INSTRUCTION MANUAL

DECTAPE CONTROL UNIT
TYPE TCOf1

DIGITAL EQUIPMENT CORPORATION ¢ MAYNARD, MASSACHUSETTS




DEC-08-13AB-D

DECTAPE CONTROL UNIT
TYPE TCO1

INSTRUCTION MANUAL

April 1968

DIGITAL EQUIPMENT CORPORATION ¢ MAYNARD, MASSACHUSETTS



1st Printing September 1968
2nd Printing (Rev) April 1968
3rd Printing March 1969

4th Printing July 1969

Copyrigh?@ 1968, 1969 by Digital Equipment Corporation

Instruction times, operating speeds and the like are in~
cluded in this manual for reference only; they are not to
be token as spacifications,

The following are registered trademarks of Digital
Equipment Corporation, Maynard, Massachusetts:

DEC PDP

FLIP CHIP FOCAL
DIGITAL COMPUTER LAB



Wwow WM

RN N NN NN
oW N NN
[\%]

2.4.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.6
2.4.7
2.4.8
2.5
2.5.1
2.5.
2.5,
2.5,
2.5.
2.6
2.6.1
2,6.2

LS - S L ¢ |

CONTENTS

CHAPTER 1
INTRODUCTION
General Description
Referenced Documents
Physical Description
Equipment Characteristics
Electrical Requirements
CHAPTER 2

QOPERATION AND PROGRAMMING

DECtape Format

Mark-Track Format

DECtape Instructions

Status Register A Functions
Status Register B Functions
Control Modes and Functions
Control Functions

Move

Search

Read Data

Read All

Write Data

Write Afl

Write Timing and Mark Tracks
Enable to the Interrupt
Programmed Operation
Simplified Search Procedure
Bootstrap Loading

Upper Bound Protection for Data Transfer
Write/Read in Opposite Direction
Turn Around Specifications
Avadilable Software
Subroutines

Library Calling System

T
(11

2-1
2-3
2-6
2-7

2-10
2-10
2-10
2-10
2-11
2-11
2-1

2-11

2-11
2-11
2-13
2-15
2-16
2-16
2-16
2-16
2-17
2-17
2-18



CONTENTS (continued)

2.6.3 Performatting Tape Programs 2-18
2.6.4 Maintenance Programs 2-18
2.7 Symbols and Abbreviations 2-19
CHAPTER 3
PRINCIPLES OF OPERATION

3.1 Functional Description 3-1

3.1.1 Information Flow 3-1

3.1.2 Command Flow Registers 3-1

3.2 Detailed Logic Operations 3-4

3.2.1 Basic Read/Write Logic 3-10
3.2.2 Read and Write Amplifiers 3-12
3.2.3 Device Selector Logic 3-12
3.2.3.1 STATUS A Decoding 3-12
3.2.4 Status Register B and Skip Instructions 3-13
3.2.5 Unit Select Logic 3-14
3.2.6 Motion Control 3-15
3.2.7 Function Selection 3-15
3.2.8 Interrupt Enable 3-15
2.2.9 New Unit/Motion Select 3-15
3.2.10 Timing Pulse Generation 3-16
3.2.11 Counter Register (C) 3-17
3.2.12 Window Register (W) 3-17
3.2.12.1 Counter Synch Level (C-SYNC) 3-23
3.2.12.2 Start Block Marks (MK BLK MK) 3-23
3.2.12.3 Data Marks 3-24
3.2.13 State Register 3-25
3.2.14 Memory Field Register (MF) 3-27
3.2.15 Function Operqgtions 3-27
3.2.15.1 Move Tape 3-27
3.2.15.2 Search 3-28
3.2.15.3 Read Data 3-28
3.2.15.4 Read All Function . 3-29
3.2.15.5 Write Data Function 3-30
3.2.15.6 Write All Function . 3-31



.15.
.16

.2.16.
A7

7.1
.18
A9
.20
.21

.22
.23

.2.24

wwwwwmwwwwwmwwwwwwmw
MNMMNMMMNNNNNMMNNMMM

O U N N N

oW oM

.25
.25,
.25,
.25.
.25.
.25,
.26
.27

.
—

7

n A W N

CONTENTS (continued)

Write Timing and Mark-Track
Read and Write Sequences
Read/Write Control Signals
Longitudinal Parity Buffer Operation
LPB Control Signals
Power Clear and Error Stop Logic
Increment CA Inhibit (+1 CA INH)
Address Accepted
Transfer Direction
B RUN Level
Fixed Address
Interrupt Request
ERROR FLAGS (EF)
Mark=Track Error (MK TRK)
Select Error (SE)
Parity Error (PAR)
Timing Error (TIM)
End Error (END)
DECtape Flag (DTF}
Panel Indicator Drivers
CHAPTER 4
INSTALLATION
Installation Procedures
Site Preparation
Environmental Conditions
Power and Cable Requirements
DECtape Signal Connectors
CHAPTER 5§
MAINTENANCE
Maintenance Equipment
Maintenance Control Panel
DEC Modules

Module Locations and Complement

3-31
3-37
3-43
3-44
3-45
3-45
3-45
3-46
3-46
3-46
3-46
3-46
3-46
3-48
3-48
3-49
3-49
3-49
3-49
3-50



5.3.2
.3.3

4.1
4.2
4.3

G W v o non Oh

6.1

2-7
3-1
3-2
3-2
3-2
3-2
3-2
3-3
3-4
3-5
3-6
3-6

CONTENTS (continued)

Circuit Descriptions
Module Replacement Procedure
Power Supply 779
Mechanical Characteristics
Power Supply Checks
Marginal Checks
Power Control Panel (Type 834)
Preventive Maintenance
Mechanical Checks
CHAPTER é
ENGINEERING DRAWINGS
Symbols and Designations

Drawing List
ILLUSTRATIOMNS

TCO! System Configuration

DECtape Track Allocation

DECtape Control and Data Word Assignments
DECtape Recording Format

DECtape Mark Track Format

Status Register A, Format

Status Register B, Format

Turn Around Sequence Diagram

Type TCOl DECtrape Control Functional Block Diagram
Status Register A, Instruction Flow Diagram (Part 1)
Status Register A, Instruction Flow Diagram {Part 11)
Status Register A, Instruction Flow Diagram {Part 1II)
Status Register A, Instruction Flow Diagram {Part 1V)
Status Register A, Instruction Flow Diagram (Part V)
Status Register B, Instructions Flow Diagram
Read/Write Logic and Waveforms

Slicer Network Waveforms

Timing and State Sequence Diagram (Sheet 1)
Timing and State Seguence Diagram (Sheet 2)

5-5

5-18
5-18
5-19
5-19
5-20
5-21
5-22
5-22

6-1
6-1

3-10
3-10
3-14
3-19
3-21



3-7
3-8
3-9
3-10
3-11
3-12
3-13
3-13
3-14

CONTENTS (continued)

Mark-Track Decoding (C-SYNCH)

Mark=-Track Decoding (MK BLK MK)

Mark-Track Decoding (MK BLK START-210)
Mark-Track Decoding (MK BLK START-010)
Mark-Track Decoding (MK DATA 070)
Mark-Track Decoding (MK BLK END)

Write All Function, Timing Sequence Diagram (Sheet 1)
Write All Function, Timing Sequence Diagram (Sheet 2)
Error Check Flow Diagram

TCOIl Unit Single Cabinet Installation Dimensions
TCO1 Control, Cable Diagram

Maintenance Control Panels (Switch and Indicators)
Master Slice Control, G008

Sense Amplifier, G009

Manchester Reader/Writer, G882

Diode Network, R0O02

Inverter, 5107

Diode Gate, SI111

Diode Gate, R113

Diode Gate, R123

Diode Gate, RI41

Binary=-to-Octal Decoder, 5151

Flip-Flop, R201

Dual Flip-Flop, S202

Triple Flip-Flop, 5203

Dual Flip-Flop, 5205

Delay (One Shot), R302

Integrating (One Shot), R303

Variable Clock, R401

Pulse Amplifier, 5602

Pulse Amplifier, $603

Clamped Load, W005

30 MA Indicator Driver, W050

Device Selector, W103

vii

5-10
5-10
5-11
5-11
5-12
5-12
5-13
5-13
5-14
5-14
5-15
5-15
5-16
5-16
5-17
5-17



CONTENTS (continuved)

5-24 Comparator, W520 5-18
5-25 Power Supply Type 779, Schematic Diagram 5-19
5-26 Power Control Panel Type 834 5-21
TABLES
1-1 DEC Dccuments 1-2
1-2 Summary of Equipment Characteristics for the TC01 DECtape Control 1-3
2-1 Mark-Track Coding 2-5
2-2 TCO1 DECtape Instruction List 2-6
2-3 Status A=bit Assignments 2-7
2-4 Status B, Bit Assignment 2-9
2-5 Control Function Procedures and Errors 2-12
2-6 Summary of Timing Data for TCO1 Operation 2-15
2-7 Symbols and Abbreviations 2-19
3-1 Counter Register Sequence 3-17
3-2 Sequence of Block Marks and Control States 3-26
3-3 Sequence of Events During Write Operaﬁon(” 3-38
3-4 Sequence of Events During Write Operation(]) 3-40
5-1 Maintenance Equipment 5-1
5-2 Switch and Indicators (Maintenance Control Panel) 5-3
5-3 TCO1 Module Complement 5-7
6~1 Engineering Drawing List 6-1

ENGINEERING DRAWINGS

BS-D-TCO1-0-2  MF, USR, MR, FR 6-3
BS~-D-TCO01-0-3  WINDOW, MK TRK, STATE, LPB 6=5
BS-D-TCO01-0-~4  Error Flags 6-7
BS-D-TCO1-0-5  Control 6-9
BS-D-TC01-0-6 TP GEN TT GEN 6-11
MU-D-TCO1-0-9  Utilization Module List (Sheet 1) 6-13
MU=-D-TC01-0-9 Utilization Module List (Sheet 2) 6-15
BS-D-TCO1-~0~12  Panel Indicator Drivers 6=17
BS-D-TCO01-0-13 Maintenonce Control Panel 6-19
BS=-D~TCO1-0-14  Error Flags 6-21
BS~-D-TCO1-0-15 R/W AMPS, SP GEN, TEST CONN. 6-23

viii



CHAPTER 1
INTRODUCTION

This manval, together with the referenced documents, provides information on the installation,
operation, and maintenance of the Type TCO1 DECtape Control, manufactured by Digital Equipment
Corporation, Maynard, Massachusetts, The TCO1 buffers and controls information transfers between a
TUSS DECtape Transport and its associated data processor. This document assumes use of the TCO1 in
conjunction with either a DEC PDP-8 or PDP~8/1 Programmed Data Processor. Except where specifically
noted otherwise, all references to the PDP=8 also apply to the PDP-8/1. The level of discussion pro-
vided in this document assumes a prior knowledge and understanding of the TU55 DECtape Transport and

the particular processor (PDP-8 or PDP-8/1) provided with the user's system.

1.1 GENERAL DESCRIPTION

The Type TCO1 DECtape control is used to buffer and control the transfer of binary data be-
tween the PDP-8 processor and up to eight Type TU55 DECtape transports. The system configuration is

shown on Figure 1-1.

TCOY Tus5
POP -8
Processon | peerare Ko pecmaee

CONTROL TRANSPORTS
[l

s = UP TQ SEVEN ADDITIONAL
- TU5S TAPE TRANSPORTS

Figure 1=-1 TCO1 System Configuration

The TUS5 DECtape transport is a bidireciional device consisting of @ magnetic tape transport
ond solid state logic.

During both input and output operations, the TCO1 receives dota and control information from
the processor and generates the appropriate signals to the selected transport to execute the program-
med commands. Binary information is transferred between the tape transport and the computer as one
12-bit computer word every 133-1/3 us. In writing, the TCO1 disassembles the 12-bit computer word
into four successive 3=bit words fo be written on tape. During reading the TCOT assembles the four
successive 3-bit words into one 12-bit word for transfer to the computer. Transfers between the com-
puter and the control always occur in parallel for ¢ 12-bit word. Data transfers use the 3-cycle
data-break (high-speed channel) facility of the computer. As the start and end of each block are
detected, the TCO1 generates a DECtape control flag signal (DTCF) which causes a program in-
terrupt in the computer. The program interrupt is used by the computer program to determine the
block number. When it determines that the forthcoming block is the one selected for o data

transfer, it selects the read or write control function. Each time a word is assembled or DECtape is ready
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to receive a word from the computer, the control produces o data flag signal {DF)} to request a
data break. Therefore, when each 12-bit computer word is assembled, the data break initiates
a transfer.

1.2 REFERENCED DOCUMENTS

The DEC documents listed in Table 1-1 contain material which supplements the information in
this manual. These documents may be obfained from the nearest DEC field office or from the main office.
Digital Equipment Corporation

146 Main Street
Maynard, Massachusetts

Table 1-1
DEC Documenis
Doc. No. Title Description
C105 Digital Legic Handbook Specifications and descriptions of the FLIP CHIP

modules and a simplified explanation of selection
and use of these modules in various applications.

C100 System Modules Specifications and descriptions of basic system
modules and power supplies. This manual pro=-
vides a simplified explanation of selection and
use of these modules in system applications.

F-85 PDP-8 User Handbook Programming and operating information for the
computer, including brief instructions on the

TCO1 DECtape Control.

F-87 PDP-8 Maintenance Manual Complete information on th. internal operations
of PDP-8 logic, memory basic in/out, and pro-
cessor options,

Digital 8-27-U PDP-8 Programming Manual Programs for PDP=8. Complete descriptions of
DECtape subroutines designed for assembly with
an object program, the DECtape library system,
and the DECtape utility routines.

H-TU55 Type TU55 DECtope Transport Transport drive logic and internal operations, plus
Maintenance Manual preventive and cortective maintenance instructions.

C-800 Small Computer Handbook Handbook of basic functions of PDP-8/T computer.

DEC-8/I-HMAA | PDP-8/1 Maintenance Complete information on the internal operation
Manual of PDP-8/1 logic, memory, basic in/out, and

processor options.

In addition to the documents listed in Table 1-1, a complefe set of library programs are

available.

.3 PHYSICAL DESCRIPTION

The Type TCO1 DECtape control logic is mounted in three FLIP CHIP mounting panels which
can be installed together with up to three TU55 DECtape transports in a standard DEC cabinet. For de~
tailed information on the mounting panels and cabinets, refer to the hardware section of the Digital
Logic Handbook (C105).
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The standard DEC computer cabinet is constructed with a welded steel frame and sheet steel
covering. Double doors on the front and rear are held closed by magnetic laiches. Power supplies and
power controls are mounted inside the rear double doors on a full-width plenum door latched by a spring-
loaded pin at the top. Module mounting panels are mounted behind the double door in front with the
wiring side facing outward. Fans at the bottom of the bay draw cooling air through dust filters, pass it
over the electronic components, and exhaust it through the wiring and other openings in the front and
top of the cabinet, Four casters provide mobile support for the system, The rear plenum door contains

blank panels in the space not occupied by components. The TCO1 control and DECtape units receive
power from the Type 779 Power Supply and a Type 834 Power Control. These units are mounted near the
bottom of the plenum door.

The cabinet has an access door which extends 8-3/4 in. to the front of the cabinet and a
plenum door which extends 13-3/4 in. to the rear. At least a 3-ft clearance should be allowed at both
front and rear for access and maintenance. Cabinets may be bolted together at the sides to form contig~

UouUs units,

1.3.1 Equipment Characteristics

A summary of the characteristics of the TCO1 control and associated equipment is listed in

Table 1-2.
Table 1-2
Summary of Equipment Characteristics
for the TCOl DECtape Control

Equipment Characteristics
TCOT Control 15-3/4 in. high, 19 in. wide for equipment which operates up to eight
Type TU55 transporis
TU55 Transport 10-1/2 in. high, 19-1/2 in. wide, 9-3/4 in. deep. Chassis can be
extended 16-3/4 in. beyond the mounting surface for maintenance
Cabinet 69-1/8 in. high, 22-1/4 in. wide, 27-1/6 in. deep. Will hold a
maximum of one TCO1 control and three TUS5 transports
Weight
TCO1 Control 30 1b
TU55 Transport 65 1b (rack mounted)
Cabinet 555 lb {with maximum equipment mounted)

Power Requirements

TCO1 Control 115V, 60 c/s, 4A
A Type 834 Power Control and a Type 729 Power Supply are included
with the Type TCOI Control {N9M transformer used for 50 ¢/s)

TU55 Transport 115V £10%, 60 ¢/5, 2A maximum, 1.5A idle
Cabinet 115V, 60 ¢/s source capable of delivering 20 A

Tape Characteristics and Density
a. 260 ft of 0.75 in., 1.0 Mylar tape per 3.5 in. reel
b. 350 +55 lines per inch
c. 849,036 usable lines per tape

d. 60 lines of control information
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Table -2 {Cont)
Summary of Equipment Characteristics
for the TCOl DECtape Control

Equipment Characteristics

e. 4096 is the maximum number of addressable blocks per reel
f. MNumber of words in a block must be divisible by 3

_ 212112

9. ™ N, *+15

- NB=decimcl number of blocks

Ny, =number of words per block

h. Capacity for 190,000 12-bit words in blocks of 129 words

Word Transfer Rate

a. One tape line is read or written every 33-1/3 ps and one 12-bit word is read and assembled or

disassembled and written in 133-1/3 ps.

b. In reverse direction, the transfer rate varies by 20% as the effective reel diameter changes.

c. Transfers require 1.2% of PDP-8 cycles after the initial 200-ms start time.

Addressing

a. Mark and timing tracks allow searching for a particular block.

Time

a. Start time is <375 ms, stop time is <375 ms, turn-around time is <375 ms.

b. Start and stop distances are approximately 8 in.

Input Signals to Transport from Control

Commands FORWARD
Normally complementary levels
REVERSE
o N f! | level
sTOP ormally complementary levels
ALL HALT {stops transport when computer halts)
Unit Select Select unit 1 through select 8
Information Analog write signals to the recording head

Qutput Signal from Transport to Control

Centrol WRITE ENABLE (ground level assertion}
Information Analog read signals from the recording head

Environmental Cenditions

Thermal Dissipation 2150 Btu/hr
Operating Temperature 50° - 95°F ambient
Humidity 10% - 90% relative humidity
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NOTE
The magnetic tape manufacturer recommends 40%. - 60% rela-

tive humidity and 60° - 80°F as an acceptable operating en-
vironment for DECtape.

1.3.2 Electrical Requirements

A cable rated at 115V, 60 c/s, 30A furnishes power for the TCO1 DECtape Control. This
cable is terminated by a Hubbell Twist Lock plug rated at 30A, 125 Vac.,

Signals beiween the TCO1 DECtape Control and the computer are the standard voltage levels
for the DEC FLIP CHIP modules, as stated in the Digital Legic Handbook (C105). Command signals be-
tween the TCO! and the tape transport are also standard FLIP CHIP levels except for the SINGLE UNIT
signal which is a de level between 0 and ~9V. During writing, the information carries 200 ma in either
direction with a 20V peak-to~peak waveform, symmetrical with respect to ground. When reading, the
peak-to-peak head-voltage waveform is between 8 and 12 mV when the tape is up to speed. The inter-
nal logic for the TCOI consists of DEC FLIP CHIP modules. Ali internal signals are standard FLIP CHIP
levels and pulses, except those for the read/write amplifiers and the SINGLE UNIT signals.






CHAPTER 2
OPERATION AND PROGRAMMING

This chapter contains the information required for the operation and progromming of the TCO1
DECtape Control unit. Included in this chapter is a description of the format of information on the
DECtape magnetic tape, and the modes of operation used in the programming of TCO! operations. The
general operating information for the TU55 DECtape transport is contained in the TU53 maintenance

manual listed in Table 1-1.

2.1 DECTAPE FORMAT

The format of the DECtape (Figure 2-1) used in the DECtape transports provides ten tracks, of
which three pairs of tracks are available for data and two pairs for timing and mark information. A
10-track recording head reads and writes the five duplexed channels of the DECtape. Duplication of
each track by nonadjacent read/write heads, wired in series, eliminates most dropouts due to noise ond
dust, and minimizes skew problems. The location of the redundant tracks eliminates most cross talk be-
tween tracks. In addition, the location of the timing tracks along the edges of the tape permits strobing
on the analog sum of the timing=track signals and reading of the data tracks, when they are in the most

favorable position. The location of the data tracks in the middle of the tape also minimizes the effects

of skew.
od F 7 3
TIMING TRACK | Shg
tiE g
MARK TRACK | i gg :
£1
3
INFORMATION TRACK 5 %
rdf
&
INFORMATION TRACK 2 N
ir
INFORMATION TRACK 3 SEEE
B b 21"
INFORMATION TRACK 148 i
(Same as IT 1) %
INFORMATION TRACK 2A
(Some a3 IT 2}
=
INFORMATION TRACK 34 338§ reounpant
{ Some as IT 3) ; TRACKS
MARK TRACK A
{Some os MT 1}
TIMING TRACK 14
{Some as TT i}

Figure 2-1 DECtape Track Allocation

Data is recorded by the Manchester method in which a prerecorded timing track synchronizes
read/write operations. When writing on the tape, the write amplifiers supply the maximum current in

either one direction or the other (non-return to zero, NRZ). To write a pulse, the polarity of the write
current is reversed. The timing track is prerecorded with alternate positive and negative transitions at

fixed time intervals. The negative transition is used during writing to load the write buffer and during
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reading to shift data. The pesitive transition is used during both reading and writing. During writing,
this transistion is a signal to switch the polarity of the write current in all write heads. If a ZERO is
being written, the current, which starts out positive for writing ZERQs, is switched to negative resulting
in a negative transition. If a ONE is being written, the cusrent starts out negative and generates a
positive transition when switched to positive. During reading, the positive transition of the timing track
is a signal to strobe the data and mark track read-amplifier outputs into the read buffer. [If a positive

transition is sensed at strobe time, a ONE is placed in the buffer; otherwise a ZERO is strobed in.

Because the strobe is a relatively narrow pulse, the system is not affected by noise outside the
strobe time. At strobe time, all data signals are negative pulses representing ZEROs or positive pulses
representing ONEs. These pulses are all at their peaks. To have any effect, a noise pulse must be

large encugh to reverse the polarity of a data pulse. Data can be written over previously written data

because the timing is controlled by the timing track that is written on the tape,

Information is stored on the tape in block form (Figure 2-2). Block length is flexible and deter-
mined by information on the mark-track. A complete reel of tape (849,036 1ines} can be divided into any
number of blocks up to 4096. A uniform block length coan be established over the entire length of «
reel of tape by o program which writes mark and timing information at specific locations. However, the
ability to write variable-length blocks is useful for certain formats, for example, where small blocks

containing index or tag information need to be alternated with the large blocks of data.

l... : : - ONE COMPLETE REEL - 260 FT 4096 BLDGKS 1
S0 /BAGCK BLOTK BLOCK BLOCK SL0CK BLOCK 6LOCK BLOCK BLOCK BLOCK BLOCK BLOCK ELOSK BLOCK BLOCK BLOCK LOCK BLGCK Z%!m:,
—— e —— e — ———— : : h
‘- ONE BLOCK, BE |B-E1T WORD LOCATIONS ——

TIMING TRACK
MARK TRACK

o 2 R

[%ssé%%%%gwésﬁm%%% BEIEEELEE LI PR OB EEEES

CONTROL WORDS 4—l—7 129, DATA WORD LOCATIONS ———]' i‘v?onggs

Figure 2-2 DECtape Control and Data Word Assignments

DATA J_ .
WORDS

CONTROL WORDS

Each block contains data and control words as shown on Figure 2-3 which are assembled by
the TCO1 DECtape Control. Control words separate the data portions of adjocent blocks and record ad-
dress and checking information. Although control words usually occupy six lines, only the last four lines

are used. Data words contain stored information and occupy four lines on tape {12 bits). To maintain
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compatibility with the mark-track format, data words are recorded in 12-line segments (which is the

jowest common multiple of 6-line marks and 4-line data words) corresponding to three 12-bit data words.

Therefore the number of words per block must be evenly divisable by 3.

Line Line Liné Llne Line Lins | Line Line Une Line Line Line|Line Line Line Line|iine Ling Line Line |Line Line Line Line
1 2 3 a | 2 3 4 5 3 | 2 3 4 [l 4 3 4 1 2 3 a

TIMING TRACK

e ntin 1
X AL S

5| REDUNDANT
TRACKS
NOT
SHOWN

INFORM~ 'R i
ATION z g0
TRACKS -

.w“
LR e

lings {!8 bils] 4 lines (12 hlis)-l-r'-4 line:

Figure 2-3 DECtape Recording Format

Block numbers normally occur in sequence from 1 to n. There is one block numbered 0 and
one block n+l. Programs are entered with a statement of the first block number to be used and the total

number of blocks to be read or written. The maximum number of blocks is determined by the foliowing

equation.
212112
B _I\_II_J-ITS -2 Np = decimal number of blocks
w Ny = decimal number of words per block

(Nyy must be divisible by 3.)

2.1.1 Mark-Track Format

The mark track contains six=bit serially stored codes which initiate controls to raise flags in
the program, request data breaks, detect block mark numbering and block ends, and protect control
portions of the tape (Figure 2-4). The DECtape control unit automatically identifies these codes. The

mark track also provides for automatic bidirectional compatibility, variable block formatting, and end-

of -tape sensing.
In all tape processing functions except the recording of the timing and mark tracks, a single

mark track bit is read from each line of tape regardless of whether the information is being read or writ-
ten into the data tracks. Each tape line in both the information and mark tracks is positioned at the

center of the timing track as shown on Figure 2-3. The mark track code is contained within six lines of

the mark track.
A change of polarization on tape read in one direction produces a pulse opposite in polarity

to that produced by the same change read in the opposite direction, Consequently, a mark code read in

reverse has the order of bits reversed and the bits complemented.
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Figure 2-4 DECtape Mark Track Formaf

For example, the mark read forward as 100101 is read as 010110 in reverse. This correspond-
ence is termed the complement obverse or the complement image. Every 6-bit code has one and only
one complement obverse which is constructed by complementing all bits and reversing their order.
Therefore, the complement obverse of the complement obverse is the original code itself. In octal nota-
tion, the complement cbverse of any pair of digits is constructed by reversing the order of digits, then
performing the following transformation on each:

e V4 ]—=3 2—e35 3 |

4 —w 6 5—=2 b6—w 4 7—»0

The transformations indicate that there are eight octal codes which are their own complement obverses:
07, 13, 25, 31, 46, 52, 64, and 70. All other possible combinations of two octal digits (there are 56)
are different from their complement obverses. As shown in Table 2-1, the complement obverse of any
mark is designated by the minus sign {e.g., mark G = 51 has the complement obverse -G = 32),

Since the DECtape system allows reading and writing in both directions of tape motion, the
mark-track must be coded to present the same informotion when entering a block from either direction.
The marks at the end of a block are the complement obverses of the marks at the beginning, in reverse
order. For example, if the control reads the marks E, M, -G as the first three marks beginning a block
in forward motion, then it will read G, -M, -E, in that order, as the last three marks of the same
block. In reverse motion, however, the control sees the complement obverse of the contents of the mark
track; thus the first information, when reading the block in reverse, is =(-E}, -(-M), -(G), which is
identical ta E, M, - G.

All marks used in the standard DECtape format are listed in Table 2-1. Only ten valid codes
exist even though a given code may have different designations. Some of these marks are not required
for the operation of the Type TCOl DECtape Control.
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Table 2-1
Mark Track Coding

Mark Qctal Code Function

C (Check) 73 Signifies the end of a mark frame whose first two lines
were the forward parity check group.

~C (Reverse Check) 10 Signifies that the 6-bit reverse longitudinal parity
check group is contained in the control unit read/
write buffer and that the beginning of the data por-
tion of a block is in the forward direction.

D, -D (Dota) In both forward and reverse tape motion, the data mark
occupies all mark frames in the data portion of the
block except for the final and prefinal marks. The
number of data marks is limited only by the length of

tQPeo
E, -E (Extension) 25 The first and last mark of every block (no-op mark).
End (Forward End) 22 Indicates the end zone of tape in forward direction.

The forward end mark is positioned approximately
10 #t from actual tape end.

-END (Reverse End) 55 Indicates the end zone of tape in reverse direction.
The reverse end mark is positioned approximately
10 ft from end of tape.

F (Final) 73 Signifies that the last word read from the data portion
of the block is in the read/write buffer and data
buffer. Signals that the next frame begins with the
6-bit forward longitudinal parity check group.

-F (Reverse Final) 10 Signifies that the last word read from the block, in
the reverse direction, is in the read/write buffer and
data buffer,

G (Guard) 51 Performs same function as -L (reverse lock).

-G (Reverse Guard) 32 Not used.

L (Lock) 10 Indicates the first of four octal 10 marks.

~-L (Reverse Lock) 73 Protects subsequent records in the event of mark=track
errors.

M (Forward Block) 26 Signifies the start of a block and indicates that the
block number is contained in the TCOT control.

-M (Reverse Block) 45 Not used.

| P (Prefinal) 73 In the forward tape direction, the prefinal mark is the

next to last mark in the data portion of a block. It
is the first of four marks using octal code 73.

-P (Reverse Prefinal) 10 In the reverse tape direction, signifies the next to last
mark in the data portion of a block.

The standard mark-track uses the serial code of 6-bit characters to divide the tape into words.
Codes are written on the mark track opposite word locations to identify the type of information stored at
that location on tape. Block addresses are written for both forward and reverse directions and identified
by two types of mark codes. A checksum is written at each end of the block., The hardware computed



checksum is the six bit logical equivalent (i.e., the complement of the "exclusive OR") of each six bits
written on tape plus the reverse checksum previously recorded. By including the reverse checksum in
the computation, the block may be read in gither direction at a later time without an error. The con-
trol uses the final marks to establish synchronism and raise block-end flags. Data marks locate data

words.

2.2 DECTAPE INSTRUCTIONS

The six basic 1OT instructions used in the programming of the PDP-8 for TCOl DECtape opera-
tions are listed in Table 2-2, with the octal code assignments and a description of the instruction opera-
tion. These instructions apply to two functional groups within the TCO1, designated as status A and
status B, and are used to clear, read, and load the status registers A and B. These two registers are used

to govern tape operations and provide status information to the computer program.

Table 2-2
TCO1 DECtape Instruction List
Mnemonic Qctal Code Operation
DTRA (read status 6761 The contents of status register A are loaded into the
register A) accumnulator by an OR transfer, Refer to Table 2-3
for the AC bit assignments,
DTCA (clear status 6762 Status register A is cleared, The DECtape and error
register A) flags are undisturbed.
DTXA (load status 6764 The exclusive OR of the contents of bits O through 9 of
register A) the accumulator is loaded into status register A, and

bits 10 and 11 of the accumulator are sampled to con-
trol the clearing of the error and DECtape flags,
respectively. Loading status register A from AC

0 through 9 establishes the transport unit select,
motion control, function, and enables or disables

the DECtape control flag to request a progrom inter-
rupt as described in DTRA., Rec}er to Table 2-3 for
AC10 and AC11 bit assignments.

DTSF (skip on flags) 6771 The content of both the error and DECtape flags is
sampled. [f any flag is set, the content of the pro-
gram counter is incremented by one to skip the next
sequential instruction.

DTRB (read status 6772 The content of status register B is loaded into the accu-
register B) mulator by an inclusive OR transfer. The AC bit as-
signments are as follows,

ACO = Error flag (EF)

AC1 = Mark-track error (MKTRK)
AC2 = End-of-tupe error (END)
AC3 = Select error (SE)

AC4 = Parity error (PI)

ACS5 = Timing error (TIM)

ACS6 - 8 = Memory field {(MF)
AC?-10 = Not used

ACI11 = DECtape flag (DTF)
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Table 2-2 {Cont)
TCO1 DECtape tnstruction List

Mnemonic Octal Code Operation
DTLB (load status 6774 The memory field portion of the accumulator (AC6-8) is
register B) loaded into the memory field register. The accumula-
tor is cleared and the error flags are undisturbed.

2.2.1 Status Register A Functions

Figure 2-5 is the format for the status register A, This register contains three unit select bits,
two motion bits, one mode bit, three function bits and three bits which control the flags. The bit
assignments for the status register A are provided in Table 2-3.

0 1 2 3 4 5| 6 7|82 10|11

-

TRANSPORT l_
UNIT SELECT DECTAPE FLAG
MOTION ERRCR FLAG

ENABLE
INTERRUPT FLAG

MODE

FUNCTION

Figure 2-5 Status Register A, Format

Table 2-3
Status A-bit Assignments
Function AC Bit Conditions
Transport Unit Select 0-2 Octal Code Unit
000 8
001 1
010 2
on 3
100 4
101 5
110 6
111 7
Motion 3 0 = Forward (FWD)
1 = Reverse (REV)
4 0 = Stop motion (STOP)
1 = Start motion (GO)
Mode 5 0 = Normal mede (NM)
I = Continuous mode (CM)
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Table 2-3 (Cont)
Status A-bit Assignments

Function AC Bit Conditions

Function 6,7,8 Code Operation
000 Move
001 Search
010 Read data
011 Read all
100 Write dato
101 Write all
110 Write timing
11 Unused (causes

select error)

Enable the interrupt 9 1 = Enable DECtape control
flag (DTCF) to the

pregram interrupt
Error flag 10

Clear oll error flags
Error flags undisturbed

Clear DECtape flag
DECtape flag undisturbed

DECtape flag 1

—_—0 =0

2,2,2 Status Register B Functions

Figure 2-6 shows the format of the information in the status register B. This register contains
6 bits of error status information, 3 memory field bits and the DECtape flag bit. Table 2-4 lists the
function of the bit assignments,

0 1 2 3| 4|5 |6 (7|89 1011

ERROR FLAG ——j I— DECTAPE FLAG
MAINTRACK ERROR _—

UNUSED

END OF
TAPE ERROR MEMORY FIELD
SELECT ERROR TIMING ERROR

PARITY ERROR

Figure 2-6 Status Register B, Format



Toble 2-4
Status B, Bit Assignment

Function AC Bit Conditions

Error Flag (EF) 0 1 = Detection of any nonoperative condition by the control
as listed in the error functions described in AC bits 1
through 5 of this table. These conditions stop transport
motion except for parity errors.

Mark-Track Error 1 I = Information read from mark track was erroneously decoded.
(MKTRK)

End of Tape Error 2 I = the end zone on either end of tape is over read head.
(END)

Select Error (SE) 3 This error occurs 5 ps after loading statys register A to in-

dicate one or more of the following conditions.

{a) The unit select code specified does not correspond to
any transport select number or is set fo more tﬁgn ohe
transport,

(b) Awrite functionwaos specified when the WRITE ENABLE/
WRITE LOCK switch is in the WRITE LOCK position.

(c) Specifieson unused function code (111)bits 6 through
8 of the status register A.

(d) Specifieda functionotherthan Read All with the main-
tenance control panel RDMK/WRTM/NORMAL switch
in the RDMK position.

(e) Specifieda function other than Write Timingand Mark
Track with the RDMK/WRTM/NORMAL switch in the
WRTM position.

(f) Specified the Write Timing and Mark-Track function
with the RDMK/WRTM/NORMAL switch in o position
other than WRTM.

Parity Error (PAR) 4 1 = Error occurs during a Read Data function if the longi-

tudinal parity over entire dota block including reverse

checksum and checksum, is not equal to 1. If a parity
error is fo be set at the end of a block, it will be set af

the same time the DTF is set. During CM if o word count

overflow does not occur at the end of a block, the parity
error is set at the end of the block in which the word

count overflow occurs, The parity error cannot be set after

the DTF is set.

Timing Error (TIM) 5 I = Program fault caused by one of the following conditions:

(@) A data break request is not answered within 66 s +30%
of the data break request,

(b) The DTF was not cleared by the program before the
control attempted to set it.

(c) The read data or write data function was specified after
the current data block has been entered to prevent in-
complete data block transfers,
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Table 2-4 (Cont)
Status B, Bit Assignment

Function AC Bit Conditions
Memory Field (MF) 6,7,8 Indicates the memory field from or to which data transfers
take place.
9-10 Unused
DECtape Flag {DTF) 11 1 = DECtape operation complete
2.3 CONTROL MODES AND FUNCTIONS

The TCO1 control unit operates in either the normal mode (NM}) or continuous mode (CM) as
determined by the mode bit (5) in the status register A, In the normal mode, the data transfer and flag
indications are controlled by the format of the information on tape. In the continuous mode, data trans-
fer and flag indications are controlled by a word count (WC) read from core memory during the first
cycle of each three cycle data break, and by the tape format,

The normal mode differs from the continuous mode primarily in the time at which the DECtape
flag (DTF) is set. The DECtape flags which occur in the normal mode are inhibited in the continuous
mode until a word count overflow has occurred. In both modes, data break requests occur only when a

word count overflow has not occurred during the specified current function.

2.4 CONTROL FUNCTIONS

The DECtape system performs one of the seven following functions during either the normal or
continuous mode, as determined by the octal digit londed into the status register A during a DTXA com-

mand. A summary of the procedures and possible errors which may occur are listed in Table 2-5.

2.4.1 Move

Initiates motion, in either direction, of the specified tape transport. The mark=-track is read

but mark-track errors are inhibited except for end of tape errors. The move function isused torewind tape.

2.4.2 Search

Provides random access to the data blocks on tape. As the tape is moving in either direction,
the sensing of a block mark causes a data transfer of the block number. [n normal mode the DTF is set,
causing a program interrupt at each block number. In continuous mode the DTF is set only at the block
number which causes the word count overflow., After the first block number is found, the continuous

mode can be used to avoid all intermediate interrupts between the current and desired block number.
The block number is read into the memory location specified by the current address register (Memory

location 7755). The current address register is not incremented.



2.4.3 Read Data

This function reads data in either direction and transfers blocks of data into core memory with
the transfer controlled by tape format. In the normal mode, DTF is set at the end of each block causing
a program interrupt. In the continucus mode, transfer stops when the word count overflows; however,

the remainder of the block is read for parity checking and the DTF is then set,

2.4.4 Read All

This function allows the reading of all bits on tape after the tape motion reaches up to speed.
The three information tracks are continuously read and transferred to the computer. The mark-track is
used to check only for mark-track and end of tape errors. During the normal mode, the data tape flag
is set at each data fransfer. During continuous mode, the data tape flag is set only when a word count

overflow occurs,

2.4,5 Write Data

This function is used to write blocks of data in either direction with the transfer controlled by
the standard tape format. When a word count overflow occurs during the writing of a block of data,
zeros are written in all the remaining lines of tape until the end of a block and then the checksum over

the entire block is written, The DTF is set in o similar manner as that for the Read Data function.

2.4,6 Write All

This function allows the writing of all bits on tape even though the information is not in the
standard tape format. The mark-track will only check for mark-track and end of tape errors. The DTF

is set for the same conditions described in Paragraph 2.4.4, Thismode is used to write block numbers on tape.

2.4,7 Write Timing and Mark Tracks

This function is used to write timing and mark-tracks to establish or change the lengths of

blocks.

2.4.8 Enable to the Interrupt

The TCO1 control has an Enable-to-Interrupt (ENI) function which permits the program to re-
move the TCO1 from the program interrupt of the PDP-8 processor,



Table 2-5

Control Function Procedures and Errors

Octal Procedures Possible
No. Control Function Normal Mode (INM} Continuous Mode (CM) Errors
0 MOVE Not involved Not involved SE,
END
1 SEARCH Block number read into Same as NM SE
core location specified END
by contents of CA TIM
CA is not incremented Same as NM MK TRK
WC is incremented Same as NM
DTF is set at each block DTF is set only at the
number block number causing
WwCO
2 READ DATA Transfer data as long as Same as NM SE
WCO has not occurred. END
If WCQO occurs in mid- TIM
dle of block, the block PAR
is read for parity MK TRK
checking but no more
data transfers are made.
Both WC and CA are Same as NM
incremented,
DTF is set at each block DTF is set only at end
end. of block in which
WCO occurs.
3 READ ALL Transfer data until WCO Same as NM SE
occurs, END
Both WC and CA are Same as NM TIM
incremented. MK TRK
DTF is set at each word DTF is set at WCO
transfer,
4 WRITE DATA Transfer data as long as Same as NM SE
WCO has not occurred. END
if WCO occeurs in TIM
middle of block, zeros MK TRK
are written to end of
block and checksum is
written,
Both WC and CA are Same as NM
incremented,
DTF is set at end of DTF is set at end of
each block. If no new block in which WCO

function is specified,
the que continues to
move but the write
heads are disabled.
{TIM will occur at the
end of next block if
DTF is not cleared.)

occurred. When

WCO occurs and if no
new function is speci-
fied, the tape continues
to move but the writers
are disabled,
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Table 2-5 {Cont)

Control Function Procedures and Errors

Octal

Control Function

Procedures

Normal Mode {INM)

Continuous Mode (CM)

Possible
Errors

WRITE ALL

WRITE TIMING
AND MARK
TRACK (WRTM)

Transfer data as long as
WCO has not occurred.
Word which causes WCO
is last one written, Tape
continues to move but
the writers are disabled.

Both WC and CA are
incremented

DTF is set at each werd
transfer

Transfer data as long as
WCO has not occurred.
After WCQ, the writers
are not disabled and
Zeros are written.

Both WC and CA are

incremented.

DTF is set at each word
transfer,

Same as NM

Same as NM

DTF is set at WCO

Same as NM

Same as NM

DTF is set ot WCO

SE

END
TIM

MK TRK

SE
™

2,5

PRO GRAMMED OPERATION

Prior to using the Type TCO! DECtape Control for data storage, the prerecording of a reel of

DECtape is accomplished in two passes. In the first pass, the timing and mark-tracks are placed on the

tape. During the second pass and the forward and reverse block, mark numbers are written., These

functions can be performed by the PDP-8 program. Prerecording utilizes the WRTM control function

and the manual switch on the maintenance control panel of the Type TCO1 DECtape Control to write on

the timing and mark tracks, to activate a clock which produces the timing track recording pattern, and

to enable flags for program control. Unless the WRTM control function and switch are used simultane-

ously, the writing on the mark or timing channels is inhibited. A red indicator lights on the control

maintenance panel when the manual switch is in the RDMK or WRTM position. The mark-track can be

written only when the switch is in the WRTM position. Only one prerecording operation is required for

each reel of DECiape.,

The six basic IOT instructions are generated as required by the PDP-8 program to clear, read

and load the status A and clear and read the status B elements. The IOT skip instruction is availoble to test

the status of the DECtape control. Since all data transfers between the Type TCO1 DECtape Control and the

PDP-8 memory are controlledby the databreak facility, the PDP-8 program sets the word count (WC)and cur-

rent address (CA) registers (location 7754 and 7755 respectively) using the memory reference instruction

in the processor initializing a block transfer. Before and after a DECtape operation, the PDP-8 program

checks for error conditions. A program interrupt is initiated if the TCOl is enabled fo the interrupt
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system and if the interrupt is on. The DECtape system is started with the search function to locate the
block number selected for transfer; then when the correct block is found, the transfer is accomplished
by setting the WC, CA, and the STATUS A and STATUS B elements.

When searching, the DECtape control reads only block numbers. These are used by the op-
erating program to locate the correct block number. In NM, the DTF is raised at each block number.

In CM, the DTF is raised only after the WC reaches zero. The CA is not incremented during searching,
and the block number is placed in core memory at the location specified by the contents of the CA.,
Data is transferred to or from PDP-8 memory from locations specified by the CA which is incremented
before each transfer,

When the start of the data position of the block is detected, DF is raised to initiate a data
break request to the data breck facility each time the DECtape system is ready to transfer @ 12-bit word,
Therefore, the main computer program continues running but 3 memory cycles are stolen approximately
every 133-1/3 ps for the transfer of a word. Transfers occur between the DECtape and successive core
memory locations specified by the CA. The initial transfer address-1 is stored in the CA by an initializ-
ing routine. The number of words transferred is determined by the tape format, if in NM, or by the tape
format and WC, if in CM. At the conclusion of the data block transfer, the DTF is raised and a pro-
gram interrupt occurs. The interrupt subroutine checks the DECtape error bits to determine the validity
of the transfer and either initiates a search for the next information to be transferred or returns to the
main program.,

During all normal writing transfers, a checksum (the 6-bit logical equivalent of the words in
the data block) is computed automatically by the control and is automatically recorded as one of the
control words immediately following the data portion of the block. The same checksum is used during
reading fo determine that the data playback and recognition takes place without error.

Any one of the eight tape transports may be selected for use by the program. After using o
particular transport, the program con stop the drive currently being used and select a new drive, or can
select another transport while permitting the original selection to continue running. This allows rapid
searching, since several transports may be used simultaneously. Caution must be exercised because,
although the original transport continues to run, no tape-end detection or other sensing take place.

All functions provide for automatic end sensing, but this fecature stops tape in the selected tape drive

only. The timing for the TCO1 operations are summarized in Table 2-6.



Table 2-6

Summary of Timing Data for TCO1 Operation

Operation

Time

Time to Answer Data Break Request

Data Break Transfer Rate

Up o 66 ps (£30%)
4.5 us (3 cycles) per word

Word Transfer Rate

Block Transfer Rate

Start Time
Stop Time

Turn Around Time

Sicllrcl’;(: Read Data Function change for present Up to 400 ps (£30%)
oc
Search Write Data Function change for present Up to 400 us (+30%)
block
Read Search Function change for next block # Up to 1000 ps (£30%)
Write Search Function change for next block # Up to 1000 ps (£30%)
DTF Occurrence:
Move: NM, CM None
Search: NM
Read Data: NM Every 18.2 ms (+30%)
Write Data: NM
Search: CM (WC) X18.2 ms (£30%)
Read Data: CM (*block) X18.2 ms (+30%)
Write Data: CM
Read All: NM
Write All:  NM Every 133 ps (£30%)
Write Timing and Mark Tracks: NM
Read All: CM
Write All: CM (WC) X133 ps

Write Timing and Mark Tracks: CM

1 =12 bit word every 133 s (£30%)

1 - 129 word block every 18.2 ms (£30%)
<375 ms (+20%)

<375 ms (£20%)

<375 ms (£20%)

2.,5.1

Simplified Search Procedure

The use of the following procedure simplifies the search operation.

a. Search in NM and find the first block mark.

b. Compute the difference (d) between this block mark and the desired block number,

¢. Lood the 2Zs complement of this difference into the WC.

d. Change to CM and continue search.

e. The next DTF interrupt is the desired block. The block number is in the address specified

by the CA, if a program check is desired. This procedure results in only two interrupts compared to

d + 1 interrupts found in the method which interrupts at each block mark.



2.5.2 Bootstrap Loading

The CA specifies the address into which the data is loaded. The CA points to the WC, and the
first word that is transferred specifies the number of words to transfer. Then, the CA points to itself, and
the second word that is transferred determines where the subsequent data is to be loaded. This technique
requires the use of the 3-cycle break, which contains the WC and the CA. No program interrupts, timing,

or computation is needed for the focation of data.

2,5.3 Upper Bound Protection for Data Transfer

The WC controls all data tronsfers and, after a word count overflow occurs no further data
transfers take place. To protect the memory, when reading a block of unknown length, the WC is set

to the upper bound. Similar action prevents writing beyond a predetermined point on the tape.

2.5.4 Write/Read in Opposite Direction

Writing or reading in opposite directions can be accomplished with the TCO1, but two steps
are required to return the data to the original memory format. One step is necessary because the CA
only increments and does not invert the reverse order of the words. The other step is necessary because

the word returned from the TCOI is in the following format compared with the original. For example

Original bit positions: 0 ' 2 3 4 5 6 7 8 92 10 11

Returned bit positions: ¢ 10 11 6 7 8 3 4 5 0 1 2

The reorganization procedure that is required can be performed in real time, provided that
sufficient time is available. This procedure should be avoided when other program interrupts are foo

frequent and where using the fastest possible data rate of 133 ps £30% per word.

2.5.5 Turn Around Specifications

During a search operation a turn around command can be issued, to change the tape motion
without affecting the other command parameters. This requires two standard block lengths of tape to
enable the transport to reach "up to speed” before searching for the block in the opposite direction.

To search for blocks No. 0 next to the tape end zone, the tape must be moved into the end
zone af least two block lengths before changing tape direction. To search for block No. 1, the tape is
moved into the end zone at least one block length before changing direction. This provides sufficient
tape to allow the transport to reach up to speed before searching for the block. To eliminate this opera-
tion the TOG-8 program provides two block lengths of enter-block zone-marks (NO-OP marks) at the

end of tape so that the tape can reverse motion at the end zone and still locate block 0 or block 1.
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Figure 2-7 Turn Around Sequence Diagram

A length of tape equal to two standard block lengths (129]0 - 12-bit words) must pass the
tape transport heads before a turn around command is issued. This is equivalent to approximately
4 in. of tape. The formula for calculating, the nonstandard block delay that is required for turn around

is listed as follows.

EXAMPLE

Turn around delay calculation for 72, words per block

129 {words/block)

X 2 = 3.6 block delay
72 (words/block) (4.0 block delay used

for simplified search operations)

2.6 AVAILABLE SOFTWARE

The software available for use with the PDP-8 is described in the following paragraphs.

2.6.1 Subroutines

Subroutines may easily incorporate into a program for data storage, logging, data acquisition,
data buffering (queuing}, etc.

The subroutines include a series that will read or write any number of DECtape blocks, read
any number of 129-word blocks as 128 words (or one memory page) in which 200 octal locations equal
128 decimal locations; or search for any block that is used by read and write or to position the tape.
These programs are assembled with the user's program and are called by a jump-to-subroutine (JMS)
instruction. The program interrupt is used to detect the setting of the DECiape (DTF) flag thus allowing
the main program to proceed while the DECtape operation is being completed. A program flag is set
when the operation has been completed. The program, therefore, allows effective and concurrent opera-
tion of several input/output devices as well as the DECtape.
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2.6,2 Library Calling System

A Library Calling System 1s used for storing named program on DECtape and provides o means
of calling them with a minimal size loader.

The Library Calling System leaves the state of the computer unchanged when it exits and is
capable of calling programs by name from the keyboard and allowing for expansion of the program file
stored on the tape. It also conforms fo existing system conventions by allowing all of memory except for
the last memory page (76008_77778) to be available. This convention permits the binary loader
(paper tape) and/or future versions of this loader to reside in memory ot all times. The PDP-8 Library
System is loaded by a 17,4 instruction bootstrap routine that starts at 7600g.  This loading calls a
larger program into the last memory page. The function of the larger program is to preserve on the tape
the contents of memory from 6000, - 75777, and then load the INDEX program and the directory into
those same locations. Because the information in this area has been preserved, it can be restored when
the operations have been completed. The skeleton library tape contains the following programs.

INDEX Typing this program causes the names of all programs currently on file

to be typed out.

UPDATE  Allows the user to add o new program to the files. UPDATE queries the
operator about the program's name, its starting address, and its location
in core memory.

GETSYS Generates a skeleton library tape on a specified DECtape unit.
DELETE Causes a named file to be deleted from the tape.

Starting with the skeleton library tape, the user can build a complete file of active programs
and continuously update them. For example, a program that is to be used repeatediy is written on li-
brary tape. The library tape can be used by the programmer to call the FORTRAN compiler. The com-
piler, in turn, can be used to compile a program to obtain the object program. Then, the FORTRAN
Operating System can be called from the library tape and used to load the object program. At this time,
the library UPDATE program is called and the operator defines a new program file (consisting of the
FORTRAN Operating System and the object program) and adds it to the library tape. As aresult, the

entire operating program and the object program are available on the DECiape library tape.

2.6.3 Preformatting Tape Programs

There are available programs for preformatting tapes which are controlled from the Teletype to
write the timing and mark fracks, to write block formats, to exercise the tape and check for errors, and

to provide ease of maintenance.

2,6.4 Maintenance Programs

A package of maintenance programs are available which exercise the DECtape sysiem, One
set of programs exercises the various functions separately and provides scope loop operation, A sysiem
test, using a program which does random transport selection, searching, and data checking while running

a central processor test, is provided.
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2.7 SYMBOLS AND ABBREVIATIONS

Table 2-7 lists the symbols and abbreviations used throughout this manual and on the logic

drawings contained in Chapter 6,

Table 2-7
Symbols and Abbreviations

AC Accumulator

ADDRESS ACC Address accepfed

BAC Buffered accumulator

B BREAK Buffered break signal supplied by PDP-8 (PDP-8/1)

BLK Block of DECtape data

BMB Buffered memory buffer

BMR Buffered motion register

B RUN Flip=flop located in PDP-8 (PDP-8/1) which indicates whether
processor is performing instructions,

BTC Block transfer control

+1—=CA |NH Signal which inhibits incrementing the CA

CO’ Cor C3, C4 Control clock flip-flops

CA Current address register

CK Check

CK], CK2 Clock counter

CLEAR STATUS A 400-ns control pulse initiated by IOP 2

CM Continuous mode

COMP RWB 0-2 Complement RWB bits O through 2

C SYNCH Level indicating whether control clock is synchronized with
DECtape marks

CXA Clear status A pulse or exclusive OR status A pulse

DATA Data flip-flop of state register

DB Data buffer

DCD Diode capacitor gate

DF Data flag

DTF DECtape flag

DTCF DECtape control flag

EF Error flag

EN Enable

END End of tape

ENI Enable~to-the~interrupt

ECT End-of-tape error

ES Error stop




Table 2-7 (Cont)
Symbols and Abbreviations

FD
FR
FRo, FRy, Ry, FRg

10T

IOT SKIP ON DTCF (1)
LOAD STATUS B
LPB

MA

MB

MK BLK END
MK BLK START
MK DATA

MK END

MCP

MF

MK{—)

MK TK

MR

PA

PAR

PC

Pl

PWR CLR

RATE DY

RD MK

RD + WD

READ STATUS A
READ STATUS B
REV CH
ROTATE DB/RWB

Function decoder
Function register
FR flip~flops

Input mixer

Inclusive

Inhibit

Input/output

Interrupt on

Input/output pulse

Inclusive OR

Input/output transfer

400-ns status B SKiP command

400-ns control pulse initiated by 10OP 4
Longitudinal parity buffer

Memory address register

Memory buffer register

Flag marking end of a data block

Flag marking start of a dafa block

Flag marking the data portion of a block

End flag indicating that the end zone has been entered

Maintenance control panel

Memory field register

Serially stored codes on DECtape

Mark track error flip-flop

Motion register

Pulse amplifier

Parity error

Program counter

Program interrupt

Power clear pulses

Rate delay

Read mark level output from MCP switch
Read data or write data

400-ns control pulse initiated by IOP 2
400-ns control pulse initiated by |OP 2
Reverse check

Rotate contents of DB and RWB
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Table 2-7 {Cont)
Symbols and Abbreviations

RWB

RWB - LPB
RWB SHIFT LEFT
SAD

SE

SEL

SHIFT ST
SP

ST

STB

ST BLK MK
STCK

ST FINAL
ST IDLE

STREV CK
SWTM
SYNC

T

Ti

T2

13

TIM

T/M ENABLE
TPO

TP1

TRK

TT

U+Mm

UP TO SPEED

USR
w
WC

Read-write buffer

Computes parity check in LPB

Shift contents of RWB to the left and read next line of tape
Status A deiay

Select error enable

Select error flip-flop

Shift state pulse

Speed of DECtape

State or start

Strcbhe

State in which control senses block numbers

State in which automatic error detection (when reading)is
provided

Final data word of block state

State in which DECtape transport is stopped or not up to speed
or between blocks

State in which reverse checksum is over head
Switch timing and mark level output of MCP switch
Synchronize

Time

PDP-8 time state ]

PDP~8 time state 2

PDP-8 time state 3

“Timing error

Timing mark ENABLE

DECtape timing pulse which designates instant that center of
left polarization of timing track passes the head inductors
(beginning of a line on tape)

DECtape timing pulse which designates instant that center of
right polarization of timing track passes the head inductors
(center of a line on tape)

Track
Timing track
Unit or motion

Signal indicating DECtape transport is running at operating
speed

Unit select register
Window register
Word count flip-flop
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Table 2-7 (Cont)
Symbols and Abbreviations

wCO

WD - EN
W - INH
WREN
WRITE OK

WRTM

XOR

XOR STATUS A
XSAD

X SA DY
0—=STATUS A
0—= (device symbol)
1 —= (device symbol)
C—= (device symbol)
(4 digits) —= CO~C3

+1—> (device symbol)

E P> &<

A5(1)
A6-11

overbar
e.g., (SWTM)

FLIP-FLOP (0)
FLIP-FLOP (1)

Word count overflow pulse
Write data enable
Write inhibit

Write enable

WRITE ENABLE/WRITE LOCK switch sensing from selected

TU55
Write timing and mark
Exclusive OR
400-ns control pulse initiated by |OP 4
XOR STATUS A delayed 400 ns
Delayed CXA pulse
400-ns CLEAR STATUS A pulse for clearing USR
Clears all bits of device designated
Sets all bits of device designated
Complements all bits of device designated

Each 1 or O of 4-digit word designates 1 or 0 output of
respective control clock flip-flop CO, C1, C2, or C3

Increment the contents of device designated by 1
Inclusive OR

Exclusive OR

AND

ONEs complement of the content of A

Content of bit 5 of register A

Bit 5 of register A contains a 1

Contents of bits 6 through 11 of register A

Negation of signal level. Also refers to complement of signal

ZERO output of designated flip-flop
ONE output of designated flip-flop
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CHAPTER 3
PRINCIPLES OF OPERATION

This section includes a brief description of the basic functional elements of the TCO1 DECtape
control, together with the general information on data and control information transfer. |t also con-
tains a detailed description of the TCO1 control operation, with reference to the block schematic dia-~
grams contained in Chapter 6 of this manual. For detailed information on the PDP-8 and PDP-8/1
processors, and TUS5 DECtape Transport, refer to the documents listed in Table 1-1,

3.1 FUNCTIONAL DESCRIPTION

The basic functional elements of the TCO1 control, the PDP-8 (PDP-8/1) processors, and TU55
transport interface blocks are shown on Figure 3=1, The numerals in the lower right-hand corner of the

blocks indicate the bit capacity of the element. The numerical subscripts on the signal flow lines indi-

cate the bit assignments of the signals. Blocks that represent the Status A and Status B functions ore in-
dicated by an A or B, respectively, in the top right=hand corner of the block.

3.1.1 Information Flow

A description of the registers associated with the information flow are listed, as follows.

a. Data Buffer (DB) - The data buffer is a 12-bit register used as a storage buffer to syn-

chronize data transfers as a function of tape timing between the memory buffer register of the computer
and the read/write register.

b. Read/Write Buffer (R/WB)} - The read/write buffer is a &6-bit register consisting of three,
2-bit shift registers. During read operations, one bit from each of the three data channels on tape is

read into the read/write buffer and shifted right or left depending on the tape direction.

c. Write Amplifiers = The five write amplifiers receive timing signals, mark-track, and

data information from the read/write buffer and provide the necessary current to the tape heads to write
the data on tape.

d. Read Amplifiers - The five read amplifiers transfer timing signals, mark-track and data

information from the tape heads fo the window register and read/write buffer.

3.1.2 Command Flow Registers

The registers and signals which control the transport operations and the data flow are de-

scribed as follows,

a. Longitudinal Parity Buffer (LPB)~ The longitudinal parity buffer is a 6-bit register used to

perform a parity check on the three information channels. The operation is performed by setting the
6-bits of information read from two consecutive lines on tape into the LPB and complementing each stage
of the LPB if the corresponding bit of the R/WB contains a zero.
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b,  Window (W) - The window is a 9-bit register through which mark-track information is
serially shifted to generate control signals for the DECtape system.

¢. Data Flag (DF) - The data flip-flop requesis a data break from the processor when a word
is ready to be transferred to or from the TCO1,

d. Memory Address - The memory address are 12-bits which constitute a fixed memory ad-

dress for data transfers during the 3-cycle data break,
e. Memory Field (MF) - The memory field register is a 3-bit register which is loaded by

program control when a data transfer operation is specified and constitutes bits 6, 7 and 8 of the status
register B. This information, together with the address supplied during the current address cycle, pro-
vides a 15-bit address for the actual data transfer during the third cycle of the 3-cycle data break,

f. Word Count Overflow Pulse ~ This pulse is received at the end of the first cycle of the

3-cycle data break when a word count overflow occurs and clears the WC flip-flop to indicate that the
current data transfer is complete. The pulse is used primarily during continuous mode, It stops data trans-

fer, however, during the normal mode.
g+ Address Accepted Pulse - This pulse is generated each time a 3-cycle data break is

granted. It clears the DF signifying that the data transfer has occurred.

h. Control - The control logic generates the timing and synchronizing pulses to perform the
functions specified in the function register and to coordinate the operations between processor and TU55
transport.

i. Device Selector ~ The device selector decodes the 1OT instructions for the DECtape and

generates the necessary pulses to load status registers, read status registers and generate SKIP pulses,

i+ Unit Select Register - Unit select register is a 3-bit register which is loaded under pro-

gram control from the accumulator bits 0 through 2, and specified a particular TUS5 transport.

k. Unit Select Decoder - This device decodes the number in the unit select register and

activates a select line to a specific TU55 transport,
I, Motion Register - The motion register is a 2-bit register loaded from the accumulator,
bits 3 and 4, with the appropriate command of GO or STOP (bit 4), FORWARD or REVERSE (bit 3).

m. Function Register - The function register is a 4-bit register, which specified the opera-

tion to be performed by the DECtape. The first bit of this register is a mode bit which selects either
normal or continuous mode. The remaining three bits are used to specify one of the seven functions,

n. Function Decoder - The function decoder decodes the contents of the function register,

bits 1 through 3, and transfers the decoded information to the control.

0., Enable to the Interrupt - This is a 1-bit register loaded from the accumulator, bit 9, to

enable or disable the DECtape from the program interrupt,

p. Error Register = A 5-bit register each section of which may be set by the TCO1 control to
indicate one of five error conditions.

q. Error Flag ~ The error flag is set by one or more errors indicated by the error register.

ro DECtape Flag - The DECtape flag is set at the completion of the currently specified
operation,

s.  WC Flip-Flop - The WC flip-flop is set on an XOR Status A command.
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t. DECtape Control Flag - The DECtape control flag is set by the error flag and/or the
DECtape flag. This flag is skipped on the SKIP 1OT instruction and is also gated into the interrupt fo

request program interrupts.
u. Skip Gating - Skip gating logic generates a pulse from the DECtape control flag and the
SKIP IOT to request a skip from the PDP-8. This gating is not affected by the enable to the interrupt.
v. Interrupt Gating - The interrupt requests the program interrupt from the PDP-8 when the

DECtape control flag is set and the DECtape is enabled to the interrupft,

3.2 DETAILED LOGIC OPERATIONS

The information contained in the following poragraphs is a detailed description of the opera-
tions of TCOl DECtape conirol and is supported by the instruction flow diagrams Figures 3-2 and 3-3,
and the engineering drawings located in Chapter 6 of this manual. The engineering drawings are refer-
enced only by the last number of the drawing designation and the signal and module locations on the

drawings are referenced according to the coordinates on the margin of the drawings.
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Figure 3-2 Status Register A, Instruction Flow Diagram (Part I)
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3.2,1 Basic Read/Write Logic
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The basic read/write logic for the Type TCO! DECtape control is shown on the left~hand side
of Figure 3-4, Each channel of the read/write circuit contains a flip-flop and input gates, a write am=
plifier governed by the flip-flop outputs and a read amplifier. Read inputs are paralleled with the write

amplifier outputs across the head allowing the read amplifier to respond o signals from both the head and

the write amplifier.
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Figure 3-4 Read/Write Logic and Waveforms
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The read amplifier is a high gain differential amplifier augmented by a transient positive

feedback. When a signal of either polarity is sensed by the head, the read-amplifier outputs switch im-

mediately and are asserted unambiguously regardless of noise which prevents head cross talk resulting



from simultaneous writing, in the data channels and reading in the timing-and-mark channels. The read
amplifier outputs U and V are standard DEC logic levels of -3V and ground. When input E is more posi-
tive than D, the output V is asserted at ground and U is negative; when D is more positive, the output
levels are reversed. Due to the positive feedback, the read amplifier oscillates in the absence of input
signals. The read amplifier output waveforms therefore are rectangular whenever the differential input
signal is indeterminate,

The write amplifier is a saturated grounded-emitter push-pull amplifier with its output collec~
tors connected through resistances to pins J and K. If the enable level is asserted negative, the write
amplifier is governed entirely by the state of the flip-flop. When the flip-flop is 1, K floats while J is
returned through the resistance and saturated output collector to ~13V. When the flip-flop is 0, J floats
while K is negative, In the two tracks corresponding to each channel on tape, information is recorded
in a manner that makes read signals from the two head induciors reinforce on playback. The two induc-
tors can be considered as a single head inductor whose winding is center~tapped to ground, reading and
writing in a single track.

When a write flip~flop contains 0, current flows from ground through the head inductor into K,
and the polarization of the head core is oriented clockwise. The tape polarization, as the tape moves
across the head, is oriented toward the left regardless of the direction of tape motion. Similarly when

the flip-flop contains 1, tape polarization is oriented to the right regardless of the direction of tape
motion. When reading, the current induced in the head by o change in polarization flows opposite to
the current required to cause the same change; consequently, the current induced by a left=to-right
(L-R) tape-polarization change is a current flowing out of the head toward pin E. The head is a source,
and when a terminal is a current source it is positive. Thus an L-R tape-polarization change causes the
read amplifier input E to be positive; consequently V is ground and U is negative. By the same reason-
ing the right-to-left (R-L) polarization change induces a positive signal at D and results in V being
asserted negative and U at ground.

The Manchester recording system used in the Type TCO1 DECtape Control requires two pulses
to write each bit in a channel. The first pulse, ROTATE DB/RWB or RWB SHIFT LEFT, loads the write
flip-flop with the value of the bit to be written, the second pulse, RWB 0-2, complements the flip-flop.
Depending on the state of the flip-flop, the ROTATE DB/RWB pulse may or may not cause a polarization
change on the tape. The RWB 0-2 puise, however, causes a tape polarization change because the com-
plement always changes the state of the flip-flop. When reading, the value of a recorded bit is detected
by observation of the head inductor output as the polarization change (corresponding to the complement)
passes over the head, The RWB 0-2 pulse produces a R-L tape polarization change when the flip~flop is
loaded with I; and produces a L-R change when the flip-flop is loaded with O,

In Figure 3-4, the ROTATE DB/RWB or RWB SHIFT LEFT and RWB 0-2 pulses alternate. The
first pulse sets the flip-flop to the assertion of the 1 level, the second pulse sets the flip-flop to the op-
posite state. The RWB 0-2 and the ROTATE DB/RWB or RWB SHIFT LEFT occur at 16.6 ms intervals.
This relationship is shown in lines 1 and 2 of Figure 3-4. Since the flip-flop is loaded through capacitor~
diode gates, the data input is free to change at each ROTATE DB/RWB or RWB SHIFT LEFT pulse. Line
3 shows a string of consecutive bits to be written on tape. In line 4, the write flip-flop receives each
bit at a ROTATE DB/RWB or RWB SHIFT LEFT pulse and assumes the opposite state on a RWB 0+2 pulse.
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In line 9 of Figure 3=4, the direction of tape polarization is lobeled as R and L for right and
left, respectively. The R-L and L-R transitions are detected by the read amplifier as negative and posi-
tive half sinusoids at pin E {opposite polarity at D). [f the tope is read in the same direction as written,
the tape positions corresponding to the time that the write flip-flop was complemented will show an R-L
change as a 1; an L-R change as a 0. The head voltages af read amplifier inputs E and D are shown in
line 10; the read amplifier outputs are shown in line 11. In reading, the shift pulses in line 12 for the
RWB coincide with those in line 2 which compiemented the write flip-flop in writing. The R-L poluri-
zation change representing a 1 results in a ground level at U at the time of the shift pulse. Conse-
quently, as shown in line 13, a 1 is shifted into the shift register as the first bit read.

If the tape is read opposite to the direction in which it was written, the polarizations reach
the head gap in reverse order; that is, the head senses an L-R change where a | was written, etc. The
contents of the mark channel are selected to take advantage of this condition, Data written in one

direction and read in the opposite direction will be complemented.

3.2.2 Read and Write Amplifiers

The read and write amplifiers are shown on Drawing No: 15,

The READ T TRK and READ MK TRK read amplifiers produce timing and mark-track outputs,
The associated write amplifiers are only used to format tape. The D and E inputs to the READ T TRK read
amplifier also serve as inputs to a sense amplifier which provides an SP input for the generation of an UP
TO SPEED signal.

The READ DO, READ D1 and READ D2 read amplifiers and corresponding write amplifiers on
Drawing No. 15 produce the outputs necessary for the transfer of data between their associated RWB bits
(RWB 3-5) and the DECtape. Appropriate inputs and outputs for this purpose are described in later

sections of the manual.

3.2.3 Device Selector Logic

The device selector logic decodes the output of the memory buffer, bits 3 through 8, and
generates |OT pulses used to initiate the status A and status B operations listed in Table 2-2, STATUS A
pulses are produced by the circuit shown on the left-hand side of Drawing No, 14; STATUS B pulses by
the circuit on the upper right-hand side of Drawing No. 6.

3.2.3.1 STATUS A Decoding — The control operations which are initiated by computer instructions
and which involve status register A are shown on Figure 3-2. These instructions are Read Status Register
A (DTRA), Clear Status Register A (DTCA), and Load Status Register A (DTXA). The status A instructions
contain an octal 76 in bits 3 through 8 of the memory buffer register and are decoded by device selector
W103, location B7 of Drawing No. 14, Read Status Register A at event time 1, IOP1 is gated with the
device selector to produce the 400 ns READ STATUS A pulse. The information on status register A (shown
on Drawing No. 2), consisting of unit select (USR0-2), motion control (MRO and MRT) function register
(FRO-FR3), enable interrupt (ENI), and DECtape Fiag (DF) is gated with READ STATUS A pulse location

3-12



B2-B8 to produce outputs (IMO~8) which are loaded info the PDP-8 accumulator through connector
DT05 or DTAOS,

Instruction 1OT 6762, Clear Status A, is also decoded by the device selector on Drawing
No. 14 and during Event Time 2. Pulse IOP2 is produced and gated with the decoded output to generate
the 400 ns CLEAR STATUS A signal. The CLEAR STATUS A output produces the 0 —=STATUS A, loca~
tion D1, to clear the status register A functions, on Drawing No. 2 and the ground CXA pulse location
D8, Drawing No. 14. The positive going CXA pulse triggers the 5 us delay at R302 providing a -3V
XSA DY output for the duration of the delay, Clearing status register A selects tape unit (8) by the 000
configuration of the unit select register, The negative XSA DY level at location Bl of Drawing No, 2
holds both the STOP and GO levels at ground to prevent a change of motion to tape unit previously
specified. The positive going end of the XSA DY pulse jams the contents of MR1 into BRMI motion.
Either the BRMI(0) output or MRT(0) pulse will provide a ground level at both the FWD and REV outputs
of 5107, preventing a direction change from occurring to insure that only the newly selected unit re-
ceives the new command,

1OT 7764, Load Status Register A, is decoded at the device selector and gated with the |OP4
pulse at event time 3 to generate the 400-ns XOR STATUS A pulse. The ground XOR STATUS A pulse
output performs an exclusive OR function with the buffered accumulator outputs shown at the center of
Drawing No. 2, complementing the data in the status register A when the buffered input level (BAC0-8)
goes to ground at least 400 s before the XOR STATUS A pulse is received. This permits specific infor-
mation in the status register fo be changed without affecting the remaining information.

The negative XOR STATUS A pulse is amplified by PAS03 (center right of Figure 5~1} to
produce a negative XSAD pulse at S107 and a positive XSAD pulse at the amplifier output. The
positive XSAD pulse is gated into PA603 (bottom right of Figure 5-1) to provide a 0—=AC pulse

which will clear the information in the accumulafor.

3.2.4 Status Register B and Skip Insiructions

The status register B and skip-on-flag instructions, which are selected by an octal 77 in bits
3 through 8 of the memory buffer register in the PDP-8, are decoded by W-103, location D1-D3 and
C1-C3 of Drawing No, 6. These instructions are Skip on Flags (DTSF), Read Status Register B (DTRB)
and Load Status Register B (DTLB). The flow diagram is shown on Figure 3-5.

At event time 1, when a programmed |OPI pulse is received, the PA produces the |OT SKIP
ON DTCF (1), 400 ns pulse outputs. The output pulse is NANDed with the output of R113, location
B2, If either an error flag exists or the DECtape flag is set, then the output of ST11 will generate a
ground 5KIP puise at pin K of W02i. The SKIP pulse causes the program counter in the PDP-8 to be
incremented by one and skip to the next sequential instruction.

When a programmed IOP2 pulse appears at event time 2, the next PA will produce the 400 ns
READ STATUS B outputs. The READ STATUS B pulse is a common pulse input to the NAND gates associ-
ated with R123 modules shown on Drawing No. 2, location B1-B8.

A -3V level on any of the gate inputs which indicates that an error exists, the DECtape flag
is set, or the bit configuration of the MEMORY FIELD register, will result in ground IM outputs from the
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associated gate af connection W021. This information is loaded into the PDP-8 accumulator by an OR
transfer.

If o load status B instruction is programmed ot event time 3, an |OP4 pulse will be generated
resulting in 400 ns, LOAD STATUS B pulse outputs from the amplifier on Drawing No. 6, location D1.
The -3V pulse outputs are applied to the DCD gates associated with the 3-bit memory field register (MF),
shown on Drawing No. 2, location DI and D2, causing the memory field information from the buffered
outputs BAC6-BACS to be loaded into MFO-MF2, respectively.

3.2.5 Unit Select Logic {Drawing No. 2)

The unit select information USRO-2 in status register A is decoded by the Binary to Octal
Decoder S151, Drawing No. 14, location C7 and C8. A ground level on one of the eight outputs will
enable a SELECT level within the specified TU55 DECtape transport,



3.2.6 Motion Control (Drawing No. 2)

The motion control information in MRO and MR1 of status register A determines when the se-
lected TUSS transport will be activated and the direction of tape travel. The output of MRO will pro=-
duce either a FWD or REV level at location D1 which is gated into the TU55 and to determine the motion
of the tupe. Only one direction signal can be active at a given time. The MRI flip-flop output is
gated with the XDA DY delay level at C2 and determines as previously discussed the STOP or GO levels

to the selected tape unit.

3.2.7 Function Selection (Drawing No. 2)

The outputs of the function registers (FR1-3) are decoded by the Binary-to-Octal decoder
R151, of location C3 and C4, Drawing No. 2, resulting in a ground level output on one of the selected
function lines. If an octal 7 is indicated, all FR flip-flops set, a select error level wili condition the
DCD gate at the SEL flip-flop, Drawing No. 14 location D5 and aliow the negative XSA DY pulse to
set the SEL flip-flop.

3.2.8 Interrupt Enable (Drawing No. 2)

Bit ? of the AC determines the status of the DECtape Control flip-flop (ENI) which enables
ENI(1) or disables ENI{0), the DECtape Control Flag, from causing a program interrupt, The output of
ENU(T) will cause an interrupt request to be sent to the PDP-8 at location Bl, Drawing No. 6.

3.2.9 New Unit/Motion Select (Drawing No. 6 and No. 14}

The buffered accumulator outputs, BACO-4, are sampled by the OR gate, Drawing No. 14,
location B6, to determine whether a new unit or motion has been specified. A ground level on any
BACO-4 input or af buffered memory bit BMB9(0) which indicates a change on bits 0-4 of the status A
will result in a ground level NEW U+M output, This level allows the negative going CXA pulse
(Drawing No. 6) to be produced by XOR STATUS A or CLEAR STATUS A, to trigger the 120 ms U+M
delay. The U+M(1) output from the delay is used to reset the up-to-speed flip-flop, location D8, The
output of the up~to-speed flip~flop, when reset, disables the READ T TRK (0) inputs, location B6 and
C6, from generating the timing pulse outputs TPO and TP1.

When the U+M delay is set, the negative output prevents the timing track pulses (SP) read
from tape during the up to speed operation from triggering the RATE DY flip=flop.

The SP signals are produced by a slicer network consisting of a sense amplifier and a slice
control circuit at location C8 (Drawing No. 15). When the transport is running at normal speed, the
sense amplifier input from the read/write head is a sinusoid of constant amplitude, as shown on Figure 3-5.
When the transport stops or starts or changes direction of motion, the sine wave amplitude and frequency
varies as a function of speed. This variation is illustrated by the amplified read/write head output on

Figure 3-5. The slicer level shown in this illustration is preset and controlled by the slicer control cir-
cuit G0O08.
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The sense amplifier uses the slicer level as a bottom clamp for the positive excursions of the
sine wave. Since the amplitudes and frequency of the positive loops vary with the transport speed, the
loop crossover at the slicer level provides a measure of the transport speed, and this information is con-
tained in the SP output pulses generated at the first crossover of each loop.

When the U+M delay is reset, the ground level output conditions the DCD gate to allow the
first SP pulse to set the rate delay. The ground level output of the rate delay conditions the DCD gate
associated with the up-to-speed flip~flop to allow the next SP pulse which occurs within a 70 ps interval
to set the up-to-speed flip-Flop and start the TCOI operations. The up-to-speed flip-flop is reset by the
positive transition of the BRM1(0) level which indicates a stop motion and by the ground output of the
timing mark enable level (T/M ENABLE) generated at S107, location D5. Resetting this flip-flop pro-
duces a 0 —= WINDOW pulse which clears the window register on Drawing No. 3 while the tape is not
up to speed.

3.2.10  Timing Pulse Generation (Drawing No. 6)

Timing pulses are required for both formatting the tape and for reading information from tape.
During WRTM function the T/M ENABLE level activates the clock and allows timing pulses TPO and TPI
to be generated, provided that the maintenance control panel switch (location B4), is in the WRTM
position. This position causes the WRTM/RDMK indicator to light and generates the SWTM level, The
SWTM level is ANDed with MR1(1) and WRTM level, to produce TM/ENABLE which starts the 120 ke
clock. On the positive transition of the clock pulse, the CK1 flip-flop is complemented. The positive
transitions of the CK1 flip-flop output complements the CKO flip-flop. The outputs of CK1 and CKO at
location C5, result in the generation of 100 ns timing pulses TPO and TP1 which occur alternately every
16.6 ps. The CKQ output is also applied to the timing track write amplifier, Drawing No. 15, to pro-
duce the timing track pattern written on tape.

Timing pulses are also enabled by the SWTM output from the maintenance control panel switch
and by the WREN level at location C4 and B4,

During the write function when the C2 flip-flop goes to zero, the negative transition sets the
WREN flip-flop and generates the WREN(1) output. The WREN flip-flop is reset again at C2(0) when
any one of the ANDed inputs, that is associated with the write functions, is removed. This flip-flop
allows a full data word to be written, even though one of the enabling level inputs have been removed
before the end of a word had been reached.

Timing pulses TPO and TP1 are generated during read operations when the UP-TO-SPEED(1)
flip-flop is set at location B7, Drawing No. 6. The inverted output is gated with SWTM level which is
present, when the maintenance control panel switch is any position other than WRTM, to provide a
ground conditioning level to the DCD gates associated with the TP1 and TPO power amplifiers. When the
timing track signals READ T TRK are received at location Cé and BS, the positive going pulse to the DCD
gate, generates the timing signals. The TPO and TP1 outputs are applied to PA, location A5. The out-
put of the power amplifier triggers a 10-us delay during reading and writing data, producing a -3V out-
put to inhibit any extraneous timing signals which may be generated as o result of cross talk between data

and timing channels.



3.2.11  Counter Register (C} (Drawing No. 5)

The counter register, location D5-D7, Drawing No. 5, consists of four flip-flops used to con-
trol the blocks of information on the tape, as shown on the timing diagram (Figure 3-6). The outputs of
the C2 and C3 flip-flops provide a four count used in formatting a data word on tape. OQutputs CO, CI,
and C3 provide a count of six for the mark-track information. Initially the counter register is set fo
1000 by the 1000—C0-3 pulse produced by the ground C-SYNCH and the positive transition of TPO.
This count presets the counter in synchronization with the tape and starts the first count of both the four
and six counts. The count sequence is shown on Table 3-1. The word count sequence (C2 ond C3) re-

peats every four TPO pulses and mark-track count (CO, C1, and C3) repeats every six TPO pulses.

Table 3-1
Counter Register Sequence

Cco Cl Cc2 C3 TPO Pulse
] 0 0 0 1 {C-SYNCH - TPO)
1 0 0 1 2

0 0 i 0 3

0 0 ] 1 4

0 1 0 0 5

0 1 0 I 6

1 0 1 0 7

1 0 1 1 8

0 0 0 0 9

0 0 0 1 10

0 1 1 0 11

0 1 1 1 12

3.2.12  Window Register (W) (Drawing No. 3)

The window register W1-9, shown on Drawing No. 3, location D4-D8 provides a temporary
storage for the mark-track information read from tape during all tape functions except WRTM, At the
start of the loading operations all flip-flops are cleared by the 0—=WINDOW pulse generated by re-
setting the UP-TO-SPEED flip~flop on Drawing No. 6. When the tape is up to speed, the READ MK
TRK information conditions the DCD gates associated with W9 flip-flop to allow the TP! timing pulses to
shift the mark track information through the window register, The next TP1 puise which appears after
the W2 flip-flop is set, will set the W1 flip-flop which will remain set until cleared by the 0—+WIN-
DOW pulse. The outputs of the window register are applied as inputs to six separate AND gates which
decode the inputs and generate specific mark-track level outputs.
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3.2.12.1 Counter Synch Level (C-SYNC) - initially, when reading mark-track information either in
the forward or reverse direction, the first code to be recognized and used for synchronization is a result

of the bit information formed by octal 525 or 725. This information appears after the reverse end mark
codes sequence through the W-register. The bit configurations (shown on Figure 3-7) is decoded by the
C~SYNCH gating logic (location C1), to produce a series of C-SYNCH level outputs which condition
the control register. For the specific mark-track codes refer to Table 2-1.

<— TAPE MOTION

MARK REV BLOCK EXTENSION EXTENSION FWD BLOCK
OCTAL 4 k] 2 5 2 3 2 6
S26|1 0 O|1 O t{D V1 Ot O1|Oo v O[1 O t|Ooa v of1 1t O

Figure 3-7 Mark~Track Decoding (C-SYNCH)

The first code recognized by the C-SYNCH gating appears at @. These nine bits are de-
coded with the =3V output of $111 (location D2) and with WRTM and generate the C-SYNCH levels for

all operations except write timing mark,

With two extension marks (E) inserted in the mark=track information, the C-SYNCH signal
will appear six times at the input to the AND gate and produce the C-SYNCH level to reset the control
clock. Only at the last decoding @, however, will the control clock initiate a count and synchronize
the counter with the mark-track information.

3.2.12.2  Start Block Marks (MK BLK MK} ~ The next bit configuration in the W-register, which is
recognized, is the forward or reverse block mark. This information appears during the next TP1 puise
after the C-SYNCH level is generated, as shown on Figure 3~6. The positive fransition of the TPO pulse
which precedes the TP1 pulse sets the counter register fo (1001). The W-register information is gated
with the WRTM leve! and the counter register outputs, CO(1), and C1(0), to generate the MR BLK MK
outputs, as shown on Figure 3-8,

The octal 2 position of the reverse guard mark, in the forward tape direcfion, or octal 5
portion of the guard mark in the reverse tape direction is recognized together with the lock marks to
generate the next mark-track signal MK BLK START as shown in Figure 3-9.,
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Figure 3-8 Mark-Track Decoding (MK BLK MK)
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Figure 3-9 Mark=Track Decoding (MK BLK START-210)

The outputs from the W-register, except for W2, are AND gated and inverted resulting in the
MK BLK START outputs at location C5. This occurs at the next 1000 count of the control register, as
shown on Figure 3-6. This lock mark is the first of four that are programmed on tape. Each will gener-
ate the MK BLK START levels. The bit configuration required for the next three lock marks are shown in

Figure 3-10.

P 1|0t

olo o 1jo &0

]

= TAPE MOTION

e ETC

MARK LOCK 1

LO!

CK 2 LOCK 3 LOCK 4

0CTAL t j+]

1

0 1

owjo o 1|00

ojo ot

O 0000 v|O

Figure 3-10 Mark-Track Decoding (MK BLK START-010)

The same AND gate which decoded the (2]08) W-register configuration will decode the
(0108) and produce the additional MK BLK START level, as shown on Figure 3-6.

3.2.12.3 Data Marks - The data mark follows the last lock mark and is decoded by AND gate R002,

6 oj00 t|jco O

®

location B5 and C5. The W-register configuration is shown on Figure 3-11,
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Figure 3-1T  Mark-Track Decoding (MK DATA 070)

The -3V inputs are inverted and generates the MK DATA output levels as shown on Figure 3-6.
After the last data mark has been decoded, AND gate (location B7 and C7) decodes an octal
073 and three octal 373s from the W-register to generate a series of four mark block end signals (MK

BLK END) as shown on Figure 3-12. This is accomplished by not decoding inputs from the W2 or W3
flip=flops.

«— TAPE MOTION

MARK CATA PRE FINAL FINAL CHECK SUM LOCK
DCTAL [*] T 3 7 3 7 3 7 3
0033
373000!!10101|1DIOFI|DPOIIIDID
o |
®
®
®

Figure 3-12 Mark-Track Decoding (MK BLK END)

The next two mark-track codes, guard mark (51) and block mark (45), which follow the lock
mark, dre not decoded and the decoding continues through the same sequence, as previously specified,
until the end marks (222) are decoded by AND gate (location C8), which generates the MK END level.,

3.2.13  State Register (Drawing No. 3)

The state register (Drawing No. 3, location B5-B7) is a ring counter which indicates the
control states of the TCOl as determined by the mark-track decoding sequence. The state register is
cleared each time the UP-TO-SPEED flip~-flop (Drawing No. &) is reset. The control states are se-
quenced through the state register by the positive transition of the SHIFT ST pulses which are produced
by monitoring both the decoded outputs of the mark-track and by the outputs of the state register at
location D3. The outputs of the state register are connected to the maintenance control panel to pro-
vide o visual indication during DECtape operations, Table 3-1 lists in sequence the various block marks

and confrol states that are generated. The first five evenis occur prior to the generation of the first

SHIFT ST pulse.
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At event 6, the first block mark is decoded. The ground MK BLK MK level is inverted by
$107 at location C3, and applied as ane input to the two-input AND gate, location C3. The other in-
put is held at =3V. This signal results in the first SHIFT ST pulse at event time 7, which sets the ST
BLK MK flip-flop. At event time 10, the mark-track decoded output MK BL START is gated with the
-3V ST BLK MK (1) output and generates the second SHIFT ST pulse. This pulse sets the ST REV CK
flip-flop and resets the ST BLK MK flip-flop. The second MK BL START level produced by the mark-
track decoding network, is gated with the =3V outpur of ST REV CK flip=flop to produce the third
SHIFT ST pulse at event time 13, which sets the DATA flip-flop. The DATA flip-flop remains set for all
data words and until the MK BLK END level is decoded which allows the SHIFT ST pulse at event fime
17 to set the ST FINAL flip-flop. The second MK BLK END pulse is ANDed with the ST FINAL (1) out-
put producing a SHIFT ST pulse, af event time 20, and sets the ST CK flip-flop, The 5T CK (1) -3v
output AND gated with the counter register output C2(1) sets the ST IDLE flip-flop at event time 23
which will allow the sequence of events, starting at event time 6, to repeat for the next block.

Table 3-2
Sequence of Block Marks and Control States
Eveni No. Blg:ksxtc;rk Bloclzol\::\(:glf) Code

1 Tape Stopped (ST IDLE)

2 Start Tape

3 UP TO SPEED (1)

4 C SYNCH 725 or 525
5 DATA SYNCH (1)

6 C (1001) «- MK BLK MK 126
7 SHIFT ST

8 ST BLK MK (1)

9 MK BLK START 210
10 SHIFT ST

11 STREV CK (1)

12 MK BLK START 010
13 SHIFT ST

14 DATA(1)

15 MK DATA 070
16 MK BLK END 073
17 SHIFT ST

18 ST FINAL (1)

19 MK BLK END 373
20 SHIFT ST
21 STCK (1)
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Table 3-2 (Conf)
Sequence of Block Marks and Control States

‘ Block Mark Block Mark Code
Event No, or State (Octal)

22 c2 (1)

23 SHIFT ST

24 STIDLE(1)

25 Start at Evenf No. 6 126

3.2.14 Me.mory Field Register (MF) (Drawing No. 2)

The 3-bit memory field register (Drawing No. 2, location D1 and D2) uses data in the one
outputs of BAC bits 6 through 8 to provide extended data addresses for the memory extension control of
the PDP-8. The MF function requires a ground 0—=MF pulse input to clear each flip-flop and a -3V
LOAD STATUS B pulse input to load each flip-flop. The O0-——MF pulse is applied to clear the MF at
the end of each LOAD STATUS B pulse, The required delay is introduced by the LOAD STATUS B
pulse from device selection (Drawing No. é) as an input to PA location C2, The desired ground
0—*MF pulse output is delayed until the trailing edge of the -3V LOAD STATUS B pulse appears at
the PA input. When the MF has been cleared, the LOAD STATUS B input at event time three produces
either a =3V or ground level MF,(1), MFI(I), and MF,(1) depending upon whether the flip-flop has
been enabled by its BAC input. This information is returned to the PDP-8 memory extension control
through NAND gates {Drawing No. 2, location B3 and B4). Upon receipt of a READ STATUS B pulse
from the device selector, the -3V or ground level NAND outputs are transferred to their corresponding
memory extension control addresses IMé, IM7, and iIM8, Information contained in these NAND out-
puts represents the programmed extended address initially loaded into the MF by BAC 6 (1) through
BAC8(1).

3.2.15  Function Operations (Drawing No. 2)

Function bits FR1-FR3 of the status register A are decoded to provide one of the seven func-
tion levels which are used to select the tape unit operations, A description of the logical operations

within the conirol unit for each function is described in the following paragraphs.

3.2.15.1 Move Tape = The move tape function (MOVE) used to reposition or rewind tape is imple-
mented by a Load Status Register instruction which specifies all zeros in the Function Register FR1
through FR3 (Drawing No. 2). The move function allows the tape unit selected to move in the direction
specified by the motion register (MRO) until the end of tape zone is detected, without allowing data
transfers to occur.

The MR1(1) level from the motion register aliows the BRMI flip-flop to be set at the end of
the XSA DY delay and starts the tape motion in the direction specified by MRO. When "up-to-speed"”
is reached the mark-track information is read from the tape. If no select error is detected, the tape -
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motion continues and the mark-track information is read without effect on the operation until the end
zone is detected. The decoded end zone generates a MK END level (Drawing No. 3) which allows the
END flip-flop (Drawing No. 14} to be set by the TPO timing.

3.2,15.2 Search - The Search function is used to locate block numbers on tape. During this function,
all information is read from the tape, however, only block numbers are transferred to the PDP-8 where
the program performs a comparison of the information received with a specified block number to deter-
mine whether the two are the same.

The search function is initiated by an octal 1 in the function register FR1-FR3. When the
tape transport comes "up to speed, " the timing track pulses READ T TRK generate the TPO and TPI
pulses, (Drawing No. 6). The control operations performed are similar to the READ function. The
WREN (0) output allows the TP1 pulses to generate RWB SHIFT LEFT pulses which assemble the informa-
tion from tape in the RWB. The decoded mark-track information produces up to seven C-SYNCH levels,
the last of which generates the first ROTATE DB/RWB pulse and rotates the first half of the block num-
ber into the DB. Two more shift pulses are then generated at TPl times to assemble the next half of the
block number into the RWB, and the MK BLK MK signal is decoded to shift the state to ST BLK MK.

At the C3 (0) transition another ROTATE DB/RWB pulse loads the data buffer with the block mark infor-
ation and, at the same time, the TPO pulse generates a 1 — DF pulse (Drawing No. 5 at location D1)
to set the data flag generating a break request. In the normal mode, the DTF flip-fiop is also set to re-
quest a program interrupt to determine whether the block number transferred is the block number desired.
In the continuous mode the DTF is only set if a word count overflow WCO pulse is received.

Unless another function is specified, the contrel continues in the search function, the mark«
track decoding is performed and the data is assembled and shifted in the DB/RWB. The 1 —=DF pulse
which sets the data flag will not be generated, however, until the next MK BLK is decoded.

During the ST REV CK state, the 0 —=iPB and RWB 4 LPB are generated for the parity com-
putation. The parity has no significonce, however, during search and the PAR flip-flop is inhibited.

During the search function, the +1—=CA INH level, at location Bé, will prevent the incre-
menting of the current address cycle in the PDP-8.

3.2.15.3 Read Data - The read data function is normally performed after the program has searched and
and located the desiredblock number, Read data is specifiedby an octal 2 in functionregister FR1-FR3.
After the search function is completed, the control isnormally in the STBLKMK state. When the mark-track
information is decoded as a MK BLK START, the SHIFT ST pulse (Drawing No. 3) changes the state to
STREVCK. During the previous states of the search function the ROTATE DB/RWB and RWE SHIFT LEFT
pulses were generated. No data read, however, was allowed to be transferred to the processor.

The ST REV CH [evel enables the TP1 pulses to generate the 0 — LPB pulses (Drawing No. 5) which
clears the LPB., The RWB %~ LPB pulses, which exclusive ORs the 6-bit RWB information into the LPB,
are also produced during the STREV CH. This permits the reverse check word (the last 6-bit read) to
be included in the parity computation, and the last 0—LPB pulse clears the LPB before the first dafa
word is read. The 5T DATA is entered and the data is assembled and shifted by the RWB SHIFT LEFT
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and ROTATE DB/RWB pulses as described in the read and write sequence (Paragraph 3.2.16). Each time
a ROTATE DB/RWB pulse is generated, a RWB ¥ LPB pulse allows the parity computation to be performed.

If the WC register is set, indicating that o word-count overflow has not occurred, the 1—eDF
pulse (Drawing No. 5, location D2) af the C2(0) transition will set the Data Flag (DF) requesting the
3-cycle data break to transfer the word in the DB to the PDP-8. When the request is granted, the
ADDR AC pulse (location B5) clears the DF. The data-break request must be granted before the next
ROTATE DB/RWB or the information in the DB is no longer valid, and a timing error will occur as a re-
sult of the ROTATE RWB/DB pulse and the DF (1) level.

This sequence continues until the end of the data portion of a block occurs which is signified
by the ST CK state. When the ST CK flip=flop is reset, the contents of the LPB should contain all "ones"
or the parity error will be indicated by the LPB# 1 input which sets the PAR flip-flop. At this time in
the normal mode, the ST CK(1) pulse will generate 1 —=DTF pulse which will set the DTF flip-flop.

In the continuous mode, the DTF flip~flop will be set if a word-count overflow had been issved during
the previous data biock. If the DTF flip-flop is set, the programs must specify a new operation. If it

is not set and the continuous mode is specified, the operation will continve as previously described.
When a word-count overflow occurs during the middle of o data block, the data transfers will stop. The

remaining words, however, are read and parity is computed.

3.2.15.4  Read Ali Function - The real~all function, specified by an octal 3 in the function register

FR1-FR3, allows all information written in the data tracks on tape, including reverse check, block num-
bers, efc. to be read and transferred to the PDP-8 processor. Read all can be programmed initially or
after a search function which locates o specific block on tape before reading begins. When the tape had
reached speed, only one C~SYNCH level is required to set the DATA SYNCH flip-flop and the informa-
tion on tape is read even though it may not be synchronized. This can occur in the middle of a data
word on tape.,

The operations within the DB/RWB during the read all function are similar to the operations
which occur during the read-data function. The RWB SHIFT LEFT pulses (Drawing No. 5) are produced
at time TP enabled by the WREN (0) output to assemble the information into the RWB. The ROTATE
DB/RWB pulse then occurs as o result of the ROTATE ENABLE level and €3 (0} fronsition, causing the in-
formation in the RWB to be transferred to the DB. The same enable level and pulse fransition also gener-
ate anRWB ¥ LPB pulse which allows the parity computation. However, the parity flip-flop (Drawing
No. 14) is disabled during the read-all function. The next two RP1 pulses again produce two RWB
SHIFT LEFT pulses followed by another ROTATE ENABLE and RWB 3 LPB pulse. At this time, the C2(0)
input {Drawing No. 5), enabled by the READ ALL input will generate 1—= DF pulse which sets the DF
flip-flop, requesting a data break.

In the normal mode, with the FRO(0} V WRTM input applied, the 1—eDF pulse will also set
the DTF flip-flop requesting the program to specify a new operation. Although the next word is not
transferred, the setting of the data flag may result in o timing error requiring a new function to be speci-
fied or a similar operation to be performed. In the continuous mode with FRO(1), the DTF flip=flop is
set when the WCO pulse occurs from the PDP-8. The tape motion will continue, but no additional data

transfers will occur.

3-29



During the read-all function, although parity is computed, mark-track information is decoded,

and the state register changes, these operations have no effect on data transfer.

3.2.15.5 Write Data Function - The write data function, specified by an octal 4 in the function

register FR1-FR3, is used to write data on tape in the data areas assigned by the mark-track coding. The
write data function is normally initiated following o search operation which determines the biock posi-
tion on tape where the data will be written. The initialization process allows the tape to reach speed,
the DATA SYNC fiip-flop to be set, and the counter to be synchronized with the mark~track information,
Specifying write data before the DATA SYNCH flip-flop has been set will result in no operation.

When the write data function is specified after a search function, the control is normally in
the START BLOCK MARK state, The ST BLK MK (1) level is gated with the decoded window register
output MK BLK START level {Drawing No. 3, location D3) to generate a SHIFT ST pulse which sets
the ST REV CK flip-flop, changing the state of the control. Pulses O0-—=LPB and RWB + LPB, a se-
quence of pulses (Drawing No. 5) will load and clear the LPB during the reverse check state, However,
the reverse checksum which occurs one é=bit word before the data state will be included in the parity
computation. Pulse AO-—s DB generated during the ST REV CK by the C1(0) transition, clears the DB
and generates a 1— DF pulse at location C3 which sets the DF flip-flop and requests a data break.
The ST REV CK (1) level is gated with CO (1), location B2, to generate the WD EN level. This level
allows the WREN flip-flop to be set at the C2 (0) transition and enable the data to be written. During
the transition of C2 (0), the control enters ST DATA. The WREN (1) output, gated with TP at location
B7 produces the first COMP RWB 0-2 pulse, which is required for the write sequence. With the
WREN (1) flip-flop set, the RWB SHIFT LEFT pulses are produced at the C3 (1) transition. The sequence
for the write operation is described in Paragraph 3.2.16. If a word count overflow has not occurred
during the previous word, the data flag (DF) will be set each time the 0 —= DB pulse is produced. If a
word count overflow is issued during a previous word, the write sequence continues, but the DF flip-
flop is not set with the result that all zeros are written in the remaining block on fape.

At the end of a data block, the parity check character is loaded into the DB by the LPB
DBO-5 pulse that is produced by the positive transition of the second MK BLK END level which is en-
abled by ST FINAL, CO (1), and WRITE DATA. The LPB information is written on tape in the checksum
slot the same as a data word.

In the normal mode at the end of a data block, the positive transition of the 5T CK (0) level
will set the DTF flip-flop and in the continuous mode the same transition will also set the DTF flip-flop
provided that a word=count overflow WC (0) has occurred during the previous data block. The writers
are disabled ofter the parity is written by the WREN flip-flop which is reset by the ground WD EN level
produced when the data state is changed. The confrol continues to change states if DTF is not set and

begins writing again in the block and the operations repeat in the sume sequence.
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3.2.15.6 Write all Function - The write-all function, specified by an octal 5 in the bits FR1-FR3 of the

function register, allows nonstandard formats to be written on tape, such as the insertion of block numbers
or codes at unusual locations on tape.

This function can be preceded by the search function which determines the position on tape
where the information will be written and can be implemented at any time after the tape has come "up-
to-speed” after only one C-SYNCH level has been generated, which may cause the writing to be dis~
placed by a half word.

The positive transition of the WRITE ALL level, sets the W INH flip-flop (Drawing No. 5).
This prevents the WREN flip-flop from being set and inhibit writing at this time. The timing sequence
for the WRITE ALL function is shown in Figure 3-13. The positive transition when counter flip-flop C2
is set, will reset W INH provided that the WC flip=flop (Drawing No. 2), was previously set. The
0 —=DB pulse is also generated at this time resulting in a 1 —DF pulse requesting a data break to
write the first word,

If the write all function is specified before the middle of the area assigned on tape for a data
word, the first word will be written in the next data area which follows. If the function is specified
after the middle of the current data word position, the next data-word position will be skipped before
the data word is written. The write sequence then continues. Parity is computed during this function,
however, the LPB —= DB0-5 pulse which is required to write parity is not produced. The state register
continues to shift but has no effect on the operation,

In the normal mede, the 1—=DF pulse will set the DTF flip-flop generating an interrupt re-
quest when enabled by ENI (1). During continuous mode, when a word-count overflow occurs, the
WCO pulse will set the DTF flip-flop. The WC (0) level at this time will also set the W INH flip-flop

inhibiting the writing of future words on tape; however, the tape motion will continuve.

3.2.15.7  Write Timing and Mark-Track - The write timing and mark~-track functions, specified by an

octal 6 in the function register is used to format a new tape by recording the timing and mark-tracks
prior to the recording of data,

This function is only enabled with the WRTM/RDMK/NORMAL switch on the TCOI control
panel in the WRTM position and with the WRITE ENABLE/WRITE LOCK switch of the TU55 transport in
the WRITE ENABLE position. The control panel switch (Drawing No. 6) generates a SWTM level which
is gated with MR1 (1) and the WRTM level to produce the TM ENABLE levels. The TM ENABLE level
activates the 120 ke clock producing the CK1 and CKO outputs which generate the TPO and TP1 timing
pulses,

The CKO and CK1 and TM ENABLE outputs are applied to the T TRK write amplifier (Drawing
No. 15) to generate the pattern to be written on the timing track,

The TM ENABLE leve! (Drawing No. 6) resets the UP-TO-SPEED flip~flop resulting in a
0 —=WINDOW level which prevents mark-track information from being decoded. It also resets the
DATA SYNCH flip~flop preventing synchronization of the control operations,
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The WRTM and SWTM levels are gated with associated outputs to produce the WRITE SET level
(Drawing No. 5). At the C2 (0) transition, the WREN flip-flop is set and enables the data track ampli-
fiers (Drawing No. 15) to write the information contained in the RWB. The first word that is written on
tape, however, will be within the 10 ft of tape designated for the reverse end code and will not be read
during the read tape function.

The WREN (1) level allows the RWB SHIFT LEFT pulses, the ROTATE DB/RWB pulses, and the
COMP RWB0-2 pulses to perform the write operation as described in Paragraph 3.2.16, The ROTATE
DB/RWB at the C2 (0} transition generates the 0 —=DB puise which clears the DB and sets the DF flip-
flop, requesting the first word.

The programming format for the mark-track requires that the mark-track information appear
in bits 0, 3, 6, and ? of the data word. The information received by the mark-track write amplifiers
(Drawing No. 15) is from RWBO (Drawing No. 4). Therefore, the only data bits which appear in this
buffer are bits 0, 3, 6, and 9. This information also appears in data track T on tape which also receives
information from RWBO,

When the WRTM function is completed, the TM ENABLE levels are held active by the SWTM
and WREN (1) inputs (Drawing No. 6). Enough TPO pulses are produced to cause the C2 (0) transition
necessary to reset the WREN flip-flop {Drawing No. 5) and prevents the disabling of the write amplifiers

with write current.

3.2,16  Read and Write Sequences

The sequence of events that occur during the read and write functions are summarized in
Tables 3-2 and 3-3, respectively. Abbreviations and symbols used in these tables are defined in a list
of abbreviations in Chapter 2. The times of each event are specified in terms of control clock pulses
C2, C3 and timing pulses TP, [llustrations of the bit contents of the RWB and DB sections after each
event has occurred are shown in the diagrams in the last column of the tables. The DB/RWB registers
are shown on Drawing No. 2.

The events for the read operation in Table 3-2, are programmed to assemble a 12-bit data
word in the DB for subsequent transfer to the MB of the PDP-8 during a data break. At the start of the
assembly, the first three bits 0 through 2 of the data word are strobed from the read amplifiers into the
right half of the RWB (RWB 3-5). Bits 0 through 2 are then shifted left into the left half of RWB (RWB0-2)
and the second three bits (bits 3 through 5) of the data word are strobed into RWB3-5. At this time, a
parity check is performed on the first half of the 12-bit data word. The next event rotates the first half
of the data word from the WRB into one half of the DB (DB6-11), The same sequence is followed to
strobe the last six bits (bits 6 through 11) into the WRB and to perform a parity check on them. Another
rotation transfers bits 0 through 5 from DB6-~11 to another half of the DB {DBO-5) and bits 6 through 11
from the WRB to DB6-11. The 12-bit word is completely assembied in the respective halves of the DB
and is ready for transfer to the BMB of the PDP-8.
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The events for the write operation in Table 3-4 are programmed to request a 12-bit data word
from the PDP-8, store it temporarily in the DB, and transfer it in 3-bit segments to the write amplifiers.
The first half of the 12-bit data word is stored in one section of the DB (DB0-5) and the second half
(DB 6-11) in another section. A DB/RWB rotation transfers the first half of the 12-bit word into the
RWB and makes the first three bits (bits O through 2) available to the write amplifiers. A parity check is
then performed on the first half of the data word. In addition, bits O through 2 are complemented and
supplied to the write amplifiers. Then the contents of RWB are shifted left so thai bits 3 through 5 re~
place bits O through 2 in RWBO0-2, Bits 3 through 5 are now available to the write amplifiers in normal
and complement form in the same manner as bits 0 through 2.,

Event 7 on Table 3-4 rotates the second half of the data word into the RWB, where it is
available to the write amplifiers in the some sequence as that used for the first half of the word. During
this event, the next data word is requested and each half is temporarily stored in its appropriate section
of the DB as at the start of the sequence. The sequence for writing the stored data word can be started

as soon as the writing of the preceding data word is completed.

3.2,16,1 Read/Write Conirol Signals - The control signals which cause the read/write sequence to

occur are produced by the logic shown on Drawing No. 5. The timing sequence in relation to the infor-
mation transfer is shown on Figure 3-6, sheets 1 and 2,

The following paragraphs are descriptions of the control signals and their origin.

a. RWB SHIFT LEFT

The RWB SHIFT LEFT pulses are required to shift the RWB register to the left during the
read and write operations, Although several conditions must be satisfied to generate these puises, the
RWB SHIFT LEFT pulses for reading occur at every TP1, those for writing at every other TPO.

The network for generating RWB SHIFT LEFT pulses (shown on Drawing No. 4, location B7)
includes two DCD input gates. One gate initiates pulses for the read operation and is enabled when the
write-enable (WREN) flip=flop is reset. When the ground TP1 pulses appear at the input to the DCD
gate, the PA produces corresponding ground WRB SHIFT LEFT puises. The other DCD gate initiates
pulses for the write operation and is enabled when the WREN flip~fiop is set during the write functions.

The RWB SHIFT LEFT pulses generated are supplied as inputs to Drawing No. 4.

b. COMP WRBO0O-2

Ground COMP RWB 0-2 pulses are required to complement RWB flip-fiops 0 through 2 in
Drawing No. 4, to convert the bits contained in the flip-flops to the complementary form. This opera-
tion is performed because of the phase recording method used which requires that the word bits be fur~
nished in complementary as weil as in normal form. The COMP RWB O through 2 pulses occur at every
TPi.

The DCD input gate {Drawing No. 5, location B7) for the PA which generates COMP RWB 0-2
pulses is enabled when the write-enable (WREN) flip-flop is set. When TP1 pulses appear at the gate
input, the PA produces ground COMP RWBO0-2 pulses for application to RWB0-2 (Drawing No. 4.) The
COMP RWBO-2 output is also used as an enabling input for the generation of RWB % LPB pulses.

3-43



¢. Rotate DB/RWB

The ROTATE DB/RWB pulse, location B7, is required to transfer the contents of the RWB

to DBé~11, the contents of DB6-11 to DBO-5, and the contents of DB 0-5 to RWB 0-5,

The pulse is generated when the counter register is reset by the 1000 —C3 pulse and by the
C3(0) transition when the ROTATE ENABLE level is present. Before the counter is in synchronization
with the mark-track information, no ROTATE DB/RWB pulses will occur during the search or read dota
functions. During the search function, this allows the ROTATE DB/RWB pulse to be synchronized with
the first six bits of the block number preventing the block numbers from being out of sequence.

d. 0—=DB

The 0 —=DB pulse, location Cé (Drawing No. 5) is generated to clear the DB and to re-
quest the next word for data transfer during write operations. During the write data function, the ST
REV CK (1) gated with the WRITE DATA level to generate the 0—=DB during the reverse check state to
allow the first word to be available when the ST DATA is entered. The 0—=DB pulses are then pro-
duced at the second gate circuit by the ROTATE DB/RWB when pulse WREN flip-flop is set.

During the write-all function the first data word is made available by the 0 — DB pulse
enabled by the third gate when the ROTATE DB/RWB pulse is produced. The subsequent 0 —= DB pulses
during this function are produced by the second gating circuit previously described.

e. BMB—DB

The ground BMB—=DB pulse (Drawing No. 5, location B2} is used to load the DB regis-
ter in Drawing No. 4 with the data bits, BMBO-BMB 11 from the PDP-8 memory buffer.

The BMB-DB ground pulse is produced by the T2 timing pulse input, from the PDP-8 at pin T
of connector W021, location A3. The T2 pulse is inverted by S107 and gated into PA403 when the
ground DATA OUT level is produced. When a PDP-8 Data break has been granted, the -3V B(BREAK)
level at pin P of connector W021, location B5, is gated with -3V FR1 (1} level, produced during a write
function or select error, to produce the DATA QUT levels.

3.2.17  Longitudinal Parity Buffer Operation

The longitudinal parity buffer (LPB) (Drawing No. 3, location BI1-B4) performs the parity
check of the information in the data tracks. Essentially the parity check reads the number of binary
zeros in each half of 12-bit data words and forms a parity bit which is recorded in the checksum control
word at the end of the data block., The checksum is computed by complementing the bits of the LPB
when the respective bit of the RWB is a 0. The LPB register outputs are gated at location B2 (Drawing
No. 3) to produce the LPB=1 and LPB#1 levels. If all LPB register flip-flops are not set during a read
data operation, the LPB#1 level will set the parity flip-flop (PAR}(Drawing No. 14) indicating a
parity error has occurred.

At the end of a write data operation, the contents of the LPB is gated into DB 0-5 to be writ-
ten after the last data word,
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3.2,1Z.1 LPB Control Signals - The signals which control the LPB operations are defined in the follow-

ing paragraphs and are produced by the logic shown on Drawing No. 5. The timing sequence for these

signals are shown on Figure 3-6, sheets 1 and 2.
a. Q0—=LPB Pulse

The 0—=LPB pulse clears the LPB at the beginning of each block. Six pulses are gener-
afed by TP1 during the reverse check state, STREV CK (1) to initialize the LPB register for computation
of the parity character, However, only the last pulse is required for the operation.

b. RWB % LPB Pulse

The RWB % LPB pulse is used to perform the parity computation from the RWB to the LPB,
The parity is computed at the same time the ROTATE DB/RWB pulse is generated during a read operation
and at the same time the COMP 0-2 pulse is produced during the write operation,
c. LPB—=DBO-5

A LPB—=DB0-5 pulse, location C7, is required at the end of the ST FINAL block to
initiate the formation of a parity bit for recording the checksum control word at the end of the data
block.

The enabling conditions used for the generation of the LPB—DB 0-5 pulse are a WRITE
DATA level from the function decoder, ST FINAL (1) level from the state counter, and a CO (1) level
from the control clock. When a ground MK BLK END pulse from the mark-track decoding network ap-
pears at the gate 603, LPB—DBO0-5 pulse is produced. This pulse is transferred to the RWB and DB
registers in Drawing No. 4 for use in gating information received from LPBO (1) through LPB5 (1) into
corresponding DBO-5.

3.2.18  Power Clear (tnitialize) and Error Stop Logic

The PDP-8 Processor produces, and transmits to the TCO1 control logic, o series of power clear
(PWR CLR) pulses whenever the processor is started or stopped. The PDP~8/1, under these same conditions,
generates a single pulse called INITIALIZE, These pulses, inverted at location A3, Drawing No. 14,
are applied to the PA, location C2, together with the error stop signal, to generate the PWR CLR + ES
pulses. The error stop signal is produced by monitoring the outputs of the error flip-flops MKTK, SEL,
TIM, and END af location C4. When a (1) condition exists on any input to the NOR gate, as a result of
an error, the ERROR STOP level will be produced. The ground PWR CLR pulses are used to reset the
DATA SYNC flip-flop, WREN flip-flop, MF 0-2, DTF flip-flop, and the DF fiip-flop when power is
initially applied or removed from the PDP-8. In addition, the ground PWR CLR + ES signal will continy-
ally set the U + M flip-flop (Drawing No. 6) enabling the delay to prevent UP-TO-SPEED flip-flop from
being set during the detection of an error or when the PWR CLR (INITIALIZE) pulse(s} are received.
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3.2.19  Increment CA Inhibit (+1 = CA INH)

The +1 — CA INH signal (Drawing No., 5, location B6) is generated during the search function
to prevent the incrementing of the current address. When the current address (CA) is not incremented,

the block number is placed in core memory at the same location for each block number fransferred.

3,2,20  Address Accepted

The address accepted pulse (ADDR ACC) (Drawing No. 5, location B5) is received at con-
nector W021 from the PDP-8 during the 3-cycle data break. This pulse clears the DF flip-flop when the

fixed data address, specified by the control, has been accepted for data transfer,

3.2.21 Transfer Direction

Function bit FR1 is used to indicate to the PDP-8 processor the direction of data transfer.

During write functions, bit FR1 of the function register is "one, " indicating transfer out of the PDP-8.

3.2.22 B RUN Level

The B RUN level input is received from the PDP-8 at location A2, Drawing No, 14. The
B RUN (0) input, indicating that the PDP-8 is stopped, is used to reset the motion register flip-flops
MR1 and BMR} (Drawing No. 2) and is applied to the TU55 transports to halt all transport motion.

3.2,23 Fixed Address

The fixed address is a preselected {wired) memory address specified by the TCO1 control. The
address is determined by logic levels applied to DATA ADDR (0-11) at connector WO21 location A5-A8,
Drawing No. 2. This address determines the memory location of the data which is transferred to the

memory buffer in the PDP-8 during the 3-cycle data break,

3.2.24  Interrupt Request

The INTERRUPT REQUEST level {location B1, Drawing No, 6} from the control is used to
initiate a program interrupt in the PDP-8 processor, The interrupt enable is determined by the status of
the ENI flip~flop (Drawing No. 2). When ENI is set, either an error flag EF (1) input or DECtape flag

DTF (1} will result in the request for a program interrupt.

3.2.25 ERROR FLAGS (EF)

The five flip-flops (Drawing No. 14) produce error signals at the occurrence of any of the
errors listed under the STATUS B functions in Table 2-4, When a specific type of error occurs, the error
detection circuits shift the appropriate flip=flops to a 1 state.

The error input conditions that initiate a specific type of error signal are as shown in
Figure 3-14. All error flip-flops are cleared by either a ground B PWR CLR pulse or a ground pulse
from the output at focation Cé. These pulses are produced when a BAC 10 (0) level from the PDP-8
and a XOR STATUS A pulse from the device selector appear simultaneously at the gate input.
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When any error signal except PAR appears at one of the inputs to NOR gate location B4, the
gate produces an ERROR STOP output level. This output is used in forming the PWR CLR+ES signal.
The same output is also passed through an inverter to produce an error flag EF (1) or EF (0) level. EF (1)

and EF (0) levels are also provided when a PAR error signal appears ot the input of inverter at location
B3.

| ERRCA CHECK I

MK TK (1)
(MARK TRACK
ERROR}
END (1)
{END ZONE
ENTERED)
SEL (1)
{SELECT
ERROR}
PAR (1)
PARITY
ERROR}
TIM (1}
ITIMING -
ERROR)
I
EF (1)
{ERROR
FLAG)
NOTES:
2 MK TK (1) = CO(IAMOVEAST IDLEID)AST BLK MARKLO) F ERROR
A {MK BLK START YyMK DATAY MK DLK END STOP
VMK END) PULSE
3 SEL () = XSA DY A[IWRTMASWTR)AFRICOAWITE O -
VIWRTM ASWTMIV (ROMK AREAD ALL)
V(SINGLE UNIT)) -
4. PAR (1) = STCK(G}AREAD DATA ALPE w1
5 TIM (1) = {t-=DTF ADTF{N}v (ROTATE DB/RWEAOFCI) F NG
PROG. INT.
V(XSADAST BLK MARK(O) AST IDLELO)) REQUEST

PROG. INT
REQUEST

Figure 3-14 Error Check Flow Diagram

The EF (1) level resulting from any of the error signals is passed through another inverter to
produce a corresponding complementary EF (1) level. Ground level EF (1) serves as one of the inputs to
the NAND gate (Drawing No. &6, location B2) for generating an INTERRUPT REQUEST level while the
-3V EF (1) level is used as one of the inputs to the NAND gate (Drawing No. 2, location B8), This

gate, and similar ones for specific errors, are enabled by o PDP-8 READ STATUS B instruction to provide
outputs which show the status of the TCO1.
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3.2.25.1  Mark-Track Error (MK TRK) = A MK TRK error signal is produced by MK TRK flip-flop

(Drawing No. 14, location D6) when information read from the mark channel is erroneously recorded.

When MK TRK errors are detected by the input gating, the gating output enables the DCD input gate of
the flip-flop. A ground CO (0) pulse from the control clock will set the flip-flop to a 1 state. A ground
CO(0) pulse indicates that a 6-bit character has been read from the mark=-track and is in the window,
One input to the MK TRK gating circuit represents one of four mark-track codes which is
MK BLK START. These codes appear at times throughout the reading of the DECtape.
Other inputs to the gating circuit prevent MK TRK error indications during a MOVE function
and during the ST IDLE and ST BLK MARK intervals. These intervals are indicated by -3V ST IDLE (0)
and ST BLK MARK (0) levels. The MK TRK decodings are not valid during the ST IDLE and ST BLK MARK

intervals because the control may not be synchronized with the DECtape at these times,

3.2.25.2 Select Error (SE) - A select error (SE) is produced by SEL flip-flop {Drawing No. 14) when
any of the select errors listed in Table 2-4 are detected. After the input gate is enabled by an SE de-

tection signal, the flip-flop is set by o ground XSA DY pulse at the gate input,

The following conditions will result in an SE error:

a. WRTM - SWTM: MCP switch is not set on WRTM while PDP~8 program is atiempting to
write timing and mark data on new tape.

b. WRTM:SWTM: MCP switch is set on WRTM while PDP-8 program has specified another
function.

c. FR3(1): WRITE OK: DECtape transport control switch is set on WRITE LOCK while
PDP-8 program is attempting to write,

d. RD MK« READ ALL: MCP switch is set on RD MK but READ ALL function is not speci-
fied by PDP-8,

e. The function register contains a binary 111 which is not a legal function,

In addition to the conditions listed, the single unit comparator circuits shown on Drawing
No, 14, {location A5) monitors the single unit line from the TUS5 transports and generates a select error
(SE) output if the line indicates either no units or more than one unit have been selected. This is effec-
tively accomplished by noting the resistance of the SINGLE UNIT line and generating a ground select
error level (SE) if the resistance is not within the specified limits.

With no units connected, the voltage at pins E and K of comparator W520 is ~9V. The
voltage at pin D and pin L is held constant at 7.5V and -5V, respectively, by the resistance network
consisting of R1, R2, and R3. When this condition exists, pin D being more positive than pin E will
cause a ground level SE output at pin H indicating a select error. When one unit is selected, the resis-
tance of the line which is effectively in parallel with resistor R5, results in a voltage at pin K which is
between the constant voltage at pin D of =7.5V and pin E of -5V. This voltage condition prevents the
difference amplifiers from conducting, and the output at pin H and N will be -3V indicating a no-error
condition. If more than one unit is selected on the line, the resistance in parallel with RS will be de-
creased resulting in o voltage at pin K more positive than the =5V at pin L and the difference amplifier

will conduct, resulting in a ground SE output at pin N.
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3.2.25.3  Parity Error (PAR) - A PAR error signal is produced by PAR flip-flop (Drawing No. 14,
location D4), during a READ DATA function if the LPB check at the end of the data block does not equal
1. The READ DATA and LPB #1 levels at the inputs of NAND gate (location C4) indicate the error
condition and enable the DCD input gate to the flip-flop. Then a ground ST CK (0) pulse at the gate
input will set the flip-flop. A ST CK (0) pulse occurs at the end of a data block.

3.2,25.4  Timing Error {TIM} = A timing error (TIM) is produced by the TIM flip-fltop (Drawing No, 14)
when any of the TIM error conditions listed in Table 2-4 are detected.

One operation that produces a timing error is to ROTATE DB/WRB when a DF (1). An error
occurs because the data in the DB is no longer the same as it was at the instant the DF was set. The ifle-
gal operation is indicated to the TIM flip-flop when a ROTATE DB/WRB ground pulse appears at the DCD
input gate at a time when the gate is enabled by a DF (1) ground level,

Another TIM occurs when a | —= DTF ground pulse appears at the input to the DCD input
gate of PA $603 (location D4) at a time when this gate is enabled by a DTF (1) ground level. This ille-
gal condition means that the TCOI is attempting to set the DTF at the end of a current operation but that
the program did not clear the DTF at the end of the last operation. The error is indicated to the TIM
flip-flop by collector triggering its 1 output with the ground level generated by the amplifier,

A third TIM occurs when -3V levels appear simultaneously at each input to 4-input NAND
gate (location D3}, This condition is illegal because it indicates that an attempt is being made to
READ DATA or WRITE DATA while passing over the data position on the tape. The -3V ST BLK MARK (0)
and ST IDLE (0) input levels indicate that the head is not passing over the ST BLK MARK and ST IDLE
blocks and therefore is passing over the data position, The ~3V XSAD input is a standard 100-ns pulse
which is generated by PA S603 (location C1 (14C1)) 400 ns after receipt of an XOR STATUS A pulse.
When all inputs to the NAND gate are -3V, the resulting ground level is used for collector triggering
the | output of the TIM flip-flop.

3.2,25.5 End Error (END) - In normal operation the window register contains an end'zone code (222)

when the end zone of the DECtape is reached. At this time the ground level at the window decoder out-
put serves to enable the DCD input gate to the END flip-flop (Drawing No. 14, location D3). When
the next TPO appears at the gate input, the flip-flop is set. A ground level at the 0 output of the END
flip-flop indicates an error it it is not expected by the program but is legitimate if used to indicate the
end of a nomal operation {e.g., rewind).

3.2,26 DECtape Flag (DTF)

The DECtape flag (DTF) network in the top center of Drawing No. 5 provides appropriate DTF
output control levels which indicate the completion of specific operations.

DTF flip=-flop is cleared by either collector triggering its 0 output with a ground level from
NAND gate R123 (location D5) or by the appearance of a PWR CLR ground pulse at its direct clear in-
put. A ground level for clearing through the 0 output is provided when a -3V BAC 11 (0} level from the
PDP-8 and a -3V XOR STATUS A pulse appear simultaneously at the input to the NAND gate. When
cleared, o ground 1—=DTF pulse from one of three input gating circuits will set the flip~flop to a |

state.
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The inputs to gating circuit location Cé indicate the following conditions:

a. FR3(1}: selection of any one of the SEARCH, READ ALL or WRITE ALL functions by
function register.

b, WRTM: selection of WRTM function by function register.

c. FRO(1): selection of CM of operation,

When a FR3 (i) or WRTM ground level and a -3V FRO (1) level appear at the gating cireuit
input, the resulting ground level enables the DCD input gate to PA 5603 (location C5). . A ground WCO
pulse input at the DCD input gate will produce the desired PA output pilse. The ground WCQ input
pulse is necessary because DFT settings in the INM are inhibited in the CM until a WCO has occurred.

One of the DCD input gates to PA 5602 (location C4) is enabled when u -3V WRTM +FR3 (1)
and a =3V FRO (0) (indicating NM) appear simultaneously at the inputs to the NAND gate. Then when
a ground 1—DF pulse is applied to the DCD gate, the PA generates the desired | —=DTF pulse.

Another input gating network controls the generation of a T——=DTF pulse at the start of the
parity check in the NM or CM, In the NM, either a ground level READ DATA or WRITE DATA input
from the function decoder plus a FRO (0) level input enables DCD input gate (5D4). Then the appearance
of a ground 5T CK (0) from the state register {Drawing No. 3) at the start of the parity check causes the
desired 1=—=DTF pulse to be generated. In the CM, an enabling input is applied to the DCD input gate
when the RD+WD, FRO (1) and WC (0) inputs are ot -3V,

3.2,27 Panel Indicator Drivers

The indicator drivers in Drawing No. 12 control the indicator lamps on the Mainfenance
Control Panel. These lamps are remote indicators of various TCO1 flip-flops and are lighted when a -3V

level from the 1 ouiput of the respective flip-flop appears ot the input of the indicator driver.
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CHAPTER 4
INSTALLATION

This section contains general information on the instaliation and maintenance of the TCOI
DECtape control. The installation procedures refer to a single cabinet installation of both TCOI control
and two TU55 DECtape transports. Installation information for mounting additional TU55 transports or

TCO1 control in an existing cabinet is available upon request.

4.1 INSTALLATION PROCEDURES

The TCO1 DECtape control and associated TU55 transports are shipped either as a single unit
cabinet mounted and crated or as individual units to be installed in an existing cabinet, The installa-
tion information in this chapter refers primarily to cabinet mounted units as the requirements for separate
units vary according to the specific existing system.

Upon receipt of the unit, an initial visual inspection should be performed to insure that no

obvious physical damage has been incurred during shipment.

4.1.1 Site Preparation

No special site preparafion is required for the installation of the TCOT unit, Adequate
clearance must be provided for proper installation and for servicing. Figure 4-1 shows the installation
dimensions required by the unit.

When the cabinet is not physically attached to the PDP-8 console, both the power and signal
cables enter through holes provided in the base of the cabinet. Casters are mounted on the cabinet base
to enable the unit to be easily positioned and to allow sufficient clearance for the cables. No sub-

flooring is normally required.

4.1,2 Environmental Conditions

The environmental conditions for the proper operation of the TCO1 control unit are limited by
the magnetic tape used with DECtapk. The acceptable environmental conditions for the magnetic tape
are an ambient air temperature between +60°F and +80°F with a relative humidity level between 40%
and 0%, The TCO1 DECtape control operating environment is the same as that required by the PDP-8
processor.

The installation site must also be as free as possible from excess dirt and dust, corrosive

fumes and vapors, and strong magnetic fields

4,1.3 Power and Cable Requirements

The TCO1 control and associated TUS5 transports operate from single phase line voltage of
105V to 125V, 60 ¢/s. The maximum current requirement is dependent on the number of TU55 transports
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Figure 4-1 TCOI Unit Single Cabinet Installation Dimensions

included in the system. The maximum current requirement for the TCOI control is 4A, and each trans~
port requires approximately 2A maximum. A Hubble, 3-terminal, 220V twisi-lock flush receptical
rated at 30A with ground neutral should be installed near the site of the cabinet to allow connection to

the power cable supplied.

Figure 4-2 shows the internal and external cable interconnections as viewed from the rear of
the cabinet. All other interconnections between TCO1 panel assemblies are facilitated by the panel
wiring which is exposed to the front of the cabinet.

Panel locations DTAQ] through DTAT1 are connected by panel wiring to panel locations
DTFO1 through DTF11. This allows the interconnecting cables to the PDP-8 processor to be attached to
the botiom of the TCO1 unit and the cables to additional peripheral units to be connected to the DTA

locations.

4.1.4 DECtape Signal Connectors

The following cable connectors are used to interface the TCO1 control to the TUSS transport
and PDP-8 processor. A description of the cable connectors are listed in the Digital Logic Handbook
C-105.
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a. Connector WO21 =16 pin card connector to interface the PDP-8 and TCO1 control.
b, Connector W023 - 18 pin card connector which provides signals to the maintenance con-

trol panel and to the TUS55 transport.
c. Connector WO32 -32 pin double card connector which provides analog read/write signals

to and from the heads of the TUSS transport.



CHAPTER 5
MAINTENANCE

The information contained in the following paragraphs is required for servicing the TCOI
DECtape control. Information pertaining to the TU55 transport is contained in the TU55 DECtape

lnstruction Manual listed in Paragraph 1.3.

The maintenance procedures contain a description of the switches and indicators on the
maintenance control parel and general preventive maintenance instructions. When used in conjunction

with the PDP-8 operating program and the TCO1 maintenance programs, the control panel provides a

visual indication of the operating state and content of the TCO! control.

5.1 MAINTENANCE EQUIPMENT

Table 5-1 is a list of the equipment recommended for servicing the TCO1 control in addition

to the standard hand tools normally required.

Table 5-1
Maintenance Equipment
Equipment Manufacturer Model
Multimeter Triplett or Simpson 630-MA or 260
Oscilloscope Tektronix Series 540 or 580, with
Type CA differential
arplifier
Head Cleaner kit (8705) Potter P/N A 425 484
Variable Power supply DEC 730 or 765
Module extender* DEC 1954

* Furnished with the PDP-8 Processor

5.2 MAINTENANCE CONTROL PANEL

The maintenance control panel on the DTA/DTB mounting panel is located at the cabinet

front, behind the access doors. The panel contains a switch used in the operation of the TCO1 and in-

dicators which display the status and information in the control,

Table 5-2 lists the function and panel designation of the switch and indicators shown on

Figure 5-1. The number of indicators for each designation is enclosed in parenthesis in Table 4-2.
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Figure 5=1 Maintenance Control Panels (Switch and Indicators)
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Table 5~2
Switch and indicators
{Maintenance Control Panel)

Designation

Function

STATUS (Indicators)
USR (3)
MR (2)

FR (4)

ENI(1)

us (i)

WC (1)

MR (Indicator)
t)

END (Indicator)
M

SE {Indicator)
)

PAR (Indicator)
(1)

TIM (Indicator)
1m

STATE (Indicators)
BM (1)

RC (1)

DN
F(1)
c )
£(1)

Indicates the contents of the unit select register,

Indicates the status of the motion control regis-
ters which selecis; stop, go, forward, reverse.

Indicates the contents of the function register.
FR (0) Normal/Continuous Mode.
FR(1-3) Octal code of the selected function.

Lights to indicate that the TCO1 is encbled to
the PDP-8 program interrupt.

Lights to indicate that the selected TU55 transport
has reached the required speed for reading or
writing.

Lights to indicate a word count overflow has not
yet occurred.

Lights to indicate that a mark-track error has
been detected.

Lights to indicate that the end of tape has been
defected.

Lights to indicate that a function select error, or
no transport selected, or more than one transport
selected.

Lights to indicate that a parity etror has been
detected,

Lights to indicate a program timing fault.

Lights to indicate that the Block Mark state is
activated,

Lights to indicate that the Reverse Check state is
activated,

Lights fo indicate that the Data State is activated.
Lights to indicate that the Final State is activated.
Lights to indicate that the Check State is activated.
Lights to indicate that the Idle State is activated.




Table 5-2 {Cont)
Switch and Indicators
(Maintenance Control Panel)

Designation Function

DATA BUFFER {Indicators)

(0-2)(3-5) (6-8)(9-11) Indicates the content of the data buffer register.
RWB (Indicators)
(0-2)(3-5) Indicates the content of the read/write buffer
register.

DTF (Indicator)

1)) Lights to indicate that the DECtape flag is set.
DF (Indicator)
{1 Lights to indicate that a data flag is set requesting

a data break.
W (Indicator)

(1) Lights to indicate that the write enable level is
activated.

LPB (Indicators)

(0-2)(3-5) Indicates the content of the longitudinal parity
buffer.

COUNTER (Indicators)

C0,C1,C3 Provides indication of the 6-count function of the
counter register used for mark-track decoding.

C2,C3 Provides an indication of the 4-count function of
the counter register used for assembling data
words.

5.3 DEC MODULES

The standard DEC modules used on the TCO1 control are described in Digital Logic Handbook
C-105 except for medules G882, G008, and GOO0?, which are described in the following paragraphs.

One spare module of each type is generally recommended to facilitate maintenance of the TCO1 control.

5.3.1 Module Locations and Complement

The position of the modules within the mounting panels, as viewed from the wiring side, is
shown in Drawing D-MU-TCO01-9 (sheets 1 and 2)of Chapter 6. In this drawing, each module is repre-
sented by a rectangle with the module type designation at the top. Each rectangle in turn is subdivided
fo show the circuiis that are contained on the module. In general, the circuits are identified by the
logic signal(s) available at the circuit outputs.

Table 5-3 lists the type and quantity of modules used in the TCOI and references the figure
number of the module schematic diagrams (Figures 5-5 through 5-24).
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5.3.2 Circuit Descriptions

The following circuit descriptions are provided to supplement the information in the Digital
Logic Handbook C-105.

a. MANCHESTER READER/WRITER G882
The Manchester Reader/Writer G882 is a standard size FLIP CHIP module for use in read-
ing and writing one channel of DECtape Type 55 Microtape. Each module contains two write amplifiers
and one high-gain differential read amplifier. The read amplifier saturates with a 1 mV input.
b. MASTER SLICE CONTROL, G008, and Sense Amplifier G009
The Master Slice Control, GOQOB, is a standard size FLIP CHIP module which supplies
slice and clamp voltages for the 2-input Sense fAmpIifier G009, The schematic diagram for the G008
and GO0? modules are shown on Figures 5-2 anid 5-3, respectively.

Terminal connections between moduiles G008 and G009 are as follows.

G008 GO09
Voltage ~ Terminals Terminals
Ist stage clamp : M,B K,B
2nd stage clamp : N, B N, B
slice H,A 5,D

Each voltage circuit contains a zener diode network with silicon diodes for temperature
compensation. Emitter follower stages provide ;currenf drawing capability and low impedance outputs.
The first stage clamp voltage is fixed while rhei second stage clamp voltage and the slice voltage are
adjustable. '

The output characteristics are as follows.

I1st Stage Clamp M, B is fixed at +3,9V with respect to =15V,
2nd Stage Clamp N, B is variable from +0.6 to +11.3V with respect to =15V,
Slice Level H, A is variable from 0 o -11.6V with respect to +i10V.

The power requirements of the module are -15V/45 ma; +10V(A)/0 ma; and +10V (B)/70 ma.
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Figure 5-2 Master Slice Control, G008
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T;ble 5-3

TCO1 Module Complement
Number l
Required Type | Description Figure
1 G008 Master Slice Control 5-2
1 Go09 Sense Amplifier 5-3
5 G882 Manchester Reader/Writer 5-4
11 ROOZ2 Diode Network 5=5
2 5107 Inverter 5-6
9 S111 Diode Gate 5-7
4 R113 ﬂ:iode Gate 5-8
7 R123 Diode Gate 5-9
1 R141 Diode Gate 5-10
2 S151 Binary-to-Octal Decoder 5-11
3 R201 Flip-Flop 5-12
20 $202 Dual Flip-Flop 5-13
4 5203 Triple Flip-Flop 5-14
8 5205 Dual Flip-Flop 5-15
1 R302 Ijelay (One Shot) 5-16
2 R303 Irél’regrc:ﬂng (One Shot) 5-17
1 R401 Variable Clock 5-18
4 5602 Pulse Amplifier 5-19
7 5603 PUlse Amplifier 5-20
! WO005 Clamped Load 5-21
8 WO050 30 MA indicator Driver 5-22
2 w103 Device Selector 5-23
1 W520 Compﬁrufor 5-24

Module Characteristics

The terminals for the module are shown in Figure 5-4. The input and output characteristics

are as follows.

Reader Inputs E, D - are differential signals centered at ground. The input impedance

is approximately 400 ohms to ground. A nominal input signal is a sine wave between

5 ke and 30 kc.

Reader Outputs U, V - are standard DEC levels of -3V and ground. The outputs can

drive 10 ma of load at ground.
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Writer Inputs - N, R, and P are standard DEC levels of -3V and ground. The input

load of 2 ma is shared by the inputs at ground level.

Writer Outputs = J and K, are nominal 180-ma current pulses from ground to =15V,

The power requirements of the module are +10 (A)/18 ma and =15 (B)/235 ma. The marginal
check limits in both cases are £20%.

Both the reader and the writer circuits are refurned to o common C, F ground,
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Figure 5-4 Manchester Reader/Writer, G882
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Figure 5-23 Device Selector, W103
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5.3.3 Module Replacement Procedure

When necessary fo remove modules, the procedure is as follows.

a.
b.

damage to plug connections and the printed-wiring board.

Turn off all power to the Type TCO1 DECtape Control.
Gently pull the module from the mounting panel. Use a straight even pull to avoid

Access to adjustment controls on the module or access to signal tracing points can be gained
by removing the module, connecting a Type W980 Moduie Extender into the mounting panel, and in-
serting the module into the extender,

5.4 POWER SUPPLY 779

Power Supply 779 is a dual power supply unit designed for installation on a plenum door.
One of the supplies furnished +10V and -15V suitable for logic power; the other is a lightly filtered,
center-tapped 30V floating supply suitable for furnishing power to solenoids, etc. The -15V outputs of
the power supply are connected in parallel to supply logic power to both the TCO1 and TUSS5 transports.
The schematic diagram of this power supply is shown in Figure 5-25 and the electrical characteristics
are listed in DEC System Module Handbook C-100.

115 Vac, 60 c/s (105V to 125V)
+10V; -15V; center-tapped 30V (+15V -15V)
8A (limited by curve)

+10V regulated to 9-11V; all +15V supplies
regulated to 14-16V

Input voltages:
Output voltages:
Maximum output current:

Line load regulation:
{under all line and load
conditions)



Ripple: 1V at +10V; 500 mV at ~15V; 2.5V ot 30V

Size frequency regulation: +3%

Maximum voltage between 300V
cutput and chassis:
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" Figure 5-25 Power Supply Type 779, Schematic Diagram

5.4.1 Mechanical Characteristics

Pertinent mechanical characteristics of Power Supply 779 are as follows,

Panel width: 16-5/8 in,

Finish; Chromate conversion, coating
Power input plug: Jones No. 141 strip

Power output plug: Heyman tab terminals

5.4.2 Power Supply Checks

The use of a multimeter permits output voltage measurements to be made on the Type 779
power supply without disconnecting the power supply. An oscilloscope should be used to measure the
peak-to-peck ripple content of each dc output voltage. Because the power supply is not adjustable, a
unit that does not meet the following tolerances should be considered defective and steps should be taken
to correct the deficiency!



Nominal Output

Voltage Voltage Maximum Peak-to=Peak
Outputs Range Output Ripple Voltage
{(volts) {volts) (volts)
+10 9-11 1
-15 14-16 0.5

+15 (for center tapped 30V circuif)

5.4.3 Marginal Checks

Marginal checks are performed to aggravate borderline circuit conditions within the control
logic and thus produce observable faults. By recording the bias voltage levels at which circuits fail,
progressive deterioration can be plotted and expected failure dates can be predicted. This procedure
provides a means for planned replacement. Marginal checks are also useful as a troubleshooting aid to
locate marginal or intermittent components (e.g., deteriorating transistors).

Marginal checks are performed by operating the logic circuits from an adjustable external
power supply located in the PDP-8 or a DEC Type 734B Dual Variable Power Supply. PDP-8/1 supply is
not varied for marginal checks; marginal checks however, can be made with an external supply. Raising
the bias level above +10V increases the transistor cutoff required to be overcome by the preceding tran-
sistor, thus causing a below=-par transistor to fail. Lowering the bias level below +10V reduces the tran-
sistor base bias and noise rejection, This procedure provides detection of high~leakage transistors and
simulates high-temperature condifions for checking thermal runaway. Raising and lowering the =15V
supply has little effect on the logic circuits because the collector load voltage of most modules is
clamped at =3V. It does, however, increase and decrease the output pulse amplitude of the pulse ampli-

fier circuits (e.g., the delay circuits) and then provides a sensitivity check of the circuits which follow.

CAUTION

Increasing the =13V power to a value more negative than -18V
will cause damage within the logic circuits.

The panel for conducting marginal checks of the Type TCO1 DECtape Control is located at the
left-hand side of the wired panel assembly, When switched on (up), switches 1A through 1F apply power
from the marginal check bus; when switched off (down), normal power is applied. The "up" position of
the top switch on each panel selects the marginal check voltage of +10V. The "down" position selects
the fixed voltage of +10V. The lower switch of each panel performs the same function with the -15V.

A color-coded connector on the right side of each panel connects the normal and marginal
operating voltages to the marginal check panel. The normal and marginal power buses are common to
all panels. The normal power bus is connected to the Type 779 Power Supply, the marginal power bus
to the marginal check power supply on the PDP-8,
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A marginal check is performed as follows,

a. Set selector switch on marginal-check power supply to +10 Mc and adjust the power
supply output for +10V.,

b. Start DECtape operation in a normal program or in a routine which fully utilizes the cir-
cuits in the rack to be tested. If no svitable program is availoble in the normal system application, se-
lect an appropriate maintenance routine, The maintenance programs provide basic exercises of specific
functions and scope loops for these functions as well as a routine which redundantly exercises all
functions.

c. Set the top normal/marginal check switch on the panel to be tested to its "up" position.

d. Decrease the marginal-check power supply output voltage until normal system operation
is interrupted. Record the marginal-check voltage. If desired, locate and replace the marginal tran-
sistors at this time.

e. Restart DECtape operation and increase the marginal-check power supply output voltage
until normal operation is interrupted. Record the marginal-check voltage, If desired, locate and re-
place the marginal transistors at this time,

f. Set the top normal/marginal check switch in step ¢ to its "down" position.

g. Repeat steps a through f for the center normal/marginal switch on the panel being tested.

h. Set selector switch on the marginal-check power supply to =15 mec and adjust the power
supply output for =15V,

i. Repeatsieph,

. Set the bottom normal/marginal switch on the panel being tested to its "up" position.

k. Repeat steps d and e and then return the bottom normal/marginal switch to its "down"
position,

I. Adjust the output of the marginal-check power supply to OV and set the selector switch to
its "off" position.

5.5 POWER CONTROL PANEL (Type 834)

The Power Control Panel is mounted on the plenum door at the rear of the cabinet and is used
in conjunction with the Type 779 Power Supply. The schematic diagram of the panel is shown on
Figure 5-26.
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Figure 5-26 Power Control Panel Type 834
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5.6 PREVENTIVE MAINTENANCE

Preventive maintenance consists of procedures performed prior to the initial operation of the
equipment and periodically during its operating life. These procedures include visual inspections,
cleaning, mechanical checks, and circuit element checks. Marginal checks are also conducted when
considered necessary to aggravate border-line conditions or intermittent failures so that they-can be
detected and corrected. A log book should be available for recording specific data which indicates the
rate of performance deterioration and provides information for determining when components should be
replaced.

Except for marginal checks all preventive maintenance procedures should be performed once

a month or every 200 operating hours, whichever occurs first.

5.6.1 Mechanical Checks

The following mechanical checks should reveal any substandard conditions in the mechanical
operation of the control unit,

a. Clean the exierior and the interior of the conirol by means of a vacuum cleaner or by
using clean cloths moistened in a nonflammable solvent,

b. Clean the air filter at the bottom of each cabinet., Remove the filter by removing the
fan and housing which are held in place by two knurled and slotted screws. Wash the filter in soapy
water, dry in an oven or by spraying with compressed gas, and spray with Filter-kote (Research
Products Corp., 1015 E. Washington Ave., Wisconsin, 53703).

c¢. Clean all rotary switches with a spray cleaner such as Contactene,

d. Lubricate door hinges and casters with a light machine oil. Wipe off excess oil.

e. Visually inspect the TCO1 for completeness and general condition,

f. Inspect all wiring and cables for cuts, breaks, fraying, deterioration, kinks, strain, and
mechanical security. Repair or replace any defective wiring.

g. Inspect switches, controls, knobs, jacks, connectors, fransformers, fans, capacitors,
lamp assemblies, etc, Tighten or replace as required.

h. Inspect switches for binding, scraping, misalignment, and positive action. Adjust,
align, or replace as necessary,

i. Inspect all racks of logic to assure that each module is securely seated in its connector,

i Inspect power supply capacitors for leaks, bulges, or discoloration. Replace any capa-

citors exhibiting these signs of malfunction,
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CHAPTER 6
ENGINEERING DRAWINGS

This chapter contains the logic block diagrams and module location diagrams of the TCOI
DECtape Control. The equivalent drawings for the TU55 DECtape transport are contained within the

TUSS Instruction Manual,

6.1 SYMBOLS AND DESIGNATIONS

The block and signal symbols used on the logic diagrams are defined in Chapter 10 of the
PDP-8 Maintenance Manual together with a description of standard DEC logic levels. The signal desig-
nations assigned are defined in Table 2-6 of this manual.

6.2 Drawing List

Table 6-1 lists the pertinent engineering drawings referenced in this manval. These drawings
relate to the discussions in this manual and do not necessarily reflect the latest revisions incorporated
in the equipment. When discrepancies exist between the drawings contained in this manual and the

drawings shipped with the device, the latter should be assumed to be the correct drawing set.

Table 6-1
Engineering Drawing List

Number | Revision Title
BS-D-TCO1-0-2 E MF, USR, MR, FR
BS-D-TCO1-0-3 B WINDOW, MD TRK, STATE, LPB
BS-D-TCO1-0-4 C Ervor Flags
BS-D-TCO1-~0-5 D Control
BS-D-TCO01-0-6 E TP GEN TT GEN
MU-D-TCO01-0-9 (Sheet 1) F Utitization Module List
MU-D-TCO01-0-9 (Sheet 2) F Utilization Module List
BS-D-TCO01-0~12 Panel Indicator Drivers
BS-D-TCO1-0-13 Maintenance Control Panel
BS-D-TCO1~0-14 E Error Flags
BS-D-TCO01-0-15 E R/W AMPS, SP GEN, TEST CONN.
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PDP-8 LOGIC SYMBOLS

Negative pulse
Positive going pulse
Negative level
Ground level

Flow

~ 15v Load clamped at - v

PNP Transistor inverter

-And gate

Or gaté

Nand'gate
Diode-capacitor-diode gate
Flip-£flop

Iﬁverting bus driver.

Pulse amplifier

1-
2.
3.

»

emitter
base

collector

level input
trigger input
pulse output

set to one
Set to zero
direct clear
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