware. In the plotting mode, the LVLI1 prints 122,880 dots per second
{(independent of picture complexity) with a resolution of 10 bits (1024
dots per line). The Printer-Plotter uses roll paper for continuous plots and
printouts (up to 500 feet), or fanfold paper for easier handling.

The electrostatic printing technique employs a fixed writing head with
1024 addressable writing etectrodes. As the paper passes over the writ-
ing head, any (or all} of the electrodes may be requested to deposit a
charge on the coated paper. The charged paper then passes over a liquid
toner containing carbon particles; the particles are attracted to the
charged areas on the paper, causing the appearance of black dots.

The only moving parts in the LV11 are the paper-moving motor and a
small toner pump—simplicity of design that guarantees long, trouble-free
operation that more than offsets the small additional cost of the coated

paper.

CONTROLS & INDICATORS

ON/}OFF " Applies ac power to the LV11. When power is applied,
the switch is iluminated and remains depressed. De-
pressing the switch a second time removes power
from the unit.

PAPER ADVANCE Depressing this switch causes paper to advance pro-
vided no data remains in the data buffer. The switch
remains inoperative until the data is printed. Printing
rmay be accomplished under computer control or by
depressing the FORM FEED switch located just below
the PAPER ADVANCE switch. Paper movement will
continue until the switch is released.

FORM FEED This switch causes the printer to enter a print cycle
and print any data remaining in the data buffer. Upon
completion of printing of the line, the paper is ad-
vanced to the top of the next page when using fanfold
paper and the ROLL/FAN FOLD switch is in the FAN
FOLD position, or for a distance of 2-1/2 inches when
this switch is in the ROLL position.
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LOW PAPER

CONTRAST
ADJUSTMENT

ROLL/FAN FOLD

Lv11

This indicator is red in color and, when illuminated,
indicates an out-of-paper condition in the printer. The
LV11 will not accept data when this condition exists.
An additional suppiy of paper should be loaded.

The contrast adjustment is located inside the front
panel and is labeled DARK. lts purpose is to allow the
operator to compensate for variations in contrast due
to humidity changes in the atmosphere. It should be
turned as far clockwise as necessary to permit high
contrast writing without excessive background writing.

This switch is located on the frame behind the front
door. When this switch is in the ROLL position, the
top-of-form detection circuit is disabled. The paper is
advanced 214 inches for an FF and 8 inches for an
EOT. When in the FAN FOLD position, the printer
commands are executed. Should this switch be placed
in the FAN FOLD position when using roll paper, the
top-of-form circuitry will be disabled following the first
FF or EOT command. These commands will then be
treated as an LF command when in print mode, or as
a Line Terminate in the piot mode.

CAUTION

Shoutd any of the manual controls be depressed
while the LV11 is in operation, printing will be in-
terrupted to perform the manuat function indi-

cated.

*

REGISTERS

+

Control and Status Register (LVCS) 777 514

4 3 2 1 1]

ERROR

READY

WNTERRUPT ENASLE

BUFFER CLEAR

REWMOTE END OF TR

REMOTE FORM FEED

SEHON

|”V"/////%[j%1|‘

HHI

ilNE T E
MODE CONTROL

Effect of the Initialize (INIT) signak: clear bits 6 and O

Read only: bits 15 and 7 ~
Write only:  bits 4 through 1
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BIT NAME FUNCTION

15 Error Set when an error condition exists in
the printer. Error conditions are:

1. No Paper

2. Power off

3. No printer connected to control
unit.

This bit is reset only by manual cor-
rection of the error condition.

7 Ready Set when the printer is ready to re-
ceive the next data transfer. Indicates
that the previous function is either
eomplete or has been started and con-
tinued to a point where the printer can
accept the next data.

6 Interrupt Enable Set to atlow Ready or Error = 1 to
' cause an interrupt.
4 Buffer Clear Set 1o clear the huffer indicated by the
Mode Controt bit. :
3 Remote End of Set to perform an EQT when in plot
Transmission mode.
2 Remaote Form Feed Set to perform an FF when in the plot
made.-
1 Line Terminate Set to print the graphics line prior to

receipt of a complete scan line.

0 Mode Control Selects printer or plotter operation:
0O = printer, 1 = plotter. .

Data Buffer Register (LVDB) 777 516

Y

DATA 4
BIT  NAME FUNCTION
7-0  Data Eight-bit data buffer. Bits 6 to O con-

tain the ASCH characters. Bit 7 is
used only in the plot mode.
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SPECIFICATIONS

Printing Specifications
Number of columnps:
Number of characters:
Printing speed:

Type of printing:
Vertical spacing:
Horizontal spacing:
Memory:

Plotting Specifications
Plotting area:

Total writing points:
Vertical spacing:
Horizontal spacing:
Input:

Data transfer rate:
Plotting speed:
Memory:

Paper
Type:

Slew speed:

Register Addresses
Control and Status (LVCS)
Data Buffer (LVDB)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Mounting:
Size:
Weight:

Power
Input current:

Heat dissipation:

Environment
Opearating temperature:
Relative humidity:

Madels
Lv11-BA: Printer and control,
LV11-BE: o

LV11

132

96

500 line/min

electrostatic, 7 x 9 dot matrix
8 linesfinch

12.5 charfinch

one-line huffer (132 char)

10.24 sq inches

1024

100 lines/inch

100 pointsfinch

8-bit paraliel bytes
500,000 bytes{sec
122,880 dots{second
one-line buffer (1024 bits)

roll, 11" wide x 500 ft long
fanfold, 11" wide x 1000 sheets
1.2 inches/sec

777 514
777 516

200
BR4
1 bus load

1 free-standing unit 4 1 SPC siot
387H x 19"W x 18"D + quad moduie
160 lbs

5 A at 115 VAC ' Py
1.5 A at +5 V¥ {for control)
600 W

10°C t0 43°C
20% to 809

115 VAC, 60 Hz
230 VAC, 50 Hz
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‘MF11
ME11

CORE MEMORY

Core memory is available in basic increments of 8,192 words (8K). Core -
memory is a read/write, random access, cecincident current memory with
a cycle time of 900 nsec and an access time of 360 nsec. It is organized
in a 30, 3-wire (X, Y, & sense/inhibit) planar configuration using 18 mil
magnetic cores. A stored word contains 16 bits. Each word contains two
8-bit bytes. All PDP-11 CPU’s can handle either full word or byte address-

ing.

Options

The MM11.L is the basic unit of core memory. It contains 8K words, and
motnts either in dedicated space within a CPL, or within an MF11-L or
MEI1l-L. The MF11-L contains 8K of memory, but it also includes cables
and a mounting assembiy that can be expanded to 16K, 20K, or 24K.
The mounting assembly occupies the space of 2 System Units {SU), but
it is an integrated doubte 5U that has 9 modules slots, instead of the 8
slots available from 2 separate SU's. Each BK of memory uses 3 modules
slots. The MF1l-L cannct mount in the BAI1l-ES Extension Mounting
Box, but in the sliding drawer assembly of a POP-11/40 or 11/45 (or an
HS60-D cabinet).

The MELL-L is a compietely self-contained core memory system. It is an
MF11-L mounted in a 514" high box that includes a power supply to
take care of the current requirements for 24K words. The ME11l-L has
chassis slides and mounts in a standard PDP-11 cabinet.

Other core memory options available include an MM11-S that has 8K
words and mounts in a single System Unit; and an MM11-LK that has
12K of words of memory and uses the remaining space {6 modules slots)
within an MF11-L or ME11-L.

CORE MEMORY SPECIFICATIONS

Access time: 360 nsec
Cycle time: 900 nsec
Word size: _ 16 bits (2 8-bit bytes)
UNIBUS loading: 1 bus load per 8K
Operating temperature: G°Cto 50°C
Relative humidity: 109,10 90%, (non-condensing)
Power dissipation: 125 W per 8K
Current requirements: + 5¥ . — 15V
8K words (active) 34A 6.0A
8K words (standby) 1.7 0.5
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Model No, Words  Mounting Space Description

MF11-L 8K 28U includes a double system
unit mounting assembly,
expandable to 24K.

MM11.L ' 8K {in MF11-L Memory expansion
or ME11-L)
MMI1-LK 12K {in MF11-L Memoary expansion
or ME11-L)
MM11-5 8K 15U Includes System Unit
ME11-LA 8K panel mount, Inciudes mounting assembly
5147 high and power supply, expandable
to 24K, Reguires 5A at
115 YAC.
MELI-LB 8K (same as ME11-LA, except requires 2.5A at
230 VAC) i

Core Memory Configurations

MAMIEL

i [{:14]

MMTL-LE
[12&)

M5 1-L DOUBLE ML ] TAMIT-L

[ ME1+D L) [(.143 | {13}

(114 l [BX} } [aK] l ! [117)

k
Word storage: 8K 16K 20K 24K
Bus loads: 1 2 3 3

Current at + 5V: 34A 51A 68A 6.8 A
Current at — 15V: 6.0A 65 A 7.0A 70A

PARITY CORE MEMORY

Parity core memory is available orr the PDP-11/40 and 11/45 to check
the integrity of stored data. A total of 18 bits are stored per word, with
one parity bit per 8-bit byte. Odd parity is generated when writing to
memory, and is checked when reading from memory. The 8 bits of each
byte are checked for the number of 1's; if the number is even, a 1 is
written into the parity bit to make the total number of 1's (byte plus
parity) cdd. When reading out, the 9 bits are checked for an odd number
of 1's; if the number is even, an error is indicated.

Error Indication

Although parity is always monitored within the memory system, indica-
tion of a parity error to the CPU (or bus master) can be enabled or dis-
abled under program contral. Compared to nonparity core, access time
increases by 125 nsec when Error Indication is enabled and 30 nsec
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when disabled; the cycle time remains the same. If Error Indication is
enabled, a parity error will cause the processor tc enter a trap service
routine through a vector at address 114,

Camparison

Parity core memory is similar to non-parity. Mounting space require-
ments are the same as the MM11-L 8K word sections. All the extra logic
is contained on a double height module, called Parity Control. Only one
control is needed per 24K parity words, and it fits within the same
double Systerm Unit space needed by the rest of the Memory System.

Parity and non-parity can be mixed in the same system, but not within
the same physical mounting assembly. The MFE1l-L holds nonparity
memory only, and the MF11-LP holds parity memory only.

Control and $tatus Register (CSR)

15 14 121 5 & 32 ot o
h A
ERROR —} ’ T
ERROR ADDRESS
WRITE WRONG ParITY

ERROR INDICATION EMABLE

Effect of the Initialize (INIT) signal: clear bits 15, 2, and 0.
- BIT  NAME FUNCTION

15  Error Set when a parity error ocours, even if Error
Indication is not enabled.

11-5 Error Address Contains the 7 highest order address bits (17
through 11) of the most recent location
causing a parity error.

2 Write Wrong Diagnostic aid to force a parity error, Set to
Parity cause the controtler to gdnerate incosrect
parity on write cycles (DATO or DATOB),
forcing a parity error on the next read cycle

(DAT1 or DATIP) to the same location.

0 Error Indication Set to enable error indication on the UNIBUS.
Enable )

'There is one CSR per 24K of parity core memory. The address of the
CSR is in the range 772 100 to 772 136. The address to be used de-
pends on where the parity memory is placed in memory address space.
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PARITY CORE MEMORY SPECIFICATIONS

Access time:

Cycle time:

Word size:

Parity:

Control and Status Register
Trap vector address:
CSR addresses:

UNIBUS loading:

Current requirements:

485 nsec, error indication enabled
390 nsec, error indication disabled

900 nsec

18 bits {includes 2 parity bits, 1 per
byte) :

Qdd

114
772100 t0 772136

1 bus foad per 8K
1 bus load for Parity Control (each 24K)

+ 5V — 15V
8K words (active) 36 A 65 A
8K words (standby) 1.8 0.6
Parity Control 1.2
Modei No. Words  Mounting Space Description

MF11-LP 8K 2s0

Parity memary, includes a
double system unit, parity
control and space for 24K
total parity memory

MM11-LP 8K (in MF11-LP)  Parity memory expansion
Bus Mounting
Words Options Loads J 5V — 15V Space
8K MF11-LP 2 48A 65A 28U
18K MF11-LP 4+ MM11-LP 3 66 7.1 2
24K MF11-LP 4 (2) MM11-LP 4 _ 8.4 7.7 2
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SEMICONDUCTOR MEMORY

To take advantage of the superior performance of the PDP-11/45, bipolar
and MOS semiconductor memories are offered. These faster memories
allow obviously faster computer processing, and are especially useful in
storing often used data and instructions. Semiconductor memory plus
clever programming can yleld much improved perfoermance and reduced
throughput time.

Provision is made for semiconductor memory as an integrated part of
the PDP-11/45. A dedicated, pre-wired area within the main CPLU assem-
bty is provided. All necessary interfacing and power have been arranged.
Configuration optimization has already been performed.

The PDP-11/4% can handle a maximum semiconductor memory size of:

a) BK words of bipolar, or
b) 32K words of MOS, or
c) 4K words of bipelar plus 16K words of MOS

The semiconductor read/write, random access memory is-available with
parity. There would be one parity bit per 8-bit byte,

Bipolar memory is the fastest type offered; it has an access time of 200
nsec and a cycle time of 300 nsec. MOS is a little slower, but it offers
higher packaging density. It has an access time of 350 nsec and a cycie
time of 450 nsec. When semiconductor memory is read, the contents are
not destroyed, so that information does not have to be restored as with
core memory. This markedly decreases the cycle time.

Interface to the PDP-11{/45

In addition to the standard UNIBUS, the PDP-11/45 has an internal data
path that is connected to Semiconductor Memory for faster transfers and
performance. Actually, Semiconductor Memory contains fwo ports, s0
that it can be connected to both buses at the same time. Access control
would be shared.

Options

Semiconductor Memory consists of two parts; a Semiconductor Memory
Control and the units of Semiconductor Memory themselves, A maximum
of two controls can be used with any single processor. Each control can
handle up to 4K of bipolar or 16K of MOS. Semiconductor Memory is
availabte in increments of 1K for bipolar and 4K for MOS.

Parity on Semicenducter Memory

There is one Control and Status Registers (CSR) per Semiconductor Con-
trol when parity memory is implemented. {Maximum of 2 CSR's in a sys-
tem). The addresses of the CSR's are in the range 772 100 to 772 136.
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POP-11/45
INTERMAL
UNIBLS  .DATA PATH

SEMICONDUCTOR SEMICONDUCTOR
CONTROL CONTROL

SEMICONDUCTOR | SEMICONDUCTOR
MEMORY MEMORY

SEMICOMDUCTOR SEMICONDUCTOR
MEMORY MEMORY

SEMICONDUCTOR SEMICONDUCTOR
MEMO MEMORY

SEMICONDUCTOR SEMICONDUCTOR
MEMORY MEMORY

Block Diagram of Semiconductor Memory System

Control and Status Register (CSR)

ERROR
'WRITE WRONG PARITY
ERROA JBINCATION EMABLE

|

I //.///////Zf%}l

Effect of the Initialize (INIT) signal: clear all bits

BIT
15

2

NAME
Error

Write Wrong
Parity

Errar Indication
Enable

FUNCTION

Set when a parity error occurs, even if Error
Indication is not enabled.

Diagnostic aid to force a parity error. Set to
cause the control to generate incorrect parity
on write cycles, forcing a parity error on the
next read cycle to the same location.

Set to enable error indication.

-
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If Error Indication is enabled, a parity error will cause the processor to
enter a trap service routine through a vector at address 114,

There is no increase in meounting space requirements with parity
semiconductor memory. The same semiconductor control (MS11-CC,
MS11-BC, or MS511-BD) is used, with or without parity.

SEMICONDUCTOR MEMORY SPECIFICATIONS (PDP-11/45 only)

Bipolar - MOS
Access time: 200 nsec 350 nsec
Cycle time: . 300 nsec 450 nsec
Word size: 16 hits (18 bits with parity)
Memory increments: 1K words 4K words
Max memory size: 8K wards of bipolar,

or 32K words of MOS,
or 4K words of bipolar and 16K of MOS
Control and Status Register (parity only)

Trap vector address: 114
CSR addresses: 772 100 t0 772 136
UNIBUS loading: 1 bus load per.control {(max of 2 controls)
Operating temperature: 0°C to 50°C
Relative humidity: 1094 to 809,
Model No. Type Description
MS11-CC bipolar Contral for 1 to 4 bipolar memories
MS1i-CM bipolar 1K memory
MS11-CP hipolar 1K memory, with parity
M511-BC MOS Control for 1 to 4 MOS memotries, first group
MS11-BD MOS Control for 1 to 4 MOS memories, second
group
MS11-BM MOS 4K memory
MS11-BP MOS 4K memory, with parity
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PR11

HIGH SPEED PAPER TAPE READER/PUNCH PCl1

DESCRIPTION

The PC11 High Speed Reader & Punch is capable of reading eight-hole

unoited perforated paper tape at 300 characters per second, and punch-

ing tape at 50 characters per second., The system consists of a Paper
. Tape Reader/Punch and Control. A unit containing a reader only (PR11)

is also available.

Operation -

In reading tape, a set of photodiodes translate the presence or absence
of holes in the tape to logic levels representing I's and O's. In punching
tape, 2 mechanism translates logic levels representing I's and O's to the
presence or absence of holes in the tape. Any information read or
punched is parallel-transferred through the Control. When an address is
placed on the UNIBUS, the Control decodes the address and determines
if the reader or punch has been selected. If one of the four device regis-
ter addresses have been selected, the Control determines whether an’
input or an output operation should -be performed. An input operation
from the reader is initiated when the processor transmits a command to
the Paper Tape Reader Status register. An cutput operation is initiated
when the processor transfers a byte to the Paper Tape Punch Buffer
Register.

The Control enables the PDP-11 System to control the reading or punch-
ing of paper tape in a flexible manner. The reader can be operated inde-
pendently of the punch, either device can be under direct program con-
trol or can operate without direct supervision through the use of inter-
rupts, to maintain continuous operation.

High-Speed Paper Tape Reader/Punch

4.262



PC11

Paper tape is loaded into the reader as explained below.
1. Raise tape retainer cover,

2. Put tape into right-hand bin with channel one of the tape toward the
rear of the bin.

3. Place several folds of blank tape through the reader and into the feft-
hand bin.

4. Place the tape over the reader head with feed holes engaged in the
teeth of the sprocket wheel.

5. Close the tape retainer cover,

6. Depress the READER FEED button until ieader tape is over the reader
head.,
CAUTION
Qiled paper tape should not be used in the high-
spead reader or punch, Qil collects dust and dirt
which can cause reader or punch errors.

SWITCHES
PUNCH FEED Punch leader tape.
ON LINE Allow reading of tape.
READER {
OFF LINE Disable reading of tape.
READER FEED Manual feeding of tape through read sta-
tion.
REGISTERS

Papertape Reader Status Register (PRS) 777 550

15 44 i3 2 7 _& 5 2 1 Q
d

_T

CONE
READER INTERRUPT ENABLE
READER ENABLE

Effect of the Initialize (INIT) signal: clear bits 11, 7, and &

Read only: bits 15, 11, and 7
Write only: bit O

BIT NAME FUNCTION

15 Error Set when an error occurs; no tape in
reader, reader is off-line, or reader has no
power.
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11  Busy Set when a character is being read. It is
set when Reader Enable is set, and cleared
when the present operation is complete
(Done is set).

7 Done Set when a character is available in the
Reader Data Buffer. It is cleared by any
prograrn reference to the Reader Data
Buffer, or by setting Reader Enable.

6 Interrupt Enable Set to allow Error or Done = 1 to cause
an interrupt.

] Reader Enable Set to allow the Reader to fetch one char-
acter. The setting of this bit clears Dane,
sets Busy, and clears the Reader Buffer
(PRB). Operation of this bit is disabled if
Error = 1; attempting to set it when Error
= 1 will cause an immediate interrupt if

' Interrupt Enable = 1.

Papertape Reader Buffer (PRB) 777 552

Ul L0

DATA 4

Bits 7 through @ hold the coded data for the character read. The bits are
cleared when Reader Enable, bit 0 of PRS, is set. To the processor, the
data is read only.

Any program reference to PRB (777 552 or 777 553) as a word or byte
will clear Done, bit 7 of PRS.

Papertape Punch Status (PP5) 777 554

13

m_r i

READY
PUNCH INTERRUFT ENABLE

Effect of the Initialize ([NIT) signal: clear bit 5, set bit 7
Read only: bits 1% and 7
BIT NAME ’ FUNCTION

15  Error Set when an error oceurs; no tape in
punch, or punch has no power.
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7 Ready Set when ready to punch a character. It is
cleared when the Punch Buffer is loaded,
and is set when punching is done,

G Interrupt Enable Set to allow Error or Ready = 1 to cause
an interrupt.

Papertape Punch Buffer Register (PPB) 777 556

14 ‘I 11 IO 9 B T 6 5 4 3 2 V0

i . . . ..

DATA i)

Bits 7 through O hold the coded data for the character to be punched.
To the processor, the data is write only.

Any instruction that could modify PPB as a word or byte, clears Ready
{bit 7 of PPS) and initiates punching. An immediate interrupt wil§ occur
when punching is initiated if Error = 1 and Interrupt Enable — 1.

PROGRAMMING

Program Control of the Reader

The sequence of instructions that follows reads one byte from the paper
tape and deposits it in general register 0. If a reader error is sensed, the
program branches to an error routine, which may type out a imessage
and then wait for operator intervention.

READ: INC PRS ;SET RDR ENB
LOOP:  TST PRS ;LOOK FCR ERROR
BMI ERR 'BRANCH ON ERROR =1
TSTB PRS ;LOOK FOR DONE
BPL LOOP TWAIT IF DONE = O
MOV  PRB, RO ;READ CHARACTER

A shorter form of the test loop is possible, as shown below:

READ: INC PRS )
LOOP: BIT #100200, PRS ;TEST BITS 15 AND 7

BEQ LOOP ;WAIT 1F NO BITS SET
BMI ERR ;ERROR IF BIT 15 SET -
MOV  PRB, RO ;IF BIT THAT IS SET IS NOT BIT 15,

;MUST BE BIT 7

Reader Interrupt Service

The PDP-11 System can combine PCl1 operations with other processing
by using the interrupt mode of device operation. When a device operation
has been initiated, the PC11 continues without supervision until the oper-
ation is complete {or an error occurs); the remainder of the PDP-11 Sys-
tem is free to perform other cperations. When the PC11 Control requires
further service, the processor is notified by an interrupt.

4.255



PC11

The program that foliows can be used to read a block of 128 characters
from the paper tape to a buffer.

START: MOV #-200,R0 ;INITIALIZE COUNTER
MOV #101,PRS ;SET INTR ENB AND RDR ENB
HANG: BR HANG ;HANG UP HERE UNTIL BLOCK IS
iREAD
70: RDRINT ;VECTOR TO INTERRUPT ROUTINE
72: 200 iSETS STATUS TO PRIORITY 4
RDRINT: TSTPRS ;TEST FOR ERROR
BMi ERR ;TYPE OUT MESSAGE IF ERRCR
MOVB PRB,BUFEND(RO) ;FILL BUFFER STARTING AT BUF-
;END-200{0CTAL)
INC RO ;COUNT ONE BYTE AND MOVE
;POINTER
BEQ OUT ;WHEN COUNT 1S ZERO, EXIT
;LOOP
INC PRS ;ENABLE READER AGAIN
RTI 'RETURN FROM INTERRUPT
ouT: ADD #4,SP ;UNSTACK INTERRUPT PC AND PS
CLR PRS ;INHIBIT FURTHER INTERRUPTS
JMP HANG 4+ 2 ;CONTINUE MAIN PROGRAM
NOTE

The position of the buffer used by this program
is specified by the end of the buffer, not the be-
ginning. The indexed address uses the negative
counter values to access bytes at decreasing dis-
tances from this base address,

Two operations performed by this program require caution. When a pro-
gram accesses the same or contigucus locations, the program coperating
speed increases if the iocations are addressed through a register. If this
is done either no other use can be made of this register or: a) the inter-
rupt service routine must stack the former contents of the register, b)
the counter must be moved from a temporary sterage location to the
register, ¢) the register must be used, and d) the storage operations re-
versed. In this example where the processor does not do any other pro-
cessing, no conflicts with the use of the register occur.

A second caution refers to the terminating exit from the service routine.
When the exit does not occur through an RTI instruction, the main pro-
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gram PC (Program Counter) and PS {Processor Status) words that are
stacked by the interrupt must be removed from the stack. The ADD in-
struction at OUT performs the operation. If this operation is not per-
formed, the values stacked by other operations previous to the interrupt
are not properly accessible,

Punch Programmed Service

The sequence of instructions that follows transfer one byte from register
0 to the paper tape. When controlling the punch, the READY bit of the
PPS register is checked before the transfer; when controlling the reader,
the DONE bit of the PRS register is checked after a command.

PUNCH: BIT #100200,PPS ;CHECK PUNCH STATUS

BEQ PUNCH ;IF NOT READY OR ERROR, WAIT
BMI ERROR ;PROCESS ERROR [F ANY
MOV RO,PPB ;OUTPUT CHARACTER

Punch Interrupt Service

This interrupt service routine outputs 8-bit codes to the paper tape, un-
less they are ASCIl representations of the formatfing characters Line
Feed, Rubouf, ar Form Feed. Line Feeds and Rubouts are ignored {not
punched), and the program stops punching when the character read
from the buffer is a Form Feed. The Form Feed is not punched. The pro-
gram transfers the contents of a buffer: a) starting at a preselected ad-
dress to paper tape, b) stopping automatically when it reads an end-of-
buffer character, and ¢) performing simple character editing.

The interrupt service routine is called into operation when the following
sequence of instructions is encountered in the main program:

RO = %0 ;REGISTER ZERO

SP = 2,46 ;REGISTER 81X

PC = 947 'REGISTER SEVEN

PS = 777776 ;PROCESSOR STATUS WORD
CLR PUNDON " ;CLEAR SOFTWARE FLAG
MOV #BUFFER,POINTER ";SET UP BUFFER POINTER
MOV #100,PPS ;SET PUNCH INTR ENB

This instruction Sequence sets up the system by initializing the service
routine and enabling interrupts from the punch,

If the punch is idle, an interrupt occurs immediately; otherwise, the first
interrupt is delayed until the current operation is completed. The soft-
ware flag is used by the main program to provide a check on the prog-
ress of the output. This occurs in the following manner: The main pro-
gram continues with other processing until the use of the punch is re-

4-257



PC11

quired, or further processing is dependent on completion of the output.
At this point the sequence of instructions shown below is executed.

LOOP:  TST PUNDON ;CHECK SOFTWARE FLAG
BPL LOOP

if the interrupt service routine has not set the flag, the processor stays
in this wait loop, allowing interrupts for further output operations, until
the routine signals that it is finished.

‘In this example, the interrupt routine to service the punch requires the
following sequence of instructions:

74: PCHINT ;VECTOR TO ROUTINE
76: 200 'NEW STATUS WORD
PCHINT: MOV RO,~(SP) 'SAVE REGISTER ZERO
MOV POINTER,R0  ;SETUP REGISTER
TST PPS ;CHECK NO ERRORS
BMI ERROR ;IF ERROR, EXIT WITH LAST BUFFER
;POSITION IN RO
RETEST: CMPB (R0),#212  ;LINE FEED?
BNE TEST2 iNO, CONTINUE
INC RO ;YES, IGNORE CHARACTER
BR RETEST ;AND TEST NEXT CHARACTER
TEST2: CMPFB (R0),#377  ;RUBOUT?
BNE TEST3 ;NO, CONTINUE
INC RO iYES, IGNORE
BR RETEST
TEST3: CMPB (R0),#214  ;FORM FEED?
BEQ OUT iYES, EXIT
MOVB (RO} + ,PPB  ;NO, OUTPUT CHARACTER
MOV RO,POINTER  ;SAVE REGISTER
MOV (SP) + ,RD ;UNSTACK PREVIOUS CONTENTS
RTI :NORMAL RETURN
OUT: MOV (SP) + .RO ;RESTORE TO PREVIOUS STATUS
COM PUNDON :SET SOFTWARE FLAG
CLR PPS :CLEAR INT ENB
RT
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POINTER: O
PUNDON: O
SPECIFICATIONS

Main Specifications
Storage medium:
Reader speed:
Punch speed:
Paper type:

Data format:

Register Addresses
Reader Status (PRS)
Reader Buffer (PRB)
Punch Status (PPS)
Punch Buffer {PPB)

UNIBUS Interface

Interrupt vecter address:

Pricrity level:
Bus loading:

Mechanical
Mounting:
Size:
Weight:

Power
Input current:

Heat dissipation:

Environment
Operating temperature:
Relative humidity:

PC11

8-hole paper tape, unciled
300 char/sec

50 char/sec

fanfold

8-bit characters

777 550
777 552
777 554
777 556

70 (for reader)

74 (for punch)

BR4 (reader has precedence over punch)
1 bus joad

1 panei mounted unit + 1 SPC slot
104" front panel height -+ quad module
50 lbs

3 Aat 115 VAC
1.5Aat 45V
350 W

13°Cto 38°C
20% t0'959%

Models .

PC11: Reader{punch and control, 115 VAC, 60 Hz
PC11-A: " , 230 VAC, 50 Hz
PR11: Reader and control

H722: Transformer (required for 230 VAC, 50 Hz operation of

PC11-A or PR11)
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RC11
RS64

DEC DiSK, RC11

DESCRIPTICN

The RC11 is a fast, low-cost, random access, bulk storage system. An
RC1! provides 65,536 16-bit words of storage. Up to four RS64 disks
can be controlled by one RC11 Control for a total of 262,144 words of
storage. Disk functions include: look ahead, read, write, and write check,
as well as a “look ahead’ register which indicates current disk position.
An RC11 includes a Control Unit and the first Disk Drive.

QOperation

The disk stores data in a 32 x 16-bit word block format. Cyclic Redun-
dancy Check (CRC) error detection is performed auvtomatically by the
Control on a block basis, the biocks being randomly addressable. A self-
synchronizing, phase-tock clock recovery system is used to ensure ex
ceptional data reliability. This technique facilitates data recovery in the
event of restart after a power failure or during pericds of high shock or
vibration.

Fast track switching time permits spiral read and write. Data may be
read or written as 32-word blocks., From I to 2,048 blocks can be
accessed at a time. When the last address on a track or surface has
been used, the Control.will avtomatically advance to the next track or to
the first track of a new disk surface.

Each RS564 disk unit has a set of switches for Write protecting the disk.
The Write Lock ENABLE/DISABLE switch determines whether protection
is desired or not. If this switch is in ENABLE position, writing data on
tracks selected by five switches is not allowed. The setting of five
switches below the ENABLE/ DISABLE switch forms a binary number that
corresponds to the number of a track; when write protection is in effect,
all tracks numbered from zero to the selected number (both inclusive}
are write protected. Any attemp} to write in a write protected area wili
result in an error indication by the Control,

There are 3 timing tracks pius 3 spare {pre-recorded} that can be used
for data recovery if primary timing tracks are lost.

Real-time look ahead is provided by the Control for the processor. This
feature lets the processor continuously monitor the current position of
the disk and minimize latency.

CONTROLS

Power Controls _

Each RS64 Disk Unit has a circuit breaker to control the application of
primary power and a three position (REMOTE/OFF/LOCAL) slide switch
to turn on the iogic power, In general, the main circuit breaker is left in
the ON position with the power cord plugged into an uninterrupted ac
outlet to run the maotor. The slide switch is left in the REMOTE position
to allow application of logic power when the PDP-11 is turned on through
the remote power contral circuit.
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Write Protection Facilities

Each RS64 Disk Unit has a set of write lock switches mounted on the
back. The WRITE LOCKOUT ENABLE/DISABLE switch determines
whether any of the tracks are protected from write access. If this switch
is in the ENABLE position, the RS64 Unit prohibits the transfer of data -
to tracks selected by ‘the five write lock switches, but allows transfers
of data from any track. That is, any data track may be read, but only
tracks that are not write locked may he written.

The settings of the five write lock switches form a binary number that
corresponds to the number of a track. When the write lock function is
enabled, all tracks numbered from O to the selected number, inclusive,
are protected from write access. For example, if the switches are set fo
00111, eight tracks numbered from O ta 7 (track numbers are in octal)
are write locked, and 24 tracks numbered from 10, to 37, are write
enabled. If the WRITE LOCKOUT ENABLE/DISABLE switch is in the DIS-
ABLE position, ali 32 tracks numbered from Q. to 37, are write enabled.

Unit Number Assignment

Each disk unit has an assigned number and a five-position unit select
switch {see Figure} that is used to set up this number assignment. A
disk unit ray have one of four unit numbers {(numbered 0-3) or may be
off-line, that is, not responding to any unit number.

When the RC11 Control asserts a unit select signal, any disk unit that
has been set to that unit number responds. The RC11 Control cannot
respond to a nurnber if multipte RS54 Units are assigned the same unit
number. This situation must be avoided for proper operation of the disk
system.

REGISTERS

Look Ahead Register (RCLA} 777 440

This register always points to the sector address currently passing under
read/write heads. Track number and unit numbhbers are copied from the
disk address register {RCDA) into this register. RCLA is a real time reg-
ister and the controller constantly updates it with new sector address
read from the disk at appropriate times.

In order to insure that its contents do not change while being read by
the processor the coniroller may skip updating RCLA when necessary.
All sector address codes recorded on the disk are sequential and should
appear in RCLA sequentially. However, if the time of update happens to
coincide with the time of reading this register, the controller will skip
updating and will correct itself at the next sector.

15 14 13 @2 1 1 3 8 7 6 &5 4 3 2 A9 O
I
L ]_ -y 1 I i L l -l L] ]
I.___‘_,__\___a' [ s
[-F)
MORESS
UNIT NHUMBER
TRACK NUMBER
SECTOR ADDRESS
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Effect of the Initialize (INIT)} signal: clear bits 12 through 6.
Read only: all bits

BIT NAME FUNCTION

15 Bad Address Set at the time of sector address update if
unit or track switching is in progress or an
address error is encountered. RC11 takes
approximately 8 milliseconds to switch from
unit to unit and 300 microseconds to switch
from track to track on a unit,

12-11 LUnit Number Selects 1 of 4 disk units. -
BIT 11 BIT 12 UNIT
o 0 0
1 0 1
0 1 2
1 1 3
These bits are same as RCDA 12-11.
10-6 Track Number Indicates which of the 32 tracks on currently

selected disk is active. These bits are iden-
tical to RCDA 10-6.

5-0 Sector Address Indicates the sector address just read from
the selected disk.

Disk Address Register (RCDA) 777 442

Before any transfer between UNIBUS and RS64, RC11 must select and
confirm a particular area on the disk. Each disk surface is divided into
64 sectors. Each sector has 32 data words. The disk address register js
loaded with a number that selects one of four disk units, specific track
and sector for transfer. To effect those fransfers which require more
than one sector, RCDA is incremented automaticaily after each sector
has been transferred. After the last sector of a track (77). has been
operated on, first sector (sector 0) of the next track is selected due to
incrementing. In a similar fashion after the last sector of the last track
{track 37,), first sector on the first track (track 0) of the next unit is se-
lected automatically.

The program can specify or the Control may increment to a nonexistent
disk unit. Response of the controller to such a situation is in the com-
mand and status register, RCCS.

15 4 ¢33 12 11 10 % B T & 5 4 I 2 1

o]
' |
I 1 i I 1 1 | L 1 I 1 |
[¥ o e
UNIT NUMBER —— T
TRACK NUMBER

SECTOR ADDRESS
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Etfect of the Initialize (INIT) signal: clear all bits.

BIT NAME ) FUNCTION

12-11 Unit Number Selects 1 of 4 disk units. Unit number is in-
cremented by track number overflow. Unit
number overflow sets disk overflow condition
and indicates a non-existent disk status in
RCCS if the word count did not overflow, i.e.,
desired number of transfers are not com-
plete. This prevents wraparound transfers
from disk 3 to disk 0.

106  Track Number These bits are transmitted to the disk units
for selecting a track; the track number is in-
cremented by sector address overflow. When
track number overflows, unit number in
RCDA 12-11 is incremented,

-0 Sector Address Specifies a sector for transfers. After the’
sector has been transferred RCDA is incre-
mented. Sector address overflow increments
track number in RCDA 10-6,

Disk Error Status Register (RCER) 777 444

This register indicates error conditions that result from improper pro
gramming or eguipment malfunction. When error conditions are sensed
by the controller, any current operation in progress is aborted at appro-
priate time. This will cause an interrupt if interrupt enable bit (RCCS &)
is set. All error bits in this register are read only and cleared when a new
RC11 operation is started. Initiatize also clears this register.

/W’M//////

DATA LATE —T I
BLQCKCI'W(ERHOR

DAYA SYNC ERROR
NON-EXIST, MEMORY
A TRACK ERROR
ADDRESS PARITY
SYNC ADDRESS ERROR
DISK OVERFLOW
MISSED TRANSFER

BIT NAME : FUNCTION

15 Data Late (DRL) i RC11 requests conirol of the UNIBUS
to conduct transfers. Such reguests are
made for each word. If, for any reason,
request is not granted in time and RC11
requests another transfer, then this bit
is set to indicate loss of data. Because
RC11 cperates on block structured data,

4263



14

13

12

Block Check Error

Data Sync. Error

Non-Existent Memory
{NEM)

A Track Error

Address Parity

Address Sync

Disk Overflow

RC11

word count and current address regis-
ters must be reinitialized and transfer
restarted at the beginning of the sector.

Set if the cyclic redundancy check {CRC)
that is read back from the disk doegs not
agree with the computed check on the
data just read.

Data formats on RCI11 are chosen such
that data biock occurs hetween iwo
markers on the mark track; data mark
should be sensed first on mark track
and data for that block should be com-
ptete before sensing an address mark
on mark track. This bit is set if a viola-
tion is sensed by the controller.

Set if RCL1 initiates a UNIBUS data
transfer and does not receive a slave
sync. signal within a predetermined time
after it asserted Master sync. This con-
dition usually indicates no register or
memory has been assigned to that ad-
dress,

RS64 unit employs NRZI recording tech-
nique that can be used to determine if
a hit has been lost or extra bit read. If
this happens on the ciock track {A-track)
then bit is set.

Set to indicate parity failure of the sec-
tor address code, ’

Set to indicate that a data mark signal
from Mark track is received and the con-
troller still has not detected end of seg-
tor address assembly. This situation may
be due to missing the sync mark which
precedes all sector address codes or
spurious response from the Mark track.

f the disk address register (RCDA) over-
flows, the unit number changes from 3
te 0. This bit is set to indicate this situ-
ation. If word count overflow did not
occcur {i.e. more data transfers are to be
made), this bit will also indicate non-
existent disk (NED) condition by setting
bit 11 in RCCS.
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Missed Transfer

RC11

Set to indicate that RC11 did not make
a non-processor request for data transfer
since initiating a function and the disk
revolved more than once.

Disk Control and Status Register (RCCS) 777 446

15 14 13 12

o 9 8 7 &£ 5 a4 3 2 1 0

l 1 1 I L 1 I 1 |

WRITE CHECK ERROR
INHIBIT CA INCREMENT

L Il I L |
SPECIAL _T 4
CONDITION
DATA ERROR
ADDRESS ERROR
WRITE LOCK
NON-EXIST. DiSK

ABORT
READY —

INTERRUPT ENABLE.

EXTENDED MEMORY
MODE

FUNCTICN

G0

Effect of the |nitialize (INIT) signal: clear hits 14 through 8, and &
through O; set bit7 °

Read only: bits 15 through 10, 7
Write only: bits 8 and 0.

BIT NAME

15

14

13

iz

11

Special Condition

Data Error

Address Error

Write Lock

MNon-Existent Disk

FUNCTION
Set to indicate that controller sensed an
error condition. The exact error causing
this bit to set can be found in bits 10-14
of this register and RCER.

Set to indicate that controiler sensed a
data error. Data error may be due to syng
or cyclic redundancy check (CRC). The
exact error can be found in RCER.

Set to indicate that controller sensed an
address parity or sync error. The exact
error can be found in RCER.

Set to indicate that a write attempt was
made on a write-protected area of the
disk.

Set to indicate that disk address register
(RCDA} is pointing to a non-existent unit
or the disk unit number in RCDA has aver-
flowed. Note that this bit will be “17 only
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10 Write Check Error

9 Inhibit CA Increment
Abort

7 Ready

6 lnterrupt Enable

5-4 Extended Memory

3 Mode

2-1  Function

G Go

RC11

when the word count register did not over-
flow so that last sector of the last disk
unit can be operated on without getting
an error status.

Set if data read from the disk does not
compare with the data on the bus during
a write check function. Incrementation of
RCCA and RCWC are inhibited as soon as
failure occurs. However, controller reads
the whole block (32 words) for cyclic re:
dundancy check {CRC).

If set, data transfers with the UNIBUS will
he performed without incrementing RCCA.

If set, any operation in progress is aborted.

Controller sets this bit to indicate com-
pletion (or abortion) of an operation and
is ready for the next operation.

Set to allow a program interrupt.

Twao most significant bits when 18 bit ad-
dress is in effect. These two bits are logr:
cal extension of the current address regis-
ter (RCCA).

if set, controller switches to maintenance
mode, Signals received from RS64 are
inhibited from activating the controller.
Instead these signals will be taken from
RCMN.

Specify the desired operation. Contraller
decodes these bits as follows:

Bit 2 Bit 1 Function
0 0 Look Ahead
0 1 Write
1 0 Read
1 1 Write Check

Set to initiate the function specified.

Word Count Register (RCWC) 777 450

Before an RC11 operation begins, the word count regisier is loaded
with the 16-bit 2's complement negative value corresponding to the
number of words to be transferred or checked. After each UNIBUS trans-
fer, the RC11 Control increments the RCWC register, when the register
¢verflows, no further UNIBUS transfers occur, but the RCI1 continues
the operation to the end of the current block to read or write the block
check, or CRC word. These bits are read/write, and are cleared by
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initialization. The RCWC is normally clear {contains 0) at the termination
of an operation, but if the operation is stopped by an error or an abort,
the RCWC may be nonzero.

Current Address Register (RCCA)} 777 452

2 12 # o0 s 84 T & 5 4 3 2 1 0

15 W 12 .
FIIIIIIIIII_I_[J.I%

v}

CURRENT ADDRESS t

Before initiating an RC11 function the program declares the address of
the UNIBUS location where the Control should start data transaction.
All data transfers take place at even address boundaries (no byte capa-
bility). After each data transfer this register is incremented by two. When
this register overflows, extended memory bits in RCCS are incremented.
Bit O of this register is not used and remaining bits are readfwrite,
Initialization clears this register.

Maintenance Register (RCMN) 777 454

15 14 3 12 N ¥ 9 B 7 & 5 a4 3 32 1 .90

r l_l J_I i 1 l : ] l 1 1 | 1 1 I

LINIT 3 SE..ECTI J ’
UNIT 2 SELECT

UNIT | S5ELECT

UNIT SELECT

WRITE ENABLE

WORD GOUNT CVERFLOW
DA REQUEST
ADDRESS FOUND
CLOCK POLARITY
OMA ENABLE
DATA TRACK
ADDRESS {C) TRACK
PHASE LOCK CLOCK
ADDRESS MARK
DATA MARK
CLOCK (A) TRACK

This register is provided for diagnostic purposes only and does not par-
ticipate in normal disk operations.

The maintenance register provides indicators and control signals used
to test the Control without using a Disk. All the signals that communi-
cate between the Disk and the Control are simulated by logic within the
Contral or by inputs through the maintenance register. Time-out logic is
disabled to allow a stow simulation, and the response to UNIBUS trans-
fer is altered to allow examination of the registers during operation. Bits
6 and 7 of the maintenance register are buffered and provide a level
when loaded; the rest of the bits provide a pulse when loaded with 1.
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BIT NAME
15-12 UNIT SELECT 3-0

11 WRITE ENABLE

10 - WORD COUNT
OVERFLOW

9 DMA REQUEST

8 MATCH FOUND

7 CLOCK POLARITY
G ENABLE DMA
REQUEST

RC11

FUNCTION
indicates the state of the four unit se-
lect lines on the RS64 Bus. These hits
are read-only and always reflect the
state of the signal lines.

indicates the state of the write enable
line on thé RS64 Bus, During mainte-
nance mode this bit appears to be on
the bus but is not active to preserve
data. iIf the bit is a 1, the RC11 Confrol
is attempting to write on the selected
disk. This bit is read-only.

Indicates when the word count register
{RCWC) overflows; it is set by the carry
aut of RCWCL15. This bit is read-only;
it is cleared by initialization.

Set when the RC11 Control requires a
UNIBUS data transfer and is ready to
assert an NPR signzl. When the RC11
is in maintenance mode (RCCS3 is
set), the ENABLE DMA bit (mainte-
nance register bit 6) must he set to
allow the UNIBUS transfer. This bit is
read-only; it is cleared by initialization.

Set when the RCI1l determines that
the unit and track selections are valid
and that the selected sector is passing
under the read/write head. This bit is
read-only,

Simulates the RS64 CLK P signal when
the MAINTENANCE bit (RCGCS3) is set.
The bit must be toggled in. This signal
is used by the RC11 to detect missing
or extra pulses in the RS64 CLK signal,
which is simulated by maintenance
register hit 0. This bit is read/write; it
is cleared by initialization.

Used to inhikit (when 0) or enable
{(when 1) the assertion of NPR during
RC11 controlled transfers, This en-
ables the PDP-11 Processor to examine
the RC11 registers before and after a
UNIBUS transfer. This hit is read/write;
it is cleared by initialization. This bit is
active only in the maintenance mode,
otherwise it is always a O.
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5 DATA TRACK

4 C (ADDRESS) TRACK

3 PHASE LOCK CLOCK
2 ADDRESS MARK

1 DATA MARK

0 A (CLOCK} TRACK

RC11

Simulates the data strobe signal from
the R564 that indicates the polarity of
the detected pulse. This hit is write-
only: it always reads as 0.

Simulates the address strobe signal
that indicates the polarity of the de-
tected pulse on the address track. This
bit is write-only; it always reads as 0.

Simulates the RS64 phase-lock clock
signal that provides the timing for the
self-clocking feature during read oper-
ations. The timing is 3 times the speed
of A (clock) track pulse. This bit is
write-only; it always reads as Q.

Simulates the address mark signal that
the RC11 receives from the RS&4 be-
fore reading the sector address from
the address track. This bit is write-
only; it always reads as 0.

Simulates the data mark signal that the
RC11 receives from the RS64 before
reading the data. This bit is write-only;
it always reads as Q.

Simulates the pulses from the clock
track. These pulses provide the basic
timing within the RS64 and the RC11.
This bit is write-only; it always reads
as 0.

Data Buffer Register (RCDB) 777 456

All data fransacticn between RC11 and the UNIBUS take place through
this register. All data read from the disk appears in this register either
for transfer to the bus during read or comparison during write check.
During write, data from the UNIBUS is first loaded into this register prior

io writing on the disk.

As the last word obtained from the disk during read or write check oper-
ation is the block check or CRC word, this register contains the CRC -
word of the last block read when the operation is complete. This register
is read only and cleared by initialize.

SPECIFICATIONS FOR RC11

Main Specifications
Storage medium:
Capacity/ disk:

Data transfer speed:

Avg access time (145 rev):

fixed head disk
65,536 words (64K)
16 usec/word (19.2 usec at 50 Hz)
17 msec (20.3 at 50 Hz)
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Disk rotation speed:
Disks/control, max:

Data Organization
Tracks:
Sectors/track:
Words/ sector:
Bits/word:
Recording method:
Recording density:

Register Addresses

Lock Ahead {RCLA)

Disk Address {RCDA)
Disk Error Status {RCER}
Command and Status (RCCS)

Word Count (RCWC)
Current Address (RCCA)

Maintenance (RCMN)
Data Buffer (RCDB)

UNIBUS Interface
interrupt vector address:
Priarity level:

Data transfer:

Bus loading:

. Mechanical
Mounting:
Size (disk):

Weight:

Power

Starting current:
Running current:
Heat dissipation:

Environment
Operating temperature;
Relative humidity:

Models

RC11

1800 RPM
4

32

64

32

16

NRZI

1800 bits/inch, max

777 440
777 442
777 444
777 446
777 450
777 452
777 484
777 456

210
BRS
NPR
1 bus load

panel mounted units

1014 " front panel height, Control
mounts behind first disk drive,
115 Ibs

6 Aat 115 VAC
2.2Aat 115 VAC
250 W

17°C to 50°C
20% to 809%,

RC11-A: Disk drive and controil, 115 VAC, 60 Hz

RC11-B:
SPECIFICATIONS FOR RS64

Mechanical
Mounting:
Size:
Weight:

. 230 VAC, 50 Hz

mounts in a standard PDP-11 cabinet
10L45* front panel height
65 lbs
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Power

Starting current: 6 Aat 115 VAC
Runnirntg current: 2.2 Aat 115 VAC
Heat dissipation: 250 W
Prerequisite: i} RC11

Models

R364-A: Disk drive, 115 VAC, 60 Hz

R564-B: " , 230 VAC, 50 Hz
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RS11

FIXED HEAD DISK, RF11-A

DESCRIPTION

The RF11-A is a fast, low-cost, randorm-access bulk-storage system. An
RF11-A provides 262,144 17-bit words {16 data bits and 1 parity bit)
of storage. Up to eight RS11 disks can be contrelled by one RF11 Con-
trol for a total of 2,047,152 words of storage. An RF11-A includes a
Control Unit and the first Disk Drive,

The RF11-A is unique in fixed head disks hecause each word is address-
able. Data transfers may be as small as one word or as large as 65,536
words. Indwvidua! words or groups of words may be read or rewritten
without any limits of fixed blocks or sectors, providing optimum use of
hoth disk storage and main memorsy in the PDP-11 system.

The RSI1 disk contains & nickel-cobalt-plated disk driven by a hysterisis
synchronous motor. Data is recorded on a single disk surface by 128
fixed read/write heads.

Operation

Fast track switching time permits spirai read or write, Data may be
written in blocks from 1 to 65,636 words. The RF11 Control automatic-
ally continues on the next track, or on the next disk surface, when the
fast address on a track ar surface has been used.

The Disk stores data words in a 22-bit format which includes guard bits
and a sync bit to operate the self-clocking logic. The sync bit adjusis
the timing of the data strobing to ensure proper recovery of each word
of data. The RS11 has a redundant set of timing tracks, recorded exactly
in phase with the primary timing tracks,

REGISTERS
Disk Control Status Register (DCS) 777 460

1 ¥ 13 12 #H W 5 8 7 6 5 4 3 2 4 0

[IJII[I|:||I||||

1 —_— 3 e
ERROR _1 | !
FREEZE 4

WRITE CHECK ERRCR
DATA PARITY ERROR
WON-EX[ST. DISK
WRITE LOCK OUT-
MISSED TRANSFER
DISK CLEAR
CONTROL READY:
INTERRUPT ENABLE
EXTEMDED MEMORY
MAINTENANGE
FUNCTION REGISTER
G0
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Read only: bits 15 through 9, and 7.
Write only: bits 8 and 0.

BIT
15
14
13

12

11

10

5.4

2:1

NAME

Error (ERR)

Freeze (FRZ}

Write Check Error (WCE)

Data Parity Error {(DPE}

MNon Existent Disk (NED)

Write Lock Gut (WLO)

Missed Transfer (MXF)

Disk Clear

Control'Ready (RDY)

Interrupt Enable
{INTR ENB)

Extended Memory (XM)

Maintenance (MA)

Function Register (FR)

FUNCTION
Logical OR of DCS 14-9
Logical OR of DAE 15-10

Set if the word read from memory
and the word read from the disk differ
during a Write Check.

Set if the parity bit computed for a
word does not agree with bit read
from the disk,

Set if DAE 4-2 are set (by the pro-
gram or by sequencing from the pre-
vious value) to an address for which
no disk is implemented, or if the disk
address overflows {DAE 5 is set).

Set if the control attempts fo write
into a disk segment with the write
lock switch ON.

Set if the control has held NPR as-
serted for 3 revolutions and has not
received bus control.

Initializes (PWR CLR) the disk control.
Clears ali bits of DCS, CMA, WC, DAT,
DAE, and DBR.

Set if the control is ready to perform
function. Can be examined by a TSTB
instruction.

Set to allow ERR (DCS 15) or Ready
— 1 to cause an interrupt.

Dri\}e BUS A 17-16 to select memory
locations not in the first 32K words
{64K locations).

Set to cause the controf to accept
inputs from maintenance register in-
stead of from disk.

Selects one of three functions as
shown in table. Remains unchanged
during error halt for restarting.
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Bit 2 Bit 1 Function
0 0 No gperation
4 1 Write
1 0 Read
1 1 Write Check
4] Go Causes the processor to execute the

function selected by the function reg-
ister. Clears DCS15 unless FRZ (DCS
14) is set, and clears DC5{13-9).

‘Word Count Register (WC) 777 462

15 14 13 12 11 4 9 B T & 5 4.3 2 3 0
2'S COMPLEMENT OF TOTAL MUMBER OF WORDS I
' L L I 1 1 I L 1 I 1 1 I 1 "
BIT  NAME FUNCTION
15-0 Word Count (WC) Loaded with the 2's complement of the

block tength and incremented by 1 be-
fore each transfer. Overflow ends the
function and causes Ready to he set.
Limits block size to 65,536 words. Read/
write.

Current Memory Address {CMA) 777 464

15 M 13 1z 11 1.8 P ¥ § 5 4 3 2z 4 Qg
CURRENT MEMOCRY ADDRESS %
L 1 1 L L I 1 1 l L L I L
BIT NAME © FLUINCTION
15-1 Current memory Address Selects the UNIBUS locations for
{CMA) the next data transfer. Must point

to an even {word) location, so
CMADO is unimplemented - and
CMAO1L is incremented after each
transfer. Extended to full 18-bit ad-
dresses by XM bits (DCS 5-4.) Ini-
tially loaded with the starting ad-
dress minus two. Read{Write.

Disk Address Register (DAR) 777 466

|_1§14|3l211109876543210
II|I|I[

1 1 I 1 1 I 1 i

[ JL r]

TRACK AODRESS-——-—J r

WORD ADDRESS
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BIT NAME
15-11 Track Address (TA)

10-0 Word Address (WA)

RF11

FUNCTION
Selects track on disk for current transfers.
Initially set by program and incremented
by WA overflow. Extended by TA &5
(DAE 1-0) to select one of 128 tracks.
Read/Wwrite. '

Selects word on disk track for next trans-
fer. incremented after each transfer. Over-
flows into TAQ to cause spiral read or
write last word of one track followed by
the first word of the next track. Read/
Write, :

Disk Address Extension Error Register (DAE) 777 470

15 14 13 12

ADDRESS

PARITY ERF!CDFI———T ]
A TIMING TRACK ERROR
B TMING TRACK ERRDR

€ TIMING TRACK ERRCR
HON-EXIST, MEMORY

i 0 9 8§ T & 5 4 3 2z 1 ¢

CURRENT MEMORY ADDRESS

DATA REQUEST LATE

DISK ADDRESS OVERFLOW

DISK ADDRESS

TRACK ADORESS

Read only: bits 15 through 12, 10, and 5.

BIT NAME
15  Addr. Parity Error
(APE)

4 A Timing Track Error

(ATER)

13 B Timing Track Error
{BTER)

12 C Timing Track Error
(CTER)

FUNCTION
Set if the computed address parity differs
from the address parity read from the
dishk. )

Set if missing or extra bhits are detected
on timing track A,

Same as ATER (DAE14) for timing track
B.

Same as ATER (DAE14) for timing track
C.

NOTE

The NRZI recording method provides two-bit
streams from each read head. In normal opera-
tion, bits are read alternately in the two streams;
however. if a bit is dropped or an extra bit is
read, two bits will appear in sequence in the
same bit stream. DAE 14-12 indicates such an
error on the corresponding tracks.
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10 Non-Existent Mermory
{NEM)

8 Current Mem. Addr.
{CMA INH)

7 Data Request Late
({DRL)

5 Disk Addr, Overftow
(DA QVFL)

4-2 Disk Address (DA)-

1-0  Track Address (TA)

RF11

Set when UNIBUS data transfer is made
to a non-existent memory location or
when the bus address register sequenced
to a non-existent memory location and
did not receive SSYN within 10us.

Prevents CMA from incrementing to
allow transfers to single-address devices,

Set when the RF11 control is ready to
transfer data and the previous data has
not been transferred (the RF11 has had
NPR asserted for 12 sec but is not Bus
Master). Cleared when the contral be-
comes Bus Master, or may be set or
cleared by the program. DRL does not
stop the current function and does not
cause an interrupt; it is an indicator
only.

Set if DA <02:00> overflows (Disk Ad-
dress — 10). Causes NED (DCS11) to
he set.

Select one of eight disks. Incremented
when TA 6-0 overflow, to continue spiral
transfers on next disk.

Extend TA 4-0 {DAR 15-11).

Data Buffer Register (DBR) 777 472

BIT NAME
15-0 Data Buffer Register -
(DBR)

Maintenance Register (MA) 777
This register is provided for dia

FUNCTION
Under RFI1 control, used to transfer
data on the UNIBUS. Accessible for pro-
gram transfers for maéntenance pro-
grams only.

474
gnostic purposes only and does not par-

ticipate in the normal disk operations.

Write oniy: all bits

BIT NAME

12 MAINTENANCE DATA
(MDT)

11  MAINTENANCE C TIMING
(MCT)

10 MAINTENANCE B TIMING
(MBT)

9 MAINTENANCE A TIMING
(MAT}

FUNCTION
Simulates the disk head signat to
the data track read amplifier.

Simulates the disk head signal to
the C Timing Track read amplifier.

Simulates the disk head signal to
the B Timing Track read amplifier.

Simutates the disk head signal to
the A Timing read amplifier.
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GENERAL: The above signals cause the control to generate analog sig-
nals that simulate the disk head signals as received directly
from the head. The diagnostic program determines the se
guence and the bit rate of the signals, Each transfer is
treated as if it was one cell space on the disk.

7-6 DATA TRACK Simulates Data Track disk interface.
MAINTENANCE (DTM) .

54 C TIMING Simulates C Timing Track disk in-
MAINTENANCE (CTM) terface.

3-2 BTIMING Simulates B Timing Track disk in-
MAINTENANCE (BTM) terface.

10 A TIMING Simulates A Timing Track disk in-
MAINTENANCE {ATM} terface.

GENERAL: The above are simulated disk interface signals within the
control. No disk is necessary. The diagnostic program deter-
mines the sequence of pulses and the bit rate.

NOTE
When a maintenance function is performed and
the MA (DCS bit 2) is set, the effect of the disk
control time outs is inhibited because of the
lower bhit rates encountered during maintenance.

Address of Disk Segment Register {ADS) 777 476 {Look Ahead)

15 94 13 & 11 9 8 T & 5 4 5 2 1 0
%% R I i DR

BIT NAME FUNCTION

10-0 Address of ADS This register allows the user to read the real-

time word address of the disk. The contents
of the ADS will indicate the address or the
address + 1 of the data passing under the
fhieads. The ADS register will contain the last
address of the track while the disk is passing
through the gap and buffer region. Read only.

PROGRAMMING EXAMPLES

Program control of the RF11/RS11 Disk is accomplished by loading the
disk control registers. The disk performs the specified function and when
the function is done or when an error occurs, it will cause an interrupt
ta the routine whose starting address is in location 204, if the interrupt
enable bit (DCS08) is set; otherwise the program may test the word
count register and the error bit (DCS15) to determine completion.

A commen technique is to use a subroutine to load the registers, The
values to be placed in the registers can be assembled following the sub-
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rou;ine call using the .WORD assembler directive. The disk control begins
aperation when the GO bit in the DCS register is loaded, so a WAIT
instruction follows the subroutine call. Note that the WAIT instruction
is in the main program, not the register-loading subroutine; this enables
the interrupt routine to provide a separate error return for each disk
aperation.

In the following example, the DISKIQO subroutine and the DSKHNDLR
interrupt routine are used by the subroutine calls shown to write a
256-word blogk on disk O and then do a write check of the same Block.

The subroutine calls and additidnal codes which are included in the
main program are written as follows:

MAINPROG:

JSR R5,DISKIO 'SUBROUTINE CALL

JWORD DISK ADDRESS  ;DISK ADDRESS TO
WRITE 7O

WORD DATA ADDRESS  :MEMORY ADDRESS TO
SWRITE FROM

WORD -256 ‘WORD COUNT

WORD 103 ‘WRITE FUNCTION AND
:INTR ENB

WAIT :PROCESSOR WAITS FOR

: :DISK HERE

JSR “PC,ERROR :ERROR RETURN

JSR R5,DISKIO :NON ERROR RETURN S
;A NEW CALL

WORD DISK ADDRESS . ;THE ASSEMBLED CODE
1S THE

.WORD DATA ADDRESS  ;SAME AS THE FIRST
:CALL

WORD -256 ;EXCEPT FOR THE
:FUNCTION,

WORD 107 : WHICH IS A WRITE-
;CHECK

WAIT ;PROCESSOR WAITS
;HERE

JSR PC,ERROR2 :ERROR RETURN,

. ;DIFFERENT ROUTINE

DISK DCS 777460
DISK WC 777462
DISK CMA 777464
DISK DAR 777466
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The subroutine is assembied from the following code: -

DISKIO: BIS #400, DISK DCS  ;DISK CLEAR
MOV (R5)+, DISKDAR ;LOAD DAR REGISTER
MOV (R5)+, DISKCMA :LOAD CMA REG!STER
MOV (R5)+, DISKWC  ;LOAD WC REGISTER
MOV (R5)4, DISKDCS ;LOAD DCS REGISTER
RTS RS ;RETURN TO CALL,
;LOADING
;DCS STARTS DISK
;FUNCTION
The interrupt handling routine is assembled from the following code:
DSKHNDLR: TST DISKDCS ;TEST DC515 (ERROR)
BPL NORMAL ;BYPASS ERROR
;RETURN IF CLEAR
RTI ;ERROR RETURN
NORMAL: ADD #4, (8P) ;MOVE OLD PC PAST
) ;ERROR CALL
RTI ;NORMAL RETURN

The interrupt vector for this routine is assembled from the following
code:

204

WORD DSKHNDLR ;ADDRESS OF
;INTERRUPT ROUTINE

WORD 340 {INTERRUPT ROUTINE
;iPRIORITY

The only change necessary to read the same block from the disk is to
replace the statement WORD 103 in the first subroutine call with the
staternent .WORD 105 (which sets the function to READ).
SPECIFICATIONS FOR RF11

Main Specifications

Storage medium: fixed head disk

Capacity/ disk: 262,144 words {256K)

Data transfer speed: 16 usec/word (19.2 usec at 50 Hz)
Avg access time (15 rev): 17 msec (20.3 msec at 50 Hz)
Disk rotation speed: 1800 RPM -
Disks/controi, max: .8

Data Organization

Tracks: 128

Words/track: 2048

Bits/word: 22

Recording method: ) NRZI

Recording density: 1900 bits/inch, max

Access with single R/W: 1 to 65,536 words
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Register Addresses
Disk Control Status (DCSy 777 460

Word Count {WC) 777 462
Current Mem Address (CMA) 777 464
Disk Address {DAR) 777 466
Disk Adrs Ext & Error  (DAE} 777 470
Disk Data Bufier (DBR) 777 472
Maintenance {MA) 777 474

Adrs of Disk Segment (ADS) 777476
UNIBUS Interface )

(nterrupt vector address: 204

Priority level: BR5

Data transfer: NPR

Bus loading: 1 hus load

NPR latency: 12 usec, max allowable

Max delay: 3 disk revoluticns

Mechanical

Mounting: mounts in a std PDP-11 cabinet (sup-
plied)

Size: 16" panel height for disk, 16” for Con-
trol unit

Weight (incl cab): 500 ibs.

Power

Starting current: 14 A at 115 VAC

Running current: 6.5 Aat 115 VAC

Heat dissipation: 750 W

Frequency stability: 0.1 Hz/sec, max drift

Environmental )

Operating temperature: 17°C to 33°C

Relative humidity: 209, to 55%,

Models

RF11-AA: Disk drive and control, 115 VAC, 60 Hz

RF11-AB: " , 230 VAC, 50 Hz

SPECIFICATIONS FOR RS11

Mechanical

Mounting: mounts in a standard PDP-11 cabinet
Size: 16" front panel height

Weight: ’ 100 Ibs.

Prerequisite: RF11-A

Models

R511: Disk drive, 115 VAC, 60 Hz

RS11-A: . , 230 VAC, BO Hz
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R311 Motor Power

Voltage: 117/235 = 109%VAC 117 VAC

{A stepdown autotransformer is provided for 235VAC operation.)

Phase:
Frequency:
Frequency Stability:

Current:

Power Supplies:

Self Clocking:

~Timing Tracks:

Write Lock Switches:

Single

50 = 2Hz or 60 £ 2Hz

.1 Hz/sec maximum drift (A constant-
frequency motor-generator set or static
AC/AC inverter should be provided for in-
stallation with unstable power sources.)
For a 1l.disk system: Starting current, 14
Amps: Nominal currenf, 6.5 Amps.

For an 8-disk system: Starting current, 81
Amps; Nominal current, 21 Amps.

Lower starting currents can be realized if
disks are sequenced.

Self contained in cabinet with controller, Also
includes line filter with each disk. .
The RS11 disk employs self-clocking logic
for reliable data recovery. Each word is logi-
cally located relative to the timing track.

3 plus 3 spare (pre-recorded; can be used
for data recovery if the primary timing tracks
are lost}. )
Sixteen switches on each RS11. Each switch
controls the write proiection for one 8-track
(16,384 word) segment. WLO (DCS 10) is set
if a write function addresses a locked-out
segment.
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DECPACK DISK CARTRIDGE; RK1l1-D

DESCRIPTION

The RK11-D DECpack cartridge disk drive and. control is a complete
mass storage systern, offering an economical solution for large volume,
random-access data storage. The systemn includes a modular mass stor-
age device ulilizing removable disk cartridges and a complete easy-to-
program control,

A disk cartridge holkds over 1.2 million words. The DECpack is ideal
where a large volume of programs and data are developed and main-
tained for one or more users. The system is expandable up to 9.6 million
words per Control (8 disks). '

An RK11-D includes a Controf Unit and the first Disk Drive.

Operation.

The removable disk cartridge offers the flexibility of virtually unlimited
off-line capacity with rapid transfers of files between on-line and off-line
without copying operations. It utilizes a cartridge similar to the IBM
2315, but with 12 sectors and twice the bit density.

Average total access time on each drive is 70 milliseconds. On expanded
systems, operations are overlapped for efficiency; one drive may read or
write while one or more additional drives are seeking new head positions
for the next transfer. All data transfers utilize the Non-Processor Request
facility during transfers.

Fach disk is permanently mounted inside a protective case that auto-
matically opens when inserted in the disk drive, While on-line, dust con-
tamination is prevented by a highty-efficient continuous "absolute'” air
filtration system.

The DECpack provides accurate data storage and transfers by means of
a write check function, correct cylinder verification by hardware, hard-
ware checksum, and hardware maintenance features. There are no
mechanical detents, thus a major source of wear and critical adjustment
is eliminated.
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CONTROLS & INDICATORS

RUN{LOAD
(rocker switch)

WT PROT
(rocker switch—
spring-loaded off)

PWR
{indicator)

RDY .
(indicator}

ON CYL
{indicator)

Placing this switch in the RUN position (providing
all interlocks are safe):

a. laocks the drive front door

b. accelerates the disk to operating speed
¢. loads the read/write heads

d. lights the RDY indicator.

Placing this switch in the LOAD position:

unloads the read/write heads
stops the disk rotation
tnlocks the drive front door
lights the LOAD indicator.

CAUTION
Da not switch to the LOAD position during a write
operation, as this results in erronecus data being
recorded.

apgw

Placing this momentary contact swifch in the WT
PROT .position lights the WT PROT indicator and
prevents a write operation as well as turns off the
FAULT indicator if lit.

Placing this switch in the WT PROT position a sec-
ond time turns off the WT PROT indicator and
allows a write operation.

Lights when operating power is present. Goes off
when operating power is removed.

Lights when:

a. the disk is rotating at the correct operating
speed

b. the heads are loaded

¢. no other conditions are present (all interlocks
safe) to prevent a seek, read, or write opera-
tion.

Goes off when the RUN/LOAD switch is set to the
LOAD position.

"Lights when:

a. the drive is in the Ready condition

b. a seek or restore operation is not being per-
formed

c. the read{write heads are positioned and set-
tled.

Goes off during a seek or restore operation.
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FAULT
{indicator)

WT PROT
(indicator)

LOAD
(indicator)

WT
(indicator)

RD
{indicator)

REGISTERS

RK11

Lights when:

a. erase or write current is present without a
WRITE GATE or,

b. the linear positioner transducer lamp is in-
operative,

Goes off when the WT PROT switch is pressed or
when the drive is recycled through a RUN{LCAD
sequence.

Lights when:

a. the WT PROT switch is pressed (every other
time) or,-

h. the operating system sends a Write Protect
command,

Goes off when the WT PROT switch is pressed a
second time or when the drive is recycted through
a RUN/LOAD sequence:

Lights when the read/write heads are fully re-
tracted and the spindle has stopped rotating.

Goes off when the RUN/LOAD switch is set to the
RUN position.

Lights when a write operation occurs. Goes off
when the write operation terminates. .

Lights when a read operation occurs. Goes off when
the read operation terminates.

Drive Status Register {(RKDS) 777 400
Contains the current selected drive status and current sector address.

[ ]
DRIVE DENT—’

DRIVE POWER LOW

RXOS
DRIVE UNSAFE

SEEE INCOMPLETE

SECTOR COUNTER OK

RIWIS RERDY

ACCESS READY

WRITE PROTECT STATUS
SECTOR COUMNTER= SECTOR ADDRESS

SECTOR COUMTER

Read only: all bits
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BIT
15-13

2

11

10

NAME
{dent. of Drive {ID)

Drive Power Low
{DPL)

RK0O5

Drive Unsafe (DRU)

Seek Incomplete
{S51N)

Sector Counter OK
(SOK)

Drive Ready (DRY)

RK11

FUNCTION

if an interrupt is caused as a result of a
SEARCH COMPLETE (Bit 12 RKCS) or a
SEEK INCOMPLETE (Bit 9 RKDS) these
bits will contain the binary representation
of the logical drive number that caused
the interrupt.

Set when an attempt is made o initiate a
new function or a function was actively in
progréss when the control sensed a loss
of power to one of the disk drives. This
bit can be accompanied by bit 15 RKER
(DRE) and is reset by a BUS INIT or a
CONTRCL RESET function.

Set to identify the selected disk drive as
an RKO05,

Set to indicate that an unusual condition
has oceurred in the drive and it is unable
to properly perform any operations, Put-
ting the RUN/LOAD switch in the LOAD
position will reset the condition. If, upon
putting the RUN/LOAD switch back to the
RUN position the condition reoccurs the
drive or associated power supply is in-
operative and corrective maintenance pro-.
cedures should be begun. Can be accom-
panied by bit 15 RKER.

Set to indicate that due to some unusuval
condition a SEEK function was not com-
pleted within 180ms of initiation. A DRIVE
RESET function clears this condition. This
bit can be accompanied by hit 15 RKER

Indicates that the selected drive sector
counter {Bits 0-3 RKDS) is not in the pro-
cess of changing and is ready for exam-
ination.

Set to indicate that the selected disk drive
complies with the foliowing conditions:
a) properly supplied with power

b} lpaded with a disk cartridge

c) door is closed

4.285



6 Read/Write/ Seek
" Ready

L Write Protect Status
(WPS)
4 SC =6A

3-0 Sector Counter (SC) -

RK11

d) LOAD/RUN switch is in the RUN con-
dition

€} the disk is spinning

f) the heads are properly loaded

g} the disk is not in a DRU condition (Bit
10 RKDS)

Set when the sefected drive head mechan-
ism is not in motion and the drive is ready -
to accept a new function.

Set when the selected disk is in WRITE
PROTECTED mode

Set when the disk heads are currently
positioned over the disk addresses cur-
rently held in bits 0-3 RKDA.

Indicates the cyrrent sector address of the
selected drive. This is the look ahead.
Sector address 00 is defined as the sector
which foflows the sector that contains the
index pulse,

Error Register {RKER) 777 402

I T I I I I TEZ 2T

fi)
T
|

CRIVE ERWJ |
CVERRUN

WRITE VIOLATHON
SEEK ERROR

PROGRAMMING ERROR
NOM-ERIST MEMORY

}

HOM-EXIST DISK

MNOMN-EXIST CYLINDER

HON-EXIST SECTOR

CHECKSUM ERROR

WRITE CHECK ERROR

Read only: all bits.

BIT NAME
15 Drive Error (DRE)

FUNCTION

Set when an attempt is made to initiate a
function, or when a function is actively in
progress, while the selected drive is not
ready or in some error condition or if any
of the drives in the system senses a loss
of either AC or DC power. If this bit is
found set the RKDS should immediately
be referenced to discover the cause of the
condition.
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14 Overrun (OVR)

13 Write Lock Out
Violation (WLO)

12 Seek Error (SKE)

il Programn;ning Error
(PGE)

10  Non-Existent Memory
{NXM)

9 Data Late (DLT)
8 Timing Error (TE)
7 Naon-Existent Disk

(NXD)

6 Non-Existent Disk
{NXC)

5 Non-Existent Cylinder -
({NXS)

1 Checksum Error
(CSE)

0 Write Check Error
(WCE)

RK11

Set if during a READ, WRITE, RD/CHK or
WT/CHK, operations on sector 13, surface
1 of cylinder address 312, were finished
and the RKWC had not vet overflowed.
This essentially is_an attempt to overflow
out of a disk drive.

Set if an attempt is made to write on a
disk which is currently being write pro-
tected.

Set if the disk head mechanism is not
properly positioned while executing a nor-
mal READ, WRITE, RD/CHK or WT/CHK
function.

Set if the FMT bit (Bit 10 RKCS) is set
while initiating some function other than
a READ or WRITE.

Set if memory dees not respond within
20 as of the time when the RK11 be-
comes Bus Master during a DATI or DATO
NPR sequence. Because of the speed of
the disk drive, it is possible that if a NXM
does occur it will be accompanied by a
DLT (Bit 7 RKER).

Set when an NPR sequence is required
before the previous one has completed.

Set if a loss of timing pulses for 5 psec
has been detected. ’

Set if an attempt was made to initiate a
function on a non-existent drive.

Set if an attempt was made to initiate a
function on a cylinder larger than 312, .

Set if an attempt was made to initiate a
transfer on a sector larger than 13..

Set while performing a RD/CHK or READ
function as a resuit of faulty recalculation
of the checksum. Cleared at the initiation
of any new function. This is a soft error.

Set if an error was encountered during a
WT/CHK function as a result of fauity bit
comparison between disk data and mem-
ary data. Clears at the initiation of a new
function. This is a soft error,
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Note: Bits 5 through 15 are all hard errors, They are cleared only by a
BUS INIT or a CONTROL CLEAR function.

Control Status Register (RKCS) 777 404

5 14 13 1z

11

w 9 8 7 & 5 a3 10

NN
SEARCH COWRLETE
MHIBIT RERA INCREMENT
FORMATL-
STOP Oy S0FT ERROR
CONTROL READY
INTERRUPT Oy
MEMORY EXTENSION
FUNCTION
G
BIT NAME FUNCTION
15 Error Set when any bit in the RKER is set. Pro-
cessor reaction is dictated by Bits 6 and 8
RKCS. This read-enly bit clears if all the
bits in RKER are cleared and if Bit 14
RKCS is cleared.
14 Hard Error {H.E.) Set when any of Bits 5-15 RKER are set by

13

i1

10

Search Complete
{SCP)

Inhibit Inc. (INH BA)

Format (FMT)

the control. Stops all controller action and
processor reaction as dictated by bit 6
RKCS. This READ ONLY bit, along with
hits 5-12 RKER, is cleared only by a BUS
INIT or a CONTROL RESET function.

Signifies that the previous interrupt was
caused as & resuit of some previaus SEEK
or DRIVE RESET function. READ ONLY bit.
Clears at the initiation of any new func- .
tion.

Setting this bit inhibits incrementing the
RKBA during a data transfer. This aflows
data to be transferred to or from any one
bus address for the entire cperation.

FORMAT Mode must be used only in con-
junction with the normal READ and nor-
mal WRITE function, This mode is used to
format a new disk pack ar to reformat any
sector that may have been erased or'dam-
aged due to control or drive failure.

in the FORMAT mode the normal WRITE
operation is altered only in that the servo
positioner is not checked for proper posi-
tion before the write operation. During a
WRITE the header is re-written each time
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54

31

Stop on Soft Error
({SSE)

Controf Ready (RDY)

Int. on Done Enable
(IDE)

Memory Extension
{MEX)

Function

Go

RK11

the associated sector is written. In this
mode, the normal READ operation is al-
tered in that only one word is transferred
to memory per secter; the header word.
Therefore, a 3-word READ function in the
FORMAT mode will transfer 3 contiguous
header words to 3 consecutive memory {o-
cations for software checking. For a 200-
word transfer, 200 consecutive header
words from 200 consecutive sectors will
be read, and so on.

If a soft error is encountered while this bit
is set:

a, and Bit 6 RKCS (IDE) is reset, all con-
troller action will stop at the end of the
current sector.

b. and Bit 6 RKCS (IDE) is set, all con-
trolier action will stop and a Bus Reguest
will occur at the end of the current sector.

Signifies that the control is no longer en-
gaged in actively executing a function and
is ready to accept a command.

The control will issue a Bus Request and
interrupt to vector address 220 if:

I. A function has completed its activity;
2. A hard error is encountered;

3. A soft error is encountered and bit 8
RKCS is set.

Reserved for extended bus addresses and
is used in conjunction with the RKBA.

These bits make up a two-bit counter that

increments each time the RKBA overflows.
A bus DATO to these bits overrides any
overflow from the RKBA.

These bits indicate the binary representa-
tion of the function to be performed.

The functions are:

CONTROL RESET (000)

WRITE (001)

READ (010)

WRITE CHECK (011)

SEEK (100)

READ CHECK (101)

DRIVE RESET (110)

WRITE LOCK (111)

Initiatés the function encoded in biis 1
through 3 of RKCS. Write only bit.
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Word Count Register (RKWC) 777 406

[ 2'S COMPLEMENT OF TOTAL NUMBER OF WORDS ,

Contains the two's complement of the total number of words to be af-
fected by a given function. It increments by one after each word transfer.

Current Bus Address Register (RKBA) 777 410

CURREMT BUS ADDRESS

a L i N n " a

Contains the Bus Address to or from which data will be transferred. The
register is incremented by two at the end of each transfer.

Disk Address Register (RKDA) 777 412

CYLINDER ADDRESS

MUHELEC:I_‘__, . _1 D ———— T \_T_;

SURFACE
SECTOR ADDRESS

NOTE

All RKDA bits are loaded from the bus data tines only in RK11 READY
state, and cleared by BUS INIT and Control Reset. The RKDA is incre-
mented automatically at the end of each disk sector,

BIT NAME FUNCTION
15-13 Drive Select These bits contain the binary representa-
{DR SEL) “tion of the logical drive number currently
heing selected.
12-5 Cylinder Address Binary representation of the cylinder ad-
{CYL ADD) dress currently. heing selected. The largest

valid address or number for the cylinder
address is 312,.

4 Surface (SUR) When set, the lower disk head is enabled
‘ and operation is performed on the Jower
surface. When clear, the upper disk head

is enabled.

30 Sector Address (SC)  Binary representation of the disk sector o
he addressed for the next function.
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Data Buffer Register (RKDB) 777 416

BIT NAME FUNCTION

15-0 Data This register is a general data handler. It
is loaded from the bus only while the
RK11 is hus. master during an NPR se-
quence, The RKDB is constructed of a
6-word register file capable of sustaining
a UNIBUS NPR latency of 55 usec every
85 usec.

Cross Cylinder Operation

Surface 0 is defined as the upper surface and is actwe when RKDA 04 is
reset. If a transfer is initiated that requires an overflow from surface 0,
the controi will automatically change to sector Q of surface 1 with no
tirme loss. If a transfer is initiated that requires an overftow from surface
1, the controt will automatically move the heads to the next cylinder,
check for proper head positioning, and continue the transfer on sector 0
and surface O of the new cylinder. An attempt to overflow out of the last
sector of the fast cylinder will result in an error condition.

At the end of each sector of data transfer the RKDA is automatically in-
cremented.

Hardware Poll

The control is capable of having any or all of the drives performing a
SEEK or DRIVE RESET operation at any one time. A HARDWARE POLL
feature will identify the logical drive number in bits 13, 14 and 15 of
the RKDS of any drive that has completed a SEEK or DRIVE RESET
operation and cause an interrupt if bit 6 RKCS is set (1DE) and the con-
tro! is in the READY state (bit 7 RKCS is set) and the contral was not
already attempting to cause an interrupt as a result of some cther opera-
tion. This will occur even if Bit 6 RKCS (IDE) was not set when first
initiating the SEEK or DRIVE RESET function. 1f two or more drives com-
plete the function simultaneously, the control will interrupt once for each
drive and identify each one in turn in the RKDS. Care should be taken
in this situation to raise the processor interrupt status to a level equal to
or greater than that currently held by the RK11 or else a second inter-
rupt wifl occur immediately after the first and the end result will be that
the interrupt service routine has been interrupted. This situation will also
occur if an attermpt is made to initiate a SEEK to an address that the
drive is already at since one interrupt will occur as a result of the SEEK
function having been successfuily initiated and another to repart that
the heads have reached their destination, which will occur immediately
because the heads are already there,

Interrupts

Because of the format structure of the RK11, any interruption of a write
sequence cannot be tolerated until the end of the sector because this
would result in essentially an unformatted disk. Therefare, any outside
intervention of this operation is held off until the end of the current
sector, which includes the CONTROL RESET function and the PROCES-
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SOR or BUS INITIALIZE signals. Therefore, all those functions, such as
CONTROL RESET, SEEK and WRITE 1L.OCK, which normally take anly a
few microseconds to inftiate can actually take up to 3.3ms if initiated
while writing. For this reason the SEEK and WRITE LOCK functions will
cause an interrupt {(if bit 6 RKCS is set) as soon as the function has
been successfully initiated. The CONTROL RESET, which cannot cause
an interrupt under any circumstances, can, therefore, take up to 3.3ms
to complete.

SPECIFICATIONS FOR RK11-D
Main Specifications

Storage medium: disk cartridge

Capacity/cartridge: 1,228,800 words

Data transfer speed: 11.1 psec/word

Time for Y4 revolution: 20 msec

Disk rotation speed: 1500 RPM

Drives{control, max: 8

Track Positioning Time

One track move: 10 msec

Average: 50 msec

Maximum: 85 msec

Data Organizaticn

Surfaces/drive: 2

Tracks{surface: 200 + 3 spare

Sectors{track: 12

Words/f sector: 256

Recording method: double frequency

Recording density: 20490 bits{inch, max

Access with single R/W: 1 to 65,536 words

Register Addresses

Drive Status (RKDS) 777400

Error (RKER) 777 402

Control Status (RKCS) 777 404

Word Count {RKWC) 777 406

Current Bus Address (RKBA) 777 410

Disk Address {RKDA) 777 412

Data Buffer {RKDB} 777 416

UNIBUS Interface

Interrupt vector address: 220

Priority level: BR5

Data transfer: NFR

Bus loading: 1 bus load

Meachanical

Mounting: A standard cabinet is supplied for the
drive

Disk drive: Pan®l mounted, 1014 high

Disk control: 1 System Unit (SU)
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Power

Starting current: 10 A at 115 VAC for 2 seconds
Running current for drive: 2 Aat 115 VAC

Current for controi: 75Aat4+ 5V

Heat dissipation: 160 W

Environmental . .

Operating temperature: 15°C to 43°C

Relative humidity: 20% to 80%

Maodels

RK11-DE: Disk drive and control, 115 VAC, 60 Hz
RK11-DJ: " 230 VAC, 50 Hz
SPECIFICATIONS FOR RKO5

Mechanical

Mounting: mounts in a standard PDP-11 cabinet
Size: 1015 ° front pane| height
Weight: 110 Ibs.

Power :

Starting current: 10 A at 115 VAC for 2 seconds
Running current: 2Aat 115 VaC

Heat dissipation: 160 W

Prerequisite: RKIL1-D

Modeis

RKOS-AA:  Disk drive, 115 VAC, 60 Hz

RK(O5-BB: " 230 VAC, 50 Hz

RKO5-KA: Disk cartridge
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RPO3

DISK PACK, RP11-C

DESCRIPTION

The RP11-C is a complete mass storage system using a magnetic disk
pack with 20 data surfaces and a moving read/write head. The RP11-C
includes a Control Unit and the first Disk Pack Drive. The system is
expandandable up to 8 drives, each having a capacity of 20,480,000
16-bit words. Access times are 29 msec. average lateral (cylinder to
cylinder) and 12.5 msec. half rotationai. Record fengths of 1 to 65,536
words may be accessed with one read, write, or write check command.
The RP11-C will read .and write disk packs compatibie with the PDP-10
and PDP-15 disk pack format.

The RP11-C provides hardware for execution of eight different functions.

Function . Code Type

idle ] initiate
Write 1 execute
Read 2 execute
Write Check 3 execute
Seek 4 initiate
Write {no seek) - B execute
Home Seek 6 initiate
Read (no seek) 7 execute

Initiate functions require only a small pertion of the controller's time.
For example, Home Seek and Seek require only 16 usec. of controller
time for their execution. For this period of time, thé controller is busy.
[nitiate commands require that the target unit be selected only for this
busy period, i.e., although a Seek may require 50 msec, for completion,
the unit need only be selected for the busy period. idle (reset} requires
only 4 usec. of RP11-C time. Execute instructions, however, require all
the controller's time necessary to complete the function. The controller
is busy for the entire operation and, therefore, cananct be interrupted for
Initiate-type functions.

Functions are sefected by loading a 3-bit FUNCTION REGISTER with an
octal number equal to the function code.

There are three data registers and a2 siio memory in the RP11-C which
provide compatibility between disk packs read and/or written by the
RP10Q or RP15 (PDP-10 and PDP-15 counterparts of the RP11-C}. These
registers are each 36-bits in length and provide multi-buffering between
the PDP-11 and the RPO3, 1 '

Silo Memory—The first-in first-tiut sito memory provides 64 words of
buffering between the UNIBUS and the Disk. During wtite operations,
the silo is loaded at UNIBUS r;es with up to 64 16-bit data words,
These are unlpaded asynchronot.?ly into the 36-hit buffer register in
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synchronism with the shift register load commands, During read oper-
ations, the silo is loaded in two or three separate cycles from the buffer
register and initiates a UNIBUS memory cycle whenever a new data
word “bubbles’ to the cutput.

Buffer Register—During Write operations, data is transferred from the
" silo memory in two or three 16-bit memory cycles.

During Read operations, the contents of the buffer register is broken
into two or three 16-hit hytes which are transferred to the silo memory
in two or three consecutive operations.

Shift Register—For Write Operations, the contents of the buffer register
are loaded into the shift register where it .is serialized and transferred
to the disk.

Dliring Read operations, the serial data from the disk is assembled in
the shift register and then transferred to the buffer register,

A 37th bit, which works in conjunction with the shift register, generates
and checks odd word parity for Write and Read operations.

Longitudinal Parity Register—During Write operations, each 36-bit word
of the buffer register is Exclusive ORed into the longitudinal parity
register. At the end of each sector the contents of the longitudinal
parity registers are written on the disk. This word is actually a bit
position parity check.

During Read operations, each assembled word of the shift register is
Exclusive ORed into the longitudinal parity register. At the end of each
sector, the longitudinal parity register is checked for comparison with
the longitudinal parity word written. Note that the RP11-C generates
and checks both row and column parity in each sector,

REGISTERS

Device Status Register (RPDS) 776 710

The Device Status Register {RPDS) holds the current state of the
selectad drive and the Attenfion signals from each of the eight possible
drives. The eight attention bits are read/clear. They can be selectively
cleared by moving a 1 to the desired bit location(s). The other bits of
RPDS are read only, The RPDS bits are shown with the significance of
each bit when set.

RPDS 776 110

M ] 7_& 5 &4 31 2 10

S HNF SU JATTN[ATTIN] AT T AT IN[ATT R ATTN AT TH| AT T

<1} npm IARVESEVEVREVE Voo
INCICATES
READ/CLEAR

S
ROV
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Device Status Register {RPDS)

Bit

Function

00-07

08

51

10

11

12

13
14

15

DRIVE 00-07 ATTENTIOM. ATTENTION is set by a drive when
a Seek is successfully completed or a 100-ms period elapses
after Seek initiation indicating an incomplete Seek.

SELECTED UNIT WRITE PROTECTED. This bit is set when the
WRITE PROTECT switch on the selected drive is set and when
contents of RPCA and RPDA fall within the bounds of the
selected address lockout if the WRITE LOCKOUT switch is set.

SELECTED UNIT FILE UNSAFE. The selected drive has
detected a seif-error condition and is prohibiting all opera-
tions. !

SELECTED UNIT SEEK UNDERWAY. The selected drive has
initiated a Seek operation, but the Attention signal has not
yet been returned.

SELECTED UNIT SEEK INCOMPLETE. The selected drive has
failed to successiully complete a Seek operation,

HEADER NOT FOUND. The selected drive has completed a
fuli revolution without locating the addressed sector.

SELECTED UNIT RP0O3. The selected drive is an RPD3.

SELECTED UNIT ON LINE. The selected drive ENABLED/DIS-
ABLE switch is set to ENABLE.

SELECTED UNIT READY. The selected drive is capabie of
performing another operation.

Error Register (RPER) 776 712

The Error Register (RPER) contains ail error conditions generated within
the RP11-C controller. In the normal made, RPER is a read only register;
in the maintenance mode, Write into RPER capability is provided.

RPER 776 712

15 413 ] 1 0 b 7 -3 3 4 Z 1
[WPV [FUV |NIC INXI—|VN:KS IPFOG[FMTE]MODE LPE |WPE [CSMEI'IMEE‘WCE }NEME—[EOP [DSK

ERR
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Error Register (RPER)

Bit

Function

o0
01
02

02

05
06
07
03
09

10
11
12

13

14

15

DISK ERROR, OR conditiocn of header has not been found
and the selected unit Seek is incomplete.

END OF PACK. Data transfer (Read or Write) is attempted
across the end of the last sector of the pack.

NON-EXISTENT MEMOQRY. More than 10 us were required to
compilete a UNIBUS transaction.

WRITE CHECK ERROR. Data read from the disk pack does
not compare with data read from memcry during the Write
Check operation.

TIMING ERROR. Data is lost because the UNIBUS did not
respond in time to meet disk requirements.

CHECKSUM ERROR. Calculated checksum does not compare
with that read from the disk.

WORD PARITY ERROR. Calculated word parity does not cam-
pare with that read from the disk.

LONGITUDINAL PARITY ERROR. Calculated longitudinal parity
does not compare with that read from the disk.

MODE ERROR. Header operation was attempted while the
RP11-C is in the PDP-11 mode.

FORMAT ERROR. Panty error was detected in a sector's
header word.

PROGRAM ERROR. Data transfer operation was attempted
with the content of the RPWC egual to zerc, or an operation
was attempted on an off-line drive, or while another instruc-
tion was still in progress.

NON-EXISTENT SECTOR. Disk operation was attempted when
the content of the Sector Address Register was not within
the O through 9. range.

NON-EXISTENT TRACK. Disk éperation was attempted when
the content of the Track Address Register was not within the
0 through 19,, range.

NON-EXISTENT CYLINDER. Disk operation was attempted
when the content of the Cylinder Address Register was not
within the O through 405, range,

FILE UNSAFE WIOLATICN. Disk operation was attempted
when SUFU was true.

WRITE PROTECT VIOLATION. Disk Write operation was at-
tempted when SUWP was true.
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Control Status Register {(RPCS) 776 714

The bit configuration loaded into the Control Status Register (RPCS)
initiates and: controls a disk function. All bits are read/write unless
noted otherwise.

RPCS 776 714
15 4 1x] 12 I n L ] 7 & 5 4 3 2 1 1]
EER | HE | AIE |mODE| MOR :f%gf&gf ROY me""f"“"g"cg"“c?"‘c%"‘ao
Control Status Register (RPCS)
Bit Function
00 GO. Set from the bus causes the RP11-C to initiate the oper-

ation encoded in bits 03 through 01 of the RPCS. This write-
only bit is always read as a 0.

01-03 FUNCTION BITS. Specify- the operation to be performed,

04-05 MEMORY EXTENDED ADDRESS. Specifies the 32K field of
PDP-11 memaory used in data transfer.

06 INTERRUPT ON DONE (ERROR) ENABLE. Causes the RP11-C
to raise an interrupt request when a disk operation is com-
plete, or if an error occurs.

07 READY. The RP11-C is in a condition to accept and execute a
new operation. READY is a read-oniy bit.

08-10 DRIVE SELECT. Specify the disk drive which is to be the
subject of any controller action.

11 HEADER. The function of the Function Register is a Header
operation,

12 ‘MODE. The RP11-C is conditioned to read or write disk packs
in DECsysten-10 or PDP-15 format.

13 ATTENTION INTERRUPT ENABLE. Causes the RP11.-C to raise
an interrupt request whenever any drive raises its Attention
line,

14 HARD ERROR. OR of all errors except data errors. This is a
read-only bit.

15 ERROR. OR of all errors. This is a read-caly bit.

NOTE

The RP11-C device handler software must in-
clude routines that will test the ERR and HE
flags to validate the current operation hefore
proceeding.
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Word Court Register {RPWC) 776 716

The Word Count Register (RPWC) is loaded from the bus and specifies
the number of words to be transferred during Read, Write, or Write
Check operations. Incrementation takes place after a memory trans-
action has occurred and the RPWC, therefore, must be loaded with the
2's complement of the number of words to be transferred. The RPWC
‘is a read/write register containing 16 bits.

NOTE

Because the disk pack system uses 36-bit disk
words, the word count must be equal to a
multipte of the number of PDP-11 memory
words per disk word; i.e., in PDP-11 mode, there
are two PDP-11 words per disk word and the
word count must be a multiple of two. In PDP-
10 or PDP-15 mode, there are three PDP-11
words per disk word, and the word count must
he a multiple of three.

Bus Address Register {RPBA) 776 720

The Bus Address Register (RPBA) is loaded from the bus and specifies
the bus address of data transferred during Read, Write, aor Write Check
operaticns. Incrementation takes place after a memory transaction bhas
occurred. The RPBA, therefore, is loaded with the address of the first
data word to be transferred (not first data word address minus one).
The RPBA is a read/write register containing 16 bits.

Cylinder Address Register {(RPCA) 776 722

Bits 08-00. of the Cylinder Address Register (RPCA) are loaded from the
bus and specify the disk cylinder for any disk operation. Bits 08-00 are
read/write bits. Bits 15-09 are not used.

Disk Address Register (RPDA) 776 724

Bits 03-00 of the Disk Address Register (RPDA} are loaded from the
bus and specify the disk sector address for any operation other than
Seek or Home Seek. Bits 03-00 are read/write. Bits 07-04 are read-only
‘bits which contain the current physical sector (number of sectors past
index) of the selected drive.

Bits 12-08 are loaded from the bus to spécify the track address for any
disk operation. Bits 12-08 are read/write.

" RPDA 776 724

12 11

WT“JNJ 1aR ] TAR T.ai so‘r [sovr o1 |50r sk | SAR tsm |s.m|

SARY SECTCR AQORESS
50T« PHYSICAL SECTOR
TAR: TRACK ACDRESS
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Selected Unit Cylinder Address (SUCA) 776 734
The Sejected Unit Cylinder Address (SUCA) register stores the contents
of the selected RPO3 cylinder address register in bits 08-00.

Maintenance 1 Register (RPMI) 776 726

The Maintenance 1 Register (RPM!) is read-onfy and provides a means
for the PDP-11 to examine the state of the RP]11-C’s interface to the
RP0O3 Disk Pack Drive. This register may be read at any time, but
because of the asynchronous operation of the interface, meaningful
results cannot be expected unless the RP11-C is in the maintenance
maode.

Maintenance 1 Register, Address 776 726

Bit Function
00-07 BUS OUT 00-07. BUS OUT 00-07 signals to the RPQ3 Disk
Pack Drive.
08 SET CYLINDER. State of the control tag SET CYLINDER.
09 SET HEAD. State of the control tag SET HEAD,
10 \ CONTROL. State of the control tag CONTROL.
11 SILO IN READY, Silo is ready to receive data.
12 SILO OUT READY. Silo has data ready for output.

Maintenance 2 Register (RPM2) 776 730

The Maintenance 2 Register (RPM2) is write-only and, in conjunction
with RPM3, allows the PDP-11 to simulate the RP0O3 Disk Pack Drive
while in the maintenance mode. Loading this register in the normal
mode has no effect.

Maintenance 2 Register

Bit Function

00-07 MAINTENANCE ATTENTION 00-07. Simulate the Attention
signals from the eight possible disk drives,

08-15 MAINTENANCE CYLINDER ADDRESS REGISTER. Set by the
bus, simulate the lower eight bits of the Cylinder Address
Register signal!s from the selected drive,

Maintenance 3 Register (RPM3) 776 732
The maintenance 3 Register (RPM3} is write-only and, in conjunction
with RPM2, allows the POP-11 to simulate the RPQ3 Disk Pack Drive
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while in the maintenance mode. Loading this register in the normal
mode has ho effect.

Maintenance 3 Register

Bit Function

00 MAINTENANCE CLOCK. When set by the bus causes one
cycle of the RP11.C contrel clock to be generated.

0107 Not Used

08 MAINTENANCE SECTOR, When set by the bus. simulates a
Sector Pulse from the selected drive.
09 MAINTENANCE END OF CYLINDER. When set by the bus
simutates the selected drive signal £nd of Cylinder.
10 MAINTENANCE SEEK INCOMPLETE. When set by the bus
simulates the selected drive signal Seek Incomplete.
11 MAINTENANCE FILE UNSAFE. When set by the bus simulates
the selected drive signal File Unsafe.
12 MAINTENANCE [INDEX, When set by the bus simulates an
' Iindex Pulse from the selected drive.
13 MAINTENANCE ON LINE. When set by the bus simulates the
selected drive signal On Line.
14 MAINTENANCE READY. When set by the bus simulates the
selected drive signal Ready.
15. MAINTENANCE READ ONLY., When set by the bus simulates

the selected drive signal Read Only,

Silo Memory (SI1L0) 776 736 .

The Silo Memory is a 64-word, 16-bit, first-in/first-out (FIFO) MOS
storage device. It can be loaded from the UNIBUS whenever the SILO
IN READY bit in the Maintenance 1 Register is logic 1. If no readout
is performed, the sile will accept 64 words before dropping SILO IN
READY. The silo may be read whenever the SILO QUT READY bit in the
Maintenance 1 Register is logic 1. As soon as all words previously
stored have been read out, SILO OUT READY will go low and remain
low until further data is stored. A transit time of 32 ws maximum is
required for an input word toe “*bubble' to the output.

For maintenance purpases, the Silo Memory is assigned a Unibus device
register address, 776736. This allows maintenance personnel to check
out that portion of the RP11-C by moving a data word to and from the
Silo Mernory.
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SPECIFICATIONS FOR RP11-C

Main Specifications
Storage medium:
Capacity/pack:

Data transfer speed:
Time for 14 revolution:
Disk rotation speed:
Drives/control, max:

Track Positioning Time
One track move:
Average:

Maxirmum:

Data Organization
Surfaces/drive:
Tracks/surface:
Sectors/track:
Words/sector:
Bits/word:

Recording method:
Recording density:
Access with single R/W:

Register Addresses

Device Status  (RPDS)
Errar {RPER)
Control Status (RPCS)
Word Count (RPWC)
Bus Address {RPBA)

Cylinder Address{RPCA)

Disk Address (RPDA)}

Maintenance I (RPM1)

Maintenance 2 (RPM2)

Maintenance 3 (RPM3)

Setected bnit (SUCA)
Cyt Adrs

Silo Memory (SiLO)

UNIBUS Interface

Interrupt vector address:

Priority level:
Data transfer:
Bus loading:

Mechanical
Mounting:

Size:
Weight:

disk pack
20,480,000 words
7.5 usec/word
12.5 mse¢

2400 RPM

8

7.9 msec
29 msec
55 misec

20

400 (plus & spares)

10

256

16

doubte frequency, NRZ
2200 bits/inch, max

1 to 65,536 words

776 710
776 712
776 714
776 716
776 720
716 722
776 724
776 726
776 730
776 732
776 734

776 736

254
BRS
NPR
1 bus foad

Control

1 std PDP-11 cab.
(supplied)

325 |bs

Disk

1 free-standing unit
40"H x 30"W x 24"D
415 lbs
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Power

Input current: . 7 Aat 115 VAC
6 A at 230 VAC

Heat dissipation: 2100 W

Environment
Operating temperature: 15°C to 33°C
Relative humidity: 1095 to 80,

Madels
RP11-CE: Disk pack drive and control, 115 VAC, 60 Hz (for control)

RP11-Cl: - 230 VAC, 50 Hz
SPECIFICATIONS FOR RP0O3

Mechanical

Mounting: . 1 free-standing unit
Size: 40" H x 30" W x 24D
Weight: 415 Ibs

Power

Starting current: 30 A at 230 VAC, 60 Hz
Running current: 6 A at 230 VAC, 60 Hz
Heat dissipation: 1300w

Prerequisite: RPI1-C

Models :

RP03-AS: Disk pack drive, 230 VAC, 60 Hz
RPO3-BS: * t 230 VAC, 50 Hz
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TAPE CASSETTE, TAll

DESCRIPTION -

The TAll Magnetic Tape Cassette System is a reliable, inexpensive,
dual-drive, reel-to-reel unit designed to replace paper tape. [is two drives
run non-simnultaneousty using proprietary Digitai Equipment Corporation
Philips-Type cassettes, Engineered to provide users with optimum pricef
performance, the system offers the following features:

« 1 MIL TAPE. Heavy mylar backing eliminates edge damage and re-
sultant tape failure. :

» REEL-TO-REEL DRIVE. Increases tape life. Only two driving elements.
No pinch rollers, capstans, brakes, clutches, pulieys or belts.

e SINGLE TRACK RECORDING. Differentially balanced head eliminates
external naise sensitivity. Low density and wide track recording ensure
refiability. .

= DC MOTORS. Linear servos pravide precise, gentle tape acceleration
and deceleration. Eliminate stretching and guarantees gap spacing.

« SOLID-CASTING DRIVE, All elements needed to control tape position,
skew and motion are mounted on precision solid casting.

« MODIFIED HUB. Optimizes data capacity, simplifies loading.

s | FADER DETECTION. Optical, foolproof, failsafe.

¢ CASSETTES INTERCHANGEABLE. Assured by precision construction
and frequency-independent read electronics.

* ERROR CHECKING CIRCUITS. 16-bit cyclic redundancy check.

¢+ PHASE-ENCODED RECORDING. Read by sensitive, noise-immune peak
detection circuits and phase lock loop,

» SERVICEABLE. Electronics, drives and power supply are easily acces-
sible plug-in subassemblies.

The TAll includes a Control Unit and a Dual Tape Transport.

Data Organization

In the TALl Cassette System, data is recorded on tape in a single bit-
serial track of data. Since there is no prerecorded timing or format track
{such as in DECtape), data must be sequentially recorded and retrieved
as in conventional magnetic tape systems. -

The cassette medium is an oxide coated tape with sections of clear
leader {no oxide) appended to both ends. Data can not be recorded in
these ctear leader sections, but they identify BOT (beginning of tape)
and EQT (end of tape). Placement of data onto the recordable region of
the cassefte tape is organized into units called files. Adjacent files are
separated by file gaps, which are generated under software control, Each
file consists of one or more blocks separated by hblock gaps. Block gaps
are penerated automatically. Each block consists of one or more hytes
of data and two cyclic redundancy check (CRC) bytes. Under program
control, the CRC bytes are appended when a block is written and checked
when a block is read. Each byte consists of eight bits (no parity). The
number of files, biocks per file, and bytes per block is unrestricted, ex-
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cept for tape capacity. Tape capacity is 92,000 bytes, minimum. This is
reduced by 300 bytes per file gap and 46 bytes per block gap.

CONTROLS & iNDICATORS

There are three manual controls on the tape drive. Each drive contains
a separate REWIND pushbutton and a Power-On indicator. The Power
ON/OFF toggle switch for the entire transport is located on the chassis
rear panel. These manual controls and indicators petform the following
functions:

REWIND—Pressing this momentary contact pushbutton on one of the
two drives, rewinds the tape on that drive, at high speed, to the Begin-
ning-of-Tape (BOT) marker provided:

a. a cassette is Joaded.

b. tape is not moving under program control,
Pressing this switch during a program controlled aperation has no effect.
thick, mylar substrate

Power ON/OFF—Placing this switch in the ON position lights both
Power-On indicators (located opposite the REWIND pushbuttons on the
lower door of each drive) and activates the internal dc¢ power supply.
Conversely, placing this switch in the OFF position de-activates the power

supply and turns off both Power-On indicators.

REGISTERS
Control and Status Register (TACS) 777 500

15 W13 w2 11 1] ¥ B 7 ] 3 4 3 1 4]

CTITT LTI TITIT L 1]

TIMING ERROS
©IFF LINE
URIT SELECT
TRANSFER REGUEST
INTERRUPT EMNABLE

[Les
FURCTION
GO

Effect of the Initialize (INIT) signal: clear bits 8to 6, 4 to 1; set bit &

Read only: bit 15 through 9, 7, and 5
Write only: bit

8IT NAME FUNCTION

15 Error Set to indicate an error condition determined by the
current status indicators of TACS, bits 14 through
9 and the current function, bits 3 through 1. Error
bit is valid only when ready is set.
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BIT
14

13

12

11

10

NAME

Block Check

Clear Leader

Write Lock

File Gap

Timing Error

Off Ling

Unit Select

Transfer
Request

Interrupt

- Enabie

Ready

ILBS

TA11

FUNCTION

Set to indicate a CRC error for READ and SFB.
During a READ function, Block Check sets Error.
During an SFB function, the bit is normally ex-
pected and does not set Error. Cleared when the
next function is successfully initiated.

Set when the currently selected cassette is at EQOT
or BOT. The bit sets Error for all functions except
REWIND.

Set to Indicate that the currently selected cassette
is write-protected if and cnly if the current function
bits are set for WRITE or WFG. The bit sets Error,

Set when a file gap has been entered during a
READ, SFB, SRF or SFF function. The bit sets Ervor -
only on READ and SFB. Cleared when the next
function is successfully initiated.

Set when the program’s response to Transfer Re-
quest was not quick enough and signifies loss of
data during READ or WRITE function. The bit sets
Error. Cleared when the next function is success-
fully initiated.

Set when the currently sefected cassette is not
present or when there is no power in the cassette
transport. The bit sets Error on all functions.

Specifies which trensport is under program control
0 for left (unit 0); 1 for right (unit 1),

- Set when -data is available in Data Buffer, TADB,

during READ, or request for data during WRITE.
Cleared when TADB is addressed. The bit is held
clear by ILBS. It inbibits Ready from setting and
must be serviced prior to Ready.

Set to enable Ready or Transfer Request — 1 to
cause an interrupt,

Set when the Cassette is ready to accept and exe-
cute a command. It is cleared when a function is
initiated and set when the function is completed as
long as Transfer Request ts clear.

Initiate Last Byte Sequence. Set to terminate WRITE
function by causing the transport to write the CRC
bytes, and to terminate READ functior by causing
the transpart to read and check the next two bytes
on tape as CRC characters. Fer an n-byte block,

“ILBS is set in response to the n 4 1 Transfer Re-

quest. The bit holds Transfer Request clear.
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BIT NAME FUNCTION
3-1 Function indicates function to be performed.
BIT

3 2 1 Function

0 O 0 WRITE FILE GAP WFG

0 0 1 WRITE, . WRITE

0 1 O READ READ

¢ 1 1 SPACE REV. FILE SRF

1 O 0 SPACE REV. BLOCK SRB

1 0 1 SPACE FWD. FILE SFF

1 1 0 SPACE FWD. BLOCK SFB

1 1 1 REWIND REWIND
0 Go Set to initiattathe function specified by bits 3 to 1.

Data Buffer Register (TADB) 777 502

Ui

The TADB register serves a dual function and actually comprises two
separate registers in the control. One register is loaded with B-hit data |
from the Cassette during the read function and this data can be retrieved
by reading TADB. The other register is loaded from the UNIBUS and
presented to the Cassette during the write function.

-SPECIFICATIONS

Main Specifications .

Storage medium: 0.150" wide magnetic tape
{in a DEC cassette)

Capacity/ cassette: 92,000 hytes

Data transfer speed: 562 bytes{sec, max

Drives/control: 2 {1 dual unit)

Data Qrganization

Number of tracks: 1 (full width)

Bytes/block: 1 to 92,000

Bits/byte: 8

Recording method: phase encoding

Recording density: 350 to 700 bits{inch

Tape Motion

Read/ write speed: 9.6 inches/sec, avg

Search speed: 22 inches/sec, avg

Start/stop time: 20 msec, max

Rewind time: 20 sec, typ (100 to 150 in/sec)
30 sec, max

Handiing: reel-to-reel drive
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Tape Characteristics
Length:
Type:

Error rate, max:

Register Addresses
Command and Status
(TACS)

Data Buffer {TADB)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Mounting:
Size:
Cable:

Power
Input current:

Heat dissipation:

Environmental
Operating temperature:
Relative humidity:

Models
TALL-AA:
TAl1-AB:
TUE0-K:

Miscellaneous

Error control: 18-bit

TAll

150 ft.
computer-grade, 1009
thick, mylar substrate

1 in 10% bits (assuming 3 retries on a
read error)

certified, 1 mil

777 500
777 502 )

260
BR6
1 bus load

1 panel mounted unit 4- 1 SPC slot
514" front panei height 4 quad module
15 ft., supplied; 25 ft., max.

1 Aat 115 VAC
15Aat+ 5V
120 W

10°Cto 40°C
209, to 809,

Dual cassette unit and controf, 115 VAC, 60 Hz

230 VAC, 50 Hz

Cassette with 150 ft. of certified tape

cyclic redundancy check (CRQC), hardware

generated and appended to data at time of writing.
Tested during read by hardware via program com-

mand.
Read electronics: Peak detection/pbase lock loop (low threshold
read}.
Typical biock Pre-{ Pre- SNt CRC Post-
ypical bioc Gap | amble { Data Bytes Character Gap
format: -
25" 32 bit {(x" 4 x4 x*+ 1) .25"
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DECTAPE, TC11-G

DESCRIPTION
The TC11-G is a dual-unit, bidirectional magnetic-tape transport system
for auxiliary data storage. Low cost, low maintenance and high reliability
are assured by:

» Simply designed transport mechanisms which have no capstans and
no pinch rollers.

» Hydrodynamically fubricated tape guiding (the tape floats on air over
the tape guides while in motion)

+ Redundant recording

» Manchester phase recording techniques (virtually eliminate drop outs)

Each transport has a read| write head for information recording and play-
back on five channels of tape. The system stores information at fixed
positions on magnetic tape as in magnetic disk or drum storage devices,
rather than at unknown or variable positions as in conventional magnetic
tape systems. This feature allows replacement of blocks of data on tape
in a random fashion without disturbing other previously recorded infor-
mation. In particular, during the writing of information on tape, the sys-
tem reads format (mark) and timing information from the tape and uses
this information to determine the exact position at which to record the
information to be written. Similarly, in reading, the same mark and tim-
ing information is used to locate data to be played back from the tape.

A DECtape system consists of up to 4 dual transports, a Control Unit
(which will buffer and controt information for up to four dual transports)
and DECtape 3/4-inch magnetic tape on 3.9-inch reels. A TC11-G in-
cludes a Contro! Unit and the first duat Tape Transport.

QOperation

The system utilizes a 10-track read/write head. The first five tracks on
the tape include a timing track, a mark track, and three data tracks, The
other five tracks are identical counterparts and are used for redundant
recording to increase system reliability, The redundant recording of each
character bit on non-adjacent tracks materially reduces bit drepouts and
minimizes the effect of skew. The use of Manchester phase recording,
rather than amplitude sensing techniques, virtually eliminates dropouts.

The timing and mark channels control the timing of operations within
the Contrel Unit and establish the format of data contained on the infor-
mation channels. The timing and mark channeis are recorded prior to all
narmal data reading and writing on the information channels. The timing
of operations performed by the tape drive and some control functions
are determined by the information on the timing channel. Therefore,
wide variations in the speed of tdpe motion do not affect system per-
formance.

The standard format tape is divided into 578 blocks. The structure of
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each block is symmetric: block numbers and checksums are recorded at
both ends of a block and thus searching, reading, or writing can occur in
either direction. However, a block read in the opposite direction than it
was writter will have the order of the data words reversed,

.- DECTAPE
§ TIMING
MARK
REDUNDANT
DATA 1A TRACKS
DATA 2A
24" DATA 34

DATA CHANNEL 1
DATA CHANNEL 2
DATA CHANNEL 3
MARK THANNEL
TIMING CHANNEL

\/-\/\J/\/LL/

g
e, L, L, N

f_
[
I

DECtape Format

Information read from the mark channel is used during reading and writ-
ing data to indicate the beginning and end of data blocks and to deter-
mine the functions performed by the system in each control maode. The
data tracks are located in the middle of the tape where the effect of skew
is mirimum. The data in one bit position of each track is referred to as a
line or as a character. Since six lines make up a word, the tape can re-
cord 18-bit data words. During normal data writing, the Contral disas-
semhles the 18-bit word and distributes the bits so they are recorded as
six 3-bit characters. Since PDP-11 words are 16-bits long, the Control
writes the extra two bits as 0's and ignores them when reading. However,
during special modes, the extra two bits can be written and recovered.

A 260-foot reel of DECtape is divided into three major areas: end zones
{forward and reverse), extension zones {forward and reverse), and the
information zone. The two end zones (each approximately 10 feet) mark
the end of the physical tape and are used for winding the tape around
the heads and onto the take-up reel. These zones never contain data.

The forward and reverse extension areas mark the end of the informayiron
region of the tape. Their length is sufficient to ensure that once the'end
zone is entered and tape motion is reversed, there is adeguate distance
for the transport to come up to proper tape speed before entering the
infarmation area.

The infarmation area, consists of blocks of data. The standard is a nomi-
nal 578 blocks, each containing 256 data words (nominally). In addition
each block contains 10 control words.

} 3

260 FEET

END  [EXTENSION IExXTENSIOM  END
ZONE BREA BLOCK BLOCK | BLOCK }[ BLOCK | 8L0Ck | BLOCK BREA ZEME

M—— e INFORMATION AREA - 290 FEET ———————————=

DECtape Block Arrangement
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The blocks permit digital data to be partitioned into groups of words
which are interrelated while at the same time reducing the amount of
storage area that wouid be needed for addressing individual words. A
simple example of such a group of words is a program. A program can
he stored and retrieved from magnetic tape tn a single block format be-
cause it is not necessary to be able to retrieve only a single word from
the program. it is necessary, however, to be able to reirieve different
programs which may not be related in any way. Thus, each program can
be stored in a different block on the tape.

Since DECtape is a fixed address system, the programmer need not know
accurately where the tape has stopped. To locate a specific point on tape
he must only start the tape motion in the search mode. The address of
the block currently passing over the head is read into the DECtape Con-
trol and loaded into an interface register. Simultanecusly, a flag is set
and a program interrupt can occur. The program can then compare the
block number found with the desired block address and tape rotion
continued or reversed accordingly.

DECtape Unit

CONTROLS & INDICATORS

REMOTE/OFF/LOCAL Placing this switch in one of the follow-
{rocker switch) ing positions accomplishes:

a. REMOTE—disables the Fwd/Hald/
Rev switch and places the transport
under computer control {on-line).
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Fwd/Hold{Rev

(rocker switch: spring-loaded
to Hold)

Address Select
(9 to 7 thumbwheel switch)

WRITE ENABLE/WRITE LOCK
(rocker switch)

REMOTE SELECT
{indicator)

WRITE
(indicator)

TC11

b. LOCAL-—enables the Fwd/HoldfRev
switch and removes the transport
from computer control (off-line).

c. OFF-—removes power from the ree)
motors and removes the transport
from computer control,

Placing this switch in the Fwd position
(provided REMOTE/OFF/LOCAL is in
LGCAL) moves the tape from left to
right across the read/write head.

When this switch is in the spring-loaded
Hold position (provided REMOTE/OFF/
LOCAL is in LOQCAL), the tape remains
stationary,

Piacing this switch in the Rev position
(provided REMOTE/OFF/LOCAL is in
LOCAL) moves the tape from right to
left across the read/write head.

Configures the transport logic to re-
spond to the address indicated on the
thumbwheel.

Placing this switch in the WRITE EN-
ABLE paosition lights the WRITE indi-
cator and allows a write operation,

Placing this switch in the WRITE LOCK
position turns off the WRITE indicator
and prevents a write operation.

Lights when the transport is in the re-
mote {on-line} mode and s selected by
the controller,

Goes of when .the transport is in the
off or local (off-line) modes or is de-
selected by the controller.

Lights when the WRITE ENABLE/WRITE
LOCK switch is in the WRITE ENABLE
position.

Goes off when the WRITE ENABLE/
WRITE LOCK switch is in the WRITE
LOCK position.
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PROGRAMMING

Alt transport operations are controlled by the Control Unit from program
instructions. The Control selects the transport, controls tape motion and
direction, sefects a read or write operation and buffers data transferred.

The Control can select any one of eight commands that control operation
of the DECtape system. When the system Js operated on-line, these com-
mands are used for reading or writing data on the tape and for con-
trolling tape motion. The desired command is selected by the program
which sets or clears bits 3, 2, and 1 in the command register (TCCM) to
specify an octal code representing the desired command.

The commands are:

QOCTAL i

CODE MNEMONIC FUNCTION

0 SAT Stops aill tape motion.

1 RNUM Finds the mark track code that identifies
the block number on the tape in the se-
iected tape unit. Block number found is
avaiiable in the data register (TCDT).

2 RDATA Assembles one word of data at a time and
transfers it directly to memory. Transfers
continue until word count overflow, at
which time data is read to the end of the
current block and parity is checked.

3 RALL Reads information on the tape that is not
read by the RDATA function.

4 S8T Stops alf tape motion in selected transport
only.

5 WRTM Writes timing and mark track information
on blank DECtape. Used for formatting

- new tape,

6 WDATA Writes data into the three data tracks. 16
bits of data are transferred directly from
memaory.

7 WALL ‘ Writes information on areas of tape not

accessible to WDATA function.

All software controf of the TC11 DECtape system is performed by means
of five device registers. They can be read or loaded using any PDP-11
instruction that refers to their address.
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REGISTERS

Control and Status Register (TCST) 777 340
15 W 913 2 41 g 9 8I765 4 3 2 1 Q
| i i l_ 1 1 I 1 1 I I3 i .l L - |
J . \_\,_J;T_.r
END ZONE
PARITY ERROR J

MARK TRACK ERROR
ILLEGAL OPERATION
SELECTION ERROR
BLOCK MISSED
DATA MISSED
HON-EXIST MEMORY
TAPE IS UP TO SPEED
CLOCK SIMULATES TIMING
MAMTENANCE MARK TRALCK
DATA TRACKS
EXTENDED DATA

Effect of the Initialize (INIT) signal: ctear bits 15, 14, 13, 10 through 7,
5 1and 0.

BIT NAME FUNCTION

15 End Zone (ENDZ) Set to indicate that the selected
tape unit is in an end zone region
of the tape. It is cleared by loading
a O into bit 15 (ERROR) of com-
mand register {TCCM), cleared by
loading a 1 into bit 0 {(DO) of the
command register. Stops selected
tape unit.

14 Parity Error {PAR) Set to indicate a parity error. The
parity error occurs during RDATA
function if the calculated and writ-
ten checksums disagree. Cleared
in the same manner as ENDZ
(bit 15).

13 Mark Track Error(MTE) Set when an error occurred during
- decoding of the mark track. Siops
selected tape unit. Cleared in the

same manner as ENDZ.

12 lilegal Qperation(ILO} Set to indicate an iHegal cperation
) caused by a conflict in switch po-
sitions of the WRITE ALL, WRITE
T&M, and WRITE ENABLE/WRITE
LOCK switches. These conflicts
are: :
a. WRITE LOCK on during WRTM,
WALL, or WDATA modes
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10

Selection Error{SELE)

Block Missed(BLKM)

Data Missed(DATM)

Non-Existent Memory(NEX)

Tape I1s Up To Speed{UPS)

TC11

b. WRITE T&M switch off during
WRTM mode

c. WRITE ALL switch off during
WALL mode

Stops selected tape unit. Cleared
when switches reset to valid posi-
tions or when a non-conflicting
operation is selected.

Set when the program has either
selected a non-existent tape unit
or has attempted to select more
than one tape unit. Stops sclected
tape unit. Disabled if MAINT bit
{bit 13 in TCCM) is set or if func-
tion is SAT (bits 3, 2, and 1 in
TCCM cleared). Cleared when unit
selection switchés set to valid po-
sitions or when anather unit is
selected.

Set when a block was missed. The
transfer from read block number
{RNUM) to read data (RDATA) or
write datae (WDATA) functions oc-
curred too late. Also, indicates
switch to RDATA from WDATA was
too late. Cleared in the same man-
ner as ENDZ,

Set when data was missed. Re-
quest for data transfer not hon-
ored in time during RDATA,
WDATA, WALL, or RALL. Cleared in
the same manner as ENDZ,

Set to indicate nomn-existent mem-
ory. This occurs when TC1l Con-
troller is bus master and does not
receive g SSYN response within 20
us after asserting MSYN. Cleared
in the same manner as ENDZ.

Set when selected tape unit is up
to speed required for proper aper-
ation. Cleared when UNIT SELECT
or REV ‘bit is changed. Set when
unit is up to speed; set when
MAINT bit (bit 13 in command
register) is set, or when the se-
lected function is WRTM.
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& Clock Sirmulates Timing{CLK) Used to simulate timing track. May

5 Maint Mark Track(MMT)

4 Data Track O(DTO)

3 Data Frack 1(DT1}

2 Data Track 2(DT2)

1 Extended Data 17(XD17) ‘l
4] Extended Data 16(XD16) J

Command Register (TCCM) 777 342

139 M 13 12 11 10 8

be loaded when MAINT bit is set.
When CLK is set, produces TPI;
when cleared, produces TPO.

Used to simulate the bit read from
the mark track. May be toaded
when MAINT bit is set.

Used to simulate output of the
read amplifier when loaded; when
read, reads the input to the write
amplifier. When MAINT bit is set,
DTO loads into RWB2 and reads as
RWRBS.

NOTE

Bits 4, 3, and 2 function as six
bits. When loaded, they simulate
the read ampiifier and are loaded
into RWB2, RWB1, and RWBO.
When read, they read the write
amplifier inputs from RWBS5,
RWB4, and RWB3.

Functions the same as DTC except
loads into RWB1, reads as RWB4.

Functions the same as DTO except
loads into RWBO, reads as RWB3.

Aliows reading and writing on
areas of the tape not accessibie
during 16-bit word transfers,

8 ¢ & 5 4 3 2 1 [+]

1 I i L l

P ——
EF!HOR—T |
MAINTENANGE

DELAY INHIBIT

TAFE DIRECTION

TAPE UNIT SELECTION
READY

INTERRUPT ENABLE
ENTENDED BUS ADDRESS

FUNCTIGN

18]
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Effect of the Initialize {INIT) signal: clear bits 13 through 8, & through
1; set bit 7

Read only: bit 7
Write only: bit 0

BIT
15

13

12

11

10-8

5-4

31

NAME
Error

Maintenance(MAINT)

Delay Inhibit(DINHB)

Tape Direction{REV)

Unit Select

READY

Interrupt Enable(IE)

Ext Bus Address{XBA)

Function Bits

DO

FUNCTION

Set to indicate an error condition which
is the inclusive OR of all error conditions
(bits 15-8 in TCST). Causes an interrupt
if enabled (see bit 6). Clears errors (ex-
cept ILO and SELE)} when loaded with
zerg, Sets READY bit (hit 7).

Used for maintenance functions. When
set, enables operation of bits 6-2 in the
TCST.

Set to inhibit the delay associated with
bringing a tape unit up to speed when
reselecting a tape unit known to be up
to speed by a previous command,

Specifies direction of tape motion. When
set, specifies reverse motion; when
cleared, specifies forward motion.

Specifies the number of the tape umit
which is to receive the desired com-
mand. These three bits are set or cleared
to represent an cctal code which cor-
responds to the unit number of the tape
unit to be used,

Set when the Control is ready to receive
a new command, Cleared when DO (bit
Q) is set, Set when command execution
is complete; set by ERROR (bit 15).

Set to allow either READY (bit 7) or
ERROR (hit 15)=1 to cause an interrupt.

Used to specify address line 17 (bit 5}
or address line 16 (bit 4) in direct
memory transfers. Increments with the
TCBA.

Specifies a2 command to be performed
upon the selected transport. Cleared by
INIT to SAT.

Set when a new funetion is given, Clears
READY.
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Word Count Register (TCWC) 777 344

BIT

15:0  Word Count

18 % 13

6 &5 4 3 2 1 Q

8 8 7
i I

NAME

FUNCTION

Contains two's complement of the num-
ber of words to be transferred. This reg-
ister counts the number of word trans-
fers made during RDATA (read data) and
WDATA (write data) functions. When one
of these functions is initiated, the word
count register is loaded. The register is
incremented by 1 after each transfer.
When the contents of the register equals
all zeros, further transfers are inhibited.
Cteared by INIT. (Note: This register
must not be modified by using byte in-
structions. Use only word instructions
when loading).

Bus Address Register (TCBA) 777 346

BIT
151

Data Register (TCDT} 777 350

BIT
15-G

15 14 13 12 1

9 8 T € 5 4 3 2 1 0

| -

BUS OR MEMORY ADORESS
I L L 1 L l 1

NAME
Address

NAME
Data

FUNCTION

Specifies the bus or memory address to
or from which data is to be transferred
during RDATA (read data) and WDATA
{write data) operations. These bits are
used in conjunction with bits XBA17 and
XBA16 in the command register. After
each transfer (during RDATA and
WDATA) is made, this register is incre-
mented to advance it to the next word .
location. The XBA bits in TCCM partici-
pate in the incrementation; they are a
lagical extension to this register. Cleared
by INIT. (Note: the bus address register
must not be modified by using byte in-
structions when loading this register).

FUNCTION
Contains data word read from or to be
written on the magnetic tape. These bits
and bits XD17 and XD16 in the status
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TC11

register form the 1B bits which corre-
spand one to one with the six 3-bit char-
acters read or written on the tape,

The data register accepts information
under program control during WALL
{write all) and WRTM (write timing and
mark) operations. During RALL (read all)
and RNUM (read block number) opera-
tions, the data register contains data
read from the tape. During WDATA (write
data) and- RDATA (read data) operations,
the data register is used to buffer infor-
mation between the controller and mermn-
ory. Cleared by INIT.

Note: The data register must not be
maodified by using byte instructions. Use
only word instructions when loading this
register.

The following two examples represent typicat methods of programming
the TC11 Controt. The first example finds a specified block. The second
example is a routine for writing data into a specific block.

Routine to find a specified block

{ENTER WITH RO = BLOCK WANTED

;FINDS BLOCK IN FORWARD DIRECTION

SEARCH:

LOOP1:

FORWRD:

LOOP2:

MOVE RO, BWANT
SUB #3, BWANT
MOV #4003, TCCM

BIT # 100200, TCCM
BEQ LOOP1

BMI ERROR

SUB TCDT, # BWANT
BLT SEARCH

MOV RO, BWANT
MOV #3, TCCM

BIT # 100200, TCCM

BEQ LOOP2

BMI ERROR

SUB TCDT, BWANT
BGT FORWRD
BLT SEARCH

RTS PC

;OFFSET
;UNIT 0, REVERSE, RNUM, DO

;CHECK READY AND ERROR

;CHECK BLOCK FOUND

;UNIT O, FORWARD ,RNUM, DO

;CHECK FOR READY AND
iERROR

;CHECK BLOCK FOUND

;RETURN WHEN BLOCK 15
FOUND
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ERROR:

LOOP3:

TST TCST
BMI LOOP3
HALT

BIT #4000, TCCM
BNE FORWRD

BR SEARCH

TC11

;TEST FOR ENDZ

;HALT ON ERROR OTHER
;THAN
JENDZ

;CHECK DIRECTION
;IF REV, NOW SEARCH
iFORWARD

;IF FOR, NOW SEARCH
iREVERSE

Routine to write 100 words into block 47 on unit 0

MOV #47, RO
JSR PC, SEARCH

MOV #-100, TCWC
MOV #BUFFER, TCBA

MOV #15, TCCM

ySET UP RO FOR SUBROUTINE
{CALL

;GO FIND BLOCK

;SET UP WORD COUNT

;SET UP BUS ADDRESS

;GIVE COMMAND: WDATA, DO

LOOP4: BIT # 10602060, TCCM

BEQ LOOP4
BMI ERR

BUFFER: O

SPECIFICATIONS FOR TC11-G

Main Specifications
Storage medium:
Capacity/tape reel:

Data transfer speed:
Drives/control, max:

Data Organization
Number of tracks:
Blocks/ reel:
Woards/block:
_Bits{word:
Recording method:
Recording density:

Tape Motion
Speed:

. Start time:

Stop time:
Turnaround time:

(UNIT 0, FORWARD

;CHECK READY AND ERROR
;ROR =0

;BRANCH ON READY AND ERRCR
:BRANCH TO ERROR SERVICE

;CONTINUE WITH PROGRAM

:START OF BUFFER

34" wide magnetic tape (DECtape)
147,968 words (144K}

5,000 words/sec (200 usec/word}
8 {4 dual units)

10 (5 are redundant)

578

256

16

Manchester phase encoding
350 = 55 bitsfinch

97 + 14 inches/sec (bi-directional)
150 = 15 msec
100 £ 10 msec
200 * 20 msec
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Tape Characteristics

Length: 260 ft

Type: 1 mil, Mylar sandwich, Myiar protected on
hoth sides

Reel diameter: 3.9 inches

Handling: Direct drive hubs and specially designed

guides float the tape owver the head. No
capstans or pinch rollers.

Register Addresses

Control and Status (TCST) 777 340

Command (TCCM) 777 342

Word Count {TCWC) 777 344

Bus Address (TCBA) 777 346

Data (TCDT) 777 350

UNIBUS Interface

Interrupt vector address: 214

Pricrity level: BRG

Data transfer: ' NPR

Bus lpading: 1 bus load

Mechanical

Mounting: . mounts in a std PDP-11 cabinet (supplied)

Size: o 1045 pane! height for tape drive
+ 10L5* for control unit

Power

Input current; 9 A at 115 VAC

Heat dissipation: 870 W

Environmental

Operating temperature: 15°C to 27°C

Relative humidity: 4005 to 60°%,

Models )

TCI11-GA: Dual tape drive and control, 115 VAC, 60 Hz

TC11-GB: " 230 VAC, b0 Mz

SPECIFICATIONS FOR TUS6

Mechanical

Mounting: mounts in a std PDP-11 cahinet

Size: 105" front panel height

Weight: 80-lbs

Power

Input current: 3 Aat 115 VAC

‘Meat dissipation: 350 W

Prerequisite: TC11-G

Model

TUS6: Dual tape drive
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MAGNETIC TAPE, TM11

DESCRIPTION

The TM11 is a high-performance, low-cost magnetic tape system ideally
suited for writing, reading, and storing large volumes of data and pro-
grams in a serial manner. Because the system reads and writes in in-
dustry-compatible format, information can be transferred between a
PDP-11 and other computers, For example, a PDP-11 might be used to
collect data and record it for fater processing on a large-scale computer,
The 10 1/2-inch tape reels contain up to 2400 feet of tape upon which
over 180 million bits of data can be stored on high density 9-track tape
or over 140 million bits can be stored on high density 7-track tape.

The TMI11 employs read after write error checking to verify that proper
data is written on the tape. Should a tape dropout be detected, appropri-
ate action can he taken to insure no loss of data.

Tape motion is controlled by vacuum columns and a servo-controlled
single-capstan, Long tape life is possible because the only contact with
the oxide surface is at the magnetic head and at a roiling contact on one
low-friction, low-inertia bearing.

A Magtape System consists of up to 8 tape transports and a Contral Unit.
Transports are capable of operation with seven or nine-track tape and a
system can contain any combination of 7- and 9-track units. A TM11 in-
cludes a control unit and the first Tape Transport.

TU1G MAGTAPE UNIT
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Operation

Reading and writing occurs when the tape is moving forward, hut the con-
troi can move the tape to new positions in forward or reverse. For writing
on tape, 8-bit data words are transferred from memory to a data buffer
in the controller. The data buffer logic supplies the character to the tape
transport write logic. For reading, the sequence is reversed; and informa-
tion is read from tape as 6-bit characters for 7 track tape; (8 bits for 9
track tape) which are sent to the data buffer. When a word has been as-
sembled in the data buffer, an NPR transfer is initiated to transfer the
data buffer word into memory.

The 7- and 9-track system use 1/2-inch mylar base tape which is coated
on one side with an iron oxide composition. The method of recording is
non-return-to-zero (NRZ). A seven track tape includes six data channels
and a lateral parity channel. Density modes of 200, 556, and 800 bytes
per inch are selectable. Nine-track tape is similar to the 7-track tape, but
operation is only in the 800 bpi mode and it has the industry standard
cyclic redundancy character at the end of each record. The load and end
points of the tape are marked by reflective strips which are detected by
photo diades. About 10 inches of blank tape is wound on .a reel and pre-
cedes the BOT and EOT strips; a gap of about 3 inches is left from the
load point before writing can begin.

Each computer word contains two 8-bit tape characters. Record blocks
are separated by 34 inch gaps on 7-track units and 14 inch gaps on
9-track units. The industry standard format has 7-track tape records con-
taining from 24 to 4008 characters, and 9-track tape records from 18 to
2048 characters,

DATA
DATA
DATA,
e ey
DATAE
DATA §
LATERAL PARITY CHANNEL
BEGINNING OF TAPE END OF TAPE
REFLECTN'E STRIP REFLECTIVE STRIP —
‘t"_f‘—_“ RECORD reconn | recorp o ——e T
BLOCK BLOCK | BLOCK
—,
FECORD Gap

Magtape Format
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CONTROLS & INDICATORS

[ ool B
(e o ol e

PWR_ON ON-LINE START
PWR OFF OFF-LINE STOP
LOAD FWD

REW!

UMNIT
BR REL SELECT REV

Operator Control Box

Contral Box Switches

PWR ON/PWR OFF Applies power to entire TU10. Also, supplies power
to the bus terminators if the tape transport is the
mast rermote unit on the bus.

LOAD/BR REL .

LOAD Position Enables vacuurm motor, which draws tape into the
buffer columns.

Center Position Disables vacuum motor; brakes are fuil-on.

BR/REL Release brakes.

ON-LINE/ OFF-LINE
ON-LINE Position  Selects remote operation.
OFF-LINE Position Selects local operation.
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FWD/REW/REY
FWD Position Selects, but does not initiéte, forward tape motion
when transpott is off-line
REW Paosition Selects, but does not initiate, tape rewind when
transport is off-line,
REV Position Selects, but does not initiate, reverse tape motion
when transport is off-line.

START/STOP

START Position Initiates tape motion selected by FWD{REW/REV
switch when transport is off-line.

STOP Position Clears any motion commands when transport is
off-line.

UNIT SELECT Selects the tape transport unit by number (0-7).
This number is used in the program to address the
tape transpori.

Status Indicators

PWR Indicates power has been applied o the transport.

LOAD Indicates that vacuum is on and the tape is loaded into the

buffer calumns.

RDY Indicates that the tape transport is ready (vacuum on and

settledown delay complete); there is ne tape motion.

LD PT Indicates that the tape is at load point (Beginning of Tape)

END PT Indicates that the tape is at end point (End of Tape).

FILE PROT Indicates that writé operations are inhibited because the
write enable ring is not mounted on the file reel,

OFF-LINE Indicates local operation by the control box.

SEL Indicates the tape transport is selected by the contraller
{program).

WRT Indicates that the program his initiated a write operation in
the tape transport.

FwD Indicates that a forward command has been issued.

REV Indicates that a reverse command has been issued.

REW Indicates that a rewind command has been issued.
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REGISTERS
Status Register (MTS) 772 520
5 14 3 12 1 10 9 B 7 & 5 4 3 -2 1 0

I l 1 i I 1 1 I 1 i I 1 1 l i 1 I

ILLEGAL mI I
END OF FILE

CYCLICAL REDUNDANCY
PARITY ERROR

BUS GRANT LATE

END OF TAPE
RECORD LENGTH ERROR
BAD TAPE ERROR
NON-EXIST MEMORY
SELECT REMOTE
BEGINNING OF TAPE
SEVEN CHANNEL-
TAPE SETTLE DOWN
WRITE LOCK:
REWIND STATUS
TAPE UNIT READY

BT NAME FUNCTION

15 lllegal Command Set by any of the following illegal com-
mands:
1. Any DATC or DATOB to the Com-
mand Register MTC during the tape
operation period
2. A Write, write EOF, or write with ex-
tended IRG operation when the FILE
PROTECT bitisa l
3. A command to a tape unit whose
SELECT REMOTE bit isa 0
4, The SELECT REMOTE (SELR) bit
becoming a 0 during an operation.

In error conditions 1 through 3, the command is loaded into the MTC,
but the GO pulse te the tape unit is not generated. In addition the CU
ready bit remains set.

14 End of file (EOF) Set when an EOF character is detected
during a read, space forward or space
reverse pperation. During the read or
space forward operation, the EOF bit
is set when the LPC {longitudina! par-
ity check) character fallowing the EOF
character is read. During a space re-
verse operation, the EOF bit is set
when the EQF character following Its
LPC character is read. The ERR bit
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12

11

Cyclical Redundancy
Error {(CRE}

Parity Error (PAE)

Bus Grant Late (BGL)

TM11

sets when the LPC character strobe is
generated with the FILE MARK signal
upon EOF detection.

Petected only during a read operation.
It compares the CRC character read
from tape with that regenerated during
the same read operation. If they are
not the same, CRC ERROR from the
tape unit becomes a 1 which forces
the CRE bit to a 1. However, the ERR
bit does not become a 1 until the LPC
character is detected.

The OR of the lateral and longitudinal
parity ervors. A lateral parity error is
indicated on any character in the rec-
ord while a longitudinal parity error
occurs only when the LPC character is
detected.

A parity error does not affect the trans-
fer of data; that is, in a write opera-
tion, the entire record is tranferred to
tape and in a read operation, the en-
tire record is written into core mem-
ory. :

For all parity errors, the ERR bit sets
only whan the LPC character is de-
tected. Both iateral and longitudinal
parity errors are detected during a
read, write, write EQOF, and write with
extended IRG operations. The entire
record is checked including the CRC
and LPC characters. Longitudinal par-
ity error occurs when an odd number
of 1's is detected on any track in the
record. A lateral parity error occurs
when an even number of 1's is de-
tected on any character when PEVN is
a 0, or an odd number of 1's is de-
tected on any character when PEVN is
al.

Set when the control unit, after issu-
ing a request for the bus, does not re-
ceive a bus grant before the control
unit receives the bus request for the
following tape character. The condition
is tested only for NPR (non-processor
request) operations. The ERR bit sets
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]

8

End of Tape (EOT)

Record Length Error
{RLE}

Bad Tape Error {BTE)

Non-Existent Memory
(NXM)

TM11

sitnultaneously with BGL, thus termi-
nating the operation. ¥ the BGL oc-
curred during a write or write with ex-
tended IRG operation, the contral unit
does not send the signal WDS to the
master, while the master writes the
CRC character (if required) and LPC
character onto the tape, terminating
the record.

Set when the EOT marker is read while
the tape is moving in the forward di-
rection. The bit is cleared as soon as
the same point is read while the tape
is moving in the reverse direction. The
ERR bit, as a result of the EOT bit at
a 1, sets onily in the tape forward di-
rection and coincidentally with the
reading of an LPC character.

Detected only during a read operation.
i occurs for long records only and is
indicated as soon as MTBRG incre
ments beyond 0, at which time both
data transfer into memory and incre-
menting of the MTCMA and MTBRC
stop.

However, the control unit reads the
entire record and sets the ERR bit
when the LPC character is read. CU
ready remains at O until the LPC char-
acter is read.

Sets when a character is detected
({RDS pulse) during the gap shut-down
or settling down period for all opera-
tions {except rewind). When BTE is
detected the ERR bit is set immedi-
ately, and if INT ENR is set, an inter-
rupt sequence is started.

Set during NFR operations when the
control unit is bus master, and is per-
forming data transfers into and out of
the bus when the control unit does
not receive a slave SYNC signal within
10 micre seconds after it had issued a
master sync signal. The operations
which occur when the error is detected
are identical to those indicated for the
BGL error.
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TM11

Cleared when the tape unit addressed
does not exist, is off line, or has its
power turned off.

5 Beginning Of Tape {BOT) Set when the BOCT marker is read, and

4 Seven Channel (7 CH)

3 Tape Setfle Down
{SDWN)

2 Write Lock (WRL)

1 Rewind Status (RWS)

0 Tape Unit Ready (TUR)

Command Register (MTC) 772 522

B 14 3 12 1

cleared when the BOT marker is not
read. BOT at a 1 does not producea
in the ERR bit,

Set to indicate a 7-channel tape unit;
cleared to indicate a 9-channel unit.

Set whenever the tape unit is slowing
down. The master will accept and exe-
cute any mew command duripg the
SDWN period except if the new com-
mand is to the same tape unit as the
one issuing SDWN and if the direction
implied in the new command is oppo-
site to the present direction.

Set to prevent the controb unit from
writing information on tape. Controlled
by presence or absence of the write
protect ring on the tape reel.

et by the master as soon as it re-
ceives a rewind command from the
control unit. Cleared by the master as
soon as the tape arrives at the BOT
marker in the forward directicn. (It
overshoots BOT in the reverse direc-
tion.)

Set when the selected tape unit is
stopped and when the SELECT RE-
MOTE is false. Cleared when the pro-
cessor sets the GO bit and the opera-
tion defined by the function bit occurs.

2 B T € 5 4 3 2 t__C

L i n. : | 1 L | - L _l

R
sl | |

LATERAL PARITY
UNIT SELECT

CU READY

INTERRUPT ENABLE

ADDRESS BITS

FUNCTION

G0
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BIT
15

14.13

12

11

10-8

5-4

NAME
Error (ERR)

Density (DEN 8, DEN 5)

Power Clear (PCLR)

Lateral Parity (PEVN)

Unit Select

CU Ready (CUR)

Interrupt Enable
(INT ENB)

Address Bits

TMI11

FUNCTION
Set as a function of bits 7-15 of the
Status Register MTS. Cleared on INIT
or on the GO command to the tape
urt.

Cleared on INIT.

BIT14 BIT13
0 0 200 bpi 7 channel
0 1 556 bpi 7 channel
1 0 800 bpi 7 channel
1 i B0O bpi 9 channel

Provides the means for the processor
to clear the control unit and tape units
without clearing any other device in
the system. The PCLR bit is always
read back by the processor as Q.

St for even parity. Cleared for odd
parity. A search’ for parity error is
made in all tape moving operations
except space forward, space reverse,
and rewind.

Specifies one of the eight possible
magnetic tape units. Ali operations
defined in the MTC and all status con-
ditions defined in the MTS pertain to
the wunit indicated by these bits.
Cleared on INIT. : :

Cleared at start of a tape operation,
and set at end of tape operation, The
contral unit accepts as legal all com-
mands it receives while the CU Ready
bitis 1.

When set, an interrupt occurs when-
ever either the CU ready bit or the
ERR bit change from 0 to 1 or when-
ever a tape unit that was set into re-
wind has arrived at the beginning of
tape. In addition, an interrupt occurs
on an instruction that changes the
INT ENB from 0 to 1 and does not set
the GO bit. {i.e. CU READY or ERROR
=1}

Extended memory bits for an 18-bit
bus address. Bit 5 corresponds to
XBAl17, and bit 4 to XBAl6. They are
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an extension of the MTCMA, and in-
crement during a tape operation if
there is a carry out of MTCMA.

31 Function Bits Selects 1 of 8 functions (program-
mable commands).

BIT3 BITZ BIT1

0 0 ¢ Off line

] 0 1 Read

0 1 0 Write

0 1 1 Write EOF

1 0 0 Space Forward

1 0 1 Space Reverse

i 1 0 Write with
Extended

tnterrecord Gap
1 1 1 Rewind

g Go When set, begins the operation de-
fined by the function bits.

Byte Record Counter (MTBRC) 772 524

The MTBRC is a 16-bit binary counter which is used to count bytes in a
read, write, or write with extended IRG operation, or records in a space
forward or space reverse operation. When used in a write or write with
extended IRG operation, the MTBRC is initialiy set by the program to the
2's complement of the number of bytes to be written on tape. The
MTBRC becomes O after the last byte of the record has been read from
memory. Thus, when the next WDS (Write Data Strobe) signal occurs
from the master, the control unit will not send the WDR (Write Data Re-
guest) to the master indicating that there are no more data characters
in the record.

when the MTBRC is used in a read operation, it is set to a number equal
or greater than the 2's complement of the number of words to be loaded
into memory. A record length error (RLE) occurs for fong records only,
and is indicated when a read pulse for data (RDS occurring when CRCS
or LPCS does not occur) occurs when the MTBRC is O, The MTBRC in-
crements by 1 immediately after each memory access.

When the MTBRC is used in a space forward or space reverse operation,
it is set to the 2's complement of the number of records to be spaced.
It is incremented by a 1 at LPC time, whether the tape is moving in the
forward or reverse direction, A new GO pulse is sent to the tape unit
during the SDWN time if the MTBRC is not 0 during that time. When the
tape unit is moving in reverse, the LPC character is detected before
SDWN, but before the entire record has been traversed. Thus, both SDWN
and LPC character appear to be in different positions on tape from those
when the tape unit is moving forward.

Current Memuory Address Register (MTCMA) 772 526
The MTCMA contains 16 of the possible 18 memory address bits. [t is
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used in NPR operations to provide the memory address for data transfers
in read, write, and write with extended {RG operations. Prior to issuing a
command, the MTCMA is set to the memory address into which the first
- byte is loaded in a read operation, or from which the first byte is read in
a wtite, or write extended JRG operation. The MTCMA is incremented by
1 immediately after each memory access. Thus, at any instant of time,
the MTCMA points to the next higher address than the one which had
most recently been accessed. When the entire record has been trans-
ferrad, the MTCMA cantains the address plus 1 of the last character in
the record. In the error conditions Bus Grant Late (BGL) and Non-Existent
Memory (NXM), the MTCMA contains the address of the location in
which the failure occurred.

The MTCMA is available to the processor on a DAYI except bit 0 which
always reads as a zero under program control. Bit 0 can be asserted
during NPR's to determine the selected byte. The bits are set or cleared
on a pracessor DATO. INIT clears all bits in the MTCMA.

Data Buffer (MTD) 772 530

The data buffer is an 8-bit register which is used during a read, write, or
write with extended IRG operation. [n a read operation, the data buffer is
a temporary storage register for characters read from tape before being
stored intc memory. In & processor read, all nine bits are stored into
memory. Bits 0 through 7 in memory correspond to channels 7 through
0 respectively from tape, and bit 8 corresponds to the parity bit. In an
NPR operation only the data bits are read into memory, and are aiter-
nately stored into the low and high bytes, In a write or write with ex-
tended IRG operation, the data buffer is a temporary storage register for
characters read from core memory before they are writien on tape. The
polarity of the parity bit is determined by the PEVN bit in the MTC.

in a reacd operation, the LPC character enters the data buffer when bit 14
of MTRD is a 1, and inhibited from doing 50 when bit 14 is a 0. Thus,
after reading a nine-channe! tape, the data buffer contains the LPC char-
acter when bit 14 is a 1 and the CRC character when bit 14 is a Q. After
reading a seven-channel tape, the data buffer contains the LPC character
when bit 14 is a 1 and the last data character when hit 14 is a 0. After
reading an EOF character, the data buffer contains all O's when bit 14 is
a 1 and the LPC character when bit 14 is a 0. The MTD is available 1o the
processor on a DATI. Bits 9 through 15 are read identically to bits 1
through 7 respectively. Bits O through 7 are set or cleared on a processor
DATO. Bits 8 thru 15 are not affected by a processor DATO. INIT clears
all bits in the MTD. -

TU10 Read Lines (MTRD) 772 532
The memory locations allocated for the TU10 read lines are:

Bits 0-7 for the channels 7-0 respectively.
Bit 8 for the parity bit.
Bit 12 for the gap shutdown hit.
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Bit 13 for the BTE error generation.
Bit 14 for the CRC, LPC character selector.
Bit 15 for the timer.

For correct longitudinal parity, bits 0-8 are 0 after writing a record or
reading a record from tape. For a longitudinal parity error, one or more
of the bits 0-8 remains at a 1, the bit{s) at a 1 indicating the channei(s)
containing the error which sets the CU ready bit. Thus, if the pulse is set
during a tape operation, CU ready sets prematurely thus producing the
gap shutdown period when characters are still being read. Bits 0-8 are
set and cleared by the tape unit. Bit 13 is a pulse generated by the
processor, Bit 14 is set and cieared by the processor and cleared by
IMIT. Bit 15 is uniquely controlled by the 100 microsecond tirmer. The
MTRD is available to the processor on a DATI except that bit 13 reads
back as a 0.

Timer

TIMER is a 10 KHz signal with a 5094 duty cycle. The signal is used for
diagnostic purposes in measuring the time duration of the tape opera-
tions. The timer is read as bit 15 in the MTRD.

SPECIFICATIONS FOR TM11

Main Specifications
Storage medium:

Capacity/tape reel:
Data transfer speed:
Drives/control, max:

Data Organization
Number of tracks:

Recording density, 7 track:

9 track:

Interrecord gap, 7 track:
9 track:
Recording method:

Tape Motion
Read{write speed:
Rewind speed:
Rewind time:

Tape Characteristics
Length:

Type:

Reel diameter:
Handling:

15" wide magnetic tape (industry com-
patibie)

5 to 20 million characters

36,000 charfsec

8

7or%

200, 556, or 800 bits/inch; program se-
lectable

800 bits/inch

0.75 inches, min.

0.50 inches, min.

NRZI

45 inches{sec
150 inches/sec
3 minutes, typ

2,400 ft.

Mylar hase, iron-oxide coated

1015 inches

direct-drive reel motors, servo-controlled
single capstan, vacuum tape buffer chang-
ers with constant tape winding tension,
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Register Addresses
Status

Command

Byte Record Counter
Current Mem Address
Data Buffer

TU10 Read Lines

UNIBUS Interface

Interrupt vector address:

Priority level:
Data transfer:
Bus loading:

Mechanical
Mounting:

Size:

Waeight (incl. cab):

Power
Input current:
Heat dissipation:

Environmental
. Operating temperature:
Relative humidity:

Miscellaneous
BOT, EOT Detection:

Skew Control:

Write Protection:

Data Checking Features:

Extended Features:

Magnetic Head:
Models

TM11

(MTS) 772 520
(MTC) 772522
(MTBRC) 772524
(MTCMA) 772 526
{MTD) 772530
(MTRD) 772532
224

BRS

NPR

1 bus load

mounts in a std PDP-11-cabinet (supplied)
26" panel height for tape drive - 105"
for control unit

500 Ibs,

9 A at 115 VAC
1000 W

15°C to 27°C
409, to 60%

Protoelectric sensing of reflective strip, indus-
try compatible

Deskewing electronics included in tape trans-
port to eliminate static skew

Write protect ring sensing on tape transport
Read after write parity checking of characters;
Longitudinal Redundancy Check ({7- and
9-channel); Cyclic Redundancy Check (9-chan-
nel}

Self-test of Control with tape transport offtine;
core dump for 7-channel units.

Dual gap, read after write.

TM11-EA: Tape transport and control, 9 track, 115 VAC, 60 Hz

TMIL-ED:
TM11-FA:
TM11-FD:

9 track, 230 VAC, 50 Hz
7 track, 115 VAC, 60 Hz
7 track, 230 VAC, 50 Hz

SPECIFICATIONS FOR TU10

Mechanical
Mounting:

Size:

Weight (incl. cab):

mounts in a std PDP-11 cabinet (supplied)
26" front panel height
450 Ibs.
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Power
Input current:

Heat dissipation:

Prerequisite:
Models

9 A at 115 VAC
1000 W

TM11

TU10-EE: Tape transport 9 track, 115 VAC, 60 Hz

TU10-EJ:
TU10-FE:
TU10-FJ:

I

ic

9 track, 230 YAC, 50 Hz
7 track, 115 VAC, 60 Hz
7 track, 230 VAC, 50 Hz
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UDC11
UNIVERSAL DIGITAL CONTROL SUBSYSTEM, UDC11

DESCRIPTION

The UDC11 is a unique, highly flexible digital infermation input/output
option for industrial and process control applications that use the PDP-11
computers.

The UDC11 interrogates or drives up to 252 directly addressable digital
sense and controf functional 1/ O medules or up to 4032 individual digital
points. 1/0 functions include relay output, contact sense/interrupt coun-
ters, D/ A converters, etc.

Automatic hardware logic within the UDC11 rapidly identifies interrupting
inputs according to input module type and address, typically within 5
LSEC.

The subsystem has been designed to take full advantage of the PDP-11
processor including the UNIBUS, and permits data to be read or loaded
with a single move instruction.

Modular design and industrial packaging, including provisions for two
wire, screw terminal input connectors, permit the UDC11 to he con-
figured and modified according to application needs. The UDCI1 is nor-
mally supplied as part of an |IDACS-11 system; however it may be easily
field added to existing PDP-11 systems.

Operation

The UDC11 operates under computer program control as a high level
digital multiplexer, interrogating digital inputs and driving digital outputs
Incated on directly addressable functional modules.

Sixteen bit data words are transferred directly between a functional
module and a preassigned address location in the PDP-11 core memory
by a single MOVE instruction when reading data in, or conversely from
core to a module when sending data out.

Depending upon the module type selected, a 16-bit data cutput word can
represent the single 16-bit digital word required by a D{A converter or
16 individual parts for contact closures, pulse cutputs, etc.

Signal Condlitioning and Functional I/O Modules
Each UDCI11 systern is tailored to meet a specific application by modu-
larly assembling the appropriate modules.

Functional Input/Output Modules include Contact Interrupt, Contact
Sense, Single Shot Driver, Flip-Flop Driver, Latching Relay, Single Shot
Relay, Flip-Flop Relay, D/A Converters, and |f/O Converters. Each of these
modules plug interchangeably info the DDO2 Fite Units which serve as
universal interface upits. The logical address of each unit can be deter-
mined by simple jumper wire cornections, so that addresses are com-
pletely independent of the unit's physical location. Thus hardware addi-
tions or systemn program changes do not require the rewiring of input
terminals.
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Each Functional 1/O Module requires a Signal Cénditioning Module to
normalize input voltages, provide fusing, and distribute field-supplied ex-
citation and control power to the Functicnal I/ O Modules.

Slgnal Conditioning Modules
Isolated Power BW400—Provides the interface between individual
points on the functional O modules and field signals. Differential
pair field wiring is terminated on screw terminals, one pair for each of
the 16 points on the functional module.

b. Common Power BWAQ2--—Is similar to the BWADD except that a 17th
input pair permits field supplied excitation or control power to be
brought directiy to the Signal Conditioning Module and distributed in
parallel {commen) to each of the 16 circuits on the module’ The input
is fused for 4 amperes. As with the BW400, the BW402 can supply
signal conditioning and arc suppression, if required.

¢. Output Driver Module BW403—Is similar to the BW402 Common
Power Module except that a common ground return is provided for the
open collector devices of the Single Shot Driver and Flip-Flop Driver
(used with BW685 and BWBES7 only).

d. Contact Sense BW731—Provides electrically isolated, differential in-
puts for 16 external customer contacts or voltages. 1solation of up to
250 volts is achieved by a miniature read relay buffer on each input
point, This module provides reliable and trouble free digital sensing
in high noise envircnments, Also, its differential input characteristics
are particularly suited for those applications where the ground of the
customer’s excitation voltage power supply may be different from (i.e.,
not directly strapped to} computer system ground.

e. Contact Interrupt BW733—Provides 16 electrically isolated, differen-
tial inputs for external customer contacts or voltages, It is electrically
and mechanically similar to the BW731 Contact Sense Moduile. The
BW733 is used to economically and reliably interface asynchronous
devices requiring fast service from the processor because of priority
or short duration.

Functional 1/0 Modules .

a. Fiip Flop Driver BM685—Provides 16 solid state buffered driver cir-
cuits for control of solenoid valves, relays, lamps, displays, etc. Capa-
ble of switching controt voitages of up to 4 55 VDC, the BM685 will
switch up to 250 ma of field supplied power per point, when set by a
logical *'1.” The driver includes diode protection for inductive loads.

b. Single Shot Relay BMB807—Provides 16 electrically isolated normally
open mercury welted contact outputs for initiating alarms, controls,
and field relays. Normally closed operation can be achieved through
a module jumper change performed in the field by the customer or at
the factory on a special order basis. The duration of the output is
trimpot adjustable from 2 msec to 2 seconds. A logical “'1" energizes
the relay coil for the pre-set pulse duration.
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¢. Singte Shot Driver BM&87—Provides a solid state pulse output to
activate up to 16 field circuits such as lights, buzzers, or external con-
trol relays. Capable of switching control voltages of up to 4 55 VDC,
the BME87 will switch up to 250 ma of field supplied power per point,
when set by a logical ''1.”' The driver also provides diode protection
against inductive Ioads

d. Latching Refay BM803——Prowdes “fail-safe’ operation of 16 elec-
trically isolated mercury wetted relay cutputs. Magnetically latched,
the relays remain set in the event of power failure, insuring the con-
tinuity and integrity of field circuits, Change of state can be effected
only by a logical 1" ar "'0."" Relay contacts are open when the reiay
is set by a logical *“0,"” and closed when set by a logical "'1,"” Contacts
are rated at 2 amps, 250 volts, the product not toc exceed 100 va,

e. Flip-Flop Relay BM805—Provides 16 electrically isolated narmally
open mercury wetted relay output contacts for buffered control of re-
lays, contactors, displays, lamps, etc. Normally closed operation is
possible by a module jumper change performed in the field by the
customer or at the factory on a special order basis.

f. BW734 Counter Module—Is a 16-bit asynchronous binary up counter.
An cutput buffer register is included which is uvpdated after each
counter increment. When the buffer is read (under program control),
the update is inhibited, preventing any data change., The counter is
parallel toading, enabling it to be preset under program control. Count
-down is accomplished by presetting 2's complement, May be used for
input or Output counting functions, stepping motor contral, etc.

g. BAB33 Digital-to-Analog Converter—Is interchangeable with any func-
tional 1/O module in the UDC11. It contains four complete channels
of 10-bit digitai-to-analog conversion. Single-ended output current or
voitage is provided by one of the four signal conditioning modules
listed below. Selection of a channe! (1 of 4) and loading of data into
the D/A buffer is accomplished by a single move instruction. The
analog output remains constant until the channel is readdressed with
new data. A separate H738A analog power supply is required for each
group of up to four (16 channels) BAG33. Power fail backup can be
provided to maintain the analog output at ifs constant last value in
the event of system or line power failure.

- h. Digital-to-Analog Converter BAG633 Signal Conditioning Modules—A
signal conditioning module is required for each BAG633, Each module
contains four channels of signal conditioning and scales the four
analog outputs of the BAG33 to the required current or voltage range.

BA233 Oto 4 10v @ 15 ma

BA234 4 lvto 4 5v @ 15 ma

BA235 4 ma to 20 ma into 750 chms
BAZ236 10 ma to 50 ma into 300 ohms

REGISTERS
Scan Register (UDSR) 771 774
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15 14 13 w2 u ] 7?8 5 4 3 2 1 1]
r
| % %I { 1 1 ] 1 1 | i 1

f " N - 4
DEFERRED VALID |
[+
P OP -
GENERIC CODE
SCAN VALUE

BIT NAME FUNCTION

15 Deferred Valid

14 PCL
12 PoOP

11-8 Gen3,2 1,0
70 Scan Value

Set to indicate that a deferred scan
done was displaced by an immedi-
ate scan.

" Set to indicate interest in contact

closures from interrupt module,

Same as P CL but for contact open-
ings.

Generic code of interrupt moduie,

Address of interrupt module found
as result of scan.

Control And Status Register (UDSR) 771 776

15 W 3 12 1 8 7T o) 5 4 3 2 1 Q
i
J 1 { I 1 l 1 1 ]
3 {

SCAN ERROR

POWER FAIL

HMEDIATE INTERRUPT:

DEFERRED INTERRUPT

MAINTENANCE

IMMEDIATE SCAN DONE

RESERVED

DEFERRED SCAN DUNE

IMMEDJATE SCAN ENABLE:

DEFERRED SCAN ENABLE

IMMEDIATE INTERRUPT-

DEFERRED INTERRUPT ENABLE:

RESET

BIT NAME FUNCTION

15 Scan Error Set by scan overflow in x, y; or wd;
reset by initialize. Read. only,

14 Power Fail Set by power fail from expander
H721B power supply; reset by initial-
ize. Read only,

13 Intermediate Interrupt Set by interrupt class 1/0O module;

{tM INT) - . reset when interrupt class /O mod-

ule is reset; immediate. Read only.

4-339



12

11

10

Deferred [nterrupt
{DEF INT)

Maintenance Mode Word
(M STP WD)

Maintenance Mode Y
(M STP Y)

Mazintenance Mode X
(M STP X}

Maintenance Mode
(M MODE)

immed. Scan Done

Deferred Scan Done

immed. Scan Enable
{IM SCAN)

Deferred Scan Enable
(DEF SCAN ENABLE)

Immediate interrupt
(IM INT}

Deferred Interrupt Enable
{DEF INT ENABLE)

Reset (RIF)

NOTE: Initialize Resets All Bits.

Two types of service requests exist for interrupt producing functional 1/ O
modutes. These are “immediate’’ and “deferred.”

UDC11

Same as IM INT but for deferred in-
terrupt. Read only.

Mainterance mode of generating an
interrupt module word address stop
to test scanner. Read/Write.

Same as M STP WD but for Y ad-
dress stop. Read/Write.

Same as M STP WD but for X ad-
dress stop. Read/Write.

Maintenance mode bit when set en-
ables bit 02 to cause an |M INT or
Bit 01 a DEF INT. Read/Write,

Set by an end of scan and IM INT;
reset by initialize, clear done, or RIF,
Read only.

Set by an end of scan and DEF INT;
reset by initialize, clear done, or RIF.

Set to enable
Read/Write.

Set to enable deferred scan. Read/
Write.

Set to enable tmmediate interrupt;
reset-set transition - generates clear
done signal. Read/Write,

immediate scan.

Set to enable deferred interrupt;
reset-set transition generates clear
done signal. Read/Write.

Reset-set transition generates clear
done and resets interrupting module;
reset by initialize or delayed clear
done. Read/Write.

The type of request serviced by the UDC11 is governed hy program
selection. If both requests are enabled the UDC11 will always service the
immediate requests before servicing deferred requests.

Upon receipt of a service request by a functional module, the UDC11
controller determines the type of request and autormatically initiates a
scan to determine the address of the interrupt. Since the search is com-
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pletely asynchronous and software overhead to test the controller with
each data transfer prohibitive, programmed data transfer will take prece-
dence over the hardware search,

Upon locating the address of the |/ G module requesting service a hard-
wired four bit generic code is transferred to the scan register.

When the address and geperic code are located the PDP-11 is interrupted
on level BR6 if immediate service is required, or BR4 if deferred service
is required. In either case the address and code may be read to the pre-
assigned vector address to determine and call the appropriate subroutine
for processing of the interrupt.

SPECIFICATIONS
Main Specifications :
Modes of Cperation: Programmed Digital Cutput
Programmed Digital Input
Interrupt Controlled Input
Interrupt Controlied Counting
Data Format: 16-bit 1/ O Data Woards
Digital Inputs/Qutputs: 252 16-bit words (4032 digital points) maxi-
mum
Type of Input/Output: (see Functional {0 Modules and Signal Con-
ditioning Modules)
1/ O Module Selection: Directly addressahle
Interrupt Module: Macdule type code and Module address
‘Interrupt Scan: Locates address and type in 5 usec typical
(20 psec, worst case)
1/ O Data Rate; 10° 16-bit wordsfsec
System Clock Rates: 3 available to each I/ O word
Line frequencyy 6.3v AC
175 Hz—1.75 KHz adjustable
1.75 KHz-—17.5 KHz adjustable
Cooling/Filtering: Dust filters and blower fans in system cab-
inet.
Input Cabling: Top or bottom enfry, screw terminal connec-

tions, #18 AW.G. 2 wire twisted pair/point
max. size for fully wired cabinets. (Screw ter-
minals will accommodate #¥14 AW.G. wires.)

Register Addresses
Scan Register (UDSR) 771774
Control and Status (UDCS) 771776
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UNIBUS Interface

Interrupt vector address:

Priority level:
Bus loading:

Mecbhanical
Size:
Weight:

Power (per cabinet)
Input current:

Heat dissipation:

Environment
Operating temperature:
Relative humidity:

UDC11

234
BR4 or 6
2 bus loads

each cabinet is 72"Hx21"Wx30"D
750 Ibs. (dual cabinet, 64 words or
768 points

15 A at 115 VAC, 40 to 440 Hz,
singie phase
1700 W

5°Cto 50°C
109% to B0%,
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VRO1
OSCILLOSCOPE, VRO1-A

DESCRIPTION .

The VR{1, a modified Tektronix type RM503 oscilloscope, provides
accurate measurements in DC-t0-450 kHz applications. It is a low-
frequency, high sensitivity display and can be used for accurate curve
plotting in the X-¥ mode of operation.

For information concerning the control and programming refer to the
AALL-D subsystemn.

SPECIFICATIONS

Display Area: 8 x 10cm
Height: 7in.
Width: 19in.
Rack Depth: 17 in.
Net Weight: 30 Ibs.
Display Rate: ) 45 kHz max,
50 Hz min.
Display Time: 20 us deflection time
2 us intensification time
Intensification Levels: 2
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POINT PLOT DISPLAY VR14

VR14 POINT PLOT DISPLAY

DESCRIPTION _

The VR14 Point Plot Display is a completely self-contained CRT display
with a 6.75 x 9-inch viewing area in a compact 19-inch package. The
VYR14 requires only analog X and Y position information with an intensity
puise to generate sharp, bright point plot displays. Except for the CRT
itself, the unit uses all solid state circuits with high speed magnetic de-
flection to enhance brightness and resolution. The intensity pulse may
be time multiplexed or gated by a separate |nput to allow the screen to
be timeshared between two inputs.

The VR14 is interfaced to the UNIBUS and controlled through the AA11-D
digital/analog conversion subsystem.

SPECIFICATHONS

Main Specifications

Yiewable Area: 63, x9in.

Spot Size: = 20 mils inside the usable screen area at a
brightness of 30 foot-famberts.

Jitter: _ £ = 14 spot diameter

Repeatabiiity: = = 1 spot diameter (Repeatability is the
deviation from the nominal location of any
given spot)
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Gain Chaﬁge:

Brightness:

Linearity:

Deflection Method:
Focus Method:
Shielding:

Overload Protection:

Mechanical
Mounting:
Size:
Weight:

Power
Input current:
Heat dissipation:

Environment

Operating temperature:

Relative humidity:

VR14

From a fixed point on the screen, less than
= 0.3% gain change for each = 1% line
voltage variation.

= 30 foot-lamberts: measured using a shrink-
ing raster technique.

Maximum deviation of any straight line will
be = 19 of the line length measured per-
pendicular to a best fit straight line.

‘Magnetic (70° diagonal deflection angle)
Electrostatic
CRT is fully enclosed in @ magnetic shield.

Unit is protected against fan failure or air
blockage by thermal cutouts.

I panel mounted unit
1015 " front panel height
75 Ibs.

4 A at 115 VAC
400 W

10°C to 50°C
10%, to 90%,
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V101
STORAGE DISPLAY, VTO1-A

DESCRIPTION

The ¥VTO1-A Storage Display is a Tektronix Mode! 611 direct-view storage
tube with a resolution of 400 stored line pairs vertically and 300 stored
line pairs horizontally. Dot writing time is 20 us, with a full screen erase
time of 500 ms. The VTOL can display 30,000 discrete resolvable points.

The VTOl-A is interfaced to the UNIBUS and controlled via the AAl1l1-A
and AA11-D conversion subsystem,

SPECIFICATIONS

Main Specifications

Resclution: Equivalent to 400 stored line pairs along the vertical
axis; 300 stored line pairs along the horizontal axis.

Erase Time: 0.5 seconds

Display Time: Storage Mode—80 us defiection time, 20 us intensi-
fication time

MNon-Storage Mode—380 us deflection time, 2 us inten-
sification time

Display Size: 814 Vertical x 634 Horizontal
Dispiay Rate: 10 kHz max. (storage mode}
Mechanical

Mounting: 1 tabie top unit

Size: 127H x 12"W x 23"D
Weight: 50 Ibs.

Power

Input current: 2 Aat 115 VAC {1 A at 230 VAC)
Heat dissipation: 250 W

Environment

Operating temperature: 0°Cto 50°C

Relative humidity: 1094 to 809,
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V105
ALPHANUMERIC TERMINAL, VTO5B

DESCRIPTION

The VTOSB Alphanumeric Display Terminal, consisting of a CRT display
and self-contained keyboard, can be used as a peripheral /0 device with
a computer or as a stand-alone closed-circuit television monitor. In com-
puter applications, the ¥YTOS {with system software) can be used to com-
pose, edit, and forward messages to the computer; retrieve and update
alphanumeric data contained in the computer files; receive instructions
and data from the processcr; and perform on-line debugging. When per-
forming these functions, the VTO5 operates similarly to a teletypewriter,
except that it is a soft copy device. The advantages of using the VT05
are: it is faster, quister, more compact, easier to maintain, and consider-
ably more reliable than an electromechanical teletypewriter.

Design Features

The VTOS is a totally self-contained desk-top unit. For ease of mainte-
nance, seven easily replaced solid-state modules make up the entire
circuitry of the YTO5.

The ¥TO5 has a human engineered CRT screen and input keyboard. The
CRT can display up to 1440 very large characters (0.22” x 0.10") at one
time. )t can be read under most ambient light conditions. Brightness and
contrast controls are readily accessible for individual operator adjust- -
ment. A special tinted glass shield eliminates glare. The input keyboard
offers high input capability with virtually noiseless operation.

The distinctive flowing lines of the VT05 blend well with any decor.

Operational Characteristics

The VTO5 is logically and electrically equivalent to the teletypewriter, 1t
can be connected directly to modems, data phones, acoustic couplers
and other EIA compatible devices. Or the ¥T05 may be connected directly
to the computer via its 20 milliamp current loop teletypewriter interface.
All the functions of the teletypewriter are duplicated so there is no need
to modify program codes.

A single switch on the rear of the VTOS allows the operator to select
transfer rates of 110, 150, 300, 600, 1200 and 2400 Baud. At the flick
of another switch, the YTO5 will change from a full duplex terminal to
a half duplex one.

The ¥TOS keyboard can transmit in either of two modes — half ASCII or
full ASCIl. Half ASCHH means that the terminal transmits in upper case
alpha codes only. Full ASCIl indicates the ability to transmit in both
upper and lower alpha codes as well as alf control characters.

A unique feature of the VTO5 is direct cursor addressing. The gursor is a
I%.Imkmg underline showing where the next character wiil be displayed on
the CRT. With direct cursor addressing, the cursor may be placed at any

position on the screen by a computer instruction. This is very useful for
filling in of fixed input formats.
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VTO5

The VT05 can accept video input from a TV camera for simuitaneous
display of the video image and alphanumeric data from the computer.
This capability can be very useful in training, teaching, and testing
applications as well as factory, warehouse and process control.

The VTOS will also drive many slave monitors. This output capability is
useful in controlling large closed circuit information display systems
without the need for computer control,

Rear Cantrol Panel of the VT05

VTO5 Ferminal
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CONTROLS AND INDICATORS

VTO5

Control or :
Indicator Location Function
Power ONfOFF  Right-front Applies power to the terminal.

Switch

LOCAL/REMOTE Right-front

Switch

FULL{HALF
DUPLEX Switch

CONTRAST
Control

BRIGHTNESS
Controi

VERTICAL
Control

HORIZONTAL
Control

BAUD RATE
Switch

Rear Panel

Right-hand side
Right-hand side
Right-hand side
Right-hand side

Rear Panel

In LOCAL mede, the terminal is off-
fine and data transmitted from the
keyboard is input to the receiver
logic by connecting the transmitter
output to the receiver input. In RE-
MOTE mode, data is transmitted
from the VT05 to the computer while
simuitanecusly receiving data from
the computer for entry into the VT05
huffer memory (full duplex opera.
tion). I¥ inputs are received from
both the VTOS transmitter and the

- computer simultaneously (half du-

plex), the iwo inputs will be mixed
or garbled.

Used to select FULL DUPLEX or
HALF DUPLEX operation when
LOCAL/REMOTE switch is in the RE-
MOTE position.

Used to adjust the picture for con-
trast.

Used to adijust the CRT brightness
(intensity).

Used to synchronize the raster in
the vertical direction.

Used to synchronize the raster in
the vertical direction.

A ten-position switch used to select
the terminal transmit{receive baud
rates.
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Baud Rate Switch

Switch Position Transmit Rate Receive Rate
Fully Counterclockwise 110 110
150 150
300 300
600 600
1200 1200
through 2400 2400
150 2400
110 2400
150 1200
Fully Clockwise 110 1200

REGISTERS

The VTOS5 interfaces to the PDP-11 via the. DL11 Controlier. All soft-
ware control of the DL11 Asynchronous Line interface is performed by
four device registers, These registers are assigned UNIBUS addresses
and can be read or loaded with PDP-11 instructions that refers to their

address.
Register Mnemonic Function

Receiver Status RCSR Provides detailed information on the

Register keyboard status of the VY05, and the
DL11 receiver logic. Status information
includes such hits as receiver active
{RCVYR ACT) and receiver done (RCVR
DONE). Also includes the interrupt en-
able bit that can be used to initiate in-
terrupt sequences when RCVR DONE
sets.

Receiver Buffer RBUF Holds the character received from the

Register VYTOS keyboard prior to transfer to the
UNIBUS.

Transmitter XCSR Provides the interrypt enatde bit and

Status Register : the transmitter ready (XMIT RDY) bit
{meaning VT05 is ready to accept a
character to be displayed). The trans-
mitter logic can be monitored and an
interrupt sequence initiated, if desired..

Transmitter XBUF Holds the character to be transferred

Butfer Register

to (displayed by) the VTO5.

4-350



SPECIFICATIONS

Main Specifications
Transmission speed:

Number of columns:

Number of lines:

Number of printing characters:
Data transmission:

Interface to PDP-11:

CRT Display

Screen size:

Character displayable area:
Character generation method:
Character Size

Phosphor

Deflection Type

Deflection Method

thput knpedance

{at VIDEO IN input)

Video Input Signal

Sinusoidal Frequency Response
Video Pulse Rise and Fall Time

Video Output Amplitude

Resolution

Herizontal Sweep Frequency
Vertical Sweep Frequency
Harizontal Retrace

Vertical Retrace

High Voltage

High Voltage Regulation

Horizontal Linearity
Vertical Linearity
CRT Refresh Rate

Mechanical
Mounting:
Size:
Weight:

VT05

110 to 2400-Baud

72

20

63 (upper case ASCII subset)
ElA and 20 ma current loop
compatible

DL11

105" x 754"

8" x 61/4 >

5 x 7 matrix
0.221n. x 0.11 in,
P4 (white)
Magnetic

Raster Scan

750 *+ 5o

0.9 to 2.2V with separate horizontal
and vertical SYNC. -
15 Hzto 12 MHz @ 3 dB point

. 30 ps (10% to 90°%; point), meas-

ured at cathode with 1.0V p-p input
and 30V p-p output.

< 30V p-p Gminimum), measured at
cathode with 1.0V p-p input,
Screen Center — 600 lines
{minimum)

Screen Corners — 400 lines
{minimum) {(using shrinking

raster method}

15.6 kHz

50 or 60 Hz (selectable)}

11 us (maximum)

21 horizontal lines @ 15.6 kHz

11 kV (minimum} @ 50 xA bheam
current @ 24 Vdc power supply
adjustment

12 MO (maximum), with a beam
current change from 50 to 150 uA
@ 24 Vde¢ power supply adjustment.
+ 59, measured at 0.5 in. intervals.
=+ 79, measured 0,75 in. intervals.
50 or 60 Hz -

1 table top unit :
12"H x 19"W x 30"D
55 Ibs.
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Power )

input current: 2 A at 115 VAC
Heat dissipation: 130 W
Environment

Operating temperature: 10°C to 43°C
Relative humidity: 89, to 809%
Madels

Optional variations available in the VTO5 Alphanumeric Display Terminal
are listed below, .

VIOSB —X X

L

115V; 60 Hz
230V; 50 Hz

no parity; half ASCIl-Keybhoard
no parity; full ASCI1-Keyboard
with parity; half ASCH-Keyhoard
with parity; full ASCIl-Keyboard

gom®x oX

i
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CHAPTER 5

UNIBUS THEORY AND OPERATION

5.1 INTRODUCTION

5.1.1 Single Bus

The UNIBUS is a single, common set of signal wires that connects the
processar, memory, and all peripherals. Addresses, data, and control in-
formation are transmitted along the 56 lines of the bus, Figure 5.1 is a
simplified block diagram of the PDP-11 System and UNIBUS.

< N8035 - I >

|

l READ/WRITE READ PAPER CUSTOMER
PROCESSOR MEMORY MS\:‘&\' TELETYPE THPE EHSK EQUIPMENT

Figure 5.1 PDP-11 System Simplified Bleck Diagram

The form of communication is the same for every device on the UNIBUS.
The progessor uses the same set of signals to comimunicate with mem-
ory and peripheral devices. Peripheral devices also use this set of signals
when communicating with the processor, memory, or other peripheral
devices.

Al instructions applied to data in memory can be applied equally well to
data in peripheral device registers. Therefore, peripheral device registers
may be manipulated as flexibly as memory by the processor. This is an
especially powerfui feature, considering the special capability of PDP-11
instructions to process data in any memory location as though it were
an accumulator,

5.1.2 Bidirectional Lines

Most UNIBUS lines are bidirectional: therefore, the input lines can aiso
be driven as output lines. This means that a peripheral device register
can be either read or can be used for transfer operations. Thus, the
same register can be used for both input and output functions.

5.1.3 Master-Slave Relation

Communication between two devices on the bus is in a master-slave re-
lationship. During any bus operation, one device has control of the bus.
This device, the bus master, controls the bus when communicating with
another device on the bus, called the slave. A typical example of this
relationship is the processor, as master, transferring data to memory, as
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slave, Master-slave relationships are dynamic. The processor, for exam-
ple, can pass bus control to a disk. The disk, as master, then communi-
cates with a slave memary bank.

The UNIBUS is used by the processor and all 1/ O devices; thus, a priority
structure determinas which device obtains control of the bus. Conse-
quently, every device on the UNIBUS capable of becoming bus master
has an assigned priority, When tweo devices which are capable of be-
coming bus master, have identical priority levels and simuitanecusty
request use of the bus, the device that is electrically closest to the pro-
cessor receives control.

5.1.4 Interlocked Communication

Communication on the UNIBUS is interfocked between devices. Each
control signal issued by the master device must be acknowledged by a
response from the slave ta complete the transfer. Therefore, communi-
cation is independent of the physical bus length and the response time
of the master and slave devices. The maximum transfer rate on the
UNIBUS with optimum device design, is one 16-bit word every 400 ns,
or 2.5 million 16-bit words per second.

5.2 PERIPHERAL DEVICE ORGANIZATION AND CONTROL

Registers in peripheral devices are assigned addresses similar to mem-
ory; thus, all PDP-11 instructions that address memory locations can be-
come [{O instructions. Data registers in devices can take advantage of
al! the arithmetic power of the processor. The PDP-11 contrals devices
differently than most computer systems. Contrel functions are assigned
to addressable registers, and then the individuatl bits within that register
can cause control operations to occur. For example, the command {c
make the paper-tape reader read a frame of tape is provided by setting
a bit (the reader enable bit) in the control register of the device. Status
conditions are also handled by the assignment of bits within this regis-
ter, and the status can be checked by program instructions, There is no
limit to the number of registers that a device may have, providing an
unlimited flexibility in the design and controi of peripheral equipment.

5.3 TRANSFER OF BUS MASTER
A device (other than the processor) that is capable of becoming bus
master generally requests use of the bus for one of two purposes:

a. To make a non-processor transfer of data directly to or from memaory,
or

b. To interrupt program execution and force the processor to jump to a
specific address where an interrupt service routine is located.

5.3.1 Transfer Request Handling

The request and granting of bus mastership is performed in parailel with
data transfers on a completely independent set of bus lines. Thus, while
one device is using the bus, the next request is being checked for pri-
ority and the next user is being assigned. Because of this time parallel-
ism, successive data transfers by different master devices can occur at
the full UNIBUS speed.
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5.3.2 Priority Structure

When a device capable of becoming hus master requests use of the bus,
the handling of that request depends on the location of that device in
the priority structure. The following factors must be considered to deter-
mine the priority of the request:

a. The processors priority is set under program control to one of eight
levels usings bits 7, 6, and 5§ in the processors status register. These
three bits set a priority level that inhibits granting of bus requests
on the same or lower levels.

b. Bus requests from external devices can be made on any one of five
request lines. A non-processor request (NPR) has the highest priority,
and its request is granted by the processor between bus cycles of an
instruction execution. Bus request 7 (BR7) is the next highest pri-
ority and bus request 4 (BR4) is the lowest. The four lower level
priority requests (BR7 to BR4) are granted by the processor between
instructions. When the processor priority is set to a specific level, all
bus requests on that level and below are ignored. For example, if the
processor priority is 6, requests on BR6 or any other |lower level are
not granted,

c. When more than one device is connected to the same bus request
line, the device electrically nearer the processor has a higher priority
than the device further away. Any number of dev:ces can be con-
nected to a specific BR or NPR line,

When a device other than the processor gains control of the bus, it uses
the bus to perform either a data transfer or an interrupt request.

5.3.3 Data Transfer

Direct memory or device access data transfers can be accomplished be-
tween any two peripherals without processcor supervision. These are
called NPR level data transfers. Normally, NPR transfers are made be-
tween the memory and a mass storage device, such as a disk.

During NPR transfers, it is not necessary for the processor to transfer
the information between the memory and the mass storage device. The
bus structure enables device-to-device transfers, thereby allowing cus-
tomer-designed peripheral controllers to directly access other devices
(such as disks) on the bus. This direct access capability permits opera
tions such as a disk directly refreshing a CRT display.

An NPR device provides exiremely fast access to the bus and can trans-
fer data at high rates once it gains controt. The processor state is not
affected by this type of transfer; therefore, the processor can relinquish
bus control white an instruction is in progress. This release of the bus
can occur in general, whenever the processor is not using the bus, How-
ever, the bus can never be released between cycles of a read-modify-
write sequence. An NPR device in contro! of the bus transfers 16-hit
words or 8-bit bytes to memuory at the same speed as the memory cycle
time.

5.3.4 iInterrupt Requests
Devices that gain bus control with one of the bus request lines (BR7,
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BR6, BR5, BR4) can take full advantage of the power and flexibility of
the processor by requesting an interrupt. The entire instruction set is
then available for manipulating data and status registers. When a device
servicing program is to be run, the task being performed by the proces-
sor is interrupted, and the device service routine is initiated. After the
device request has been satisfied, the processor returns to its former
task. Note that interrupt requests can be made only if bus control has
been gained through a BR priority level, An NPR level request must not
be used for an interrupt request.

5.3.5 iInterrupt Procedure

This paragraph provides an example of an interrupt operation. Assume
that a peripheral requires service and requests use of the bus at one
of the four BR tevels. The operations required to service the device are
as follows:

a. Priorities permitting, the processor relinquishes bus control to the
device,

b. When the device gains control of the bus, it sends the processor an
interrupt command and a unique address of a memory location
which contains the starting address of the device routine. (This is
called the interrupt vector address.) Immediately following this
pointer address is a word (lecated at vector address 4 2} to be used
as the new processor status (PS) word.

¢. The processor pushes the current processor status word and then
the program counter (PC) value on the processor stack, The stack is
pointed to by register R6.

d. The new PC and PS (the interrupt vector) are taken from the address
specified by the device, and the device service routine is initiated.

NOTE
These operations are performed automatically
and no device polling is required to determine
which service routine to execute.

e. The device sarvice routine can cause the processor to resume the
interrupted process by executing the Return from Interrupt {(RTI) in-
struction which pops the two top words from the processor stack and
transfers them back to the PC and PS registers.

f. A device service routine can, in turn, be interrupted by a higher
priority bus request any time after the first instruction of the routine
has been executed. :

g. If such an interrupt occurs, the PC and PS of the current device ser-
vice routine are automaticailly pushed onto the stack, and the new
device routine is initiated as before. This nesting of priority interrupts
can continue to any level; the only limitation is the amount of mem-
ory available for the processor stack.

. 5.4 UNIBUS SIGNAL LINES
The FDP-11 UNIBUS consists of 56 signal lines, see Table 5-1. All
devices, including the processor, are connected to these lines in parallel
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(see Figure 5.2). The bidirectional nature of 51 signal lines permits sig-
nals to flow in either direction. The remaining five unidirectional lines
are used for granting priority bus control.

UNIBUS pin assignments are listed in Appendix B.

ADORESS REG. | N s )
AsCeD o
Pnog:—ssm 3 |
BUS TIMING | F— sl — ]
- ! C
PROCESSOR [
BUFFER . ADDRESS
DaTA PATHS REGISTER ( SELECTOR DEVICE
! ADDRESS INTERRUPT | REGISTER
SELECTOR CONTROL
BLS PRICRITY |
A MEMORY DEVICE LOGIC
[
PROCESSOR MEMORY DEVICE |

KEY A: ADDRESS INFORMATION
CECONTROL AND TIMING SIGNALS
D= DATA INFORMATION
TeCONTROL TRAMSFER SHGMALS
G=BUS GRANT SIGMNALS

Figure 5-2 PDP-11 Interface Block Diagram

TABLE 5-1 UNIBUS SIGNALS

No. of

Name Mnemonic  Lines Function
Address A 18 Selecis slave device.
Data o 16 Information transfer
Control C 2 Type of data transfer
Master Sync MSYN 1 £ Timing control for data
Slave Sync 8SYN 1 transfer.
Parity PA, FB 2 Byte parity Error Indica-

a0 tion.
gﬂ: gffﬁtem gg 1 £ Priority bus control
Non-processor Req NPR 1 E Direct Memory Access
Non-processor Grant  NPG 1 control, :
Slave Acknowledge SACK 1
Interrupt INTR 1 Bus control
Bus Busy BBSY 1 _

13
Initialize INIT 1 Reszets system
lneton 2L 1L power daser

3

a
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The Bus Grant signals, BG (4 lines) and NPG are uni-directional lines.
They are not wire-ORed as the rest of the UNIBUS lines, but are received
and redriven by each device. )

Simplified and standardized control logic is made possible by using
separate dedicated lines for all signals. In any data transfer, data is
transmitted and received; the master device provides the address of
the slave device; and control and timing signals are provided. Each of
these three functions occurs on a distinct set of bus lines, eliminating
the use of additional hardware and extra timing states to distinguish
between address, contro! information, and data,

All bus activity is asynchronous and depends on interlocking of control
sighals. In every case, a signal from a slave device is generated jn re-
sponse to a signal from a master device, and the master signal is
dropped in response to the slave signal. The complete elimination of
critical self-timing gives the bus the flexibility to operate with devices
running at different speeds.

5.5 DATA TRANSFER

Forty bidirectional bus lines are used for data transfer. In 2 data trans-
fer, one device is a bus master and controls the transfer of data to or
from a slave device. The processor may be bus master when no other
device is using the bus, and it is master for all data transfers involved
in normal instruction processing.

5.5.1 Signals used in Data Transfer

A< 17:00>% Address Lines. The 18 address lines are used by the
master device to select the slave (a unigue mermory or
device register address) with which it will communi-
cate.

The reason for 18 address lines is to extend the total
memory capability to 262,144 bytes, The bit format of
the 18 signals is shown in Figure 5-3,

17 16 15 M 13 # ¢ v % 8 7 & 5 4 3 2 1 0O

[ L 1 | [ ! 1 1 |

¥

1
. F) : —
EXTENSION J

PROGRAM ADORESS
BYTE POINTER

Figure 5-3 Address Line Bit Format

Lines A <{17:01> specify a unique 16-bit word, In byte
operations, AQD specifies the byte being referenced, If
a word is referenced at X (X must be even, since words
can be addressed on even bhoundaries only), the law-
order byte can be referenced at X and the high-order
byte at X J 1.

*Angle brackets enclose groups of lines; A < 17:00 2> = Al7 through AQO inclusive,
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Only 16 bits are normally supplied by programs as
memory reference addresses. In the basic processor,
lines Al7 and Al€ are asserted (forced to 1) whenever
the processor attempts to reference an address between
160000 and 177777, i.e., where AlS = Ald = Al13 =1.
Thus, the processor converts this 16-bit address to a
full 18-bit bus address,

Peripheral devices are normally assigned an address

from within the bus address allogations from 760000-
777777 (program addresses, 160000-177777).

Data Lines. The 16 data lines are used to transfer in-

O < 15:00>
formation between bus master and slave.
The bit format is shown in Figure 5-4.
|_1§ 4 13 2 N 05 a 7 5 & 4 3 2 1 ¢]
r :
mll|1411|1|1jlnans
Figure 5-4 Data Line Bit Format
C<1:0> Control Lines. These two bus signals are coded by the
mastar device to control the slave in one or four pos-
sible data transfer operations.
Cl co Operation
.0 Q DATE—Data In
0 1 DATIP—Data In, Pause
1 0 DATO—Data Out
1 1 DATOB-—Data Qut, Byte
MSYN Master Synchronization. A control signal used by the
master to indicate to the slave that address and control
information is present.
SSYN Slave Synchronization. The slave's response to the mas-
ter {usually a response to MSYN).
Pa, PB These lines are used to indicate a parity error. The

slave sets PA—=0 and PB-=1 to indicate a parity
error on a DATI; PA =0 and PB = 0 indicates no parity
error. PA=1 and PB=10 or 1 are reserved for future
extensions.

5.5.2 Direction of Data Transfer
There are 4 types of bus-data transfers. The bus master determines one
of the four data transfers by asserting the proper code on the C<1:0>

lines.

v
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NOTE
All data transfers are with reference to the mas-
ter device; data-in is always from slave te
master, and data-out is from master to siave.
For example, when the processor {fmaster) loads
data into memory {slave), a data-out bus oper-
ation is performed.

Bus-Data Transfer Transacfions

C Lines Octal

Narme Mnemonic ClI CO Function Code
Data in DATI 0 O Data from slave to master 0
Data in, pause DATIP 0 1 inhibits restore cycle 1

in destructive read-out de-
vices; Pause flip-flop is set
which inhibits clear cycle
on following DATO (B}
Must be followed by DATO

or DATOB.
Data out DATO 1 0O Data from master to slave. 2
Data out, Byte DATOB 1 1 Transfers data from mas- 3

ter to a single byte in
slave.

Data transferred on
D«15:08> for AQQ0 =1;
D« 07:00> for AQD = 0.

The DATI and DATIP transactions request transfer of data from a slave,
the address of which is specified by A</17:00>, from the master. Both
transfers use the data lines to carry the data. There is no distinction
made by the slave as to whether the transfer is used for byte or word
data. The siave places the data on D<15:00>-. It is the function of the
master device to retrieve the data from the praper lines: low-order byte
register with ADD = 0 from D<07:00>; high-order byte register with
AQO = 1 from D<15:08>; or word register from D« 15:00>. The DATIP
operation is identical to the DAT!, except DATIP is used t¢ inform the
slave device that this is the first part of an in-modify-out cycle. A DATIP
normaltly sets a pause flag in the destructive read-out device (i.e., core
mentory} which inhibits the restore cycle. The DATIP must be fallowed
by a data-out cycle {DATO or DATOB), and the master must retain bus
gontrol until it is completed. In nondestructive readout devices (i.e.,
flip-flops), the DATI and DATIP are treated identically.

The DATO and DATOB cperations transfer data from the master to the
slave. A DATO is used to transfer a word to the address specified by
A<17:01>». The slave ignores AOQ and the master places data on
D« 15:00>. A DATOB is used to transfer a byte of data to the address
specified by A< 17:00>. Line AQQ — 0 indicates the low-order byte, and
the master places the data on lines D<07:00>; A0OQ = 1 indicates the
high order byte, and master places the data on lines D<15:08>.
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6.5.3 Conventions and Definitions

Signal Transmission

All UNIBUS signals are buffered by Transmitter and Receiver circuits
before being used by any interfacing device. Most signals ave bi-direc-
tional, having both a Transmitter and a Receiver within the same device.
Figure 5-5 shows a typical signal. Note that within the same device, a
hi-directional signal appears in two different physical places, at the input
of a Transmitter and at the output of a Receiver, Al UNIBUS signals
mentioned in this chapter will imply reference within the Transmitter!
Receiver device interface, and signals will be differentiated by:

(T} = transmitted signal (at input of Transmitter)
{R) = received signal (at output of Receiver)

Levels
“A signal, such as MSYN, will be considered activated when asserted,
For simpticity, timing waveforms will be shown for logic levels, rather
than voltage levels. The higher levei will correspond to the assertion
level, and the lower level will be the cleared level.

Asserted = Logic 1 = TRUE = higher leve!
Cleared — Logic 0 = FALSE = tower level = (negation)

Skew

When two separate signals are sent from one device to another device
starting at the same time, there can be a time difference in the receipt
of these signais by the second device, even if similar circuitry and trans-
mission medium are used. This time difference (or time uncertainty) is
called skew. 1t is guaranteed to be less than 75 nsec for the UNIBUS.
Figure 5-6 shows an example.

if signals A & B represent 2 Data lines on the UNIBUS, there could
be a maximum time difference (skew) of 75 nsec in the receipt of these
signals. Signal A could precede signal B by 75 nsec, or it could arrive
later than B by 75 nsec.

<:_ UMIBUS >
TRANSMITTED (T)

SIGNAL SIGNAL

(&)

RECEWVED (R] T}

Figure 5-5 Bi-directional Signal
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AT MASTER ' ' AT SLAVE
] i

] 1
I

A ® D, UNIBUS '
;

[:®
®

|
|
@ i
]
AT MASTER
~~ - - ASSERTED LEVEL
A —"—C!) ~ - - ~ CLEARED LEVEL
e —J
AT SLAVE
’ ®
SKEW 15 MaAX.
—*  M—TiME DiFFERENTIAL
7 .
R g “'-SHAPED AREA SHOWS TIME
@ INTERVAL WHEMN  SIGNAL

COULG BE RECEIVED.
Circled numbers are usad to indicote
physical position as weil as a
poink n tima.

NOTE: Circled numbers are used to indicate physical position as well as a point in
time.

Figure 5-6 Exampte of Skew

5.5.4 Eqguivalent Logic at the Slave

To allow asynchroncous data transfer between master and slave, 2 in-
terdependent timing signals are used, MSYN and SSYN. Simplified,
equivalent logic at the slave interface to the UNIBUS is shown in
Figure 5-7.

The sequence of events is:
1. Address, Control, (and Data) are sent from the master.

2. After a delay, to make sure lines have seitled and address decoding
has been performed, MSYN is sent. MSYN is a gating (or strobing)
signal for the Address and Control lines, It is always cleared before
Address and Control are changed.

3. S5YN is the acknowledging response to MSYN and means that

(a) Address has been recognized by a device register {or memory),
and

(b) The action requested has been performed; data has been ac-
cepted or data has been placed on the UNIBUS.
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The logic shaows 2Z2-input AND gates and D-type flip-flops. The infor-
mation present on the D (data) input is stored in the flip-flop when
the C {clock) input is activated.

Single lines have been shown for the different groups of signals (A,C, &
D} to simplify the diagram.

(a} DATA IN

AT SLAVE ADRS —_J-———-———l—
R}

ADRS & CONT
M3YN

55N
DATA

b} DATA QUT

AT SLAVE

from bus receivers) —__,—_}—
patsa —w———— 1 DATA  {R)
FF ADRS ; I
[ )]

ADRS & CONT JA CONT
MSYN f 2 I 1
O MSfN (R
SSYN .

{ta bus driver) 55N (T]————J—l———

Figure 5-7 Simplified Slave Logic

5.5.5 Data Transfer Timing

The design of the UNIBUS imposes certain timing restrictions although
transfers are interlocked. Responsibility for these timing restrictions has
been assigned to the master to simplify the slave design.

In all transfers, it is assumed that there can be a maximuom 75-ns skew
due to driver, receiver, and transmission line tolerances. In other words,
the coincident assertion of two lines at the transmitter inputs of one
device could result in a maximum difference of 75-ns in the occurrence
of those signals at the receiver outputs in ancther device,

Because of this possible skew, the master aiways delays its MSYN signal
to ensure that MSYN does not reach the slave device prior to valid data
or addresses. In addition, the MSYN signal is further delayed to allow
75 ns for decoding by the siave device. The master also must not drop
the A {address) or C (control) lines until 75 ns after MSYN has been
dropped to guarantee that there are no spurious selections. Note, how-
ever, that when a slave transmits data to a master (DATI or DATIP), the
deskew and decode time delay must be made by the master.
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5.5.6 DATI and DATIP Bus Transaction (See Figure 5-8)

All data transfer functions are with reference to the master device;
therefore, data-in (DATI) indicates data transfer from the slave to the
master.

. The master device places the address (or location) of the slave de-

vice on the A lines, and ptaces 0 on the C lines (C1 = 0, CO = O
for a DAT!, or 1 for a DATIP {Cl — 0, CO = 1). The master device
then waits 150 ns {minimum): 75 ns tc allow for worst-case signal
skew, and 75 ns to allow internal logic in the slave devices to decode
the address.

. The slave device decodes the address and control bits to determine

it the slave is to participate in a data transfer.

. If the slave device from a previous bus transaction still has $SYN

asserted, the master device waits until SSYN is clear. MSYN is as-
serted when SSYN is clear and the delay from step a is complete.

. When the MSYN signal is received by the slave device, the device

prepares the data for transmission to the master. For devices such
as core memory, this means performing a read cycle. For flip-flop
registers, the data is available immediately.

. When data is available, the slave places data on the D lires and as-

serts SSYN. If the slave is a destructive read-out device, it enters a .
restore cycle, if the command was a DATIL for a DATIP, the slave
sets a pause flag and waits for modified data before performing a
write cycle.

The master device receives SSYN and the data. After a 75-ns mini-
mum delay to allow for skew, the master device strobes the data
and clears MSYN. If the processor is master and SSYN is not re-
ceived within 5 to 20 usec (depending on the particular PDP-11
processor), time-out occurs, the MSYN signal is cleared avtomatically
by the processor, and an error trap occurs.

. After a 75-ns minimum wait, to ensure that no spurious device selec-

tions occur as various bits of the address change while MSYN is still
asserted, the A and C lines are cleared.

. When MSYN is cleared, the slave clears the D lines and S5YN; the

bus is now free for other use.

The master receives the cleared 5SYN, which signals the end of the
current bus transaction. If an output transfer follows (a DATO or a
DATOB must follow a DATIP), step & of the DATO(B) can start now.
If ancther input transfer follows, it can start after step g is complete;
however, MSYN cannot be asserted until the conditions of step ¢
are met,
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DATA 1N

MASTER

AT MASTER

SLAVE

ADRS & CONT (U"_]

|
- :Q—ISONSEC,MIN

| ————— ASSERTED
—- =~ CLEARED

]
—-f 75 NSEC, MIN

MSYN (T]"“—‘“‘_'{

ASSERTED ONLY IF R
() SSN IS CLEAR @

S5YH (R

75 NSEC MAX —‘1 ,

DATA [R)

] 1]
0 NSEC ,MIN -
75 NSEC faad T 1T

—ny -—
75 NSEC,MIN«__A !

STROBE DATA IN

AT SLAVE

ADRS & CONT IR}———-—-—%

—w e 75 NSEC, MIN

M5YN IR]—-‘———-—I

SSYNIT)

(@

oata (T

START MEINDRY CYCLE

END OF MEMORY
¥ CYCLE

CORE  MEMORY
(DATI)

| reap

7 RestoRe |

NOTE: The circled numbers are referred to in Table 5-2. The timing diagram is not

drawn to scale.

Interlocking Control Signals for Data In

Figure 5-8 DATH & DATIP Timing Diagram

The sequence of the interlocking timing signals are shown by dashed

lines in Tahle 5-2.
{a) — asserted
{€) = cleared

Table 5-2 Data In Control Sequence

Master Slave
(® MSYN (a)~_
T,
@ _Bssy (a)
-
@ MmN 0% -
{4) TamSSYN (o)

5-13

Meaning
Decode address
data on [ lines,

Address has been recognized
and data is on D lines.

Remove data on D lines,
Data is removed.

and send



5.5.7 DATO and DATOB Bus Transactions (See Figure 5-9)
Because all data transfers are with reference to the master device, a
data out (DATOQ} indicates data transfer from the master to the slave.

a. The master device piaces the address (or location) of the slave de-
vice on the A lines, the data on the D lines, and asserts 2 on the €
lines (Cl =1, CO ={0) for a DATO or asserts 3 on the C lines for
aDATOB(C1 =1,C0=1}.

b. After a 150-ns minirnurn wait (75 ns to allow for worst case signal
skew, and 75 ns to atlow internal logic in the slave device to decode
the address} the master device asserts MSYN if the bus is inactive
{SSYN is clear).

c. The slave decodes A< 17:00> and, if this is the assigned address of
the slave, jt responds to MSYN by taking in the data and then
asserting SSYN. For a DATOQ, the slave accepts a full word; for a
DATOB, the slave accepts one byte as determined by ACQ. For con-
secutive operations with the same slave device, the slave may have
to complete an internal action (such as a restore or write cycle) be-
fore responding. If the slave is a destructive readout device with
the pause flag set {indicating the previous bus transaction was a
DATIP), the slave immediately begins a write cycle.

d. The master device receives SSYN and clears MSYN. iIf the processor
is master and SSYN is not received within 5 to 20 usec (depending
on the particular PDP-11 processor), time out occurs, the MSYN sig-
nal is cleared automaticaliy by the processor, and an error trap
occurs.

e. After a 75-ns minimum wait, the master clears the A and C lines.
f. The slave device receives cleared M5YN and clears SSYN.

g The master receives cleared SSYN which signifies the end of the bus
transaction. A new bus transaction can begin at step e of a DATO or
DATOB, and the master can assert MSYN at step g when SSYN is
cleared.

CAUTION (For slave devices on DATO)
Data on the I lines is guaranteed valid for 75
psec minimun after 38YN is asserted. Data is
not guaranteed valid when the slave receives
negated MSYN.
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MASTER DATA QUT SLAVE

AT MASTER

oara (1o L
ADRS & CONT {T}——-J |—

|
150 NSEC
™ RN ] P—musec,mm

[l
MEYN {T]—7:D @)—

ASSERTED ONLY | . EMND OF BUS
SSYN 1S CLEAR /TRANSACTIO‘N

5SYN (R}

AT SLAVE

DATA (R} —=]  pe—75 NSEC, MIN

ADRS & CONT {R) '

+
1
p— 75 NSEC, MIN
w—ﬁ '

MSYN (R}
SSYN  (T) — @\
ASSERTED ONIY IF A PREVIOUS WRITE
STROBE DATA ! EMORY CYCLE I5 COMPLETED
INTO SLAVE

/DATO

MEMORY CORE _ (RESTORE) | ciear | write NEw pata |
[PREVIOUS DATI} ¢

PREVIOUS DATIR]— READ | wRITE NEW DATA |

NOTE: The circled numbers are referred to in Table 5-3.

Figure 5-9 DATO & DATOB Timing Diagram



Table 5-3 Data Qut Control Sequence
Master Slave Meaning

MSYN (a}._ Decode address and accept
‘\\ data.

}SSYN (a) Address recognized and ‘data
g stored.

MSYN (c){ﬁ_ Respeonse to SSYN,
——
AssyN {c) Bus is now free,

PO @ ©

5.5.9 Timing Examples

- To illustrate the operating speed of the UNIBUS when performing a data
transfer, assume a DATO operation to a device that has a flip-flop reg-
ister, A typical transmitter-bus-receiver delay time is 75 ns. A flow
diagram of the trallsfer procedure is shown in Figure 5-10,

The bus master places address, control, and data information on the
UNIBUS, waits 150 ns, and then asserts MSYN. After a worst case
propagation delay of 75 ns, the siave recognizes MSYN and clocks the
data into its register. Since the 75-ns propogation delay includes the
transmitter and receiver delays, the time required to turn MSYN around
into SSYN is literally O, Also, since the data preceded MSYN by 150 ns
{worst case skew is only 75 ns), there is ample preset time for the
data input to the slave device flip-fiop register.

When the master sees SSYN, it clears its MSYN cantrol {nominal time,
25 ns) and then waits 75 ns before clearing or changing address and
control information. Additional DATO(B} cycles may proceed at this
time provided SSYN is cleared before MSYN is again asserted. This
means that a sustained DATO transfer rate of 400 nsfword may be
maintained. This is equivalent to a transfer rate of 40 million bits per
second,

Figure 5-11 is a typical timing flow diagram for a DATI transfer. The
procedure for a DATI transfer is essentially the same as for a DATO
transfer with four exceptions:

a. The master asserts only address and control information.

b. The slave gates data onto the bus simuitaneously with the return of
SSYN.

¢. The master must wait 75 ns (to allow for skew between SSYN and
DATA) hefore clearing MSYN and strobing data.

d. The slave clears data when it clears SSYN.

The DATI cycle allows sustained trans.fer rates of 450 ns-word which is
eguivalent to 35.2 million bits/second.
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TIME {ns}

MASTER ASSERTS
ADDRESS , DATA &
CONTROL

Q- -

225+

004——
3151—

MASTER WAITS
THEN ASSERTS
MEYN

MASTER CLEARS
MSYN

MASTER WAITS
THEN CLEARS ADD-|

RESS & CONTROL

400 "]—

4754~

NOTES :

COMPLETE

SLAVE DECODES
ADDRESS &
CONTROL

SLAVE STROBES
DATA & RETURNS
S5YN

SLAVE
CLEARS
55¥YN

Werst cass propagation dalay of 7503 is shown.
Total tima=475ns for @ single transfar.
Next cycle may bagin ot 400ns whan master moy
assert new oddress and control
Manimum sustainad transfer rate is 2.5 million
words fac.

Figure 5-10 Typical DATO Timing Flow

5.6 PRIORITY TRANSFER
5.6.1 Signals used in Priority Transfer

The UNIBUS contains 13 lines classified as priority transfer lines, Five
of these are priority bus request lines (BR< 7:4>,NPR) and five are the
corresponding grant lines (BG<7:4>> NPG) which the processor uses to
respond ta a specific bus request. Each device of the same priority level
passes a grant signal to the next device on the line, unless it has re-
quested bus control; in this case, the requesting device blocks the sig-
nal from the following devices and assumes bus control. In addition,
there are three other control lines: SACK, BBSY, and INTR. All 13 lines
are described below.
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BR < 7:4>>

BG <7:4>

NPR

NPG

TIME [ns)

P ——

Bo4— -

225+

300—|—-

MASTER ASSERTS
ADDRESS &
COMNTROL

MASTER Wa|TS
THEN ASSERTS
METN

MASTER WAITS
75ns THEN STROBES
OATA AND
CLEARS MEYN

375+—-
MASTER WAITS
75ns THENCLEARS
ADRS & CONTROL
450 ~
5254—- COMPLETE
MNOTES:

SLAVE DECODES
ADDRESS &
CONTROL

SLAVE RETURNS

OaTa AND 557N

SLAVE CLEARS
SEYM & DATA

Wiorst cate propagation dalay of 75ns shown.
Total time = 525ns for o singla transfer
Next cycle may bsgin at 450ns whan master

May OsSart new o

dress and cantral.

feximum sustained transfer rote is 2.2
mil lian words/second

Bus Request Lines. These four bus signals are used by
peripheral devices to request control of the bus.

Bus Grant Lines. These signals are the processor's re-
sponse to a bus request. They are asserted only at the
end of instruction execution, and in accordance with

Figure 5-11 Typicat DATI Ti_ming Flow

the priority determination.

Non-Processor Request. This signal is a bus request

from a peripheral device to the processor.

Non-Processor Grant. This signal is the processor's re-
sponse to an NPR. It can occur whenever the CPU is
not using the bus.
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SACK Sefection Acknowledge. SACK is asserted by a bus-
requesting device that bhas received a bus grant. Bus
control passes to this device when the current bus
master completes its operation.

INTR interrupt. This signal is asserted by the bus master to
start a program interrupt in the processor.

BBSY Bus Busy. This signal is asserted by the master device
: to indicate bus is being used.

5.6.2 Transfer of Control

Transfer of bus contral from one dewce to ancther is determined by
priority arbitration logic, which is pari of the processor. Requests for the
bus can be made at any time {asynchroncusly) on the bus request (BR)
and non-processor request (NPR) lines. The arbitration logic chechks for
an NPR request on a regular basis (since these requests take precedence
over processor use of the bus), unless the previous operation was a
DATIP. If an NPR is present, the logic issues an NPG signal and receives
a selection acknowledge {SACK) signal in return. This procedure occurs
simultaneously with the current data transfer. When the device sched-
ufed to become the new bus master is selected, it waits for the present
master to clear bus busy (BBSY), then, the newly setected device be-
comes bus master and asserts BBSY.

A similar procedure occurs at the end of each instruction when the
priority arbitration logic checks the bus reqguest lines against the pro-
cessor priority (as determined by bits <7. 5> of the processor status
register) and the prigrity logic issues a grant on the corresponding line.
Thus, ane of the four levels of BR requests is granted by the processor
between instructions unless the instruction currently being executed
causes an internal trap (either an error or trap instruction). In this case,
BR requests are not granted until completion of the first instruction
following the trap sequence. The highest request is always granted first
(if the processor priority level is lower than the request level). The
grant signals always pass serially through each device gonnected to the
corresponding level in the system. If a device makes a request, it
blocks the signal transmission to the next device on the line; otherwise,
it passes the signal on.

This causes the device closest to the processor to be the highest sub-
priority on each request level.

5.6.3 Priority Transfer

The signal seguence by which a device becomes selected as next bus
master is the priority transfer (PTR) bus operation {see Figure 5-12).
This operation does not actually transfer bus contrel; it only selects a
device as next bus master. The sequence of events is as foltows:

a. The device that needs control of the bus asserts the BR {or NPR) line
assigned to it

h. The processor receives one or more BR signals. These signals enter
a priority arbitration system, which compares BR levels with the
processor priority leveis and against the NPR. [f a request has the
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highest priority entering the arbitration systemn, and the SACK line
is clear, the processor asserts the corresponding BG (or NPQ) line.
NFG is asserted anytime, while BG is asserted only at the end of the
current instruction.

. Each device on the asserted BG line passes the BG signal, unless it
is requesting bus controi,

. The first device on the line which has BR asserted responds to the
BG by asserting SACK, blocking the BG signal from following devices,
and clearing its BR,

. The processor receives the SACK signal and clears BG. (If SACK, is
nat received within 5 to IO;x;, time out occurs and the bus grant is
cleared automatically by the processor.)

The current bus master, when finished with the bus, clears BEBSY.

. The selected device, which is the new bus master, asserts BBSY
when BBSY, BG, and SS5YN are clear at the end of the previous data
transfer. INTR may be asserted at this time, if the new bus master
is interrupting.

. SACK is dropped at the same time INTR is asserted if the device is
interrupting. {f the device is to transfer data first, the SACK signal
is dropped prior to the start of the tast bus cycle that the device
does, see Figure 5-14,

When the new bus master has completed its last data transfer, it
ciears BBSY. A pew bus master then takes control of the bus. If no
device is selected (SACK is clear), the processor may assert BBSY
and use the hus. If, instead of ciearing BBSY in a passive release,
the device asserts INTR, the processor conducts an INTR bus trans-
action, This is called active release of the bus.

CAUTION
Since an NPR is granted within an instruction,
and the interrupt and following processor re-
sponse would destroy information held in the
processor, devices granted bus cantrol through
an NPR must not attempt a processor interrupt.

NOTE
During the time a mastér device has control of
the bus, it must eitherissue MSYN or terminate
with an interrupt to provide reclocking of the
pricrity arbitration logic in the processor. This
affects only certain models of the PDP-11/20
and PDP-11/15 processors.
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__PRIORITY TRANSFER
AT DEVICE

BRIOR NPRYT) ———I .
@

BGIOR NPGI(RY \
SACK m—-—-—————g .L——
f )
1
!
BRSY(T & R) 3 T
L—_é““-ASSERTED WHEN
BBSY,BG & S5TN
SN (@) ' ARE CLEAR
1]
®
INTR  (T) CAN BE ASSERTED
HERE IF NOT NPR
AT PROCESSOR
BRIOR N?R]:R}ﬂ
BG|OR NPG}!T]ﬂ
ASSERTED ONLY IF j
SACK 15 CLEAR 7
SACK (R}
BBSY |T & R} TORR R

CLEARED WHEN ADRS & CONT @
ARE CLEARED BY PRESENT BUS MASTER

MNOTE: Circled numbers are veferred to in Table 5-4.

Figure 5-12 Priority Yransfer Timing Diagram
{nominally, for processor master)

5-21



Table 5-4 Priority Transfer Control Sequence .

®O

Q ® © 6 @

Processor Device Meaaning
e ~—BR (a) Request bus mastership.
BG (a):" . Request granted, slave can
~ . take over during instruction
'\\ (NPR), or after instruction
~ {BR).
~
MSACK (a)  Acknowledge receipt of BG or
P e NPG.
BG ()@ ) Response to SACK by proces-
' sor.
BBSY (c) Address and Control lines are
(from previcus clear.
master) >\
SSYN (c) \ Bus is now free.
{from previous
slave) o

\
‘BBSY (a)

INTR (a)

New master (requesting de-
vice) has control of the bus.

Direct processor to go to in-
terrupt service routine, Read
vector address on D tines.

5.6.4 Interrupt Operation

A device may cause the interrupt operation to occur any time it gains
bus control with one of the BR levels (see Figure 5-13). It is usually
accomplished immediately on becoming bus master; however, it may
follow one or more data transactions on the bus.

If immediate interrupt operation /s to be initiated, a device which has
been selected as bus master asserts INTR and a vector address on
the D lines, at the same time that it clears SACK and asserts BBSY.
If data transfers occur prior to interrupt then SACK must remain
asserted until INTR is asserted. If the device has been making data
transfers prior to the interrupt, it should assert SACK through the
last ¢ycle, see Figure 5-14.

. The processor receives the INTR signal, waits 75 ns for deskew fo

ensure that all bits of the interrupt vector address are available, and
asserts S5YN when the data is read in.

. The bus master (interrupting device) receives SSYN and clears INTR,

the D lines, and BBSY. This constitutes active release of the hus to
the processor. -

. The processor clears SSYN when INTR is cleared, and enters the

interrupt sequence to store the contents of the current PC and PS
registers and replace them with the contents of the locations speci-
fied by the vector address.
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INTERRUFT TRANSACTION

AT DEVICE

IMTR (n—-—@ @I >

VECTOR ADDRESS
{ON © LINES) [T}

BBSY (T & R) r:?lchESﬁ‘%ROR
SACK ITlﬁ
S5TN (R} I I
AT PROCESSOR
INTR (mﬂl

BBSY (T4 R]——R% %—%
SACK {R}——@
@ )
SSYN (1) ®
STROBE ADDRESS IN ! /
)
CPU INTERRUPT o

SEQUENCE

NOTE: Circled numbers are referred to in Table 5.5,

Figure 5-13 Interrupt Timing Diagram
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Table 5-5 Interrupt Control Sequence

Processor Device
: JINTR (a)
//DATA (a)
/
/ SACK ()
/
@  ssw (a[/
.
~
W,
9 MINTR (0)
,/ PATA (©

/
, BBSY (c)

Meaning

Direct processor to go to in-
terrupt service routine. Read
vector address on D lines.

Cleared after INTR; or on data
transfer, prior to start of last
hus cycle the device uses.

Vector address has been read
in,
Active release of the bus by

the device,
Vector address cleared.

Allow processor to become
bus master,

" Response to INTR (c), ad-

@D ssyN (o
dress can be removed from
D lines.
@ BBSY (a) Processor is now bus master.
T
sasv_]
SACK T

o |
A,C.D
1
1
1

]

T

R

]
b
751 150

Tl

|
|

[
t
|
1
|
i

751 150

Figure 5-14 Device Multi-Word Tranfers

5.7 MISCELLANEOUS CONTROL LINES

There are three additional lines on the UNIBUS which may be used by
all devices, These lines are: Initialize, AC low, and DC low: '

INIT Initialize, This signal is asserted by the processor when the
START key on the consocle is depressed, when a RESET
instruction is executed, or when the power fail sequence
occurs. [n the latter case, INIT is asserted following the
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AC LO

DC LO

power fail service routine while power is going down, and
again when power comes up. INIT may also be used to
clear and initialize all peripheral devices at the same time
by means of the RESET instruction.

AC Line Low. This is an anticipatory sighal which starts the
power fail trap sequence, and may also be used.in peripheral
devices to terminate operations in preparation for power
loss. When AC LO is cleared, the power up instruction se-
quence in the processor begins, It is the programmer's
responsibility to make certain that the trap vector is loaded
with a pointer to the power fail routine. If this is not done,
an undefined sequence resuits.

DC Line Low. This signal, which emanates from the power
supply, is available to all System Units on the UNIBUS.
Each power supply must furnish both AC LO and DC LO
signals, and be able to hold these lines at ground. (less than:
0.8 volts) when power is off to that supply, even if other
equipment tries to pull up the lines. This signal remains

‘tleared as long as all dc voltages are within specified limits.

If an out-of-voltage condition occurs, DC LO is asserted by
the power supply. Davices such as core memories use.the
DC LO signal to inhibit further operations. The DC LO signai -
is normally cleared before AC LO when power is coming up
and is asserted after AC LO when power is going down.
Note that the power fail trap is initiated by AC LO only and
that the DC LO signal is used by the processor to cause
INIT on the bus.

Refer to Figure 5-15.
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5.8 SUMMARY OF UNIBUS SIGNALS

MName Mnemonic Source Destination Tirning Function
Data Transfer Signals -
{For transfer of data to or from master)
Address A17:00> Master Ali MSYN Selects slave device
Data D<15:007> Master Slave MSYN (DATO,
DATORB)
Slave Master SSYN (DATI,
DATIP)
Caontrol C1:0> Master Stave MSYN Selects transfer operation
Master MSYN Master Slave Beginning Initiates operation and
Sync . of transfer gates A, C and D signals
Slave S5YN Slave Master Data accepted Response to MSYN
Sync (DATOQ, DATCB)
Data Available
{DATI, DATIP)
Parity Bit Low PA Master Slave Same as Data PA PB
’ 0 0O noerror
o 1 panty error
1 0 (reserved)
1 1  (reserved)
Parity Bit High FB Master Slave Same as Data
Priority Transfer Signals
{For transfer of bus control to a priority-selected master)
Non-ﬁracessor NPR Any Processor - Asynchronous Highest priority
Reguest bus request
Bus Reguest BR-T:4™ Any Processor Asynchronous Requests bus mastership

-
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5.8 SUMMARY GOF UNIBUS SIGNALS (Cont.)

Name Mnemaonic Source Destination Timing Function
Non-Rrocessor NPG Processor MNext master Asynchronous Transfers bus control
Grant .
Bus Grant BG< 74> Processor Next master After instruction Transfers bus contrgl
Selection SACK Mext Processor Response to Acknowledges grant &
Acknowledge Master : NPG or BG inhibits further grants
Bus Busy BASY Mastar All Asserted by Asserts bus mastership
: bus master
Intereupt INTR Master Processor After asserting Transfers bus control to
BBSY (not after handling routine in
NFR), device processor
may perform
several transfers
before asseding
INTR.
Miscellaneous Signals
Initialize INIT Pracessor All Asynchroncus Ciear and reset signal
AC tow AC LG Powar All Asynchroneus Indicates impending
power failure
DC low DC LO Power All Asynchrenous Indicates dg voltages out
of tolerance, and system
opeération must be
suspended.
NOTE

Signats on the UNIBUS are asserted when fow
{except for the 5 unidirectional bus grant lines).




POWER DOWN FOWER UP

AC POWER _I : I
AC IO — - : _ : [____ v
— == === o

oC Lo

AL POWER T

CPU TRAPS CPU TRAPS

-NOTE: 5 msec is nesded. heiween the AC LO and DC LO signais on Power Down
to guarantee the program 2 msec of running time.

- Figure 5-15 Power Fail Sequence

"5.9 UNIBUS
5.9.1 Timing
Although all bits of an information signal are transmitted simultaneously,
differences in bus path lengths and speeds of individual gate responses
may cause variations in transmission time and in the elapsed time be-
fore reception. To. allow for slow signals to arrive, and to permit settling
of levels which have encountered transmission .noise, the strobing or

- gating of this data is defayed a nominal 75 ns. This delay is greater than
the worst case signal skew encountered in practice,

Y

A further delay may be necessary to allow.an information signal within
a device to qualify gates that accept a strobing signal. A 75-ns delay
allows for this gating and must be provided by any device which acts
as bus master for a data transfer. Thus, a slave is always guaranteed
that address and data are valid at its interface .(the device side of the
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receivers) 75 ns in advance of the MSYN signal at the output of the
MSYN receiver. If a slave requires more decoding time, it must provide
its own delay for the MSYN signal, or trigger a delayed strobe from the
MSYN signal.

To simplify slave device design in a DATI or DATIP sequence, the slave
may place the data on the D lines coincident with the assertion of
SSYN. The deskewing (75 ns) and decoding delay is the master's re-
sponsibility. In the INTR sequence, the interrupting device may place
the vector address on the D lines coincident with the INTR signal. The
processor alows for the 75-ns skew.

5.9.2 Time-Qut Protection

A precaution must be taken when designing peripheral devices that gain
control of the bus for the purpuse of transferring data to another ele-
ment on the UNIBUS. Normally, such a device contains a bus address
register, which is loaded by the program as one of the initialization
steps. This address must then be incremented by the device upon com-
pletion of each data transfer. If the program loads an erroneous address
or if the register increments beyond the available core memory in the
existing system, no SSYN response is generated for the data transfer.
To prevent this problem from hanging up the system, it is recommended
that a 10- to 25-us integrating one-shot be triggered each time the
master device asserts MSYN. if this one-shot times out before SSYN
is received, the master should stop the transfer by clearing MSYN,
BBSY, and any other signals it has asserted. The master should then
set an error flag in its status register.

5.9.3 Priority Chaining

The PDP-11 uses electrical chaining of devices to assign minor priority
levels. These levels separate devices of the same major priority level
to provide a full array of priority servicing. Figure 5-16 illustrates the
mode of operation and advantages of this system. Six devices are shown
in order of their electrical distance from the processor. Three devices
are at major priority level 4: device A, device C, and device D. The re-
maining three are at major priority level 5.

if the processor is at priority level 5 qr. above, no bus requests are
granted from any of these devices, At & processor priority of 4, only
requests from devices B, £, or F are granked. Assume that the processor
priority is 2 and also that during one instyuction cycle, devices C, E, and
F assert bus requests. At the end of thefinstruction, the processor con-
ducts a PTR operation. Since BR 5 is agserted, the processor does not
raspond to BR 4 (device C). When BG 5 is asserted, the signal first goes
to device B. The signal is passed on, since device B was not asserting
BR and does not block the pulse. Next, the signal goes to device E,
which blocks the pulse, drops BR 5, and takes control of the bus, Device
F still has BR 5 asserted, however, and device C has BR 4 asserted.
These requests remain on the bus urdil granted or actively cleared by
the processor. If device E does an INTR operation, device F gains con-
trol of the bus after the first instruction of the handling routine has
been executed, unless the INTR operation raises the processor priority.

Changing the processor priority is accomplished easily since the trap
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sequence following the INTR operation provides a new PS word, which
includes a new processor priarity. If the priority is set to 5, the proces-
sor ignores the current bus request but grants requests from other de-
vices with higher major priority ievels (if there are any).

— BRS

O NEXT
LEVICE

FROCESSOR BG4 i

CEVICE DEVICE DEVICE DEVICE DEVICE DEVICE
F B 4 o E F

LEVEL 4 LEVEL § LEVEL 4 LEVEL & LEVEL 5 LEVEL .‘I—-‘j

Figure 5-16 Priority Chaining Example

At the conclusion of the interrupt handling routine, the original proces-
sor prigrity is restored and normal processing is resumed. After one
instruction, device F gains control of the bus. When normal processing
resumes again, device C, which is still waiting for bus service, gains
control in a similar manner.

Higher pricrities are assigned to devices that require faster service to
avoid destruction or loss of data. Slower devices, which can afford to
wait, operate with low priorities. Therefore, service can be provided to
all devices in an equitable manner, with no lost data and maximum
speed and bus efficiency.

5.9.4 Address Mapping
A PDP-Address Map is shown in Appendix A. Observe that, in the follow-
ing discussion, all addresses are numbered in octal. The letter K, which
is normally used to devote 1000 (decimal), is used in this discussion to
denote 1024 (decimal).

The UNIBUS_addresses 2" Jocations (262,144, or 256K), and each
location contains eight bits. On the basic PDP-11 systems only 16 bits
of address information are under program control. This limits the pro-
cessor to an address map of 64K locations. Since the word iength and
bus width are two bytes, most bus operations access two Jocations at
once; the address supplied on the bus is that of the even-numbered
location, and the next higher odd location is selected as well. Byte
operations can explicitly address any hyte. For exampte, a DATI to ioca-
tion 400 transfers the information in tocations 400 and 401, while a
DATOB to location 400 loads only location 400. In all cases, a fuli-word
operation cannot address an odd-numbered focation. ’
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The address map {Appendix A) contains full, 18-bit wide bus addresses.
Without the Memory Management option, hardware in the processor
forces A{17:16) to ones if A{15:13) are all ones when the processor is
master; thus, the !ast 8K byte locations are relocated to be the highest
locations accessible by the bus. All device addresses and internal pro-
cessor locations are assigned in these 8K locations.

Interrupt and Trap Vector Locations

The first 1000 {octa!) locations in the address map are reserved for trap
and interrupt vectors. The stack pointer gverflow feature of the processor
warns the user that the data in these locations may be subject to de-
struction if the system stack expands downward into this area, Locations
0 through 37 are used for trap vectors for internal processor use, loca-
tions 40 through 57 are reserved for use as system software communica-
tions words, and the remaining Jocations are used for device interrupt
vectors. There is no limit to interrupt yectors above 400 except that they
are not protected from stack overflow, except with the Prograrmmable
Stack Limit opticn.

To prevent customer-designed interfaces from interfering with standard
DEC products, the vector addresses (170, 174, 270, and 274) are re-
served for customer interfaces.

Each vector requires four locations (two words), and the wvector ad-
dresses are constrained to even-word boundaries; that is, each vector
must end in 4 or §. {This is implemented by providing vector addresses
which do not specify bits 0 or 1. Since the low blts are always C, ad-
dress bit 2 specifies either 0 or 4.}

Memory Locations

Memory locations, either read/write or ROM, begin at 0 and pruceed to
757777. The highest numberad 8K-block in the map is used by device
registers and by internal processor register addresses.

Device Register Locations

Each device has one or more device registers. Device register addresses
are always even (ADO is 0}, although byte operations may address either
half of a register.

The top 4K word locations are allocated for device register assignment.
The top 2K words (770000-777777) is reserved by Digital for processor
addresses and standard peripheral devices. The IK word addresses
(764000-767777) are reserved for customer allocation. It is recom-
mended that customer-built interfaces be given addresses in this area.

5.9.5 Devices Registers

The actual transfer of data between a device and the UNIBUS takes place
through one or more registers in the device. These registers may he
either flip-fltop storage registers or dynamic signals which are simply
gated to the bus during a transfer. In addition, it is not necessary for the
exact nature of the register bits to be the same. Some bits may be used
for read/write {transfered on hoth DATI and DATO transactions); some
may be write only (participate only in DATO transactions, and appear as
Os for DATY's); and some may be read¢ only (participate only in DATI's,
unaffected by DATO's). Exercise caution when assigning bit usage. For
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example, a BIS (Bit Set) instruction to a word containing a write-only bit
does not set the hit, but clears it. This is because a BIS performs a
DATIP, DATQ sequence and, if the bit reads as a 0, it is rewritten as a 0.
Exampies of all three types are usually found in control and status reg-
isters. A typical example of a read write bit is an interrupt enable bit;
an example of the write bit is a go command bit; an example of a read
bit is an indicator of an error condition requiring operator intervention.

To standardize register format types, Digital has adopted some preferred
bit assignments which are shown in Figure 5-17. The preferred order of
register address assignments is given in Table 5-6. These preferences
are inciuded for reference only and shouid not be construed as manda-
tory requirements for interfacing to the UNIBUS. The exact nature of
register assignments varies with each device.

FUNCTION: Device Function (read, write, punch, search, etc.)
Single function devices should use bit 0 because
INC CSR (an operate instruction) performs the
command with less program storage and is also
faster than a conventional MOV,

EXTENDED MEM: Used fo- specify A(17:16) when doing device con-
trolled data transfers to locations not in the first
64K block of addresses.

INTR ENS: interrupt Enable. Inhibits Interrupt on done or error
if not set.

READY or DONE: Bit set by device when internal processing is com-
pleted and the device is ready to participate in a
transfer. Can be checked by the instruction se-
quence LOOP: TSTB CSR, BPL LOOP,

UNIT SELECT: Used to select multiple devices connected to a
single controller (such as DECtape units with op-
erator set unit numbers).

BUSY: Indicates that the device is doing internal process-
ing and cannot participate in a new operation. Need
not be used in many devices, READY may be ade-
quate.

!

ERROR: Indicates the source or cause of an Error Interrupt.
Bit 15 is used for single-error conditions or may be
the logical OR of several error condition to allow the

- : TST instruction to check error status.

Table 5-6 Preferred Order of Device Register Assignments

ADDRESS (OCTAL)

N CSR CONTROL STATUS REGISTER
N4 2 DER DATA BUFFER REGISTtR
N-t+4 MAR MEMORY ADDRESS REGISTER
N6 WCR WORD COUNT REGISTER

N+ 10 DAR DEVICE ADDRESS REGISTER
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CSR—-Device function, status interrupt control.

DBR—Data register for information transfer. _

MAR~~Memory location for block transfer, lncremented by device
logic each word transfer.

WCR-—S5et by program to control length of block transfer.

DAR—Track or block number for mass storage devices.

When several registers are used for the same function, they should
be assigned contiguous addresses, and be followed by registers of
other functions in the same order as for single registers of each
function,

C5R1
CSR2
DBR1
DBR2
. DBR3
MAR
WCR
DAR

All register types are optional; only implemented regnsters should be
assigned addresses.

(L Tl TTT 1 ]
ﬁmmiy

BUSY W

MIT SELECT

READY QR DIONE
-INTR ENE

EXTENDED MEM
FUNCTION
o]

Figura 5-17 Preferred TSR Bit Assignments
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5.10 COMPARISON BETWEEN NPR & BR OPERATION

NPR

BR

Operation

When granted
Condition for grant
Signals
Request
Grant
Select Acknowledge
Bus Busy
Typical Registers used
Command & Status
Data Buffer
Word Count
Data Address
Memory Address

Usage
Trade off

If wrong choice
Typical devices

(CSR)
(DBR)
(WCR)
(DAR)
(MAR}

data transfer
{Direct Memory Access)
during an instruction

always

NPR
NPG
SACK
BBSY

2K D

critical data
inexpensive in time,
expensive in hardware,
hardware does the
wark

higher cost

disk

tape

A/D (high speed)
communications MX
scopes

program interrupt

at end of an instruction
higher priority than CPU

BR7, BR&, BR5, BR4
BG7, BG6, BG5, BG4
SACK
BB3SY

X
X

plenty of time
inexpensive in hardware,
expensive in time,
software does the work -

lose data or bad data
paper tape

terminal

A/D (low speed)

communications single line




CHAPTER 6

UNIBUS INTERFACING

6.1 GENERAL
This chapter discusses the specific circuits and modules. used for inter-
facing devices to the UNIBUS,

The UNIBUS, a high-speed data transmission facility, imposes certain re-
strictions when attaching cther devices to it. The actual bus is a matched
and terminated transmission line which must be received and driven
with devices designed for that specific application. The following para-
graphs describe bus transmission, bus signal Jevels, bus length, and bus
receiver and transmitter circuits.

6.1.1 UNIBUS Transmission

The actual bus medium consists of several types of cable. The standard
cabling is composed of short jumper modules that interconnect the sys-
temn units within a mounting assembly. The M220 Module serves as the
jumper module. Critical ground signats are also carried on this module.
Cables used between mounting assemblies consist of a flat ribbon cable
assembly with alternating signals and grounds. The characteristics neces-
saty for proper UNIBUS transmission are:

Characteristic Impedance: 1200 = 180
Resistance: 0.135/ft, maximum

Either twisted pair or coaxial cable laid for minimum crosstalk is recom-
mended for jong cable lengths and for applications requiring extreme
physical durability of the cable,

The UNIBUS is terminated at each end by a resistive divider for each
signal except the grant signals (see Figure 6-1). The grant signals are
terminated with a single resistor. Two M930 Terminator Modules are in-
cluded in every system to provide these functions,

6.1.2 UNIBUS Signal Levels

For most UNIBUS signals:
logic 1 — O volts (LOW)
logic O = 4 3.4 volts {HIGH)

Note that the polarity is opposite to that normally used with TTL in-
tegrated circuits.

The rest state for all UNIBUS signal lines, except the grant lines
BG < 7:4 > and NPG, is a logic 0 of 4 3.4V, The asserted state (logic 1)
is between ground and - 0.8V, which is the saturation voltage of the
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transistor driving the bus. The rest state for the grant signals is ground
{logic 0) and the asserted state (logic 1) is - 3.4V. To guarantee opera-
tion under worst case conditions, receivers should have a switching
threshold of approximately + 1.5V.

Digital Equipment Corporation uses standard terminology to name signal
lines to aid the reader in determining their active state. Eitheran H or L
follows the signal name mnemcni¢c and is separated by a space. This
letter indicates the asserted (logic 1) state of the signal to be either high
{approximately 4 3V} or low (ground). Thus, a UNIBUS data line is
called BUS DOO L and a grant line is called BUS BG4 H.

With flip-flops, a 1 or 0 in parentheses is often used following the signal
name to indicate the assertion state, see Figure 6-2.

1—FF (1) H when flip-flop is set (FF = 1), this signal
isat4+ 3V
FF
O—FF{O)H When flip-flop is cleared (FF = 0}, this
signalisat + 3V
Figure 6-2 Flip-flop signals
Note that:

FF(I)H=FF )L
"ﬂ‘-_J

and l When FF is a 0, this signal is at 0 v.
FFOYH = FF(1) L

All signals which are not UMIBUS signals are characterized in terms of
standard transistor-transistor logic (TTL} loads. These devices, which are
similar to the 7400 Series, have a low state input load of — 1.6 mA and
a high state leakage current of 40 pA. Outputs are characterized by the
number of inputs they can drive {(called fanout).

A standard TTL gate can drive 10 unit loads.

6.1.3 Bus Receiver and Transmitter Circuits :

The equivalent circuits of the standard UNIBUS receivers and transmit-
ters are shown in Figure 6-3. Any device which meets these requirements
is acceptable. To perform these functions, Digital Equipment Corporation
uses two monolithic integrated circuits with the characteristics listed in
Table &-1. Typical transmitter and receiver circuits are shown in Figure
6-4.
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s R1=120K, MIN
A SRl RZ: 20K, MIN
o Cl=10PF, MAX
=Cr 2R2
-
=
oUT—==

—[ < TRANSMITTER OF F{LOGICAL O)

R3: 120K, MIN
C2: WOPF,MAX

TRANSMITTER ON {LOGICAL 1)
= R3=1] OHMS, MAX

C2:=10PF, MAX

Figure 6-3 Transmitter and Receiver Equivalent Circuits

Table 6-3 Unibus Receiver and Transmitter Characteristics

Characteristic

Specifications

=
2
1]
w

Receiver Input high threshold  VIH 2.5V min. 1
(DEC 380) [nput tow threshold  VIL 1.4Y max. 1
Input current @ 2.5 1IH 160 yAmax. 11,3
Input current @ OV IIL + 25 uAmax, | 1,3
Output high voltage  VOH 3.5V min, 2
Cutput high current  I1OH — 2 mA 2,3
Owtput low voltage vOL 0.6V max. 2
Output low current 1oL — 12.5 mA 2.3
Propagation delay to TPDH 10 ns min. 4,5
high state 45 ns max.
Propagation delay to  TPDL 10 ns min. 4,5
low state 35 ns max.
Transmitter Input high voltage VIH 2.0V min. 6
{DEC 8881) Input low voitage VIL 0.8V max. 6
Input high current IH 60 uA max, 6
Input tow current lIL — 2.0 mA max.| &6
Output low voliage VOL 0.8V max. 1
@ 70 mA sink
Output high feakage [OH 25 uA max, 1,3
current @ 3.5V
Propagation delay to TPDL 25 ns max. b7
tow state
Propagation delay to TPDH| 35 ns max. &8

high state
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NOTES:

1.

N o RN

This is a critical pavameter for use on the UNIBUS., All other
parameters are shown for reference only.

This is equivalent to being capable of driving seven unit loads of
standard 7400 series TTL integrated circuits.

Current flow is defined as positive if into the terminal,

Conditions of [oad are 3750 to 4+ 5V and 1.6KQ in parallel with
15 pf to ground.

Times are measured fram 1.5V level on input to 1.5V level on
output. '

This is equivatent to 1.25 standard TTL unit loading of input.
Conditions of 100¢ to 4+ 5V, 15 pf to ground on output.
Conditions of 1KQ to ground on output.

+5v

TYPICAL UNIBUS DRIVER

+5Y

TYPICAL UNIBUS RECEIVER
Figure 6-4 Transmitter and Receiver-Typical Circuits
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Transmitter
If both inputs to a UNIBUS Transmitter are logic 1 (HIGH), there will be
a logic 1 (LOW), on the UNIBUS. Refer to Figure 6-5. Logically, the Trans-
mitter is an AND gate; there is voltage inversion, but no logic inversion.
TTTT O wewr

I { IO UNIBUS
OGK | eyt | s

_—
Figure 6-5 UNIBUS Transmitter

The outputs of 2 Transmitters can be tied together to perform the
“Wired-OR"" operation. Refer to Figure 6-6.

8881

UNIBUS

5881

Figure 6-6 Wired OR Configuration

i any 8881 Transmitter has hoth its inputs at logic 1, there is a logic 1
on the UNIBUS. The logical operation is AND-OR.

Receiver

If the UNIBUS line is a logic 1 (LOW), the output wiil also be a logic 1
(HIGH). Refer to Figure 6-7. Logically, the Receiver has no effect on the
signai; but there is voltage inversion, thereby cancelling the effect of the
first voltage inversion by the Transmitter.

-—_———

FROM
UNIBUS 380 QUTRUT I L

| Loce
—

L _

Figure 6-7 UNIBUS Receiver

If the inputs were connected to separate UNIBUS signals, the Receiver
would logically be a 2-input OR gate.

6.1.4 UNIBUS Length and Loading
Since the UNIBUS is a transmission ling, and the transfers are asyn-
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chronous and intérlocked, the electrical deiay imposed by length is not
a factor.

With ribbon cable the maximum length is 50 ft. minus the combined
length of all stubs or taps, which are those wires from the actual bus to
the receivers and transmitters. For proper operation, the length of these
stubs must be minirmized. if necessary, the UNIBUS signals should haye
receivers and transmitters in one place (near the UNIBUS:cahble) to act
as a buffer between the UNIBUS and the signal lines carrying UNIBUS
“signals within the eguipment. This maximum length is obtainable onlby if
the individual tap lengths are less than 18 inches and if the Joading is
not mare than one standard bus.load. One hus load is defined as 2 trans-
mitters and,1 receiver, see Figure 6.8. K loads are concentrated at one
end of the UNIBUS and a single load is at a distant point, the maximum
length could change, provided that the crosstalk of the employed cable
is low enough. :

UNIBUS

8281 _—
380

=
1

1 hus load = 2 transmitters - I receiver
Figure 6-8 1 Bus Load

The UNIBUS is limited to a maximum of 20 bus loads. This limit is im-
posed because of the loading of receivers and leakage of drivers at the
high state. This limit is set to maintain a sufficient noise margin. For
meore than 20 bus loads, a UNIBUS repeater option (DB11-A) is used.

6.2 UNIBUS INTERFACE MOIDULES
This section describes modules used for UNIBUS interfacing.

. Module Name Description
BC1l1A- UNIBUS Cable 120-conductor ribbon cable,
56 signals plus 64 grounds,
alternating.
M105 Address Selector Address decoding for
) 4 devices.
M783 Bus Transmitter 12 drivers, mixed logic.
M784 Bus Receiver 16 receivers; single input,

single output.

6-7



M785 Bus Transceiver 8 drivers plus 8 receivers,

M795 Word Count & 2 16-bit counters.
Bus Address .

M796 Bus Master Control Complex control logic.

M920 Bus Jumper Connects SU to SU; 56
signals plus 14 grounds.

M9330 Bus Terminator 180 ohms to + 5V and
390 ohms to ground.

M7820 Interrupt Control 2 Master Control circuits.

M7821 Interrupt Control NPR plus BR circuits.

6.2.1 BC11A, UNIBUS Cable

The BC11A (see Figure 6-9) is a 120-conductor ribbon cable used to con-
nect System Units in different mounting drawers or assemblies.

The 120 signais include all the 56 UNIBUS kines plus 64 grounds. Signals
and grounds alternate to minimize crosstalk. Cable types and lengths are
listed below:.

Type Length (ft.}
BC11A-2 2.0
BCl1A-5 5.0
BC11A-BF 8.5
BC11A-1C 10.0
BC11A-15 15.0
BC11A-25 25.0

Figure 6-9 UNIBUS Cable BC11A
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6.2.2 M105 Address Selector Module
The M105 Address Selector Module provides gating signals for up to 4
-~ full 16-bit device registers. A block diagram of this module is shown in
Figure 6-10. Note that IN and OUT are always used with respect to the
master (controlling)} device. Thus, when the M105 is used in a peripheral
device, an OUT transfer is a transfer of data cut of the master {(such as
the processor) and inta the device. Likewise, an IN transfer is the opera-
tion of the peripheral furnishing data to the processor.

Inputs: The MI105 Module input signals consist of 18 address lines,
A < 17:00>; 2 bus control lines, C <{1:0>>; and a master synchronization
MSYN line. The address selector decodes the '18-bit address on lines
A < 17:00>- as described below. This address format, used for setecting
a device register, is shown in Figure 6-11. Note that all inputs are stan-
dard bus receivers,

a. Line AQO is used for byte control.

b. Lines AO1 and A(Q2 are decoded to select one of the four addressable
device registers.

¢. Decoding of lines A < 12:03>> is determined by jumpers on the maod-
ule. When a given line contains a jumper, the address selactor
searches for a zero on that line. If there is no jumper, the address
selector searches for a one,

d. Address lines A < 17:13> must be all ones. This specifies an address
within the top 8K byte address bounds for device registers,

Slave Sync (SSYN): When SSYN INH is grounded, it inhibits the ac-
knowledgment signal (SSYN) nrormally generated by the M105. In this
case, the SSYN must be penerated by another source. When SSYN INH
is not grounded, SSYN is returned to the master 100 ns after register
seiect becomes true, This time may be extended to a maximum of 400
ns by adding an external capaciter between SS5YN INH and ground.
SSYN INH can also be driven with an open collector gate.

Outputs: The M105 Select Signals permit selection of four 16-bit regis-
ters and provide three signals used for gating information to and out of
the master device. The M105 may be used instead to select up to eight
8-bit registers, or any appropriate combination of byte and word regis-
ters.

The input signals select the M105 control output line states as shown in
Tables 6-2 and &-3. .‘

Table 6-2 M105 Select Lines

Input Lines A <C02:01 > Select Lines True (+ 3V)
00 o
01 2
10 4
11 6
NOTE

1. Lines A < 17:13> must be all 1's (OV on UNIBUS).
2. Lines A <£12:03> are selected by jumpers.
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Table 6-3 Gating Control Signals

Mode Byte
Control - Control Gating Control Bus Sequence
C<1:0> ADO Signals True (4 3V}
00 0 N DATI
00 1 IN DATI
01 ) iN - DATIP
a1 1 IN DATIP
10 0 OUT LOW, OUT HIGH DATO
10 1 OUT LOW, QUT HIGH DATO
11 0 QUT LOW DATOB
11 1 OUT HIGH | DATOB
NOTE
Gating control signals may become true although select lines
are not.

Specifications: The M105 output fanout is ten standard TTL loads for
register select lines and eight standard TTL ioads for gating control
lines. The module is single-height. A circuit schematic for this module is
shown in Figure 6-12. Note that pin Al (EXT GND) must be grounded by
the user.

When using the output signals of the M105 to load registers that com-
prise storage elements that are edge-triggered, insure that this edge is
derived from the positive transition of the SELECT line, i.e. the leading
edge of MSYN. )

If the storage elements are loaded by a strobing pulse (not edge-
triggered)}, then the entire pulse must be generated prior to the asseriion
of SSYN. The length of the icading pulse can be lengthened by adding
capacitance to SSYN INHB on the M105.

6.2.3 M783 UNIBUS Transmitter Module .

This transmitter module contains 12 drivers; 8 drivers have a commaon
gate line, 4 have 2-input positive AND gating. Input loading is 1.25
standard TTL load. The module is single-height. A circuit schematic of
the M783 Transmitter is shown in Figure 6-13.

6.2.4 M784 UNIBUS Receiver Module

This receiver module consists of 16 DEC 380 inverting circuits which
receive bus signals and provide a buffered bus signal output. The output
fanout is seven standard TTL unit loads. The receiver module is single-
height. A circuit schematic of the M784 Receiver Module is shown in
Figure 6-14.
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Figure 6-13 M783 UNIBUS Transmitter (schematic diagram)

6.2.5 M785 UNIBUS Transceiver Module

This medule consists of eight pairs of DEC 83831 Drivers and DEC 380
Receivers which are used for bidirectional interfacing to the UNIBUS.
Thé drivers and receivers have two common gate lines: one for regeivers,
one for drivers. The driver input loading is 1.25 standard unit load and
the receiver fanout is 7 standard TTL unit lgads. The module is single-
height, A ¢ircuit schematic of the M785 Transceiver Module is shown in
Figure 6-15,
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Figure 6-14 M784 UNIBUS Receiver {schematic diagram)

6.2.6 M795 Word Count and Bus Address Module

The M795 Word Count and Bus Address Module is used to interface di-
rect memaory access (DMA) devices to the UNIBUS. This module contains
two 16-bit counters: cne counter is used to count the number of data
transfers that occur; the other counter is used to specify the bus address
of the data to be transferred.

-Block transfer devices that function as bus master during data transfers
usually require two registers 10 hold the parameters of the transfer. One
parameter is transfer count. Initially, a register is loaded with the 2's
complement of the number of items to be transferred to or from memory,
After each transfer is complete, the register is incremented. If the new
value of the register is O (indicated by an overflow), further transfers are
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Figure 6-15 M785 UNIBUS Transceiver (schematic diagram)

inhibited and the block transfer is complete. Since information can be
transferred in words {16 bits each) on the UNIBUS the name Word Count
(WC) :is usually assigned to this register. However, the UNIBUS is also
capable of transferring 8-bit bytes of data at a {ime, and this register may
be used equally as well as a Byte Count register.

The second parameter used in block transfers is the transfer address.
Initially, a register is loaded with an address that specifies the memory
location to, or from, which data is to be transferred. The register is incre-
mented after each transfer; thus, the register continually ''points” to se-
quential memiory locations. Since memories and devices have addresses
on the UNIBUS, this register is usually called the Bus Address (BA)
register. - '

A simplified block diagram of the M795 module is shown in Figure 6-16.
Both the word count {(WC) and bus address (BA} registers consist of 1&
flip-flops. These flip-flop registers can be loaded by placing data on the
16 data line inputs commaon to both registers and asserting the appropri-
ate loading signal. There are four independent loading signals: WC high
byte, WC low byte, BA high byte, and BA low byte. Each of the outputs of
the 16 bits in the WC register are connected to a set of DEC 8881 UNI-
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BUS drivers. The contents of the WC register can he gated to the data
bus when the appropriate gate signal is activated, The BA register also
has a set of UNIBUS drivers connected to each output so that the reg-
ister contents can be gated to the data bus. Note that the driver outputs
of both the WC and BA registers are wire ORed together. In addition, the
BA register has a set of drivers with independent outputs to allow it to
drive the address bus.

T BUS D500 BUS & <15:00>

WC TO D BUS Ba TO D BUS BA TO 4 BUS

‘——‘! DRIVERS l ‘——[ DRIVERS | DRIVERS

i

15 00 15 l D4 0300
WO DVFL = f+— 8 OVFL »—f V[ COUNT Ba
LGAD WC —e]  WC REGISTER | COUNT  LOAD BA —mf BA REGISTER
LOAD WG +1 = WC  L0AD BA+ —m n
I B<15 00> IN

Figure 6-16 M795 Word Count and Bus Address (block diagram)

The storage efement on the M795 is not an edge-triggered device; data
rmust be established and heid for the duration of the loading pulse.

The BA register can be incremented by either 1 or 2 as a function of a
control input (4-3V = I; ground = 4 2). This incrementation capability
allows addressing of either sequential bytes or words. The register is in-
cremented on the trailing edge of a positive pulse applied to the count
input of the register. The carry hetween bits 3 and 4 is broken and
brought out to pins on the module. Normally, these pins are jumpered
together externally to allow for a full 16-bit count. However, they can be
controlled to inhibit the carry and to force repeated addressing of 16 se-
quential byte addresses. This feature can be used in device-to-device
transfers. An overflow pulse is provided as an output whenever the reg-
ister is incremented from all 1’s ta all Q's.

The WC register is incremented by either 1 or 2 as a function of its con-
tro! input. The register increments on the traiing edge of a positive pulse
applied to the count input of the register. An overflow pulse is also avail-
able. Both registers are reset to all Os whenever the CLEAR signal is
asserted. :

Table 6-4 M795 Input Signals

Assertion MNo. of

Signal Name Level Signals Loading Operation
D<15:00=IN -F3V l1e 1.5 Data inpuis to regiéter.
LOAD WC ov 4 1 Loads data on input into
LOAD WC - 1 selected byte of register.
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LOAD BA iow pulse of 250 ns

LOAD BA + 1 minimum duration

WC TO b BUS oV 3 2 Gates selected register to

BA TO D BUS : bus.

BA TO A BUS )

CLEAR WC |- BA +3V 1 2 Ciears all bits. High level
of 1 us minimum dura-
tion. i

BA INC CONTROL 43V = 2 3 Controis amount of

WC INC CONTROL incrby 1 incrementation.

ov <=
incr by 2

COUNT WC 43V 2 4 Trailing edge of positive

COUNT BA pulse increments register
{100 ns minimum).

BA CARRY IN ov i 3 Carry into upper bits
of BA. B

Table 6-5 M795 Qutput Signals

Assertion No. of Drive

Signal Name Level Signals  Capability Operation

BA CARRY OUT av 1 10 Carry out of low
four bits.

BA OVFL oV 2 10 Register overflow;
WC OVFL low level pulse.
BUS D<15:00> ov _ 16 UNIBUS  Data lines.
BUS A15:00> ov 16 UNIBUS  Address lines.

6.2.7 M796 LUINIBUS Master Control Module

The M796 UNIBUS Master Control Module provides extremely flexible
control logic that is used to control data transfer operations on the UNJ-
BUS when a device is functioning as bus master. In addition to control-
ling the four transfer operations (DATI, DATIP, DATO, and DATOB), the
M796 module generates strobe and gating signals which transfer both
addresses and data to and from the bus; handles deskewing of data re-
ceived from the bus; protects apgainst data transfers to nonexistent de.
vices by the use of time-out circuits; and provides a flip-flop and integrat-
ing one-shot that can be used for special control functions.

Devices in the PDP-11 system may have the capability of gaining control
of the bus and, as bus rnaster, of transferring data to and from other
slave devices on the bus. This operation is perfermed with minimum
processor control and is usually referred to as Direct Memory Access
{DMA). The logic necessary to gain control of the bus is provided by the
M7820 Interrupt Control Module. The M7820 moduie requests use of the
bus {usually by means of an NPR request), receives the bus grant signal
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from the processor, asserts selection acknowledge (SACK), waits until the
current bus master releases control of the bus, and then asserts BUS
BUSY, thereby gaining hus contraot,

Upon becoming bus master, the device is free to conduct a data
transfer. A DATI cycle is performed if the device needs the data (either a
word or byte) from memory; a DATO cycle is performed if the device is
storing a word of data in memory (DATOB cycle for byte storage}; a two-
cycle DATIP, DATC(B) operation is performed if data held in memory is
to be modified as in the case of increment memory or add to memory
functions.

In order to execute one of these transfer cycles, the device must set BUS
C<21:0> for the required type of data transfer, specify the address of the
slave device participating in the transfer, assert the MSYN signal, and
then waijt for the SSYN respconse fram the slave. Data must either be
gated to D<C15:00> on a DATO cycle or he received and strobed at the
proper time on & DATI cycle. The M796 module performs these functions.

Figure 6-17 is a block diagram of the M796 UNIBUS Master control mod-
ule. The BUS C1 and BUS CO cutputs can directly drive the UNIBUS and
are asserted as a function of the control inputs. Table 6-6 lists the states
of the control inputs for the four possible bus cycles.

Table 6-6 Control Line Input States for M796

Cl co Bus Cycle
0 0 DATI

0 1 DATIP
1 0 DATO
1 1 DATOB

The data transfer sequence is triggered by meeting the AND condition of
two low levels {pins H1 & H2). Usually these two inputs are tied together
and are connected to the MASTER signal produced by the M7820 inter-
rupt Control Module. When the AND condition is met, it produces the
START signal, which is an internal signal in the M796 module. At the
transition of the START signal, both BUS C1 and BUS CO are asserted as
determined by their respective control inputs. The ADRS TO BUS signal
is also asserted and is used to gate the address of the slave onto BUS
A< 17:00>>. If an output cycle is specified (C1 = 1), the DATA TO BUS
signal is asserted and is used to gate the data to be transferred to the
slave onto BUS D« 15:00>-. The BUS MSYN signal is asserted 200 ns
after START becomes true. The master device then waits for a response
from the slave.

In a data output cycle (DATO), assertion of SSYN causes BUS MSYN to
be negated immediately. After a 100-ns delay, BUS C1, BUS CO, ADRS
TO BUS, and DATA TO BUS are negated. When these signals drop, an
END CYCLE pulse appears and is usually used to release control of the
bus.
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Figure 6-17 M796 UNIBUS Master Control (block diagram)

in a data input cyclte {DAT!), the assertion of SSYN produces a 200-ns
pulse that appears as DATA WAIT. This delay allows time for the incoming
data to deskew and settle. The trailing edge of the DATA WAIT pulse can
he used to clock data from the slave into the master device, If a strobe
pulse is necessary, the trailing edge of DATA WAIT can be used to trigger
the one-shot provided on the module. In either case, once data is re-
ceived, a positive-going edge is applied to DATA ACCEFTED, causing BUS
MSYN to be negated initially, followed by negation of ADRS TO BUS, BUS
C1, and BUS CO 100 ns later.

A TIME-OUT flip-flop on the module is set if a SSYN response fails to
occur within 20us after BUS MSYN is asserted. When this flip-flop is set,
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the bus cycle is not performed. The TIME-QUT flip-flop is cleared by as-
serting the CLEAR TIME-OUT signal.

The M756 module provi'des a special flip-flop that has the clock, reset, 1
side, and O side available. The flip-flop is clocked by a positive transition
on the clock input.

An integrating one-shot is also provided on the module, This one-shot is
triggered whenever the output of the gating input becomes true: (R1 +
F1)+S1. The output putse width of this one-shot is 150 ns but can be
lengthened by adding capacitance acrgss the pair of split lugs on the
module.

Note that all times mentioned represent nominal values with a tolerance
of £25%,. The delays and pulses provided by the module are. controlied
by simple RC circuits. Therefore, if there are any special requirements,
part substitutions can be made to alter these time constants.

Figure 6-18 illustrates a typical interconnection schematic for the M796
UNIBLIS Master Control module used in conjunction with the M7820 In-
terrupt Controi module. The read/write (R/W) flip-flop is part of the de-
vice interface logic and determines the direction of the data transfer (set
for a DATO, clear for a DATI). The data transfer is initiated by pulsing
SET REQUEST which sets REQUEST BUS. The REQUEST BUS signal gen-
erates an NPR request which, when granted, gives bus control to the
device as indicated by the MASTER signal. The MASTER signal causes the
internal START signal to be generated. This signal triggers the sequence
of timing signals. Timing diagrams for DATO and DATI ¢ycles are shown
in Figures 6-19 and 6-20 respectively.

Note that in a DATI operation, the DATA WAIT signal is generated when
BUS 3SYN is received, The trailing edge of DATA WAIT fires the one-shot
that produces the DATA STROBE signal, This signal gates the data pres-
ent on the bus data lines into the device. The trailing edge of DATA
STROBE produces a positive transition at the DATA ACCEPTED input that
resuits in the clearing of BUS MSYN.

The input signals to the module are listed in Table 6-7 and the output
signais are listed in Table 6-8,
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Table 6-7 M796 Input Signals

Assertion  No. of
Signal Name Level Signals Loading Operation
C1 CONTROL 1 5 Controls Bus C1
CO CONTROL 1 1 Controls BUS CO
PIN H2
PIN HE L 2 i Produces START
SSYN H 1 2 Negates MSYN on
DATO
DATA-ACCEPTED H 1 2 Negates MSYN on
DATI
INIT H 1 1 initializes control
CLEAR TIME OQUT L I 2 Clears TIME-OUT
Flip-Flop
PIN P1
PIN RI L P I Negative edge trig-
) gers one-shot
PIN S1 H 1 2 Paositive edge trig--
gers one-shot
PIN v2 H 1 2 Clock input to flip-
. flop
PIN U2 L 1 2 Clears flip-flop

Table 6-8 M796 Output Signals
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Assertion No. of Drive

Signal Name Leved Signals Capability Operation

BUS C«<1:0> L 2 UNIBUS Drives UNIBUS con-
trol line - i

ADRS TO BUS H 1 8 Gates BA to address

ADRS TO BUS L i 10 bus _

DATA TO BUS H 1 10 Gates data to bus on

DATA TO BUS L 1 8 DATO or DATOB

END CYCLE H 1 10 100 ns pulse indicat-

END CYCLE - L 1 8 ing end of bus cycle.

. BUS MSYN L 1 UNIBUS Drives UNIBUS MSYN

line

MSYN WAIT H 1 10 200 ns pulse that de-

MSYN WAIT L 1 8 lays assertion of

' : MSYN

DATA WAIT H 1 10 Allows for deskewing

DATA WAIT L 1 8 of DATA on DATI Ap-
proxima__tely 200 ns

TIME OUT (1) H 1 10 1 and O side of TIME-

TIME QUT (0) H 1 10 OUT Flip-Flop
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6.2.8 M920 UNIBUS Jumper Module

The M920 Module {see Figure 6-21) is a double module that connects the
UNIBUS from one System Unit to the next. The printed circuit cards are
on one-inch centers, A single M92C Module carries all 56 UNIBUS signals

and 14 grounds.

Figure 6-21 UNIBUS Jumper Module M320

6.2.9 M930 UN!BUS Terminator Modute

The MS30 UNIBUS Terminator Module is a short, double-size module
that terminates all signal lines on the UNIBUS. This module requires 1.25
amps at 5V *5%,. All pins have a resistive divider termination of 1800
to 45V and 39010 to ground, except those listed below:
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390¢ in
parallel with
0.001 pf to 45V 1800 to 45V .
{for AC LO, DC LO} | (for grant lines) | Ground Pins | -5V Input Pins

BF1 AVl AB2 BB2 AA2
BF2 AUL AC2 BC2
BAl AN1 BD1 BAZ
BBl APl BE1
BE2 AR1 BT1
AS1 BV2
ATL
AV2

6.2.10 M7820 Lnterrupt Control Module

The M7820 Interrupt Control Module provides the circuits and logic re-
quired to make bus requests and to gain control of the bus {(become bus
master). The module also includes circuits needed to generate an inter-
rupt, if desired. The module contains two completely independent request
and grant acknowledge circuits (channels A and B) for establishing bus
contol. The interrupt control circuit can be used with either, or both, of
the request channefs and provides a unique vector address for each
channel. Figure 6-22 is a block diagram of the M7820 Module, which is
single-height.

The master control section {either channel A or B) is used to gain con-
trol of the bus. When the INTR and INTR ENB requesting inputs are
asserted, a bus request is made on the BR tevel corresponding to the
level of the BR line wired to the BR pin of the module. When the priority
arbitration logic in the system recognizes the request and issues a bus
grant signal, the master control circuif acknowledges with a SACK signal.
when the device has fulfilled atl requirements to become bus rmaster, the
master control circuit asserts BBSY and then asserts a MASTER signal.

Once the device has gained bus control by means of a BR request, an in-
terrupt can be generated. If an interrupt is desired, the module is inter-
cannected as shown in Figure 6-23. This figure ilustrates the use of the
two channels to first generate requests for bus contro! and then initiate
interrupts. The request {from channel A is a slightly higher priority than
the channel B request because the bus grant signal first enters A, then
enters B. :

The vector address is selected by jumpers on the M7820 Module. Since
the vector is a two-word {four-byte) block, it is not necessary to deter-
mine the state of bits 0 and 1. The seven selectable lines determife vec-
tor address. The least significant line is controlled by the VECTOR BIT 2
input signal. If this input is asserted, then bus line D02 is asserted.
Thus, the interrupt on channel A uses a vector at location 100 -and chan-
nel B uses a vector at ocation 104.
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Figure 6-22 M7820 Interrupt Control (block diagram)

Figure 6-24 itlustrates an M7820 Module used for bus control in a device
that directly transfers data te memory and then causes an interrupt
when the transfer is completed. Channel A is connected to the NPR and
NPG lines and is used to gain bus control for direct to memory, or
device-to-device, transfers. Channel B is used to gain bus controf for an
interrupt.

Each M7820 Module master control section contains two flip-flops that
sequence through four states, thereby controlling the request for bus
control, Figure 6-25 is a state diagram of this sequenge and Figure 6-26
shows a circuit schematic of the M7820. The BG IN signal is allowed to
pass through the module to BG OUT when the device is not issuing a re-
quest (state A), is master (state D), or has had the request honored
(state E). To request bus use, the AND condition of INTR and INTR ENB
must be satisfied. These levels must be true at least until the request is
granted. Once bus control has been attaired, it can be released by either
asserting CLEAR or by negating either INTR or INTR ENB. The first
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Figure 6-23 M7820 Interconnection for 2-Channel Interrupt

method leaves the master confrol in state E, thereby inhibiting further
bus requests even if INTR and INTR ENB remain asserted. ln order to
make another bus request, INTR or INTR ENB miust be dropped and
then reasserted to cause the module to advance from state E through
state A to state B where it asserts the request line. This prevents mul-
tiple interrupts when the master control is used tc generate interrupts.
The second method is used to release the bus after NPR use. Note that
pin J2 (EXT GND) must be grounded by the user. A summary of all
M7820 signals is listed in Table 6-9.
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The 2 binary numbers next to each circled state indicate the state of
flip-flops FFAl & FFA2 respectively, as shown in Figure 6-26.

Figure 6-25 State Diagram of M7820

Table 6-9 Summary of M7820 Signals

Assertion

Signal Level Input Loading Cutput Drive
INTR A, B H 1 TTL (each)
INTR ENB A, B H I TTL
CLEAR A, B H ITTL
MASTER A, B L 1I0TTL
START INTRA, B L 2TTL
INTR DONE A, B H 10 TTL
BGINA B H I R*
BGOUTA, B H - 2 DE®
BRA, B L 1D
YECTOR BIT 2 H 1TTL
BUS SSYN L 1R
BUS BBSY L 1R 2D
BUS SACK L : 2D
BUS INTR L 1D
BUS D <08:02>> L D

* R — Standard UNIBUS receiver load.
** D = Standard UNIBUS transmitter (driver) output.

6.2.11 M7821 Interrupt Control Module

The M7821 [nterrupt Control Module is a replacement for the M7820 that

improves PDP-11 system performance. In almost ail cases, it may be

used directly in place of the M7820, without making any changes to

gardware or software. A block diagram of the module is shown in Figure
-27.

NOTE
The following description assumes the reader
understands the function and operation of an
M7820.
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Figure 6-27 M7821 Interrupt Control Block Diagram .

The M7821 does not have two identical Master Control balves. For de-
vices which use one half of the module to become master with an NPR
and one half for a BR, the top half (Request Bus pins Ul and V1) must
be used for NPR and the bottom half (Request ‘Bus pins H2 and K2)
must be used for BR.

The NPR half of the module has the ability to prevent the un-assertion
of BUS SACK for devices that do more than one data cycle each time
they request the bus. This is done by holding pin J2 high until the be-
ginning of the last bus cycle. SACK will be unasserted as soon as pin J2
goes low, and the input on J2 can, therefore, be a pulse or a leve!. Pin J2
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is active cnly when the Master signal is asserted (pin N1 is low), and,
therefore, pin J2 may be permanently grounded if only one bus cycle is
done for each request.

NOTE
The M7820 requires pin J2 to be grounded for
the interrupt section of the module to work, so
the M7821 is compatibie.

The BR half of the module does not have the ability to hold BUS SACK
asserted and always drops SACK when BUS BBSY is asserted. However,
this section of the module does have some special circuitry that jooks
at the BUS NPR line, which must be wired to pin J1 on the M7821, This
circuitry, if it sees the assertion of the bus grant line to which the mod-
ule is wired while BUS NPR is asserted, will block the grant and return
SACK. When BBSY becomes unasserted from the last bus master, the
M7821 will then clear SACK off the bus. The processor will then be able
to service the NPR, improving the latency time for NPR devices,

CAUTION
Only some PDP-11 processors will work with the
specia! circuitry described above. There is a
jumper on the M7821 module which, when cut,
prevents the special circuitry from warking.

NOTE
PFin J1 is unused on the M7820 module, and if
BUS NPR is not wired to this pin, the special
jumper noted above must be cut.

if both halves of the M7821 are used for BR requests, pin J2 must be
grounded and the jumper may be cut as required. ¥ both halves are used
for NPR requests, pin I2 may be used as required, and the jurmper must
be cut. Note that if the normally BR haif (Request Bus pins H2 and K2)
are used for NPR's, only one bus cycle may be done per request.

The interrupt section of the module has been changed slightly also, The
jumpers on the M7821 module must be left in to generate a “one'” in
that bit position of the vector, and cut out to generate a “zero.” This is
the reverse of the M7820. A jumper has also been added to vector bit 2.
If the module is to be used the same way as an M7820, the jumper for
bit 2 must be left in. However, if only one vector is betng generated by
the module, pin D2 should be permanently wired to a high level, and
then the jumpers can be used to assign vectors to every vector location
(4 bytes) without changing backpanel wiring. Mote that the jumper for
bit 2 must also be in for a one and cut for a zero.

Summary of Compatibility Considerations

On the M7820, pin J2 must he grounded for the lnterrupt section to
work. If pin J2 is grounded, then an M7821 module can be directly
plugged in if the special jumper is cut, the vector bit 2 jumper is left in,
and the rest of the jumpers are cut appropriately.
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CHAPTER 7

INTERFACE EXAMPLES

Examples of interface designs in Paragraphs 7.1 to 7.9 use the tech-
niques and eguipment described in previous chapters. To draw attention
to the design features of each interface type, a series of related examples
is presented. The first example is a simple basic interface. Each addi-
tional example implements several features by adding logic circuits to
the previous example. Thus, the first example is the simplest possible
read/write interface. This circuit is then used with additional logic to
form a program-controlled interface, which in turn is used with additional
circuits to form an interrupt-serviced interface, until finally, the circuit is
used with additional circuoits to form 2 direct-memory-access interface.

The examples cover input and output transfers and aiso illustrate tech-
niques far combining the two functions into one interface. Each example
includes a description of the operation and logic of the interface, a typi-
cal implementation, and programming methods that might be used to
operate a device with the interface.

7.1 BASIC INTERFACE

The simplest possible interface, a basic read/write interface, is used
when data is transferred to and from the register during bus operations.
This particular read/write interface consists of only a storage register and
bus gating circuits. The register may be used either as a data register or
may be used to drive an output device, such as a set of indicator lights.

7.1.1 interface Operation

wWhen the basic read/write is used, data transfers are under control of the
program and the register is assigned an address on the UNIBUS, During
execution of an instruction that addresses the interface, the processor
conducts a bus data transfer with the interface register, which responds
as a slave. Since a 16-hit register is used, it may be addressed as either
a one word register or as two byte (8-bit) registers.

As shown in Figure 7-1, the basic interface uses an M105 Address Selec-
tor module to decode the UNIBUS address lines and to controt the clock-
ing of information into the register and the gating of output information
from the register to the bus data lines. The register is interfaced to the
bus input data lines by ungated receivers, and the inpiits are clocked
into the register by a strobing signal derived from the M105 Address
Selectar. The register outputs are gated through the drivers by the GATE
REGISTER TO BUS signal. This output gating is necessary to prevent the
register from affecting the UNIBUS data lines when the interface is not
participating in a bus data transfer operation.
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7.1.2 Data Transfer Operation.

The read/write interface can participate in both DATE (or DATIP) and
DATO (or DATOB) transfers. Whenever the processor conducts a DATOQ
transfer to the bus address assigned to the read/write register, the data
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Figure 7-1 Basic Interface (block diagram}

is applied through the bus receivers to the register input, At this time,
both the OQUT HI!GH and QUT LOW signals are produced by the M105
Address Selector. When MSYN is asserted by the processor, the decoded
address causes the M105 to produce a SELECT O signal which is gated
by the two QUT signais to clock data into the register. The UNIBUS
timing guarantees that at the slave device data is valid 75 ns prior to
assertion of M5YN. Therefore, the inpuis have settled before the positive-
going transition of the clock signal occurs,

A DATOB transfer functions in a similar manner, except that only one
byte of the register is clocked. If address line AQQ is 0, the M105 Module
asserts OUT LOW but not OUT HIGH. i AOC is 1, then only OUT HIGH is
asserted. In either case, data is only strobed into the appropriate byte
tion of the register.

When a DATI transfer occurs, the processor addresses the interface
and asserts MSYN. In addition, the M105 Module asserts the same
SELECT O signal. However, in this case, the SELECT O js gated by the
IN rather than the OUT signals. The IN signal is generated by the state
of the bus C lines. Gating of the SELECT O signal by the IN signal pro-
duces a GATE REGISTER TO BUS signal that gates the output data from
the register to the UNIBUS. The M105 Module generates SSYN to indi-
cate that data is ready on the output bus data lines.
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7.1.3 Circuit Implementation

Figure 7-2 illustrates a possible method of impltementing the circuits in
the basic read/write interface. The types and quantities of modules used
are: the M105 Address Selector Module (one): the M785 Bus Transceiver
Module (two); the M206 General-Purpose Flip-Flop Module (three); and
the ME17 4-Input Power NAND Gate Module (one}. The modules are in-
terconnected and may be mounted in a mmﬁ System Unit as shown in
the insert on Figure 7.2.
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Figure 7-2 Basic Interface (schematic diagram)
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lriput data flows from the UNIBUS, through the input gates on the M785
Modules, to the data inputs of the M206 Flip-Flops comprising the reg-
ister, The gating provided on the M785 Receivers is not used, and alt
gates are wired to continuously receive data. Data stored in the register
is protected from these changing inputs by the requnrement for a clock-
ing signal to load data into the register.

The output data from the register is gated to the bus data lines through
the driver sections of the M785 Modules. The M785 Modules are used in
this example because the M785 pravides the exact combination of input.
and output gates needed for an 8-bit read/write register. When the num-
her of receivers differs from the number of drivers required in a specific -
interface, combinations of M783 Bus Driver Modules and M784 Bus Re-
ceiver Modules may be used. This example is devoted to illustrating the
use and interconnection of bus drivers and receivers rather than indi-
cating the specific modules used in implementation.

7.1.4 Programming the Interface

Alt data transfers in the basic read/write interface are under processor.
control, and all memory reference instructions may directly address the -
interface, If the mnemonic REG is assigned to the register address, the

instruction MOV REG, R4 reads the data stored in the register (a. DATI

operation) and places the data in general register 4 of the processor.

The instruction MOV R4, REG reverses the data flow so that the data in

general register 4 is placed in the interface register (a DATIP, DATQO

operation}. Any instruction that can access a bus address can conduct

data transfers with the interface register. Therefore, the contents of the

register may be incremented by an INC REG instruction or summed with

an arbitrary value by an ADD VALUE, REG instruction.

7.2 PROGRAMMED DEVICE INTERFACE

A circuit simiiar to the one in the preceding exampie is- used as the
tasis for the program controfled interface te an analog-to-digital conver-
ter (ADC). The ADC is simpiy a representative example of many possible
externat devices that may be interfaced with a design simitar to the one
discussed in this section, The ADC input and output signals, however,
are covered in the following paragraph because of the requirements they
place on the interface. ’

7.2.1 Analog-to-Digital Converter

The analog-to-digital converter used in this example cansists of a multi-
plexer and converter. (See Figure 7-3.) The multiplexer selects one of 64
analog inputs and applies it to the converter, which produces the digital
equivalent of the analog input.

The interface must provide seven input contral signals to the ADC. One
input is the START CONVERSION signal, which is a positive transition that
causes the ADC to begin the conversion process. The other six control
signals are applied to multiplexer address lines so the ADMUX register
can be used to select one of the 64 analog inputs.

The tnterface receives 11 output signals from the ADC. One of these is
the CONVERSION COMPLETE signal. When the conversion process starts,
the CONVERSION COMPLETE signal becomes OV and remains at that level
until the conversion is finished. At that time the signal becomes -} 3V to
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indicate that the digital output reflects the analog input (the conversion is
compiete). -

The remaining ten output fines represent the digital equivalent to the
analog input. A zero on any line is indicated by OV and a one is indicated
by -+ 3v.

Signal levels used in the interface are standard DEC levels,

7.2.2 Interface Description

The program controlled interface aillows the program to select a specified
analog input for application to the ADC and then causes the resultant
digitized output and conversion complete signal to be placed on the
UNIBUS data lines to transfer data into the bus master.

The heavy lines in Figure 7-3 indicate logic added to the interface of the
. previous example. The interface functionally operates with three bus
addresses. One address is assigned for the muitiplexer (ADMUX) register,
which is sirnifar in design to the register in the prevous interface exam-
ple. The second address is for the converted digital cutput (ADDBR) of a
read-only register, and the third address is assigned t¢ a I-bit control
and status register (ADCSR).

The M105 Module decodes the bus address to praduce one of three se-
lect signals depending on which register is being accessed. The three
select signals are gated by IN and OUT LOW to produce the four signals
{GATE ADCSR, GATE ADDBR, GATE ADMUX and CLOCK ADMUX) shown
in Figure 7-3. Only the ADMUX register accepts inputs from the UNIBUS
through the receivers. However, the outputs of all three registers are
gated to the bus through separate sets of bus drivers.

Connections between the ADC and interface may be made by a cable
connector such as the M908 Module,

7.2.3 Transfer Operations

The program controlled interface partictpates in bus data transfers in
substantially the same manner as the hasic interface described in Para-
graph 7.1. Each of the three interface registers can be read during a
DAT! operation. I addition, the multiplexer (ADMUX) register can he
loaded by a DATO operation. Although only the multiplexer register
accepts data during a DATOQ, the other two registers respond when a
DATO cycle occurs. If any of the three registers is addressed during
a DATO, the M105 Modute produces SSYN to compiete the bus opera-
tion. This is necessary to operate the interface with the processor be-
cause the destination operand of all instructions that reference data (ex-
cept TST, CMP, and BIT) is transferred by a DATIP, DATO sequence of
bus operations. K the interface does not respend to the DATO operation,
the processor cannot continue with the program.

7.2.4 Circuit Implementation

Figure 7-4 includes a map of bit assignments for the three registers and
a layout for mounting the logic modules in a BEB11 System Unit. Neither
the M105 Address Selector Module nor the ADC is shown on the figure,
but the signals generated by these units are indicated. The connections
to the UNIBUS can be implemented with one M785 UNIBUS Transceiver
Modute for the multiplexer register and one M783 UNIBUS Transmitter
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Module for the data and control registers. Separate gating must be sup-
plied to use one of the four individual bus drivers on the M783 for a
READY bit. The CONVERSION COMPLETE signal is renamed to READY
after it passes through the bus transmitter.

7.2.5 Programming the Interface

The STARY CONVERSION signal, which begins the device cycle, is gen-
erated in this interface by the CLOCK ADMUX signal, which loads the
multiplexer register. In normat operation, the processor loads the multi-
plexer register; this action starts the ADC; tests the READY (CONVER-
SION COMPLETE) bit untii the bit is set; and then transfers the data from
the digitai output lines of the ADC to the processor, A possible sequence
of instructions to perform this task is given below. This program selects
an input, waits for the device to complete the conversion, and then
transfers the result to register 4,

MOV INPUT, ADMUX  ;SELECT ANALOG INPUT

READY: TSTB ADCSR ;CHECK FOR CONVERSION COMPLETE
BPL  READY ;NO, TEST AGAIN
MOV ADDBR, R4 ;YES, OBTAIN DATA

INPUT 15 A LOCATION CONTAINING THE NUMBER OF THE DESIRED
ANALOG INFUT LINE.

A SUBROUTINE TO EXAMINE A SERIES OF INPUTS MIGHT BE WRITTEN
AS FOLLOWS:

MUXSCN: MOV BUFADR, R4 ;INITIALIZE DATA POINTER
CLR  ADMUX ;SELECT INPUT LINE ZERO

LOOP: TSTE ADCSR ;CHECK FOR CONVERSION COMPLETE -
BPL LOOP ;NO, TEST AGAIN

MOV  ADDBR, (R4) + ;YES, PLACE DATA IN BUFFER
CMP  ADMUX, #77 ;LAST LINE?

BEQ DONE YES, GO TO DONE
INC  ADMUX iNO, GO TO NEXT INPUT
BR LoopP GO TO LOOP

DONE: RTS R7. (EXIT FROM SUBROUTINE

WHERE: BUFADR 15 A LOCATION tN CORE CONTAINING THE ADDRESS
OF THE FIRST WORD ON A 64-WORD BUFFER
ADCSR 1S THE INTERFACE STATUS REGISTER
ADMUX IS THE MULTIPLEXER REGISTER
ADDBR IS THE DATA REGISTER

This subroutine is calied by the instruction: J3R R7, MUXSCN. The sub-
routine initializes general register 4 as a pointer to the buffer; initializes
the multiplexer register to zero;, and sequentially reads the 64 inputs
into the corresponding buffer location. When each input has been read
once, control returns toe the calling program with the contents of general
register 4 as the address of the word after the last word of the buffer,

Since loading the multiplexer register starts operation of the device cycle,
ADMUX should not be accessed as a destination operand except by a
TST, BIT, or CMP instruction. In addition, the INC ADMUX instruction
should follow the CMP instruction. This aveids initiating unwanted device
operation and allows the subroutine to be immediately recalied.
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7.3 INTERRUPT SERVICED INTERFACE

The interface to an analog-to-digital converter would be more versatile if
it included an interrupt capability. An interrupt serviced interface with
this capability can be formed simply by adding an M7820 Interrupt Con-
trol Module and one bit to one of the registers in the programmed device
interface described in Paragraph 7.2.

The interrupt serviced interface allows the processor to concurrently
execute instructions of another program while the analog-to-digital con-
verter (ADC) performs a cycle of operation. The processor responds to a
READY (CONVERSION COMPLETE) signal from the ADC by interacting
with the device and analyzing the data after it has been coilected. This
interface eliminates requiring the processor to spend time testing for a
ready signal, such as in the case of the programmed device interface.

Whenever a device interface is required, the designer must compare the
cost of additional interrupt hardware with the device requirements in-
terms of transfer speed, frequency of transfers, and ammount of use, to
determine whether a programmed device interface or interrupt serviced
interface is more economical.
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Figure 7-4 Programmed Device interface (schematic diagram) ’

7.3.1 Interface Description

Figure 7-5 is a block diagram of the interrupt serviced interface which
consists of the pregrammed device interface with the addition of an
M7820 Interrupt Control Module, one flip-flop, and one bus driver. This
interface can operate either in the same manner as the interface de-
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scribed in Paragraph 7.2 or in an interrupt mode. The additional flip-flop
is used to enable or disable interrupt operations, ‘If the flip-flop (which is
hit 6 of the control status register) is set by the program, the CONVER-
SION COMPLETE signat from the ADC causes the M7820 Interrupt Con-
trot Module to inftiate an interrupt.

7.3.2 DR11-C {mplementation

A convenient method of implementing an mterrUp’r serviced interface is
to use a DR11-C 1&6-Bit Genera! Interface, Figure 7-6. A layout of the _
modute mounted in a DD11-A System Unit, shows the savings in space
and interconnections. The DR11-C is functionally equivalent to an M105,
M7820, and M786. .The DDI1-A System unit is prewired to accept
four smatl peripheral interfaces; e.g., DR11-C. A discussion of the
DR11-C, including specifications, is presented in Chapter 4.

Figure 7-7 is similar to Figure 7-5 because the DR11-C logic is used in
the same manner and with the same programs as any other logic used
to implement an interrupt serviced interface. The DR11-C provides cable
connectors; thereforg, no additional wiring or connectors are required,

Connections between the ADC and the DR11-C are made as follows:

CONNECTOR DR11-C ’ ADC
1 OUT (06:00) Multiplexer inputs
NEW DATA READY  Start conversion
2 IN (09:00) Digital outputs
REQUEST A Conversion complete
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7.3.3 Interface Programming

The following program is a typical interrupt service routine that collects
data from the ADC and enters an evaluation routine after the final con-
version cycie,

ADCVEC: ADCSER ySET UP ADC VECTOR AREA

240 ;STATUS INCLUDES PRIORITY
LEVEL S
. MAIN PROGRAM FOLLOWS
BEGIN: MOV BUFSTRT,BUFADR JINITIALIZE BUFFER POINTER
CLR ADMUX ;START MULTIPLEXER AT
CHANNEL O
MOV # 100,ADCSR ;ENABLE INTERRUPT
ADCSER: MOV ADDBR,@ BUFADR ;COLLECT BATA
CMP BUFADR,BUFSTRT + 174 ;LAST ONE?
BEQ DONE JYES, GO TO DONE
ADD #2,BUFADR ;NO, INCREMENT POINTER
INC ADMUX NCREMENT MULTIPLEXER AND
' ;START CONVERSION
RTI ;RETURN TO MAIN LINE
DONE: CLR ADCSR ;CLEAR INTERRUPT ENABLE
- ;FOLLOW THIS WITH THE

;EVALUATION ROUTINES

WHERE: ADCSR,ADMUX AND ADDER ARE THE DEVICE REGISTERS
' IN THE INTERFACE
BUFSTRT CONTAINS THE STARTING ADDRESS OF A BUFFER -
ADCVEC IS THE ADDRESS SPECIFIED BY JUMPERS ON THE
M782 MODLLE AND CONTAINS THE ADDRESS OF
THE DEVICE SERVICE ROUTINE TAGGED ADCSER
ADCSER DEVICE SERVICE ROUTINE

BUFADR 1S A LOCATION TO BE USED BY THE DEVICE SERVICE ROUTINE

After the initiation instructions in the main program are executed, the
interrupts cause the processor to execute the ADCSER routine, The last
time this is performed, the evaluation routine is also executed.

The CLR ADMUYX instruction should precede the MOV # 100, ADCSR in-
struction to prevent the interface from causing an immediate interrupt,
which could occur if the interrupt enable hit is set when the device has
the CONYERSION COMPLETE signal asserted.

If the evaluation routing is to return contrel to the interrupted main pro-
gram, this may be accomplished by terminating the evaluation routine
with an RTI instruction. If any other type of return is used, the program
must remove the old PC and PS that were placed on the stack by the in-
terrupt operation. Removal is accomplished by executing an ADD #4, R6
instruction.
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7.4 DIRECT MEMORY ACCESS (DMA) INTERFACE

The direct mernory access (DMA) interface conducts data transfer opera-
tions to place data from the device directly into memcry. A BMA inter-
face performs a large number of transfers with minimal processor inter-
vention thereby reducing prograim and execution time overhead. After the
interface device registers are initialized, all transfers fake place under
contrel of the interface, thereby eliminating processing time. The proces-
sor is notified by an interrupt when zll the data has been transferred and
the program responds appropriately,

Figure 7-7 is a block diagram of a DMA interface for the Analog-to-Digital
Convégrter (ADC). The DMA is designed by adding circuits to the interrupt
serviced device interface, The Interface is composed of two interface reg-
isters: the ADCSR register, which contains flag and error bits; and the
combined ADBAR/ADMUX register, which hoids the bus address and
multiolexer bits.

7.4.1 Interface Description

Interface operation begins when the program loads the bus address reg-
ister {ADBAR) with the address of the first memory location where data
is to be stored. The interface starts an ADC conversion cycte, When the
digital data is available from the ADC, the interface requests bus use by
asserting an NPR request. When the device becomes bus master, it trans.
fers the data to core memory, Completion of the bus transfer causes the
multipiexer register (ADMUX) to be incremented, thereby selecting the
next input channel, The multiplexer register is part of the bus address
register; therefore, the next memaory location is also selected. At this
point, a new conversion cycle begins. This process is repeated until each
input channel is read and the digital data is stored in a core memory
location. The interface then sets the ready flip-flop, which causes an in
terrupt.

7.4.2 Interface Implementation

The DMA interface is constructed by adding one set of bus drivers and
the bus transfer control logic to the interrupt serviced interface; there-
fore, the functions assigned to the registers differ in this case, and
implementation differs accordingly. The multiplexer register, expanded
to 15 bits, also serves as a bus address register. Nine of these hits
{15:07) are under program control and serve as a base address for a
series of locations used as a data collection buffer by the inferface. The
remaining six bits (06:01) are implemented as a counter that steps
through the 64 inputs and also addresses 64 successive word jocations
in the core memory. The six multiplexer bits are not accessible from the
bus and cannot be read nor altered by the program, Whenever the high
or low byte of the address register is loaded, the six multiplexer bits are
cleared to zero; therefore, transfers always start on &4 word boundaries.

The interface uses an interrupt to signal completion of the series of
transters. The interrupt enable (INTR ENB) and READY bhits of the
ADCSR operate simiiar to the interrupt serviced interface. Refer to Fig-
ure 7-7,

Loading the ADBAR register (SELECT 2 OUT HIGH and/or SELECT
2 . OUT LOW) also ctears the multiplexer counter and the READY flip-
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flop, therebj( initiating a conversien cycle by causing START CONVER-
SION H to become asserted.

When the conversion is complete, the CONVERSION COMPLETE H signal
sets the REQUEST BUS fiip-flop, which causes the M7820 Interrupt Con-
trol to assert an NPR request. When bus control is granted, the M7820
asserts BBSY on the UNIBUS and asserts the MASTER A L signal. The
MASTER A L signal is tied to the M796 UNIBUS Master Controf module
in order to produce the START signal. Since the CI control line is high
and the CO control line is grounded, the M796 performs a DATO bus
cycle. An ADRS TO BUS H is produced to gate the nine bits of the
ADBAR register and the six bits of the ADMUX register to bus address
lines A<715:01>. DATA TO BUS places the converted digital value an bus
data lines D<Z0%:00>-. After a minimum delay of 150 ns, BUS MSYN L
is asserted. ' '

When the slave davice responds with BUS SSYN L, both ADRS TO BUS
and DATA TO BUS are negated and BUS MYN L is dropped. The END
CYCLE H pulse is used to clear the REQUEST BUS flip-flep, which im turn
causes the M7820 Interrupt Control to drop BUS BBSY.

END CYCLE L is used to trigger a one-shot to produce the COUNT DE-
LAY H signal. This signal serves as the count input (COUNT IN) to the
multiplexer counter (ADMUX). After 600 ns, the one-shot times out and
its output returns to a tow (DV)} level. If the READY flin-flop has not heen
set by a count overflow from the ADMUX counter, START CONVERSION H
is asserted to start the next conversion cycle. If, however, the ADMUX
counter has overflowed and set the READY flip-flop, -no ADC operation is
started and an interrupt bus request is made,

A TIME-QUT flip-flop is provided an the M796 module. This flip-flop is set
if the slave does not respond within 20 us to the BUS MSYN L signat
that is produced by the M736 module. f TIME OUT becomes set, the bus
cycle is stopped, READY is set, and further conversions are inhibited.
The TIME-CUT ERROR is indicated by a 1 in bit 15 of the ADCSR. TIME-
QUT is cleared by loading hit 15 of the ADCSR with a 0.

The modules required to implement this interface fit into one BB11 Sys-
tern Unit. Ail interface modules, including the M7820 Interrupt Control,
M105 Address Selector, and a device cable connector, can be inserted
into the logic slots of one system unit containing power and UNIBUS
connectors.

7.4.3 Programiming the Interface
The foliowing is an instruction sequence to initiate device operation:

MOV #BUFADR, ADBAR ;LOAD ADDRESS AND START
MOV #100, ADCSR JENABLE INTERRUPT

WHERE: BUFADR IS THE ADDRESS OF THE FIRST WORD OF A
BUFFER AND IS RESTRICTED TG ALL O'S IN BITS O
THROUGH &.

The interrupt routine for this interface is equivalent te the data evalua-
tion routine suggested in the interrupt serviced interface. The routine
should begin with a CLR ADCSR instruction to disable further interrupts
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{unless serviced at a higher priority level) and should terminate with an
RT1 instruction..

The ADBAR register can be read as a source operand without spurious
clocking of the device operation cycle, but the ADMUX counter is not
accessible from the bus.

The interrupt enable flip-flop (bit 6 of the ADCSR) is entirely under pro-
gram control bug the TIME-QUT flip-flop is set by TIME-OUT ERROR con-
ditions in the interface, The ready bit of the ADCSR (bit 7) is not under
program control. It may be read by the program but cannot be altered
except by initiating operation of the device.

7.4.4 Interface Operation Timing

Figure 7-8 illustrates the timing relationship among signals in the DMA
interface. The curved lines indicate the changes in signal ievel that gen-
erate the indicated results.

7.4.5 Interface Options

As described above, operation of the DMA interface is restrictive, be-
cause it must always scan 64 channels. A simple method of reducing the
number of channels scanned is to alter the set/reset inputs to the M211
Binary Counter module, thereby preloading it Wlth a non-zero constant
from which it can begin counting up.

An even more fiexible arrangement could be designed by separating the
ADBAR and ADMUX registers, thereby allowing independent bus address-
ing and multiplexer scanning.

7.5 OUTPUT INTERFACE WITH INTERRUPT CONTROL

Preceding examples have illustrated various types of interfaces for
peripheral devices that provide inputs to the UNIBUS data lines. This
example, as well as the example in Paragraph 7.6, covers interface de-
sign for a device that accepis UNIBUS outputs. The device shown is
meant to be typical of output devices which may be interfaced by de-
signs similar to the following examples.

7.5.1 Device Description

A digital-to-analog converter (DAC) is a device that accepts UNIBUS out-
puts. The DAC, converts a bhinary weighed number into a scaled analog
voitage. The device is single-buffered and the analog output corresponds
to the digital input.

The interface provides 10 bipary level inputs to the DAC. These inputs
represent the digital value equivalent to the analog voltage desired as an
output. The binary leveis are OV for logic 0 and 4 3V for logic 1.

The DAC provides an update request output signal for the interface. This
signal requests a new digital input from the interface. At intervals deter-
mined by the DAC, a high level (4+ 3V) pulse {5 provided as the update
request signal, This level remains low (OV) between pulses.

7.5.2 Interface Description

The output interface with interrupt control provides a buffer register for
outputs to the DAC and an interrupt control to service the DAC with an
interrupt service routine. Figure 7-9 is a block diagram of the output
interface.
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Figure 7-7 DMA Interface (block diagram)

The interface consists of two registers, an M105 Address Selector Mod-
ule, an M7820 Interrupt Conirol Module, bus receivers, and iwo sets of
bus drivers. The two registers are the data buffer register (DADBR) and
the control status register (DACSR). The request bit (bit 7) of the DACSR
can be read by the bus but cannot be loaded directly from the bus. All
other register bits are under direct bus cantrol.

7.5.3 Interface Operation )

when the UNIBUS addresses the data huffer register during a DATO
transfer, the interface clocks the information from the bus data lines
into the register, which then applies the information to the DAC as the
10 binary level inputs. At the same time data is clocked into the register,
the REQUEST flip-flop (bit 7 of the DACSR) is cleared. After this transfer
is complete, when the péripheral device requests another value, the RE-
QUEST flip-flop is clocked high by an UPDATE REQUEST signal from the
DAC. K the interrupt enable flip-fiep (bit 6 of the DACSR) is set, the in-
terface asserts a bus request ling, On becoming bus master, the interface
performs an interrupt operation to transfer program control to & service
routine, This routine lpads new data into the buffer register and then re-
turns control to the interrupted program.
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Quring normal cperation, data is loaded into the buffer register and
transferred to the peripheral device. When an UPDATE REQUEST from
the DAC starts an interface cycle, the interrupt vector is transferred to
the processor. The processor again initiates the data flow by transferring
a new word of data into DADBR.

7.5.4 interface Programming

The programs described in this paragraph cause the DAC to output a
time-varying signal by loading the DADBR with an initial value and then
changing that value by small increments until it reaches a final value de-
termined by the program. The analog output is 100 cycles of a triangular
waveform (actually, a stepped triangular waveform) with the slope of the
ascending portion equal to half the slope of the descending portion. The
period of the waveform is 150 times the period between update request
pulses,
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Figure 7-9 Output Interface with Interrupt Control (block diagram}

In the interface program, the DAC output is reset to a higher value by
the ADD #10. DADBR instruction or reset to a lower value by the SUB
#20, DADBR instruction. In either case, the value in the DADER is read,
modified by an arithmetic operation, and the new value is stored in the
DADBR. All these operations are under processor control.

The ahility of the UNIBUS to access device registers as though they were
memory locations allows the processor to directly perform tests and
“modifications on the device register. This program compares the value
in the DADBR with the test values. The program uses a minimum of
stored data because it is not necessary to use memory locations for
counters or storage of ternporary values,
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The processor initializes operation by executing the following sequence
of instructions:

CLR DADBR :CLEAR DATA BUFFER REGISTER
CLR DASW ;RESET UP/DOWN SWITCH
MoV © #1144, DACNT SINITIALIZE CYCLE COUNTER
MOV # 100, DACSR ;SET INTERRUPT ENABLE
The interrupt service routine includes the following instructions:
DAVEC: DASERV ;POINTER TO SERVICE ROUTINE
240 ;PROCESSOR PRIQRITY = 5§
DASERV: TST DASW i SWITCH SET?
BPL upP iNG, GO UP
sus #20, DADBR YES GO DOWN
BNE CONT OUTPUT VALUE EQUALS 07
CLR DASW ;YES, RESET SWITCH
DEC DACNT ;REDUCE COUNT BY ONE
BNE CONT {COUNT EQUALS Q7
CLR DACSR ;YES, DISABLE INTERRUPT
AND EXIT.
RTi
ue: ADD # 10, DADBR ;OUTPUT VALUE GOES UP
CMP DADBR, #1000 ;1000 S TOP LIMIT ON VALUE
BNE CONT ;DOES VALUE EQUAL TOP LIMIT
COM DASW JYES, SET SWITCH
CONT: RTI ;EXIT FOR INTERMEDIATE
VALUES

7.6 DAC-DMA INTERFACE

A direct memory access {DMA) interface designed for a digital-to-analog
converter (DAC) allows a specified number of words from memory to be
transferred directly to the interface without processor intervention.

The previous interface example {paragraph 7.5) described a digital-to-
analog converter interface that was serviced (controlled) by the vectored
interrupt structure. In a real-time system where the time to service
repetitive interrupts demands.too much processor time, it may become
necessary to expand the control section of the interface, so that the in-
terface is less dependent on processor control, thereby reducing proces-
sor overhead. ‘

This interface example uses the same DAC as the one discussed in the
previous example. However, the interface to the UNIBUS differs. Added
to the interface control section are direct bus access logic circuits, a
word count register, and a bus address register. These additions allow
a specified nurmber of words from a particular group of memaory ad-
dresses to be transferred directly to the interface, independent of pro-
cessor control, This interface may be used, for example, to drive the X-¥
deflection circuits of 2 CRT display scope in a refresh direct from mem-
ory mode.

7.6.1 Interface Description
A block diagram of the DAC-DMA interface is shown _in Figura 7-10. The
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interface contains four registers: a DAC control and status register
(DACSR) which contains control and status. information; a DAC word
count register (DAWC) which holds the 2's complement of the number
of words to be transferred; a DAC bus address register {DABA)} which in-
dicates where the block of information is held in memory; and a DAC
data buffer register {DADB) which buffers infarmation during bus cycles
and which can also he loaded under program control.

A typical method of programming this interface is to first initialize the
control by loading the DAWC and DABA registers. The next step is to set
the GO bit in the DACSR. Words of data are then sequentially taken from
memory and toaded into the DADB register at a rate set by the DAC or
by an external clock. After each transfer {which is under the control of
the interface rather than the processor), the DAWC and DABA registers
are incremented. Data transfers continue until the DAWC register over-
flows (goes to all 0s). At this point, a READY bit in the DACSR is set. The
READY bit can cause an interrupt to occur (provided INTR ENE is set),
thereby notifying the processor that the block transfer is now complete,
and another biock transfer can be started.
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Figure 7-11 DAC-DMA Interface (timing diagram)
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CHAPTER 8

SITE PLANNING

8.1 GENERAL

8.1.1 Scope '

This. ¢chapter provldes etectrical, physical, and environmental data to aid
in planning a successful computer installation. Since there is a wide
choice for the Central Processcer Unit (CPU) among the 11 Family, and
numercus combinations of peripherals within a system, all possibilities
cannot be covered. MHowever, pertinent and useful information is given
that witl apply to most configurations.

8.1.2 Planning Assistance

Digital Equipment Corporation will provide customer assistance in all
phases of site planning. Sales Engineers and Field Service Engineers are
available for advice regarding site and installation planning. Various
maintenance and service cptions are available for your systems. in gen-
eral, trained DEC people will perform the detailed configuration work
required.

8.1.3 Installation Constraints -

The route that the equipment is to travel from the receiving area to the
installation site should he studied and measurements taken to facilitate
and assure delivery of the equipment. Check the size of doors, passage-
ways, ramps, etc. for height, width, and turning radius to see if there
are any recejving or installation problems. Take into account the size of
the moving equipment and the shipping skid {wooden platform for
moving) under the equipment cabinets. If an elevator is to be used,
DIGITAL should be notified of any size or gross weight limitations, If
problems in movement are found, DIGITAL must be notified at least 1
month prior to the shipping date. Special packing and shipping provi-
sjons can then be made.

8.2 COMPUTER SITE

8.2.1 Site Considerations
Although each system site will differ, the following points should be con-
sidered:

a) Space for the equipment and the working and servicing area.

b) Awailability and location of adequate power (voltages, current, toler-
ances on voltage and frequency).

] Proper'fire and safety precautions. -

d} Environmental requirements (air conditioning and/or humidifying
equipment),
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e) Building requirements (floor load, location of cables and other equ'ipl
ment).

1) Efficient work-flow pattern to other work areas, ease of visual ohser-
vation of input/output devices. .

g) Sufficient storage space for supplies necessary to the operation of
the system. :

h) Future systern expansion.

Operational reguirements determine the specific location of the various
free-standing peripherals of the system. Peripherals must be located so
that the length of connecting cables will not exceed maximum limits.

Fire and Safety Precautions

The following fire and safety precautions are presented as an aid in
providing an installation that affords adequate operational safeguards
for personnel and systerm components.

a) If an overhead sprinkler system is used, a ‘‘dry pipe’" system is
© recommended. This type of system, upon detection of a fire, re- -
moves source power to the room and then opens a master valve to

fili the room’s overhead sprinklers.

b} If the fire detection system is of the type.that shuts off the power
to the installation, a battery-operated emergency light source shouid
be provided.

c) If an automatic carbon-dicxide fire protection system. is used, an
© alarm should sound on release of the CO. to warn personnel within
the installation,

d} ¥ power connections are made beneath the floor of a raised-floor
installation, waterproof electrical receptacles and connections shouid
be used.

e) An adequate earth ground connection must be provided for the pre-
tection of operating personnel,

All personnel working in the computer area should be trained in such
ermergency measures as:

a) Proper method of shutting off all efectrical power.

h) Handling fire extinguishers in the correct manner.

c¢) Evacuating personnel and records and calling the fire departrment.
Protection of Data

Special safeguards should be taken to protect vital data such as busi-
ness records or other data which are either very expensive or impossible

to duplicate. Adequate duplicate copies of vital data should be stored
away from the computer system site, normally in a fire-proof storage
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vauwit. In most cases, a regular program of updating the duplicate data
is necessary to maintain the value of such back-up storage.

Floors

Most office buildings and industrial plant floors are rated for at least 50
Ibs{ft? {244 kgfm2) and will sustain the welght of any standard PDP-11
system. .

Small systems with few peripherals do not require raised flooring; even
larger PDP-11 systerns can be installed without it, However, a raised
floor is a desirable feature for several reasons:

a) Protection of power and interconnecting cabling
b) Safety to personnel {no cabling to trip on)
c} Minimum cost for future layout changes

8.2.2 System Reliability

The reliability of a computer systemn is a complex function of the task
it is expected to perform and its environment. The task establishes
criteria which define when the system has failed and to what extent. A
camputerized telephone switching center might allow a total of only two
hours of complete inoperativeness in twenty years but might not con-
sider computation errors or failure of parts of the system as serious
errors. An on-line laharatory compuater, on the other hand, may require
complete error-free operation for several hours, but allow substantial
amounts of scheduled down-time before and after the experiment. Some
of the non-environmental factors to be considered are listed befow:

a) Time interval before data is irretrievably lost,

b) Use of a small, independent subsystem for data capture.
c.) Significance of a data error.

d) Significance of extended down-time.

e) Partially or completely redundant system with manual or automatic
systern changeover.

) Graceful system degradation upon subsystem failure.

g) |f O device-independent software.

High temperatures increase the rate of deterioration of virtually every
material. Temperature cycling and thermal gradients induce temporary
and permanent microscopic changes in materials. High absolute humid-
ity {dewpoint) causes moisture absorption and dimensional and handling
changes in paper and plastic media (line printer paper, cards, paper
tape, magnetic tape, etc.).

Low humidity allows the build up of static electricity. Lack of air clean-
liness results in reduced life of tapes, excessive head wear, and early
data errors in all moving magnetic storage media (drums, disks).
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The combiration of static electricity and air-borne dust is particularly
detrimental to magnetic tapes. Vibration can cause slow degradation of
mechanical parts and, when severe, may cause data errors on disks and
drums.

High power radio frequency pulses conducted through the power mains
or radiated through space, when severe, may cauvse hardware logic
errors. Such pulses can come from radar installations or nearby broad-
casting stations and welding operations; and from less obvious sources
such as nearby arcing relay or imotor contacts and the arcs which occur
when static electricity is discharged. In extreme circumstances, filtered
or isolated power mains and/or radio frequency shielding (a screened
room) may be required.

Ali these environmental factors cause slowly accumulated. sources of
eventual fallure.

8.2.3 System Environment

General

The recommended computer room environment has an air distribution
system which provides caool, well-fittered, humidified air. The room air
pressure should be kept higher than the pressure of adjacent areas to
‘prevent dust infiltration. .

Most equipment is air coocled, the air being circulated internally by
- blowers in each unit. On standard PDP-11 cahinets, air enters the unit
through a filter- and blower in the top of the cabinet and exits through
the bottom.

For efficient equipment cooling, & minimum clearance of 30 inches (76
cm) above the equipment cabinets is recommended. If this requirement
cannot be met, other means of allowing free air flow above and around
the equipment must be devised.

Because the electronic equipment is constructed mainly from low power
integrated circuits, PDP-11 systems do not dissipate much power. Air
conditioning requirements can be estimated conservativety by figuring
on an average dissipation of 1400 watts (4700 BTU/hr) for each cabinet
in the systern. A singie, heavily foaded cabinet may dissipate as much
as 2300 watls.

-Temperature and Humidity

PDP-11 CPU's were designed to operate in a temperature range of 13°C
to 50°C, and relative humidity of 209% to 959 (non-condensing). How-
ever, the properties of paper cards, line printer paper, and magnetic
tape limit the environment of systems which use these media.

Table 8-1 shows recommended and permissible operating conditions.
Storage conditions mean that the equipment is in an operating con-
figuration, but primary power is not applied. No condensation should
occur, )
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Table 8-1 Equipment Operating and Storage Conditions

Recommended Operating

Conditions Storage Conditions
Relative Relative
Humidity Hurnidity

Temp. Range (9%} Temp. Range (%)

PDP-11 Central .
Processor 10°C 10 b0°C 1 201095 - 0°Cto65°C|10t0 95
Magnetic Tape 15°C to 27°C | 40 to 60 15°C t0 27°C | 40 to 60
Magnetic Disks 17°C t0 33°C {20 to 55 5°C to 45°C | 20 to 80
Punch Cards 18°C to 24°C | 40 to 60 5°CtoB0°C {3010 65
Line Printer Paper| 15°C to 30°C | 40 ta 50 10°Ct0 43°C| 10 to 80

PDP-11 Systemn 18°t0 24°C 4010 50%

Power [ 115 VAC + 109%, 60 Hz = 39
Source | 230 VAC = 10%, 50 Hz = 49

A factor that should be considered in equipment layout is that certain
equipment (notably disks and drums) is sensitive to sudden changes in
femperature such as are produced by the cycling of certain types of air-
conditioning equipment. These sensitive units should be located where
they will not be subject to sudden changes in the air temperature. Also,
the storage area for supplies, particuarly paper punch cards, should be
held at the same conditicns as the computer room and isolated from
sudden temperature changes. -

Other Considerations
The following precautions are recommended:

a) Do not use steel wool for cleaning floolrs in the computer room. The
metal fibers can enter the cabinets and short out electricali com-
ponents.

b} To prevent air flow interference, do not place material on top of the
cabinets.

¢} Use a nonconductor type nozzle when vacuuming to minimize the
possibility of an electrical accident.

d) Avaid spilling liguids (coffee, soda, eic.) on the equipment and
operating controls (e.g. console switches, teletype keys and con-
trols).

Static Electricity
Static electricity can be an annoyance to operating personnel and can
(in extreme cases) affect the operational characteristics of the PDP-11
and related peripheral equipment. If carpeting is installed on the in-
stallation room floor, it shouid be of a type designed to minimize the
effects of static electricity. Flooring consisting of metal panels, or floor-
ing with metal edges, should be adequately grounded. Static resistant
wax is commerciafly available.

L}
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Acoustical Damping

Some peripheral devices (such as line printers and magnetic tape trans-
ports) have a high noise level. In installations that use a group of high
noise-level devices, an acoustically damped ceiling reduces the ncise.

Lighting )

If cathode-ray tube peripheral devices are part of the system, the
ilumination surrounding these peripherals should be reduced to enable
the operator to conveniently observe the display.

Special Mounting Conditions

If the PDP-11 will be subjected to rofling, pitching, or vibration of the
the mounting surface {e.g., aboard ship), the cabinets should be securely
anchored to the installation floor hy mounting bolts.

8.2.4 Size of Systems

Figure B8-1 shows the size of a 1 cabinet system. Dirmensions are given
for the physical cabinet, service area requirements, and also the size of
the shipping skid {wooden platform used in moving). Information is also
given for typical power dissipation and weight for 1 cabinet of equip-
ment. A 15 foot power cord is supplied with each cabinet.

Figure 8-2 shows dimensions for 2 and 3 cabinet systems. Allow 9% in
width and 127 in depth extra for the shipping skid. Figure 8-3 shows the
space requirements for the LA30 DECwriter terminal. About the same
amount of space should be allowed if an ASR33 Teletype terminal is
used.

Appendix E shows the space reguirements for the free standing
peripherals,
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Figure 8-1 Space for 1 Cabinet
86



Amps at  Walls BTuUfhr Weight
115 VAC {ibs)
Empty
Cabinet - — —_ 120
Typ Cab 12 1400 4700 400
Heavily
Loaded 20 2300 7800 600
lo} 2 CABINETS
: Tr- T mme——- Ty
1 1
d ]
f I
KL : :
189 cm) | . I 24"
‘i* f [61em) |
— ~—==-~ | ALLOW SPACE ON
H EITHER $IDE OF
| CABINETS FOR
» | MOVEMENT GF
" t PEQPLE AMD
D30 b1 EQUIFMENT
{70 cm) 1
1
L w=42" o
| Wm0 100"
a5 ) : {254 cm}
{89 em) |I )
1 |
I
e e e = S
{b} 3 CABINETS

f-—w=¢3"———-a-|
(140 cm)

fOR EACH CABINET, ALLOW 21 HNCHES FOR WIDTH. (53 cm)

Figure 8-2 Space For 2 & 3 Cabinet Systems

87



TOP VIEW

T sEvice 1T
RE
L |
{ascm)| | !
i |
D:24"| a0 {78"
&iem) 1198 cm)
FRONT |
| SERVICE
| AREA
35" \
8 cm)) | w=a1"
l . {53em)
[ '

Figure 8-3 Space for LA30 DECwriter

8.3 POWER

8.3.1 Power Origination and Connections

Mast AC power generated for industrial and commercial use is either a
nominal 115V or 230V at 60 or 50 Hz. Figure 8-4 shows standard power
generation wiring. Mote the wire designation convention, as summarized
in Table 8-2.

Table 8-2 Power Wiring Convention

Code Color - Name Function
W White neutral Carries load current
X Red J phase 1
Y Bfack hot leads 4 phase 2 Carries load current
z Yellow or l phase 3
other color
G Green frame or equipment protection line,
ground NOT for load current
8.3.2 Grounding

For three-phase power, the fifth wire is used as the equipment ground;
for single phase, the third wire. However, in both cases the ground must
he connected to-the rnetal frame of the cabinet. Ground straps must con-
nect all the metal cabinets together.

The AC neutral MUST NOT be confused with protective (frame) ground.
The protective equipment ground is the green conductor used in a multi-
conductor cable, and is used to prevent the buildup of dangerous velt-
ages on equipment as protection for personnel, and to assure that any
short circuit between a power phase and the cabinet will draw enough
current to trip the circuitls protective device immediately, rather than
raising the potentiat of the equipment to a dangerous level. THE AC
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MEUTRAL MUST NEVER BE CONNECTED TO THE FRAME OF ANY
EQUIPMENT OR TO THE PROTECTIVE GROUND, (except at the build-
ing's main electrical service entrance).

A single-point ground system should be used, and all “green wire”
grounds tied together at the circuit breaker load center. The load center
panal should have a copper ground bus to which all equipment grounds
can be attached. :

To prevent unwanted electrical signals and noise from being introduced
into the computer system, the AC neutral must be isolated from all
building structures, equipment frames, cabinets, panels, and grounds.

MAIN SUPPLY KFMR AN CIRCUIT BREAKER

[ONLY SECOMDARY SHCMWNG

|
| PHASE 1 ' % BLACK
i 1 L ©
208V :
| prase 2 % | S ¥ RED
i ] | I
| way OBV gy
| prase 3 * i - z TELLOW
]
i 15y 15y
| MEUTRAL | i W WHITE
I FRAME GROUND & GROUND
= |/ = —ttq———————
POWER GENERATOR [ |
. GONNECT ONLY AT CIRCUMT | 5.4
BREAKER LOAD CENTER ) CIRCUNT
: | a BREAKER
‘ {
FOR A 210 VAC SYSTEM THE PHASE
WOTAGES WOLULD BECOME: I WalLl
NSy —m 230V ) SOCKET
Y ——m S16Y | frame
pone [
| NEUTRAL
!
I

CUSTOMERS  SITE
Figure 8-4 Power Wiring Schematic for 115 VAC

A system involving a digitalfanalog interface usually requires that the
digital system ground be tied to the analog system grcund at a single
point, often at the analog/digital interface. A good ground connecticn is
required in these cases. In small systems where no analog interiace
is. involved, the grounding provided by a large electrical conduit may be
adequate, although electrical conduit systems often are connected io-
gekher poorly in terms of a low resistance path to ground. In large sys-
tems, additional connections to earth ground may also be advisable. All
of these ground connections are in addition to (not in place of) the
ground leads carried through the various signal buses and the ground
condictors contained in the power cables. The green grounding wire in
the power cable must also be returned to ground, usually through the
“conduit of the electrical distribution system.
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In addition to power, each computer system should have a substantial
earth ground connection to the processor frame ground made with No. 4
AWG (0.20 in., Smm) copper wire. A building beam or large cold water
pipe is adequate in rnany cases, althcugh some systems may require
direct connection to a grounding stake or other high-quality earth
ground.

8.3.3 Customer Supplied Power

The standard PDP-11 cabinet contains a power control {mounted at the
bhottorm of the cabinet) for the control of power to each cabinet. One 15
ft. line cord with a male ptug is supplied for each cabinet, see Figure 8-5.

The customer site must supply 1 outlet for each cabinet and 1 for each
free standing peripheral. In most systems it is convenient to provide a
separate load center or circuit breaker panel for the computer systern,
and to connect each receptacle to its own circuit breaker. Diagrams and
designations of appiicabie plugs and receptacles are shown in Figure 8-5.

Each cabinet in the system should be furnished with a separate 30 amp,
1I5VAC single phase circuit (15 amp, 230VAC), except the PDP:-11/45
CPU cabinet uses 2-phase 115VAC. The average current drawn is about
12 amps per cabinet {6 amps at 230VAC). Thermal rather than magnetic
breakers shouid be provided.

Duplex AC cutlets should be provided for test equipment when mainte-
nance tasks are performed. The duplex outlet should be located near the
PDP-11 System and should be rated at 115VAC = 159, 15 or 20 amps.
These outlets should be separately fused and switch-controlled anrd in-
stalled approximately 10 feet apart.

8.4 POWER CONTROL SYSTEM

Each cabinet in a PDP-11 System has a Cabinet Power Control whlch is
used to switch and distribute AC power to two groups of outlets located
inside the cabinet, see Figure 8-6. One group provides switched AC and
the other unswitched AC (for operating equipment such as magnetic disk
drives that require continuous power). Use of a Cabinet Power Control
also means that only one AC cord leaves the cabinet.

There are 2 pilot lights an the line side of the cabinet circuit breaker
which will light whenever the AC line cord is plugged into power.

Ail Power Controls are connected by a 3-wire bus that carries a Power
Request signal, an Emergency Shutdown signal, and Ground. There are
. 3 connectors on each Power Control for the 3-wire bus. A cable is sup-
plied with each cabinet to connect the Power Control of that cabinet to
the next cabinet.

Equipment may be added to the system by connecting them to the bus
in parallel at any convenient point. No terminators are required on the
bus and “T"" connections may be made without restriction. Interconnect-
ing equipment into a system simply requires connecting the units to-
gether with Power Control Bus Cables and plugging AC line cords into
either unswitched or switched AC. No internal wiring or jumpering is
required,
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{o) 115 VAL, SINGLE PHASE, 24 AMPS, [SOCKET VIEW OF
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Figure 8-5 Plugs and Receptacles
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In normal operation the REMOTE-OFF-LOCAL switch is set to the RE.-
MOTE position, sc that the control circuit is connected to {monitors)
Power Request, Line 1, One switch within the system is designated as
the Master Switch and is used to cantrol the operation of the entire sys-
tem. When. the Master Switch closes and connects the Power Request
line to Ground, all switched AC outlets in the whole-system are energized
and-all equipment is turned ON at the same time, (unless the Emer-
gency Shutdown line is grounded). With the switch in the OFF position,
all equipment connected to the switched AC strip wili be OFF, regardless
of the position of any other switches in the system. In LOCAL position,
the cabinet switched AC will be ON, (unless the Emérgency Shutdown
tine is grounded). A normally cpen cabinet thermostat removes switched
AC power from the entire system by shorting the Emergency Shutdown
line to ground whenever the temperature gets too hot, such. as in case
of a fire. Tables 8-3 & 8-4 summarize the. operation.

in a single processor system, the console switch on the processor can -
be used as the Master Switch for the system as well as the device switch
for the processor.

‘All the necessary configuring, wiring, and routing will be done by the
factory in accordance with best practices. Unless there are special re-
quirements or an unusually complex system, the customer will not have
to concern himself with the details of the Power Control System,

Table 8-3 Power Control Lines

Name " Status of
Line of Line Line State Switched AC
1 Power Ground altows turn ON
R t
eques open or 43V or OFF
greater
2 Emergency Ground OFF (overrides
Shutdown line 1)
open or +3V or altows turn ON
greater
3 Ground always tied to
equipment ground

Line 2 can be used as an EMERGENCY OQOFF by switching it to Ground,
line 3.
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Table 8-4 Power Caontrol Switch Pesitions

Switch Position Function

REMOTE Aliows switched AC to be controlled by the Master
Switch. To turn a system ON when all switches are in
REMOTE requires at least 1 switch to actually connect
lines 1 & 3 together (grounding the Power Reguest

line).
OFF Switched AC in the cabinet is OFF.
LOCAL Switched AC is turned ON, if line 2 is not grounded,

such as by a hot thermastat shorting and turning OFF
the whole system.
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CHAPTER 9
CONFIGURATION GUIDE

9.1 GENERAL

9.1.1 Configuring a System

In order to physically assemble and make the connections among the
various individual units of a computer system, and to have the system
operate as intended, the individual units or options must be configured.
The various units such as CPlU, memaory, peripherals, disks, magtapes,
digplay, printer, terminals, etc. must be mounted in a sensible and work-
able arrangement within the equipment cahinets. Some equipment must
be close to each other for speed reasons; some equipment must be lo-
cated at various points along the UNIBUS because of timing restrictions;
some equipment must be located only at certain heighis for ease of
operator use, and some eguipment must be spread out so as not to
overload an individual power supply.

Standard PDP-11 systems, described in PDP-11 Price lists, are offered
and are intended to satisfy most custormer requirements. These systems
have been tested and documented, have been arranged in an optimum
configuration, and have had all details such as UNIBUS routing, cable
lengths, power requiremnents, etc. already determined.

9.1.2 UNIBUS

The UNIBUS acts like a transmission line for the high speed signals
traveling along it. In order to preserve its electrical properties, the fol-
lowing points must be observed:

a) Each signal line connected to the UNIBUS must be buffered by a
standard bus driver and receiver.

b) The UNIBUS is rated to drive 20 bus loads and a length of 50 feet.

c) For additional loads or length, a Bus Repeater, DB11-A, is used;
thereby dividing the UNIBUS into sections. The DB11-A imposes 1
bus load-on the first UNIBUS section, but then can drive an addi-
tionat 19 bus\oads and 50 feet.

d) Each bus section must be terminated at each end by a UNIBUS Ter-
minator Module, M930, or its equivalent.

9.1.3 Latency

Latency is defined as the delay between the time a device requests serv-
ice and the time when the service actually starts. 1t is essentially the
response time of the system, and it is a random delay depending on
what else is happening within the system. A device, with data available
in a temporary buffer, couid raise an interrupt #ag, and then wait untit
the central processor initiated a service routine to read in this data. The
wait time, or latency time, would depend on such things as the relative
priority of the interrupt compared to the current program, the priority
and occurrence of any other interrupting devices, and the overhead de-
lays in recognizing an interrupt.
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The Allowable NPR Latency is the longest time that an NPR device can
be refused bus mastership before it misses the data available at that
time. The NPR Latency is affected by hardware only. The Ailowable BR
Latency is the longest time the central processor can take to service an
interrupt before the requesting device misses the data available at that
time. The service time includes the execution of all higher priority in-
terrupts and programs that may be pending plus the time spent in the
interrupt subroutine. The BR Latency is mostly software dependent, ‘in
contrast to the NPR Latency,

it may be possible to recover the missed data by using a software re-
covery routine, such as re-reading a location from a spinning disk; some-
times as with real time data acquisition, the data will be irretrievabiy
lost. In any case, latency problems cause a deterioration in system
throughput.

One technique used to increase the Allowable Latency time is to multiple
buffer the data by providing several registers for data storage. The in-
stantaneous (as opposed to average} Allowable Latency time is in-
creased, but the contents of all regtsters would eventually have fo be
transferred.

9.1.4 References
The following publications contain supplementary and useful information.

Computer Site Preparation Handhook
PDP-11 Processor Handbook

PDP-11 Configuration Worksheet
POP-11 Site Preparation Worksheet
FDP-11 Price Lists {several)

Appendix E contains a summary of Equipment Specifications.
9.2 MOUNTING EQUIPMENT

System Unit

The basic mounting assembly for PDP-11 logic is the System Unit (SU),
see Figure 9-1. Logic madules and cable connectors plug into the System
Unit, and hackplane wiring on the other side connects pins together.
There are a total of 24 single module slots, but several of them are com-
mitted to UNIBUS connections. Logic modules are 85" long and the
height can be single, double, quad, or hex (taking up %, 2, 4, or 6 mod-
ules slots), see Figure 9-2, A System Unit is connected to other System
Units only via the UNIBUS.

Mounting Box

An extension Mounting Box, BA11-ES, can hold up to 6 Systems Units
plus a power supply. The Box uses 1014" of front panel space, and is
supplied with tilt and lock chassis slides, see Figure 9-3.

Basic Cabinet

The basic PDP-11 cabinet, H960-CA (or H961 withcut end panels), has
front panel capacity of six 1014 " mounting spaces for Extension Mount-
ing Boxes or peripherals, see Figure 9-4.

Cabinets With Drawers
Cabinets are available with a sliding drawer {H960-D) accommuodating a
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total of 9 Systems Units. The drawer is located in the bottom half of the -
cabinet, and uses three 1014 mounting spaces.

Other Mounting Equipment
There is expansion space in the basic CPU mounting assemblies.

The Peripheral Mounting Panel, DD11-A, is a prewired Systern Unit that
can hold 4 small peripheral controllers (SPC). In addition to that, the
DD11-B has the 2 center slots prewired for 2 DF11's. The DD11:B cannot
mount in a BA11-ES.

A B C o E F
UMIBUS CONNECTICH

—

UIBLS COMNMECTION

B

56 AREA

Figure 9-1 System Unit (3U) & DD11
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The Blank Mounting Panel BEB11, is a System Unit that can be used for
independent interface design. It is prewired for UNIBUS and power con-
nactions only.

Table 9-1 gives a surnmary of the basic mounting equipment.

Table 9-1 Suramary of Basic Mounting Equipment

Option Su
No. Description Capacity Notes
BBil Blank Mounting Panel 1 prewired only for UNIBUS
& power

DD11 Peripheral Mounting 1 prewired for logic
Panel & power

BAl11-ES Extension Mounting 6 power supply {(H720-E
Box or -F} not included

H960-D Cabinet with 1 9 power supply included
Drawer

H960-CA  Basic PDP-11 Cabinet {space for six 10345"

front panels}

9.3 CONFIGURAT!ONS

9.3.1 Configuration Diagrams )
Figure 9-5 shows the system arrangement of the major components. Pre-
requisites and the maximum number of peripheral units per control are
indicated.

Figure 9-6 shows the preferred mounting location of peripherals, and
gives weight and power dissipation for the cabinet arrangements,

9.3.2 Configuration Guidelines

a) n a cabinet, the top ievel {level 1) should be used only for rigidly
fixed equipment. Leveis 2 through 5 may be used for either rigidly
fixed or slide mounted equipment. The bottorn level (level &) is re-
served for power supplies and cable entry and should not be used
far UNIBUS interfaces.

b) Full cabinets are reserved for some peripherals to allow for future
expansion and to provide space for power supplies and internal
cables,

¢) Certain panel mounted equipment must be located according to the
foltowing rules:

The CPU console should be at level 4.

The ADO1 AfD converter can be mounted at any level except 6.

The DM11 distribution panel may be at level 6. )

The display scopes (VRO1, VR14, ¥TO01) must be at either level

2or 3.

. High speed papertape equipment must be at level 3 ang the con-
troller (SPC) must be in an adjacent level of the same cabinet,

O pwpr
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6. The RC11/RS64 disk can be at levels 2 through 5, but the second
RS64 must be immediately above or below the first one.
7. BAll Mounting Boxes can be at levels 2 through 5.

d)} Additional cabinet mounted equipment is generally arranged to the
left of the processor cabinet, except for special requirements.

e) Panel and cabinet mounted equipment come with all necessary
power supplies already installed. However, power should not be
_tapped from these supplies for customer applications.

SYSTEM ARCHITECTURE
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RP114G DRIVES PP
DEC FACK ORMVE & COMTADL PIOE QEC PACK DISK DRWVE
AK H-D CRIVES RKOS
DK
HEBK 64 WORD DRIVE F 104 DHSK 164K WORDS:
DISY 25685 WAD DRIVE F g DIGK (256K WOHLIR
& CONTROL RE 1A ORIWES AS1 .
MAGTAPE TRANSFORT & B oTon WAGTAPE THANSPORT] )
COMTAGE FM1l DRIVES Tuo |
DECTAFE TRAMSPOAT & ' CECTAPE TRANSAOAT Mac
CONTROL TS 1.5 ORIVES TUSE APE
CASSETTE A CONTAMR
TA11 p.
- FALPER TAPE & CONTROL
- B PR FAFER
a . . 5
Z] CARD READER & GONTROL CakD
CR11.CO11 CM1L
DECWRITER CONTAROL DECWIITER FAHALLEL
LC118 L &3
TERM.NAL CONTROL DECWRITE R SEFIAL
DLit-a [ v
TERMINAL
TEAMINAL CONTROL TELETYPF
—{ e
: - ALPHANUMERI
‘BEHWN&LLDNYRDL AT TEAMINAL
L1718 -
TOSE
LIME PEINFER & COMTRADL
LA LR FRIKTER
A U CONVERTER SUBSYST[ M
AD -0
ANALOG
Do COMVERTER SUBSYSTEM 0O A&LONVERTER
4 Al BAG1d

Figure 9-5 System Architecture of Major Components

[n general, any device that interfaces to the UNIBUS tmposes 1 bus load.
The UNIBUS can handle a maximum of 20 bus loads and a total length
of 50 ft. If either number is exceeded, a DBI1-A UNIBUS repeater must
be used.
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6L 5L 4L 3L 2L 1t 00
Level
1 TC11 \ ADD1
TU1l0 | TM11 RF11
{tape | DECtape DECpack RC11/RS64
unit) #1 #1 RC11 or
2 Display
: or
BAL11-ES
Tus6 RKO5 Display PCI1
3 #2 H2 or or
RS64 TAll
R511
#2
{control} TUG6 RKO5 [BALl-ES| PDP-11
4 unit) #3 #3 or CPU
or RS64
BAllI-ES
Tus6 RKO5 |BAll-ES
5 #4 #4 ot
or RS64
BAll-ES
DISK
6 #1
Weight
{Ibs.) 450 510 470 600 580 470 500
Power. Dis, i
{Watts) 1000 1030 . 1900 1050 800

NOTES:

Far referencing the location of cantiguous cabinets, the CPU is considered to
be in location 0. 3L means 3 cabinets to the teft.

A POP-11/10 CPU would be located at level 4,
PDP-11/40 CPU
PDF-11/45 CPU

levels 4 & 5

levels 4, 5, & 6.

9-7

Figure 9-6 Preferred Locations of Peripherals
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APPENDIX A

UNIBUS ADDRESSES

A.1 INTERRUPT & TRAP VECTORS

000
604
010
014
020
024
030
034

040
044
050
054

060
064
070
074
100
104

110

114
120
124
130
134
140
144
150
154
160
164

170
174

200
204
210
214
220
224
230

(reserved}

Time Out & other errors
Ilegal & reserved instructions
BPT, breakpoint trap

10T, input/output trap

Power Fail

EMT, emulator trap

TRAP instruction

System software
Systermn software
System software
Systemn software

Console Terminal, keyboard/ reader
Consale Terminal, printer/ punch
PC11, paper tape reader

PC11, paper tape punch

KWI11-L, line clock

KW11-P, programmable clock

Memory parity error

XY Plotter

DRI11-B DMA interface; (DA11-B)
ADC1, AfD subsystem

AFC11, analog subsystern

AAll, display

AAll, light pen

User reserved
User reserved

LP11/LS11, line printer

RF11, disk

RC11, disk

TC11, DECtape

RK11, disk

TM11, magnetic tape
CD11/CM11/CR11, card reader

Al



234
240
244
250
254
260
264

270
274

300

UDC11, digital controf subsystem .
PIRQ, Program Interrupt Request (11/45)
Floating Point Error

Memory Segmentation

RP11, disk

TAll, cassette

User reserved
User reserved

{start of floating vectors)

A.2 FLOATING VECTORS

There is a floating vector convention used for communications {and
aother) devices that interface with the PDP-11. These vector addresses
are assigned in order starting at 300 and proceeding upwards to 777.
The following Table shows the assigned sequence. It can be seen that
the first vector address, 300, is assigned to the first DC11 in the system.
If another DC11 is used, it would then be assigned vector address 310,
etc. When the vector addresses have been assigned for all the DCl1's
(up to a maximum of 32), addresses are then assigned consecutively
to each unit of the next highest-ranked device (KL11 or DP11 or DM11,
ete.), then to the other devices in accordance with the priority ranking.

Priority Ranking for Floating Vectors
{starting at 300 and proceeding upwards)

Rank Device Yector Size Max No.
: (in octal)

1 DC11 : {10), 32
2 Ki.11, DL11-A, DLIY-C 10 16
3 DP11 10 32
4 DM11-A 10 16
5 DN11 4 16
6 DMI11-BB 4 16
7 DR11-A 10%* 32
8 DR11-C 10# 32
9 PAG11 Reader 4% 16
10 PAG11 Punch 4 16
11 DT11 ) 10* 8
12 DX11 10% 4
i3 DL11-C, DL11-D, DL11-E 10 31
14 DJ11 10 16
15 DH11 10 16
16 GT40 10 i
17 LPS11 30+ I
2

vT20 20

*—The first vector for the first device of this type must always be on a (iDlg

boundary.
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A.3 FLOATING ADDRESSES

There is a floating address convention used for comrnunications {and
other) devices interfacing with the PDP-11. These addresses are as-
signed in order starting at 760 010 and proceeding upwards to 763 776.

Floating addresses are assigned in the following sequence:

Rank Device First Address
{if only floating -address device in the system)
1 DJ11 760010
2 DH11 . 760 020
3 GT40 760 040
4 LPS11 760 100
5 VT20 760 120

A.4 DEVICE ADDRESSES

777776 Processor Status word (PS)
777 774 Stack Limit
TI7 772 Program Interrupt Request (PIRQ)

777716
CPU registers
777710
777 707 R7 (PL)
777 706 R& (SP)
777 705 R5
F77 704 General registers, R4
777 703 R3
777 702 R2
777 701 Rl
777700 RO
777 676
Memary Management
777 600
777 576 (SR2)
777 574 Memory Mgt status regs, (SRI1)
777 572 (SR%)
777 570 Console Switch & Display Register
777 566 printer{punch .data
777 564 Console Terminal, printerf punch status
777 562 keyboard/reader data
777 560 keyboard/reader status
777 556 punch data (PPB)
777 554 PC11/PR11, punch status {PP5)
777 552 reader data (PRB)
777 550 reader status (PRS)
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777546  KWI1-L, clock status (LKS)

7775186 printer data
777514 LP11/LS11/LV¥1]1l, printer status
777512

777 510

777 506

777 504

777 502 TAll, cassette data (TADB)
777 500 ) cassette status (TACS)
777476 look ahead (ADS)
77T A74 maintenance {MA)
777472 disk data (DBR)

777 470 RF11, adrs ext error (DAE)
777 466 disk address (DAR)
777 464 current mem adrs {CMA)
777 462 word count (WC)

777 460 disk status (DCS)
777 456 disk data (RCDB)
777 454 maintenance (RCMN)
777 452 current address (RCCA)
777 450 RC11, word count (RCWC)
777 446 disk status {RCCS)
777 444 error status (RCER)
777 442 disk address (RCDA)
777 440 look ahead (RCLA)
777 436 #8

777 434 ) #7

777 432 #6

777 430 DT11, bus switch #5

777 426 #4

777 424 #3

FI7 422 #2

777 420 #1
777416 disk data (RKDB)

777 414 maintenance

777412 disk address (RKDA)
777 410 RK1}, bus address (RKBA)
777 406 word count (RKWC)
777 404 disk status (RKCS)
777 402 error (RKER)

777 400 drive status (RKCS)
777 356

777 354

777 352

777 350 DECtape data (TCDT)
777 346 TC11l, bus address (TCBA)
777 344 word count {TCWC}
777 342 command {TCCM)}
777 340 DECtape status (TCST)
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777 336
KE11-A, EAE #2

777 320
777 316 arithmetic shift
777 314 logical shift
777 312 normalize
777 310 KE11-A, EAE #1, step count/status register
777 306 multiply
777 304 multiplier quotient
777 302 accumulator
777 300 divide
777 166 :
777 164 card data (CRB2), compressed
777 162 CR11/CM11, card data (CRB1)
777 160 card status {CRS)
776776
776 774
776772 ADOCL, A{D data {(ADDB)
776 770 A/D status (ADCS)
776 766 register 4 (DAC4H)
776 764 register 3 (DAC3)
776 762 register 2 (DAC2)
776 760 AALY #1, register 1l (DACID)
776 756 D/ A status {(CSR)
776754 :
776 752
776 750
776 736 silo memory (SILO)
776734 - sel unit ¢yl adrs (SUCA)
776 732 maintenance 3 (RPM3)
776 730 maintenance 2 (RPM2)
776 726 maintenance 1 (RPM1)
776 724 RP11, disk address (RPDA)
776 722 cyclinder address {RPCA)
776 720 bus address (RPBA)
776716 word count (RPWC)
776 714 disk status (RPCS)
776 712 ~ error {(RPER)
776 710 disk status {RPDS)
776676 #16

] DLll‘Ap 'Br .
776 500 #1
776 476 #5

AAll, .

776 400 #2
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776 376
DX11
776 200
776 176 #31
DL11-C, -D, -E,
775 610 #1
775576 #4
DS11,
775400 #1
775 376 #16
e DNI11,
775 200 #1
775176 #16
_ DM11,
775 000 #1
774 776 #1
DP11,
774 400 #32
774 376 #32
. DC11,
774 000 #1
g
773776
Maintenance Loader
773700
773 676
773 400 ‘
773376 )
r BM792-YH cassette
773 300 M7%2 dicde ROM
773 276
b BM792-¥C card
773 200
773176 ] MR11-DB
r BM792-YB disk/DECtape
773100 ]
773076
r BM792-YA paper tape
773 000
h
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772776
] PAG11 typeset punch

772700
772676

PAG11 typeset reader
772 600
772576 ‘maintenance (AFMR)
772574 AFC1l1, MX channel/gain (AFCG)
772572 flying cap data (AFBR)
772570 flying cap status (AFCS)
772 556

XY1l1 plotter
772 550
772 546
772 544 counter
772542 KW11-P, count set
772 540 clock status
772536
772534
772532 read lines (MTRD)
772 530 tape data (MTD)
772526 TM11, memory address (MTCMA)
772524 byte record counter (MTBRC)
772522 command (MTC)
772520 tape status (MTS)
772516 Memory Mgt status reg (SR3)
772512 CSR
772510 EADRS1,2
772 506 OST ADRS2
772 504 ADRS1
772502 MASK2
772 500 MASK1
772476

DR11-B #4
772470
772 266 card data (CDDB)
772464 CDI11, current address (CDBA)
772 462 column count (CDCC)
772 460 card status (CDST)
772 456

DR11-B #3
772 450
772 436

DR11-B #2
772 430
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772416 data (DRDB})
772414 DR11-B #1, status {DRST)

772412 bus address (DRBA)
772410 word count (DRWC)
772376

Memory Management
772 200
772 136

Memory Parity
772 110
771776 status (UDCS)
771774 UDCll, scan (UDSR)
771772
771770
771776

UDC functional I/O modules
771 000
770776 #8

KGl1l1,
770 700 #1

- 770 676 #16
_ DM11-BB,
770 500 #1
N

767 776
767 774 input buffer
767 772 DR11-C #1, output buffer
767 770 status
767 766

DR11-C #2
767 760 User Addresses
767 756

DRI1-C #3
767 750
764 000 (start here and assign upwards to 767 776)
763776 (top of floating addresses) _

Floating Addresses

760 010 (start here and assign upwards to 763 776)
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760 006
{diagnostics)
760 000

A.5 ADDRESS MAP

2K Digital Equipment
words Corporation
DR1L-C
1K L
words t

User Addresses

1K
words 1
Floating Addresses

Digital Equip Corp

80
vectars T
Floating Vectors

48 Trap & Interrupt
vectors Vectors

A9

777 777

770 000
767 7F7

764 000
763 777

760 010

760 006
760 000

757 777

001 0G0
000 777

0060 300
000 277

00 000
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APPENDIX B
MISCELLANEQUS TABLES AND DATA

SLOTS Al AND B1 (A4 AND B4) ARE WIRED AS SHOWN IN TABLES B-1 AND
B-2.

TABLE B-1 UNIBUS PIN ASSIGNMENTS (BY PIN NUMBERS)

PIN  SIGNAL PIN  SIGNAL
AAl  INITL BAl BG6H
AA2  POWER(+5V) BA2  POWER({+5Y)
ABT  INTRL B8l BGSH
AB2  GROUND BB2 GROUND
ACl  DOOL BCl  BRS5L
AC2  GROUND BCZ  GROUND
AD1  DO2L BD1  GROUND
AD2  DOIL BDZ BR4L
AEl  DO4L BEl  GROUND
AEZ  DO3L - BE2 BG4H.
AFl- DOSL BFL ACLOL
AF2  DOSL BFZ  DCLOL
AH1l  DOSL BH1 - ADIL
AH2 DO7L BH2  AOOL
All  DIOL BJI  AQ3L
AF2  DO9L Bl2  AD2L
AK1 D12L BK1 AO5L
AK2  DliL BKZ AO4L
ALl DilaL BLl  AO7L
AL2  D13L BLZ AO6L
AMI  PAL BM1  AO9L
AMZ  DISL BM2  AODBL
ANl GROUND BNI  AlLL
AN2  PBL BN2 AIOL
APt GROUND BP1  Al3L
AP2  BBSYL BP2  AlZL
AR1  GROUND BR1 Al5L
ARZ  SACKL BR2  Al4L
AS1  GROUND BSL  Al7L
ASZ  NPRL BS2  Al6L
ATl GROUND BTl  GROUND
AT2 BR7t BT2  CiL
AUl NPGH BU1  SSYNL
AU2  BR6L BUZ COL
AVl BG7H BV1  MSYNL
AV2Z  GROUND Bv2  GROUND
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TABLE B-2 UNIBUS PIN ASSIGNMENTS (BY SIGNAL NAME)

SIGNAL PIN SIGNAL FIN
AQOL  BHZ DO6 L AF1
AQIL BH1 DO7 L AH2'
AQ2 L BJ2 -DO8L AHL
AC3L BJ1 DO L A2
AO4 | BK2 D10 L Al
ADS L BK1 Di11L AK2
ADBL BL2 D12L © AKL
AO7 L BL1 D13 L ALZ
AQS L Bmz Dl4L ALl
AQS L BM1 D15 L AMZ
AlOL BN2 GROUND AB2
AllL BN1 GROUND AC2
Al2L BP2 GROUND AN1
Al3L grl GROUND APL
Aldtr BR2 GROUND AR1
AISL BR1 GROUND AS1
AlG6L Bs2. GROUND ATl
Al7L B51 ' GROUND Avz2
ACLOL BFl GROUND - BBZ
BBSYL AP2 GROUND BC2
BG4H BEZ GROUND BD1
BG5H 8Bl GROUND BE1
BG6H BAl GROUND BT1
BG7H AVl GROUND BVZ2
BRAL BD2 INIT & AAl
BR5 L BC1 INTR L AB1
BR&L  AUZ MSYN L BY1
BR7L  ATZ2 NPGH AUl
coL BU2 NPR L AS2
ClL BT2 PA L AM1
DOCL  ACI FBL ANZ
DO1L  ADZ2 + 5v* AAZ
DC2L AD1 +5v* BA2
DO3L  AE2 SACK L ARZ2
Do4L  AE] DCLOL BF2
DO5L  AFZ SSYN L BU1

* + 5V 15 WIRED TO THESE PINS TO SUPPLY POWER TO THE BUS TERMINATOR
ONLY.

+ 5V SHOULD NEVER BE CONNECTED VIA THE UNIBUS BETWEEN SYSTEM
UNITS.
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TABLE B-3 BB11 POWER PIN ASSIGNMENTS

PIN POWER
Al ~15V
A2 + 6V
B1 -15V
B2 -15V
c1 -15¥
cz2 GND
D1 -15¥
D2 GND
£l ~15V
E2 GND
Fl -18Y
F2 GND
Hl -15v
H2 + BV
Jl -15v
Jz + 5V
K1 «15V
K2 + 5V
Ll -15v
L2 + 5V
M1 -15v
M2 + BV
N1 GND
N2 =25V
Pl GND
P2 LTC L
R1 GND
R2 ACLO L
51 GND
52 DCLO L
Tl GND
T2 + 8V
Ul GND
uz2 +8Y
¥l GND
v2 +8Y
NOTE

POWER 1S IN MODULE SLOT A3 OF ALL SYSTEM
UNITS MOUNTED IN BAll MOUNTING BOXES
"EQUIPPED WITH H720 POWER SUPPLIES.

-
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B.4 ASCII CODE

7-BIT ASCIl CODE

- Octal Qctal Dcial Octal
‘Code ‘Char Code Char Code Char Code
000 NUL 040 SP 100 @ 140
001 SOH 041 ! 101 “A 141
02 STX 042 ” 102 B 142
003 ETX 043 i g 103 C 143
004 EOT 044 % 104 D 144
‘005 - ENQ 045 % 105 E . 145
006  ACK 046 & 106 F 146
007 BEL 047 d 107 G 147
010 BS 050 { 116 H 150
011 HT 051 ) 111 | 151
012 LF 052 * 112 3 152
013 VT 053 -+ 13 K 153
014 FF 054 . 114 L 154
015 CR 055 - 115 M 155
016 S0 056 . 116 N 156
D17 Sl 057 / 117 0 157
020 DLE 060 0 120 P 160
021 DC1 4561 1 121 aQ 161
022 DG2 062 2 122 R 162
023 Dec3 063 3 123 S 163
024 bC4 064 4 124 T 164
025 NAK 065 5 125 7 U 165
026 SYN 066 6 126 v 166
027 ETB 067 7 127 W 167
030 CAN 070 8 130 ) S 170
031 EM 071 9 131 Y 171
032 SUB 072 : 132 F 172
033 ESC 073 : 133 [ 173
034 FS 074 <7 134 N 174
035 GS 075 = 135 ] 175
036 RS 076 S 136 A 176
037 us 077 1 137 — 177

To'f:onveﬂ to the modified ASCII cade used by the LT33:
8-Bit Teletype Code = (7-Bit ASCI| Code) - (200),
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B.5 PAPER TAPE FORMAT
FEED HOLE
DATA POSHIONS 7 & 5 4 3 21 0
OR CHANMNELS { 11 | r

DIRECTION OF
TAPE MOTION

[a]
VIEWED FROM “ m
VIEWED FROI ol TeJoleRY Yol ) Jrave -raane
o

SIDE) OF TAPE

=]

|
|
|
|

o

N e B
.'

MOST
SIGNIFIGANT
T

LEAST
SIGNIFIGANT
)

@ roLs PunCHED =1
O UNPUNCHED POSITION=0
MOTE: .
FRAME SHOWN 15 PUNCHED WITH.OCTAL CODE 105

Paper-Tape Format
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B.6 PUNCHED.CARD FORMAT

Com- Com-
Card Code pressed Card Code pressed
Code | Char- Code | Char-
Zone | Number | (octal) | acter § Zone | Number (octat) | acter
e —_ Q0C | Blank 11 g - Invaiid
12 8-2 212 ¢ 11 1 161 J
12 83 213 . 11 2 102 K
12 g4 214 ) 11 3 103 L
12 85 215 ] 11 4 104 M
iz 8-6 216 < 11 5 105 N
12 87 217 - 11 6 106 O
12 — 200 + 11 7 107 P
11 82 112 ! 11 8 110 Q
11 83 113 $ 11 9 120 R
11 84 114 * 0 a-2 012 H
1} &5 115 [ 0 2 002 S
11 ‘86 116 = 0 3 003 T
11 87 117 & 0 4 004 U
11 — 100 — 0 5 005 v
0 1 051 ! 0 6 006 W
] 8-3 053 . 0 7 007 X
0 84 054 { 0 8 010 Y
0 85 055 " 0 9 020 Zz
0 86 056 — 0 040 0
0 87 057 % — 1 (¢]4}] 1
— 8-2 — Invalid § --— 2 002 2
—_ 83 013 = — 3 003 3
— B84 014 @ —_— 4 004 4
—_ BS 015 1 — 5 005 5
— 86 016 . — 6 006 6
— a7 017 — 7 Qo7 7
12 0 — | tinvalid | — ) 010 8
12 1 201 A — 9 020 9
12 2 202 8
12 3 203 c
12 4 204 D
12 5 205 E
iz 6 206 F
12 7 207 G
12 8 210 H
12 9 220 |
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_ APPENDIX C
SUMMARY OF PDP11 INSTRUCTIONS

GENERAL REGISTER ADDRESSING wooe | R
Mode Name Symbolic Description
g register R & (R)isoperand [ex. R2 = 242]
1 register deferred (R) (R} is address
2 auto-increment (R4 (R) is adrs; (R)4+{(1 or 2)
3 autc-incr deferred @{R)+ (R) is adrs of adrs; {(Ry4-2
4 auto-decrement —(” (R} — (1 or 2); (R) is adrs
5 auto-decr deferred @—(Ry (R} — 2; (R) is adrs of adrs
6 index X(R) (R)+X is adrs
7 index deferred @X(R (RY+X is adrs of adrs
PROGRAM COUNTER ADDRESSING "““_J__:__M;__ Reg=7
2 immediate #n operand n follows instr
3 absolute @HA address A follows instr
& relative A instr adrs 444X is adrs
7 relative deferred @A instr adrs 4+44X is adrs of adrs
LEGEND
Op Codes ' Operations
= O for word{1 for byte { } = contents of
$S = source field {6 bits) s — contents of source
DD = destination field (6 bits} g — contents of destination
R = gen register {3 bits}, O to 7 r = contents of register
XXX = offset (8 bits), +127 to —128 + = becomes
N = number (3 bits) X = relative address
NN — number (6 bits) o4, == register definition
Boolaen Condition Codes
A = AND * = conditionally set or cleared
v = inclusive OR — = not affected
+ = exclusive OR 0 = cleared
~ = NOT 1 =set
NOTYE:

& — Applies to the 11/35, 11/40, & 11/45 computers
o — Applies to the 11/45 computer
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T onoeom oW

O v e00O

LR TS
O.I

L3

& % LI I ) B
* % 8D

oQo

L -2 I U

E R
Q a a8 8

EEEE I )

#
*

SINGLE OPERAND:; OPR dst
i £ 4
[ 1 lo‘ e k I :lt E
Mnemonic Op Code . Instruction dst Result N
General
CLR(B) W Os0DD clear 0 a}
come) @051DD  complement (1's) -~d ®
"INC(B) W052DD  increment d+1 *
DEC(B) BO053DD decrement d-—1 *
NEG(B) E0O54DD negate (2's compl) | *
TST(BY WO57DD  test d *
Rotate & Shift
"ROR(B) 4#E060DD rotate right *
ROL(B) @OBIDD ' rotate feft *
ASR(B) W062DD  arith shift right d/2 *
ASL(B) W 06300  arith shift left 2d .
SWAB 000300  swap bytes #
Multipée Precision
ADC(E) WO055DD  add carry d+C 2
‘SBC(B) WOS6DD  subtract carry d—-C ®
A SXT 0067DD  sign extend Dor—1 —
DOUBLE OPERAND: ~ OPR sre,dst OPR ser,R  orOPR R,dst
145 12 1 ] 5 i
> R .
1% F -] . & . 5 o
[ ) off_\,al; ; A:(A 1 SSTDD J
Mpemonic Op Code Instruction ' " Operation N
General £
MOv(B) WM1SSDD move d«s *
CcMP(B) W2SSDD compare s—d ¥
ADD 065SDD  add - des+d &
su8 165SDD  subtract ged—s  *
Logical '
BIT(B) M 355DD  bit test (AND) sad &
BIC(®) W4SSDD bt clear de (~s)ad*=
8IS(8) W5SSDD  bit set (OR) desvd *
A Register
MUL 070RSS multiply r<rxs *
D O71RSS divide reris #
ASH 072RSS shift arithmetically *
ASHC D73RSS arith shift combined ®
XOR 074RDD exclusive OR dered b
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BRANCH B _ _ location

" B ] o

! __fisilcmt ] I . e . ]

If condition is satisfied:

Branch to location,

New PC « Updated PC 4 (2 x offset)
e

adrs of br¥astr +2

Op Code = Base Code 4 XXX

£
Base
Mnemonic  Code Instruction Branch Condition
Branches _
BR 000400  branch (uneonditional) {always)
BNE 001000  br if not equal {to 0) 0 Z=0
BEQ 001400  br if equal {to 0) =0 Z=1
BPL 100000  branch if plus 4 N=0
BMI 100400  branch if minus - N=1
BVC 102000  br if overflow is clear v=0
BVS 102400  brif overflow is set Vo1
BCC 103000  brif carry is clear C=0
BCS 103400  brifcarry is set C=1

.Signed Conditional Branches

BGE 002000 brifgreateroreq(to 0} =0 N»V =20
BLT 002400  br if less than {0) <0 NyV=1
BGT 003000  br if greater than (0) >0 Zvi{N#¥)=0
BLE 003400  briflessorequal{(to0) <0 Zv(N+V)=1

. Unsigned Conditional Branches

BH1 101000  branch if higher > GvZ=0

BLOS 101400  branch if Jower or same < Cvi=1

BHIS 103000 branch if higherorsame = C=0

8LO 103400  branch if lower < C=1
JUMP L SUBROUTHNE:

-Op Instruction
. Minemonic Code -Notes
“JMP 0001DD  jump PC «dst

JSR O04RDD  jump to subroutine R

RTS  OCO20R return from subroutine | USE S2Me
AMARK 0064NN mark - aid in subr return
ASOB  O77RNN  subtract 1 & br(if £0) (R) — 1, thenif (R) # O:

. PC « Updated PC —
(2 x NN)
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TRAP & INTERRUPT:

Op
Mnemonic Code

EMT 104000

to 104377
TRAP 104400
to 104777
BPT 000003
10T 000004
RT! 000002

ARTT 000006

MISCELLANEOUS:

Op
Mnemonic Code

~T:HALT 000000
WAIT 000001
RESET QGO005
NOFP 000240

o SPL 00023N

A MFPI  0065SS
A MTPI  0066DD
‘® MFPD' 106555
® MTPD  1066DD

Instruction : Notes
emuiator trap PC at 30, PS at 32
{not for general use)
trap PC.at 34, PS at 36
breakpoint trap PC'at 14, PS at 16
input{output trap PC at 20, PS at 22
return from interrupt . _
return from interrupt irhibit T bit trap
Instruction
halt

wait for interrupt
reset external bus

(no operation)

set priority level (to N)

move from previous instr space
move to-previous instr space
move from previous data space
move to previous data space

CONDITION.CODE OPERATORS:
5 5 3 32 1 a
[ wasseme T[]
LCFCLE&RSELECT‘EOCOM!CDKBIT‘S
V:SET SELECTED COMD CODE IS
‘Mnemonic Code Instruction .NZ ¥C
CLC 000241 clear C —-——_0
CLV 000242  clear V —_ -0 _
CcLz 000244  clear Z .0 _
CLN Q00250 clear N o_ _ _
cce 000257  clear all cc bits CO0aQ0
SEC 000261 setC —_— 1
SEV 000262 setV —_-1_
SEZ 000264 setl _ I
SEN 000270 setN 1 . _
3CC 000277  set all cc bits i111
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APPENDIX D

PDP-11 ASSEMBLY LANGUAGE

PAL-11 ASSEMBLY LANGUAGE

The Program Assembly Language for the PDP-11, called PAL-11, allows
the writing of programs using letters, numbers, and symbois instead of
only octal or hinary numbers,

D.1 Character Set :

A symbuolic program is composed of letters, numbers, expressions, sym-
bolic instructions, directions for the assembler, argument separatars,
and line terminators written using the following ASCII characters. (ASCII
stands for American Standard Code for Information Interchange.)

The letters A through Z. .

The numbers O through 9,

. The characters . and $ (reserved for system software).
. The separation or terminating symbols:

=% @), — &)

carriage return tab space line feed form feed

Gl bl

D.2 Statements

A program is composed of a sequence of statements, where each state-
ment is on a single line. The statement is terminated by a carriage return
character and must be immediately followed by either a line feed or form
feed character. i

A staternent may be composed of up to four fields which are identified
in their order of appearance and by specified terminating characters as
explained below, The four fields are:

Label Operator Operand Comment

The label and comment fields are optional. The operator and operand
fields are interdependent; either may be omitted depending upon the
contents of the other.

Label

A label is a user-defined symbol which is assigned the value of the cur-
rent location counter. it is a symbolic means of referring to a specific
location within a program. If present, a label always occurs first in a
statement and must be terminated by a colon. For example, if the cur-
rent location is 100, the statement

ABCD: MOV A, B

will assign the value 100 to the label ABCD so that subsequent reference
to ABCD will be to location 100. More than one tabel may appear within
& single label field; each labe) within the field will have the same value.
For exampte, if the current location is 100, rmultiple labels in the state-
ment

ABC: NOW: PLACE: MOV, A, B
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will equate each of the three labels ABC, NOW, and PLACE with the
value 100.

Operator

An operator foliows the tabel field in a statement, and may be an in-
struction mnemonic or an assernbler directive. When it is an instruction
maemaonic, it specifies what action. is to be performed on any operand(s)
which follow it. When it is an assernbler directive, it specifies a certain
function ¢r action to be performed during assembly.

The operator-may bhe preceded oniy by one or more labels and may be
followed by cne or more operands and/or a comment. An operator is
legally terminaied by a space, tab, or any of the following characters.

#+—@("" %!&,;

line feed form feed carriage return
Consider the following examples:

MOV A B ; (TAB) terminates operator MOV
MOV @A, B ;@ terminates operator MOV

When the operator stands alone without an cperand or comment, it is
terminated by a carriage return followed by a line feed or form feed
character.

Operand

An operand is that part of a statement which is operated on by the
operator, an instruction mnemonic, or assembler directive. Operands
may be symbols, expressions, or numbers. When multiple operands ap-
pear within a statement, each is separated from the next by a comma,
The operand field is terminated by a semicolon when followed by a com-
ment, or by a carriage return foliowed by a line feed or form feed char
acter when the operand ends the statement. For example:

LABEL: MOV GEORGE,BOB ;THIS IS A COMMENT

where the space between MOV and GEORGE terminated the operator
field and began the operand field; the comma separated the operands
GEORGE and BOB: the semicolon terminated the operand field and be-
gan the comment.

Comments :

The comment field is optional and may contain any character previously
mentioned except null, rubout, carriage return, line feed or form feed.
Alf other characters, even those with special significance are ignored by
the Assembler when used in the comment field.

The -gomment field may be preceded by none, any, or all of the other
three fields. It must begin with the semicclon and end with a carriage
return followed by a line feed or form feed character. For example;

LABEL: CLR HERE iTHIS IS A $1.00 COMMENT

Comments do not affect assembly processing or program execution, but
they are useful in program listings for later analysis, checkout or docu-
mentation purposes.
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Format Control

The format is centrolled by the space and tab characters. They have no
.effect on the assembling process of the source program unless they are
embedded within a symbol, number, or ASCH text; or are used as the
operator field terminator. Thus, they can be used to provide a neat,
readable program. A statement can be written

LABEL: MOV (SP)}+,TAG;POP VALUE OFF STACK
or, using formatting characters it can be written
LABEL: MOV (SP).+, TAG ;POP VALUE OFF STACK

which is much easier to read.

D.3 Symbols

There are two types of symbols, permanent and user-defined. Both are
stored in the Assembler's symhol table, Initially, the symbol table con-
tains the permanent symbols, but as the source program is assembled,
user defined symbols are added to the table,

Permanent Symbols

Permanent symbols consist of the instruction mnemonics and assembler
directives. These symbols are a permanent part of the Assembler's
symbol table and need not be defined before being used in the source
program. '

User-Defined Symbols

User-defined symbols are those defined as labels or by direct assign-
- ment, These symbols are added to the symbol table as they are en-

countered during the assembly. They can be composed of alphanumeric

characters, dollar signs, and periods only; again, dotlar signs and periods

are reserved for use by the system software. Any other character is

illegal. The following rules also apply to user-defined symbals:

1. The first character must not be a number,
2. Each symbol must be unigue within the first six characters,

3. A symbel may be written with more than six legal characters but the
seventh and subsequent charadters are only checked for Iegahty, and.
are not otherwise recognized by the Assembler.

4. Spaces and tabs must not be embedded within a symbol.

A user-defined symbol may duplicate a permanent symbol, The value
associated with a permanent symbol that is also user-defined depends
upon its use: .

1. A permanent symbol encountered in the operator field is associated
with its corresponding machine op-code.

2. It a permanent symbol in the operand field is also user-defined, its
user-defined value is associated with the symbol. i the symbol Is not
found to be user-defined, then the correspondmg machine op-code
value is associated with tha symbol.
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Direct Assignment

A direct assignment statement associates a symbol with a value. When a
direct assignment statement defines a symbol for the first time, that
symbol is entered into the Assembler’'s symbol table and the specified
value associated with it. A symbol may be redefined by assigning a new
vaiue to a previously defined symbot, The newly assigned value will re-
place the previous value assigned to the symbol.

The general format for a direct assignment statement is
symbol = expression
The following conventions apply:

1. An equal sign (—) must sebarate the symbol from the expression de-
fining the symbol,

2. A direct assignment staterment may be preceded by a label and may
he followed by a comment.

3. Only one symbol can be defined by any one direct assignment state-
ment.

4, Only one level of forward referencing is allowed.

Examples:
=1 THE SYMBOL A 1S EQUATED WITH THE VALUE 1
B = A-1 ;THE SYMBOL B IS EQUATED WITH THE EXPRES-
: iSION'S VALUE
C: D=3 ;THE SYMBOL D IS EQUATED WITH 3.

Register Symbolis

The eight general registers of the PDP-11 are numbered C through 7.
These registers may he referenced by use of a register symbol, that is,
a symbolic name for a register.

Registers are defined by use of the percentage sign (%),

RO=9%0 :DEFINE RO AS REGISTER O
R3="9%3 ;DEFINE R3 AS REGISTER 3

It is important to note that all reglster syimbols must be defined before
they are referenced.
The statement,

CLR %6
will clear register 6 while the statement,
CLR 6
will clear the word at memory address 6.

D.4 Expressions

Arithmetic and logical operators may be used to form expressions. A
term of an expression may be & permanent or user-defined symbol, a
number, data, or the present value of the assembly location counter
represented by the pericd. Expressions are evaluated from left to right.
Parenthetical grouping is not allowed.
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Numbers

The Assembier accepts both octal and decimal numbers. Octal numbers
consist of the digits O through 7 only. Decimal numbers consist of the
digits 0 through 9 followed by a decirmal point. Negative numbers may
be expressed as a number preceded by a minus sign rather than in a
two's complement form. Positive numbers may be preceded by a plus
sign although this is not required.

If a number is too jarge to fit into 16 bits, the number is truncated from
the left.

ASCIE Conversion

When preceded by an apostrephe, any ASClH character (except null,
rubout, carriage return, line feed, or form feed) is assigned the 7-hit
ASCIE value of the character. For example,

A
is assigned the vaiue 101,.

When preceded by a guotation mark, two ASCIi characters (not inciuding
null, rubouf, carriage return, line feed, or form feed) are assigned the
7-bit ASCH values of each of the characters to be used. Each 7-bit vatue
is stored in an 8-bit byte and the bytes are combined to form a word.
For example, “AB will store the ASCI value of A in the fow-order (even)
hyte and the value of B in the high-order {odd) byte, see Figure D-1.

high-order byte tow-order byte
B's value = 1 0 2 1 0 1 = A’'s value
0 100 001 001 000 001
o 4 1 1 0 1

Figure D-1  ASC!l Representation {'AB = 041 101

D.5 Assembly Location Counter

The period (.) is the symbol for the assembly location counter. Note
difference of Program Counter. (. £ PC.) When used in the operand field
of an instruction, it represents the address of the first word of the in-
struction. When used in the operand field of an assembler directive, it
represents the address of the current byte or word.,

Al MOV 3#.,RO ;.REFERS TO LOCATION ALE.,
;THE ADDRESS OF THE MOV INSTRUCTION

At the beginning of the assembly, the Assembler clears the location
counter, Normally, consecutive memory locations are assigned to each
byte of object data generated. However, the location where the object
data is stored may be changed by a direct assighment altering the
location counter,

D.6 Addressing
The Program Counter (register 7 of the eight general registers) always
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contains the address of the next word to be fetched; i.e., the address of
the next instruction to be executed, or the second or third word of the
current instruction.

in order to understand how the address modes operate and how they
assemble, the action of the Program Counter must be understood. The
key rute is:

Whenever the processor implicitly uses the Program Counter (PC) to
fetch a2 word from memory, the Program Col.mter is automatically in-
cremented by two after the fetch.

That is, when an instruction is fetched, the PC is incremented by two,
so that it is pointing to the next word in memory; and, if an instruction
uses indexing, the processor uses the Program Counter to fetch the
base from memory. Hence, using the rule above, the PC increments by

two, and now points to the next word. :

D.7 Assembler Directives :

Assembler directives (sometimes calied pseudo-ops) direct the assembly
process and may generate data, They are always preceded by a period{(.}.
The assembler directive occupies the operator field. Only one directive
may be placed in any one statement. One or more operands may occupy
the operand field or it may be void; allowable operands vary from direc-
tive to directive.

EVEN

The .EVEN directive ensures that the assembly location counter is even
by adding one if it is odd. Any operands following a .EVEN directive will
be ignored.

The .END directive indicates the logical and physical end of the source
program. The .END directive may be followed by only one gperand, an
expression indicating the program’s entry point,

' At load time, the object tape will be [vaded and program executmn will
begin at the entry point indicated by the .END directive,

WORD

The .WORD assembler directive may have one or more operands, sep-
arated by commas. Each operand is stored in a word of the object pro- -
gram. If there are more than one operand, they are stored in successive
words. The operands may be any legally formed expressions. For ex:
ampie,

.=1420
WORD 177535 STORED IN WORD LOCATIONS 1420, 1422, AND
WORD 1426,0 ;1424 WiLL BE 177535, 1426, AND 0.

-BYTE

The .BYTL assembler directive may have one or more operands sep-
arated by commas. Each operand is stored in a byte of the object pro-

D6



gram. If muiltiple operands are specified, they are stored in successive
bytes. The operands may be any legally formed expression with a result
of 8 bits or less. For example,

SAM=5 ;STORED IN LOCATION 410 WiLL BE
.=410 ;060 (THE OCTAL EQUIVALENT OF 48)
.BYTE 48.,5AM ;IN 411 WILL BE 5.

LASCI

The .ASCIl directive translates strings of ASCLl characters inte their
7-bit ASCIl codes with the exception of nuli, rubout, carriage return, line
feed, and form feed. The text to be translated is delimited by a charactaer
at the beginning and the end of the text. The delimiting character may
be any printing ASCIl character except colon and equal sign and those
used in the text string. The 7-bit ASCII| ¢cde generated for each charac-
ter will be stared in successive bytes of the object program. For ex:
ample, .

=500 ;THE ASCI1 CODE FOR “Y™ WILL BE
ASCH YESS ;STORED 1N 500, THE CODE FOR “E”
;IN 501, THE CODE FOR S N 502,

ASCH /54312 ;THE DELIMITING CHARACTER OCCURS
;AMONG THE OPERANDS. THE ASCI§
;CODES FOR “5", “+", AND
t‘3!l’ ARE
JSTORED IN BYTES 503, 504, AND
;505. 2/ 1S NOT ASSEMBLED.

The ASCI directive must be terminated by a space or a tab.



D8



APPENDIX E

SUMMARY OF EQUIPMENT
‘SPECIFICATIONS & INDEX

The following table (starting on the next page) gives mechanical, en-
vironmental, and programming information for the equipment described

.in this Hanidbook. The equipment is arranged in alphanumeric order by

Model Mumber. Page number references are made for more detailed
information within the Handbook.

NOTES FOR THE TABLE

1.

Mounting Codes

CAB = Cabinet mounted. If a cahinet is included with the option, it
is indicated by an X in the “Cab Incl” column.

FS = Free standing unii. Height x Width x Depth dimensions are
shown in inches.
TT = Tahie top unit.

PAN = Panel mounted. Front pane! height is shown in inches. An in-
cluded cabinet is indicated when applicahle.

SU = Systemn Unit."SU mounting .assembly is included with the
option.

‘SPC = Small Peripheral Controller. Option is a modute that mounts

in a quad module, SPC slot.
MOD — Module, Height is single, double, or quad.
)

I

Option mounts in the same space as the equipment shown
within the parentheses,

Some coptions include 2 separate physical parts and are indicated
by use of a plus (+) sign.

Cabinet and peripheral equipment (such as magnetic tape) are in-
cluded in the specifications.

Relative humidity specifications mean without condensation.

Equipment that can supply current is indicated by parentheses ( )}
around the number of amps in the POWER section. :

Non-Processor Request devices are indicated by an X in the “NPR"
colurnn,

CONKERSION FACTORS

{inches) X 254 = (cm)
(Ibg) ¥ 0.454 = (kg)
(watts) x 3.41 = (BTU{hr)

: 9
O xg1+32 = P
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EMWVIRON-

E-2

) MECHANICAL MENTAL
Madal Description Mdf.lnting Size Cab | Weight [Dper  Rel
MNumber Code {HxWxD) Inci Temp Hurmid
{inches} {Ibsy €€} {36}

AANYL-D D A Subsystem 5U 1050 20-95
ADDL-D | A'D Subsystern | PAN 514 055 1095
AFCII Al D Subsystermn CAB 1050 1095
BAl1.ES | Mounting Bax PAN 101, 100
BAG14 Di A Converter (AALL-D)
BB11 Blank Mntg Panel | SU
BC11A UNIBUS Cable
BM792-Y | Bootstrap Loader | 5PC
CDil-A | Card Reader SU4 TT [14x24x18 85 1050 10-90
CO11-E | Card Reader SU 4+ TT |38 x24x 38 200 11050 10-80
CMI11-F | Card Reader SPC +TT[11x19x 14 &0 {1050 10-90
CH11 Card Reader SPC4TT|11x19x 14 60 1050 1090
04A11-8 | UNIBUS Link sU ’
DA1l-F [UNIBUS Window | SU

. fDB1I-A | Bus Repeater sU 250 {95
DPCii-A | Asynch Line Inter | SU 1050 20-90
DD11 feriph Mntg Panal| SU .
DFO1-A Acoustic Couplar | TT Gx7x12 6 60
DF11 Line Sig Cond DF =lgt
DH1t Asynch Line MX | 2 54 545 1095
o111 Asynch Line MX | 5U
OL1I-A | Terminal Contrel | SPC
DL11 Asyncir Line nter | SPC
DM11-BR] Line Muftipiexer {{DH1I)
DN11 Auto Calling Umt | S0 040 20-90
1N Synch Line toter | SU 0-40 2090
ER11-B | DMA Interface 54U 1050 20-90
BR11-C | Geners interface | SPC 10-50 20-9%
DTO3-F  } UNIBUS Switch PAN 514
GTF40 Graphics Terminal | TT 18 x20x 24 150 ) 15-35 20-80
HI12-4  |'Mull Modem
H720.E | Power Supply (BAIL) . ac § O50 2085
H722 [ Transiomer (FC11-A)
H742 Power Supply {HSE0-D}
H744 +5V Regulator (H7a2}

-|H74% — 15V Regulator | {H742}



POWER PROGRAMMING UNBUS
Gur needed! (supplied) | powar | 15t Reg | ot BR |NPR | Bus | Page |Model
+5¥ —l 115 VAC/ Cther Dis Address Vector Level Lloads| No. |MNumber
{amps} W
3 0.5 60 | 776 756 | 140,144 | 45 1 [45 |(AALLD
—_— 0.5 60 776 F¥0 130 4-7 1 4-9 ADOL-D
— 15 1700 | 772 570 134 4 1 | 413 jAFGil
_— — [ 419 |BAIL.£S
— — [ 45 BAGl4
—_ — — |42l |BBl1l
_— — — | &8 BC11A
4.3 — 1 | 4-22 |BM792Y
25 4 450 | 772 460 230 4 X 1 |424 |CDilA
25 & FOO | 772 480 230 4 1 | 424 |COILE
15 4 400 | 777 160 220 4 1 |424 |[CM1I-F
15 4 400 | 777 160 230 6 1 |437 |CR1}
4 — 124 5 X 1 | 446 |DALLB
5 - - float 7 X 1 451 [ DAILF
3.2 — 1+ 1|459 |DBEli-A
- 774 000 float E] 1 | 460 |[DC11-A
—_—— -— {468 [DDi1l-A
— 03 — | 472 |DFOL1A
— — | 474 |DF11
84 — 0244 @ —15¢ flgat float x 2 4-82 |OHIL
5 - ficat Aoat 1 {4107 |DJ11
18 — O0Ol5A@ —15¥ FIT E6D | 060,064 4 1 (4233 {DL1L-A
1.8 — 015 @ -15¥ 776 500 fisat 1 4-124 |DL11
28 775 000 float 1 |4-82 |DMil-BE
14 — 75 200 fioat 4 1 {4-141|DN11
25 — 74400 fioat 1 14-149|DP11
33 — 772 410 124 ] X 1 |4160|DRIL-B
15 — 67 TH float 5 1 |4-165|DRIIC
2 user 7 1+ 1] 4175 | 0TO3-F
- 15 1500 float float X 1 4-179 | GT40
— == ~— | 4-185| H312-A
22y & (l10Ay @ —15¥ 700 — {419 |H720
— —  15A @ 230VAC — | 4-259|H722
— 8 {im @ +15v — | 4187 |H742
(25 — -— | 4-187 | H744
— — (1QA} @ —15¥ -— | 4-1BF | H745
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MECHANICAL

ENYIROMMENTAL

Muoda Description Mogrnting Size Cab | weighty Oper el

Humber Cade (HxWxDr {tncl Temp | Humid
{snches) (lbs) [ ( CY (%%}

HoE60-C Cabinet F3 T2x21x30 (X 120

HIGO-D | Cab (1 drawer) F3 2221 x30 | X 300

HZE0-E Cab (2 drawers) 5 F2x2lxw3dD | X 470

HE61-4 | Calby wjo side pan F3 F2x 2130 X 120

¥Gil-A | Comm Arith Unit SPC

KWlI-L |Lline Clock MOD single hi

KW1l-P | Programmable Clock | SPC

LAZD DECwriter F& S31x21x24 110 1535 20-30

LC11-A LA3D Cantral SPC

LF11-F Printer (80 col) SPC 4+ F3 A6 x 24 % 22 200 1343 15-80

Letr-J Printer (132 col) SPC 4+ F5 46 48 x 26 575 43 | 15-80

LFil-R | Ptr (heavy duty) SPC + FS 48 x 45 x 35 80 043 | 1580

LP511 Lab Periph System PAM Bly 80 543 | 20-80

L5111 Line Frinter SPC 4 TT 12 %28 % 20 155 f-38 5-90

LT33 Teletype FS 34122118 60 | 1535 | 2080

1¥1l Electrastatic Pir SFC 4+ F5 33219218 180 1043  20-80

MJ05 Agrs Select Module | MOD single ht

M7az Bus Transmitter MOD single ht

M784 Bus Receiver MO0 single ht

M7ES Bus Transcewer Moo single ht

M7oz Dnode ROM SPC

M79s word Count MOD

796 Bus Control Moo

MI20 Bus Jumper MOD

MS30 Bus Terminator Moo double ht

M7a20 interrupt Control MOD single ht

M7821 Interrppt Contral MGD single ht

ME11-L Core Memary (8K} PAN Sl 0-50 150

MFII-L | Cors Memory (BK) 25U Q.50 | 1080

MKIII.L | Care Memory (8K} | {MF11-L) 050 | 10-90

MR11-DB t Bootstrap 2 5PC

MS11 Semiconductar Mem | {11/45) 050 | 10-80

P11 Paper Tape SFC 4- PAN | 1015 50 13.38 | 20095

PR11 Paper Tape (rdr} SFC 4+ PAN | 1014 50 12.38 | 20.95

RC11-A | Cusk & Contsal PAN 10 iis i7.50 | 20-80

RF1}& | Drsk & Contral PAN + PAN | 16 + 16 X 500 17-33 | 20-55
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POWER FROGRAMMENG UNIBLS
Cur needed: {supphed) Power | 1st Reg Int BR |MFR | Bus Page Model
+5¥ ! 115 ¥AC; Other Dis Address Vectar Level Loads Mo, Mumber
{amps) (W
— — 4-186 HE60.C
(¥5y B (208 @ —15v| 900 — 4-186 H960-D
(1507 16 (40A) @ —i5¥ | 1800 — 4186 HIB0-E
— — 4186 HOGL-A
1.5 e 770 700 1 4-188 KG1l-A
[ Q— 777 546 100 & 1 4.197 KwW1l-L
1 — 772 340 104 & 1 4198 KW1l.F
— 3 300 — 4201 LA3D
1.5 —— Fr¥ OBEQ | 060,064 4 1 4-201 LCILA
1.5 2 250 77?7 514 200 4 1 4-208 LP11-F
1.5 4 500 | 777 514 200 4 1 4.208 LP11-}
1.5 17 2000 F¥7 514 200 4 1 4-208 LF11-R
_— 3 300 fiaat float 4 -6 |opt 7 4-218 LP311-S
1.5 3 300 FI7 oal4 200 4 1 4.227 1511
z 200 — 4233 LT33
1.5 5 600 | 777 514 200 4 4241 Lv1l
034 — &9 M135
Q.2 — 511  M?83
0z —_ 611 M7a4
0.3 — 6-13 M788
023 — 713 00D 1 422 M792
— 5614 M795
- 617 M796
— 634 ME0
.25 — - 624 AB30
—_ £&25 WPB20
— 6-20 M7821
— 125 1 4-245 ME11-L
34  —  eh@ —15V 125 1 4.245 MFLI-L
1.7 — L5A @ —15V 125 1 4-245 MMI1-L
0.6 _ 2 4-22 MRI11-DB
— 7?2 100 114 1 4-248 M311
1.5, 3 350 F7¥ 550 | 070,074 4 1 4.252 FC11
1.5 E} 350 | 777 550 o7 4 1 4,262 PRI
— 2.2 250 | 777 440 210 5 K 1 4.260 RC11-A
— 6.5 730 7?7 46l 204 5 X 1 4.272 RF1L-A
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MECHANMICAL

ENVIRGNMEMNTAL

Model Description Mounting Size Cab | weight | Oper Rel
Humber Code (HxWxD tnci Temp Humid
(inches) {lbs) =] (%)
RKOZ Disk Drive PAN 1045 114 15-43 20-80
RK11-D Disk & Controk 84 4+ PAN 1045 X 250 1543 20080
RPO3 Disk Driva F§ -~ 40 x 30 x 24 . 415 15-33 10-80
RP11-C Disk & Contral CAE + FS X 740 15-33 10-80
RS11 Disk Drive PaN 18 100 17-33 20-55
R5364 Disk PAN 1014 65 17.5Q 20-80
a1l Cassette SPC 4 PAN S5la 1340 2080
TC11-6 DECtape & Control PAN 4+ PAN | 1045 L 106 { X 250 i5-27 4Q-60
™11 Magtape & Control PAN 4+ FAN | 26 4 104 X 500 15-27 460
TLLD Magtape Transport PAN 26 X 450 15.27 4G-60
TUSS DECtape Transport | PAN 1045 B0 1527 40-60
uocll 170 Subsystern CAR 5.50 1090
VRO1 Display PAN 1045 0 10-50 10.90
vR14 nsplay PAN JEETS 75 10-50 105
¥T01 Display T 121223 50 0-50 10-80
¥TO5 Alphgoum Terminal: | TT 12 = 19 30 55 10-43 590




POWER PROGR&MMINGI UNIEUS
Cur needed! {supphied} Power | 1st Reg Int BR NFR  Bus Fage Model
+5Y | 115 VAC) Dther Cis Address Vector | Level Loads | Mo, Murnbar
famps) ()]

- 2 160 — 4.282 RYOS
7.5 2 200 77400 | 220 5 X b3 #4282 RKILD
— — 6A @ 230VAC 1300 —_ 4-294 RF03
—_ 7 GBA @ 230VAC 2100 776 710 | 254 5 X 1 4234 RPILC
- 2 200 -— 4272 RS311
-— 2.2 250 . — 4.260 R564
1.5 1 120 FIT E00 | 260 3 1 4-304  TAll
— 9 870 777 340 | 214 & X 1 4308 TCL1G
— 9 1000 PT2 20 | 224 5 X 1 4322 TMIL
— g 1000 —_ 4-322 TuUlo
_— 3 350 — 4309 TUse
— 15 1700 TPV 774 ) 234 4.6 2 4-33¢ UDC11

1 120 — 4.343  VRO1

4 400 — 4344 VR14

22 250 — 4-346  ¥TO1
_— 2 130 -— 4-347 WTOS
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