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1 .0 INTRODUCTION 


The Ithaca Intersystems XPU-8 0 bo a rd is base d on the ZILOG 
Z-80B (TM) processo rand f eature s bu i lt- i n memory ma nagement. 

The XPU-80 is a processor f or 8-b i t 5-100 bus sys t ems, a nd i s 
oriented toward medium to l a rg e s ys t em su ppo r t. The 
integration of the memory manag ement e nha nc es s uppo r t o f 
multi-user multi-tasking envi r onments . The XPU - 80 p r ov i de s 
basic system f eatures s uch as f ul l . 5-1 00 bus suppor t , o pt i o na l 
wait states, optional MWRT gene r at ion, and provisi on f o r hi g h 
speed (6 MHz) ope ration. 

This manual provides the info rma t i o n requ i red t o pr e pare, 
install and operate the board in a s ys t em. The manua l inc l ude s 
an introductory secti o n, a f unctional overv i ew of t he board 's 
operation, setup instruct i ons fo r the board , a programmer 
reference section, and t he boar d pa rts li st . 

The functional overview section of t his manual conta in s a 
complete discussion of each f unctional s ection o f t he XPU- 80 
board. 
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1.1 PHYSICAL OESCRI PTION 

The XPU-80 board is a standard 5 by 10 inc h (12. 7 by 25. 4 em ), 
5-100 bus, plug-in circ ui t board. 

1. 2 	 FEATURES 

The XPU-80 board contains the followi ng features: 

* 	 6 MHz operat ion (Optional 4 MHz o per at ion wi th no 
wait states ) 
Parity error checking* 

11: 	 User/Su pervisor Mode 
11: 	 Hardware/Firmware can detect a nd c o r rect er ror s 
11: 	 A signal LED that can sig na l me ssages unde r sof t ware 

control 
11: 	 Processor slow-down software se l ec t able wa it states 

A page type MMU (Memory Manageme n t Unit)* 
11: 	 Board I/O space can be doub l ed wi th hardwa r e f r om 

256 to 512 ports 
11: 	 Latches that store error informa tion 
11: 	 Compatibility with Front Panel 
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1. 3 SYSTEM INTEGRITY 


The XPU-80 boa rd contains a varie t y of fe a t ures t hat e nha nce 
system integrity . 

1. 3.1 Memo ry Manag ement 

The memory ma nag ement un i t (MMU) prov ides two fu nc t ions 
essential to advanced system control: ' memory addr ess 
translation and at tri bute checking. ' 

The XPU- 80 hardwar e can provide absolute protection betwee n the 
user s and between t he supervisor and user space s . 

I n practice, t he ope r ating system determines the degree o f 
pro t ection provided. 

I n a typica l application, the supervisor mode c an be used s uch 
that only trusted operating code is run in the supervisor space 
(with potentially unr el iable user code excluded f rom the 
space), users can be preven ted f rom executing I / O, a nd 
controlled re-entry t o the supervisor mode from user space can 
be ensured The Supervisor/User Circuit (S/U) provi de s fo r 
controlled transfer between supervisor and user spaces. 
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1. 3. 2 Heal Time Clock 

The XPU -80 Real Time Clock (RTC) prov ides tim ing for sever a I 
functions. A 1 Hz clock is output to t he t im e ou t c i r cui t, a nd 
optionally to the interrupt co n t r o ller lnt 5 input . The 
time-out circuit is used if th e system is hung up by a us e r 
that has disabled interrupts . 

A 50 Hz clock is output to the i nterrupt controller ln t 3 i nput 
to provide a real time referenc e . The 50 Hz t ick marks provide 
a timing reference for time ke e pi ng, task swapping , switching 
between users, and alternat i ng between foreground and 
background tasks. 

1. 3. 3 Hardware Kernel 

The zao processor (in Superv iso r M.ode) a nd EPROM consti tute a 
hardware kernel that initializes the system and can pe rform 
self- diagnostics and error r ecovery. The hardware ker ne l i s 
likely to be functional even if the system is down, p r oviding a 
degraded level of operation, or in the ev e nt of major s ystem 
failure, an indication of the so urce of the failure. 

The kernel can respond to syst em errors wi th a combinatio n of 
the following responses. 

* Running system diagnos tics stored in EPROM 
* Remapping bad memory pages .,. Slowing the system down by introduci ng one or two 

wait states into ever y processor cycle 
* Signalling an error wi th the board LED 

'1\ Signalling an error with the t erminal 
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1.3.4 Error Detection 

The XPU-80 hardware prov i de s several levels of error detection 
during normal sys tem o pe rat io n. A generalized error signal is 
used as an interrupt sou r c e . 

Parity Circui t 

The XPU-80 supports t he Intersystems parity scheme. The XPU -8 0 
parity circuit transmits pari t y on all wri tes and checks it o n 
reads if PAREN1r is asserted by a bo a rd o n t be bus. (Parity is 
not checked during EPROM, Pr Ocess o r Co nt rol, or MMU 
ope rat ions • ) 

Bus Error 

Bus line 98, ERROR*, is mon i t or ed. The sta t us s i g nal ind i ca tes 
an error condition during th e cur r en t bu s c yc le . Whe n act i ve, 
the signal becomes a n i n t errupt sou r c e f or t he i n t rrupt 
controller. 

Power Fa i 1 ure 

PWRFAIL* (line 13) can be mon i t o red. The signal indic ates a 
power failure on the bus . 

MMU Error 

MMU Error is generated by an a ttr ib ute vio la ti o n. 
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2.0 FUNCT IONA L OVERVI EW 


This sect io n o f the manual provides an ove r v i ew o f the 
operation o f t he XPU-80 circuit card. Th e XPU-80 i s de s ig ned 
to operate as the permanent bus master in a 5-100 b us 
microcomput e r . As permanent bus master , the boar d i s 
responsible f o r the initiation o f all bus cycles, a nd f o r t he 
generation o f all signals necessary for t he conduc tio n of an 
unambiguous b us c ycle. Bus control can be t ransf e red f rom the 
permanent b us ma st e r, in this case . the XPU-80, to a tem po ra ry 
bus master , a DMA device, as defin e d by IEEE 696 protocol. An 
example of a t em porary bus mast e r is the FDC II (floppy d i s k 
controller) board. 

The XPU-8 0 o pe rates in a system with one or more bus slaves. 
A bus sl a ve i s a circuit board that monitor s all bus cyc les, 
and if addressed, accepts or sends the message o n t he da ta 
lines. The b us slave examines and generates only t ho s e b us 
signals n e c ess ary to communicate with t he bus ma ster. An 
example of a b us s l a v e is the 256KDR memory bo a rd. 

The major funct ional areas of the XPU-80 board are d e scr ibed 
individually. Eac h functiona l description i nc l ude s a n 
explanation of what the functional area is, what i t do es, and 
how it works . 

In several circuit descriptions d i stinction between 5 -100 bu s 
and processor board signals wi t h a commo n n a me is made by 
adding the designation XP U-80 t o the signal n ame. Fo r ex ampl e 
XPU-80 RES ET* is t he board reset signal. 

2. 1 BLOCK DIAGRAM 

The XPU-80 board is a CPU board. The CPU board c o nsis ts of a 
CPU (see 3.2) and the logic elements required t o allow 
tranmission of data between the CPU chip and external d evices, 
to provide t he clock generating timing sign a ls requir ed by the 
CPU, and t o manage where data is t o be read o r where d a t a must 
be sent. 

The bl ock diagram in Figure 1 i s a gra phic repr e s en tation o f 
the XPU-8 0 board. The diagram shows the major fu nc t i onal 
elements of the board as blocks. The line s connec t i ng t he 
boxes indi cate the paths, along which i n fo rmati o n and / or 
control fi ows, between the functional area s. A block di a g r a m 
is a guid e to understanding t he i n terrel a tionsh i p o f the 
functional ar e as described in this s ection o f the manua l. 
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2.2 CENTRAL PROCESSOR UNIT 


Th~ CPU of the XPU-80 board is a 2ilog Z-808. Th e 2 -8 08 is a 
40-pin MOS/LSI chip, capable of operating at up to 6 MHz. Th e 
XP U-80 board is config ured at the factory to operate a t 6 MHz . 

2.3 CL.OCK GENERATION 

A clock is a repetitive signal used to time or control 
(synchronize) the events in the computer. The XPU-80 board 
provides all clock signals required for the CPU and S-1 00 bus 
as specified by the IEEE 696/S-100 Bus specification. 

Z-80 CLK - 6 (o r 4) MHz 

5-100 	CLOCK - 2 MHz 

PHI - 6 (OR 4) MHz 


The S-lOO bus CLOCK (pin 49) is a 2 MHz clock, not required to 
be synchronous with any other bus signal. 

The 5-100 bus PHI (pin 24) is the master timing signa l for the 
bus. The 6 (or 4) MHz signal is normal bus PHI. The XPU-80 
board is factory config ured for 6 MHz operation and can be 
factory altered for 4 MHz operation. Th e 6 MHz board c a n b e 
identified by the 12 MHz crystal located in the lower l e f t h a nd 
corner of the board. The 4 MHz board uses a 8 MH z crystal. 

Z80 PHI is bus PHI*. This shifts Z-80 states one-half cycl e 
from bus states. 
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2.4 REAL TIME CLOCK 

Areal time clock (RTC) ind ica tes the passag e 0 f ac tua 1 t ime, 
as opposed to the ficti tious time establ i shed by a computer 
program. The RTC on the XPU-80 provides a 50 Hz output and a 1 
Hz output. 

The 50 Hz clock is input directly to the interrupt controller 
lnt 3 input to provide a real time reference. Tick marks can 
be used to provide timing reference for task swapping, 
switching between users, and alternating between foreground and 
backg round tasks. The 1 Hz clock is input to the time-out 
circuit (ZaO NMI* and EPROM ON) and optionally (jumper option) 
to the interrupt controller Int 5 input. 

The time-out circuit optionally times out a system hung up by a 
user that has disabled zao interrupts. In such a case, the 
zao NMl* (non-maskable interrupt) input is driven within 
between one-half and one second of the unmasked interrupt (9519 
Group Int*). The NMI* pulse also enables the XPU-80 EPROM. 

The NMI* timeout does not occur if the system Front Panel board 
is r equesting a wait state, DMA occurs, or the board is in 
Superviso r mode. 
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2.5 STATUS LOGIC 


At the start of each machine cycle the XPU-80 outputs data on 
the 5-100 status bus to indicate processor status and the type 
of operation about to be performed. The 5-100 status bus 
consists of eight signal lines. 

sMl (44) 	 Indicates that the current cycle is an 
op-code fetch. 

sMEMR (47) 	 Identifies bus cycles that transfer data 
from memory to a bus master. 

sHLTA (48) 	 Acknowledges that a HALT instruction has 
been executed. 

sINP (46) 	 Identifies the data transfer bus cycle for 
an input dev ice. 

sOUT (45) 	 Identifies the data transfer bus cycle to 
an output device. 

sWO* (97) 	 Identifies a bus cycle that transfers data 
from the bus master to a slave. 5-100 sWO* 
:= Z80B RD*. sWO* is asserted low between 
cycles. Parity enable has the same timing 
as sWO*. 

sINTA 	 The XPU-80 does not utilize the sINTA line 
(the line is driven low). All interrupt 
acknowledges are handled by the XPU-80 
interrupt controller. 

sSXTRQ Th~ XPU-80 does not utilize the sSXTRQ 
(sixteen-bit data transfer request) line. 
The XPU-80 is an eight-bit master. 
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2. 6 CONTROL SIGNA LS 


The control bus is a set of control lines, the f unc t ion o f 
which is carry the synchronization and control in f orma t i on 
necessary for the computer system. 

2.6.1 Control 	Output Bus 

The lines of 	 the control output bus determine the tim ing a nd 
movement of data during any bus cycle. The 5-100 contro l 
output bus consists of five signal lines. The lines are : 

pSYNC (76) 	 Indicates t he start of a new bus c yc l e. 
pSYNC is generated either from the l ead i ng 
edge of MREQ* or the del a yed edg e of 
IORQ*. pSYNC is not g ener a ted f o r I NTA 
cycles. 

pSTVAL (25) 	 The Processo r Sta tus Va lid signa l , in 
conjunction with pSYNC, indicates that 
stable address and status may b e s ampled 
from the bus in the current cycle. Thre e 
separate p5TVAL are jumper sel ectab l e to 
accommodate different clock rate s and s et u p 
times. The board is correctly con f igured 
for the installation prior to shipment . 

pDBIN (78) 	 A general ized read strobe t hat gat e s data 
from an addressed slave onto the data bus. 

pWR* (77) 	 A generalized write strobe that writes data 
from the data bus into an addressed slave. 
pWR* is gated off during Processo r Contro l 
accesses, MMU and Supervisor Call stack 
writes, protected I/O writes, and pro t ected 
memory writes. 

pHLOA (26) 	 Processor Hold Acknowledge. Us e d i n 
conjunction with HOLD* (74) to cooridi na te 
bus maste r tr ansfe rope r a t ions. 
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2.6.2 Control Input Bus 

A co nt r ol inpu t bus carries the signals t hat allow bus slaves 
to synchronize the operation of the bus master with condition s 
internal to t he b us slave, and to request operations of the bus 
master . The l ines are: 

XRDY (3) 	 One of two ready inputs to the bus master. 
The re ady l ines synchronize the bus master 
to the response speed of the bus sl ave. 
Bus cyc l es are suspended and wait. states 
i nser ted until both ready lines are 
asse rted. The bus is ready when both 
inputs are high. 

The XRDY line is a special ready line used 
by front panel devices to stop and single 
step the bus master. ROY is the other 
ready input . 

ROY (72) 	 The RDY line is the general ready line for 
bus slaves. 

INT· (73) 	 The INT* line is used by a bus slave to 
request service from the bus master. 

NMI * (12) 	 The NMI * line is a non-maskabl e i nte r rupt 
request line. It is not masked off by the 
bus master. The ~ignal is asserted as a 
negative going edge. 

SIXTN* 	 The SIXTN* line is not used in an XPU-80 
system. 
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2.7 FRONT PAN EL INTERFACE 

The XPU -80 board is compatible for use wit h t he Inte r s ystems 
Front Panel board and other front panel boa r ds. The XP U- 80 i s 
connected to t he Intersystems Front Pan e l vi a a l O-co nducto r 
f lat cable. F igure 2 d e scribes the pin a ssignment for t h e 
connector. 

In addi tion to traditional front panel functions, a f ront pa n e l 
can be used in systems with the XPU~80 to: 

* 
* 
* 

* 

Read 
Read 
con
Read 
and 
Read 

and modify 
and wr i te 

troll e r 
and wr i te 

Requests 
the XPU-80 

the high speed MMU 
to t he XPU-80 

to the Processor 

EPROM 

RAM 
951 9 

Contro 1 

i n te r r upt 

Reg i s t e r s 

Clt::lt::lt::lr::::JClClCJClr::::J 
, 2 3 4 5 6 7 8 9 10 

Pin 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Pin Location 

Description 

D7 
D6 
0 5 
D4 
D3 
D2 
D1 
DO 
DDSS' (Data in Disable) 
Ground 

Flgure 2 . CON N 1 
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2.8 RESE'l CI RCUIT 

In an 5-100 bus computer, system reset functio ns are 
controlled by three bus lines: POC*, SLAVE CLR* and RESET*. 

POC* (99) is the power-on- clear s ig nal fo r al l bus d ev i ces . 
Bus SLAVE CLR* (54) resets all bus slaves during powe r-up . 
RESET* (75) is used to reset all bus masters. 

XPU-80 RESET* resets the processor and sets ' flip flops that 
enable the EPROM and the Supervisor mode (see sections 2.13 and 
2.17 respectively). The Modify Control Register is cleared. 
After a reset two wait states are requested for all bus cycles , 
the error circuit is disabled, and the MMU is enabled. 

On the xpu-ao, an RC network drives POC. and SLAVE CLR* active 
dur ing power up. 

POC· is also used to clear the Service Net counter so that the 
Service Net l1ne is at a logic ONE state following a power-up . 
See section 2 18. 

The XPU-80 board is in the following state following a reset : 

* 	 Supervisor mode 
* 	 EPROM enabled in all pages of all spaces 
* 	 Software wait request is ON 

8us and parity error circuits are disabled* 
* 	 MMU-load mode enabled 
* 	 Power-off request is inactive 

A typical booting up procedure is described in the EPROM 
description in this section of the manual. 
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2.9 WAIT STATE REQUESTS 

Wait states are used to synchronize the bus cycles generated by 
the bus mas te r (the XPU-80) wi th the response speed a f the 
assorted bus slaves in the system, and certain functions of the 
XPU-80 board itself. During the bus cycle, a wait state 
(SSW) is entered if the RDY or XROY line indicate that the bus 
slave (or XPU-80 function) is not ready for data transfer. 

Ten signals on the XPU-80 can request wait states as described 
in Figure 3 

XPU-IO 
51 .. 

No. 01 
W.II Sli • 

Not•• 

XRDY' 
PROV' 
9519 Pause' 
Ml 
MEMR 
110 REO 
EPROM ENABLE SET 
SUP CALL MUX' 
P6 (Modify Control 

Rt! liter) 
Pol (Modify Control 

Reg It r) 

O. " or 2 
O,1,or2 
0, 1, or 2 
1 
2 

2 

Derived from 5-100 XROY 
Derived from 5-100 ROY 

Jumper Selected (J2) 
Jumper Selected (J4) 
Jumper Selected (J1) 

During Supervisor Call Sequence 

Set oy Software, P5"O at Reset 

Set oy Software, P4=O at Reset 

Figure 3 XPU-80 walt states 

2.10 DMA 


The IEEE bus spec i f icat ion def i nes a spec ial protocol fa r the 
transfer of bus control from a permanent bus master (XPU-80) to 
a temporary bus master (OMA device) for an arbitrary number of 
bus cycles. The protocol involves a specially timed and 
overlapped transfer of the various signal groups on the bus 
such that the OMA device and the CPU are both driving the most 
critical bus lines in inactive states during the transfer 
operation. 

Two modes of DMA transfer are described by the IEEE standard. 
The XPU-80 board can be (jumper) configured to operate in 
either mode. In the first mode, the permanent bus mas t er 
drives the bus transfer control circuit. That is, the DSB 
signals (data, address, and control output driver disable 
signals) are driven by the permanent bus master. In the second 
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mode, the temporary master drives the bus transfer control 
circuit. The DSS signals are driven by the temporary bus 
master. When the XPU-80 drives the bus transfer control 
c 1rcui t, the procedure fo r bus tr an!:.fer is as follows (see 
Figure 4): 

1) 	 The temporary bus master (DMA device) asser ts a hold 
request. Line 74, HOLD· is active. 

2) XPU-80 BUSAK., active. Line 26, pHLOA, is active. 
3) At the riSing edge of Phi, XPU-80 ADSB goes .active, 

5-100 AOSS·, DDSB·, and SDSS·· are taken low, 
disabling the address, status and data output 
drivers of the XPU-80, and enabling the control 
output drivers of the temporary master. 

4) 	 At falling edge of Phi, XPU-80 COSB goes active, 
S-100 COSB. goes active disabling the XPU-80 control 
output driver and enabling the address , status and 
data out drivers of the temporary master. Transfer 
state is terminated. 

5) 	 With DMA transfer complete, temporary bus master 
asserts HOLD· inactive. 

7) 	 XPU-80 ADSB clocked inactive, S-100 ADSB·, OOSB*, 
and SOSS. go i nact i ve, enabl i ng the add ress, da ta , 
and status output drivers of the XPU-80, disabling 
the control output driver of the temporary master. 

8) 	 XPU-80 processor BUSAK. asserted inactive. pHLDA 
inactive. 

'I'h~ XPU-80 OMA sequencer features a high noise immunity lock 
out circuit. 

lAO I) 

HOLD --fD 
s 	 semRm 	 I 

~I®_______________________________~®r-
OOSAK 

-2OOns ,It-t.DA 
..-1401lS -t@ 

ooe 	 I 

1)!;9 	 (eons min, 
I70ns IIlID\ 

Figure 4 DMA 
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2.11 PARITY AND BUS ERROR 

PARITY ERROR· and BUS ERROR· are input to the Error Latch 
Circuit (Section 2.12) 

2 011. 1 Parity 

Parity checking is a method of checking the integrity of data 
when the data is transferred to or from storage . An additional 
bit, the parity bit, is generated and transferred with the 
bi nary in forma t ion be i ng tr ansfer red . The par i ty bit is the 
single-digit sum of all the binary digits. The digit value is 
o for an odd number of l's and 1 for an even number of l's when 
the odd parity check is used. 

The XPU-80 supports the Ithaca Intersystems parity scheme. In 
this arrangement, S-lOO bus lines 65 and 66 are assigned to 
PARITY and PAREN· (par i ty enable) respecti vel y. The PARITY 
line contains odd parity when the device deiying the data bus 
drives PAREN* active. The reciving device checks the parity 
and can drive the 5-100 ERROR* line active in response to an 
error. 

The XPU-80 parity circuit transmits a parity bit on al l writes 
and checks par i ty on read s if PAREN * is asser ted by the bus 
slave. If a parity error is detected , XPU-80 signal PARITY 
ERROR* is active. 

The parity circuit is disabled by the Modify Control Register, 
p3=O. See section 2.15. Parity is not checked during EPROM, 
Processor Control Register, and MMU operations. 

2.11.2 Bus ERROR* 

Bus ERROR· (98), is a generalized error l ine that indicates 
the current bus operation is producing an - error of some sort. 
Bus ERROR* is input to the Bus Error circuit. When ERROR* is 
active, the bus error circuit generates BUS ERROR·. The Bus 
Error circuit can be disabled by the Modify Register Control , 
P3=O (ERROR DISABLE*, active). 
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2.12 ERROR LATCH 


It is desirable to save information describing the system 
status during an error. 

In response to MMU ERROR* , PARITY ERROR* and BUS ERROR* (see 
section 2.11) The error latch circuit performs two functions. 

The error latch circuit is the INT 4 source for the interrupt 
controller. 
The error latch circuit drives the latch input of the Processor 
Control Registers 

The stored information is available for retrieval at Processor 
Control Registers 0 through 3. Refer to section 2.15. Note 
that stored bus status is lost if an MMU write is performed 
prior to accessing the stored information . 

Figure 5 is a timing diagram with the critical signals. A 
error that occurs very early in the bus cycle causes 
storage of bus status from the previous cycle. Data for 
current cycle is latched during the period defined by the 
of pSYNC to the end of the read or write strobe. 

bus 
the 
the 
end 

T2 T3 

zeD 0 I I 


RO 

~30ns- rv25ns ) zao DATA SETUP 
min mm 

DATA IN ENABLE ~ 
PARITY TIME AVAILABLE = TAV .. • 


Figure 5 Error 
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2.13 	 EPROM 

The XPU-80 EPROM can be programmed to provide a variety of 
functions. The XPU-80 is factory configured to accept a 2732 
EPROM. The board can be reconfigured by Intersystems to accept 
a 2716 EPROM. 

The EPROM pI ays a key role in the process 0 f MMU 
initialization. The EPROM can contain system diagnostics and 
code that facilitates the recovery from system errors. 

EPROM 	 is enabled in one of two ways • 

. 1) 	 As an attribute function of any page in which d3 of 
the attribute byte equals ONE. 

2) 	 On every page, in every space, when the EPROM enable 
is set by XPU-80 RESET* (power-up, reset) or NMI* 

Note: 	 Processor Control Request · EPROM RESET resets 
the flip flop. 

One wait state is requested when the EPROM flip flop is 
enabled. 

2 • 13 • 1 MM U I nit i ali za t ion 

The EPROM can be used to initialize the MMU as, follows: 

1) 	 After reset or power-up, the EPROM is enabled in 
every page of every space. The Modify Control 
Register P7 (MMU Enable) is set low, so that the MMU 
is enabled (as R/W memory) after reset. 

2) 	 With the MMU enabled, the EPROM program loads the 
MMU and enables the Processor Control Registers (d4 
high) . 

3) With the Processor Control Registers enabled, the 
EPROM code can turn the MMU and itself ON or OFF. 

4) Boot the DOS. 
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2.14 	 MEMORY MANAGEMENT UNIT 

The two major functions of the memory management unit are 
allocating memory to various tasks, and protecting the memory. 

The basic goals of an MMU are: 

To provide a flexable, predictable structure to* 
memory that i s independent of the limitat:ions of 
the CPU logical address structure~ Logical address 
refers to the l6-bit address output by the Z80 
processo r. Physical add ress refer s to the 24-bi t 
address that appears on the 5-100 address bus. 

* 	 To protect the system involving: 

a) Protection from inadvertent mistakes such as 
.. runaways". 

b) Protecting data from unauthorized access. 
c) Protecting the operating system from uncontrolled 

access by users. 

* 	 To provide support for multiple independent tasks 
that can share access to common resources and 
programs. 

The MMU coordinates memory as eight 64 kbyte spaces. 

Supervisor Space = Space III 
Stack Write Space = Space 000 
User 	 Spaces - Remaining Spaces 

The Z80's 64 kbyte space is configured as 16 contiguous 
4-kbyte pages. When enabled for loading, the MMU appears as 
RAM in the highest 16 bytes of every 4 kbyte page. The sixteen 
bytes consist of eight pairs of attribute byte and relocation 
byte (desc [ ibed below). The e ig ht pa irs cor respond to the 
eight 64 kbyte MMU spaces, selected by the decoding of the MMU 
RAM multiplexed address bits A3 through AI. 
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An MMU (logical) address is described in Figure 6. 

Add,... 81t 
15 14 13 12 11 12 11 10 It 8 7 6 5 .. 3 2 1 0 

Pg3 Pg2 Pgl PgO 1 1 i 1 1 1 1 1 1 1 S2 Sl SO A' fA 

Hol••; Pg3 through PgO = Page selection 
52 through SO = Space seleclion 

000 = Stack Write Space 
", =0 Supervisor Space 
All others =User Spaces 

A' fR = Allrlbute byte/Relocalion byte selecllon 

. 0 selects Attribute byte 
1 selects Relocation byte 

1 = LogiC ONE 

, 

2.14.1 Address Translation 

Relocatio n of programs and data areas is accomplish ed by an 
address translation mechanism tha t transla tes the CPU's 
logical addresses to physical addresses to be put on the 
5-100 address bus . 

A physical address Is formed by concatenating the lower twelve 
bits (All through AO) of the logical address with a relocation 
byte as shown in Figure 7. The result is a physical address to 
any of 256 possible 4 kbyte memory spaces in physical memory. 

(A15·AI2) (All, AO) 

4 

123PO, Pl , P2 MMU RAM 

8 
12t' 

0 

Figure 6 MMU addressing 

(A24 - AZO) (A19 • A12) (All - AO) 

Figure 7 MMU address translation 
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When a spec if ic page is add ressed and the MMU is enabl ed fo r 
loading, a specific relocation byte can be accessed (AO=l). 
The relocation byte can have any value from 0 to FFH. 

The 4 kbyte pages (for each of the spaces) are mapJ.ed into 
physical memory. Pages can be selectively mapped to be 
overlapping, contiguous, or totally separate. See Figure S. 
User!Supervi sor spaces share memory wherever relocation bytes 
are common. Spaces can be prevented from interacting by 
assigning no common relocation bytes . 

When users have common relocation bytes, and therefore share 
areas of memory, the attribute byte (oescribed below) , for each 
page can be set to protect data against unauthorized use , and 
to protect supervisor space from access by users. 

D 

[ =~---~---Separate 

8K t-----t 
8K J-----I 

16K 

32K 

Overlapping 32K 

16K 

16K 

f3.4 Kbyte 
Usaf Space 

1 Mbyte 
512 Kbyte 

Physical Memory 

64 Kbyte 
User Space 

Figure 8 Address mapping 
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2.14.2 Attribute Byte 

There is an attribute byte for each logical page to provide for 
the restriction of memory access. The attribute byte is 
checked at each memory access to the page of memory. The 
attribute byte is described in Figure 9. 

Attribute bit d3=1 enables EPROM and d4=1 enab l es the 
Processor Control Registers. Refer to section 2.11 for a 
description of EPROM and section 2.15 for a discussion of the 
Processor Control Registers. 

Attribute bits dO, d2, d5, and d6 are input to a PAL that 
generates MMU ERROR* if an attribute violation occurs. 

MHU ERROR* is output to two circuits. MMU ERROR* is input t o 
the Error Latch circuit (see section 2.12). 

2.14.3 MMU Enable 

MMU is enabled when the Modify Control Register P7=O and 
logical address lines All through A4 are high. The space being 
accessed by the MMU operation is selected by processor address 
bits A3 through AI. The page being accessed is selected by 
log cal address bits AlS through A12. 

Stack write timing MMU Enable is active throughout the 
cycle. Uses the same read and wr i te strobes as MMU Read and 
Wr i te • 

Bit SlgrW Oe cliptlon 

dO 
d1 
d2 
d3 
d4 
dS 
d6 
d7 

Read Protect 
Not Used 
Dirty all 
EPROM 
System Control 
1/0 Protect 
Write Protect 
XPU-80 LED 

If ONE. interrupts after a memory read cycle 

If ONE. inlerrupts after a memory write 
If ONE. enables EPROM 
II ONE. enables System Control Registers 
If ONE. d sables outputs. and interrupts aller 110 cycles 
1/ ONE. disables writes. and interrupts after a memory write 
If ONE. turns XPU-80 LED ON 

Figure 9 Attribute byte 
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2.15 PROCESSOR CONTROL REGISTERS AND REQUESTS 

The 
supe
ONE. 

Processo r Control 
rvisor page if the d4 

When enabled, the 

Reg i sters 
attribu

lower 16 

are enabl ed 
te bit for that 
bytes of the 

in 
pa

top 

any 
ge is 
32 

user 
set 

bytes 

0 r 
to 
of 

the page become Processor Control Registers and Requests. 
Fig ur e 10 descr ibes the fo rm of a Processo r Con trol Reg iste r 
address. 

Addr... 81.. 
15 14 13 12 11 12 11 10 II 7 S 5 4 3 2 1 0• 
Pg3 Pg2 Pgl PgO 1 1 1 1 1 1 1 1 1 0 X pe2 PCl PCO 

"ot••: Pg3 through PgO = Page selection 
PC2 through PCO " Processor Control Register or Request 
o =Logic ZERO 
1 "Logic ONE 
X " Don't Care 

election 

• 

Figure 10 Processor Control Register and Request addressing 

The Processo r Control Reg isters and Requests structure of the 
XPU-80 consists of four eight-bit input registers, one 
eight-bit output Modify Control Register, three decoded 
Processor Control Requests, and the 9519 interrupt controller 
as shown in Figure 11. 

Addr... 811. 
PC2 PCl PCO Algl.'lr AequI.I 

o 0 0 Register 1 ModIfy Control Register 
o 0 1 Register 2 EPROM Reset 
o 0 Register 3 Service Net Toggle 
o Register 4 Exit Supervisor 

all o thers 9519 9519 

Figure 11 Processor Control Registers and Requests 
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The Processor Control Registers t ha t s ave bus status dur i ng an 
error are described in Figure 12. 

Bit Proc:e..or Control Regltte, 

1 2 3 4 

0 Service Net AO A8 A1 2 
1 slNP Al A9 A13 
2 sOUT A2 Al0 A14 
3 OFF Req ' A3 . A 11 A15 
4 Inl Bus Error' A4 sMEMR A16 
S Parily Error' AS sMl At l 
6 Power Fail' AS sWO' Al8 
7 Bus NMI' Al sHLTA A1 9 

Figure 12 Processor Control Registers 

The Processor Control Requests (Figure 13 ) are gene r ated by 
writing any byte to the request address. Following EPROM 
Reset, reads are from system memory_ The Service Ne t ca n be 
jumper (J8) configured as 5-100 line 21. 

-
I 

Plocellor 
Control Requ ••' 

De crlpllon 

Modify Control 
Register 

EPROM Reset 

Service Net Toggle 

Supervisor Exit 

~} Space No. 
P2 
P3 Error Disable 
P4 Two Wall Aeq 
PS One Walt Req 
P6 Power 011 
P7 MMU Enable 

Describes selected space. 
000 =Stack Space. 111 Supervisor Space 
all others = user space 
If 0, disables Bus and Parity Error circuit 
If 0, requesls two wall sta tes 
II 0, requests one walt state 
II 1. drives bus POWER OFF' low 
If 0, enables MMU 

Alter Reset or NMI' . a fl ip flop 
Is set that turns EPAOM ON in all pages 
of all spaces. EPROM Aeset resets the 
flip flop. 

Changes the polari ty of the Service Net line 

XPU-80 switches from Supervisor Mode 
to User Mode at the end or the fourth 
processor cycle alter this requesl. 

Figure 13 Processor Control Requests 
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2.16 INTERRUPT DEVICE 

The XPU-80 board uses a 9519-1 interrupt controller . Feat ur es 
of the interrupt controll e r inc l ude: 

* Fixed or rotating prioriti e s 
* Common and indiv i dual vectoring
* Master mask 
* Status register
* Interrupt Service Register (ISR)
* Information Transfers 

2.16. 1 Interrupt Modes 

The XPU-80 processor ha s t hree basic modes of .nterrupt 
operation that can be ch a nged under software control. The 
interrupt controller can be programmed to o pera t e in any o f th e 
modes. On the XPU-80, th e processor in te rrupt mode and 
contents of the 1 register can be changed by the user. 

Mode 0 

In Mode 0, the interrupt device places an instruction on th e 
processo r data bus d ur Ing the Inter rupt Acknowl edg e (INTA ) 
cycle. The processor executes this instruction instead of the 
next instruction in memory. In theory, any instruction can be 
placed on the data bus, but in pra,ctice only single by t e 
instructions should be used because the processor only produces 
an INTA cycle on the first byte of a multiple byte 
instruction. The single byte call instructions, Res t arts, 
execute a call to one of eight fixed locations in low memory, 
depending on the coding o f the instruc t ion. The interrupt 
controller can be programmed to supply any of the Res t arts in 
response to any interrupt. 

Mode 1 

When Mode I is selected by t he programmer all interrupts in t he 
system respond wi th a ca I to location 38H. A common :;, e rv ic e 
routine should begin at t hat location. 

Mode 2 

Mode 2 is the most powerful inter r upt r esponse mode. The 
processor forms a pointer from the byte r ec e ived du ri ng the 
INTA and its I registe r. This pointe r would no rma l ly be us ed 
to read a jump address from memory, but beca use t he sys t em user 
spaces have the abili t y to alte r the I r egi ster, t he j um p 

XPU-80 - 26 - PROC ESSOR 



address suppl i ed by mem o ry is i gnored; t he b us d a t a i npu t 
buffer i s disabl ed. I ns te ad , t wo a dd i ti on al I NTA p u lses a r e 
generated , enabling the 95 19 t o o ut put t ' ofO mor e r es po nse 
bytes. The two response by t e s a r e th e j ump a dd r ess. Th e 
interrupt contro l ler in this si t ua t ion a c ts l ike RAM that 
overlays system memory. 

Memory read or wri t e si gnals d ur ing the pe r i o d be t wee n t h e 
first INTA and t he first Su perv i sor Ml cycl e , a c t i vat e t he MM U 
circuit. The Sup e rvisor Mode i s f o rced. S t ac k wr ites dur i ng 
the period write into the MMU s pace 000 . . Re a d s dur i ng t he 
period generate additional INTA pulses for the interrupt 
controller. 
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2.17 SUPERVISOR/USER 

Utilization of the XPU-80 takes place in one of t wo mode s : 
Supervisor mode and User mode. 

The Supervisor mode of oper a tion i s a non-protec t ed (r a w Z- 80 ) 
mode. Any code sequence is faithfully e xec uted under a l l 
conditions, assuming a benevolent Supervisor code sequenc e . It 
is possible for a program in Supervisor mode to commi t 
suicide. 

The User mode of operation is a protectable mode. The six user 
spaces that consti tute the User mode can be protected ag a inst 
memory write, memory read, I/O write, and I/O read oper a tions . 

This section of the manual descr ibes the procedure s by whi c h 
the transition between Supervisor mode and User mode is 
controlled. 

The Supervisor/User circuit controls the transition between 
supervisor and user modes, and establishes the conditions under 
which transfers are conducted in the following situations:. 

* 	 Leaving the Supervisor (Supervisor to User) 
Returning to Supervisor (User to Supervisor)* 

3.17.1 Leaving the Supervisor 

The XPU-80 is initially in supervisor mode because RESET* 
enables Supervisor mode. 

To leave the supervisor, the following code is executed: 

STA ;Write to Processor Control Reque st , Supervi s or Ex it 

EI ; 

Jump; 


The Processor Control Request is input to a shift register that 
introduces a delay. The S*/U bit goes high at the end of the 
fourth processor cycle af t er the request, allowing time for E1 
(Enable Iriterrupts) and the jump. The board, the refo r e , 
swi tches from Superv isor to User mode at the end o f t he la s t 
memory fetch of the jump instruction. The jump i s t o a ny 
addr~ss in one of the six user spaces. 
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2.17.2 Returning to Supervisor Mode 

The procedure f or returning to Supervisor mod e is mor e 
complicated than leaving the supervisor. Impl ementa t i o n of a 
traditional interrupt routine for handling th e retur n t o 
supervisor can generate special problems on the XPU-SO. 

* 	 The stack write after INTA could ;:>verwrite user or 
supervisor prograffi code.

* 	 On the XPU-SO, the user has the ability to a l ter the 
processor interrupt mode .or the the conten t s of t he 
I register. A user could therefore return to the 
supervisor at an incorrect address and crash the 
system. 

To avoid these problems, the XPU-SO has special faciliti es. To 
avoid having the stack overwrite either supe rvisor or user 
code, a special space (MMU space 000) is r e served f or 
supervisor call stack writes. To overcome probl ems d ue to th e 
user changing the processor interrupt mode or the conten t s o f 
the I register, each processor interrupt mod e is ha ndl ed 
differently. 

Mode 	 a 

The 9519 is programmed to place a restart instruction on t he 
bus during INTA. 

Mode 	 1 

The processor jumps to 38H. 

Mode 	 2 

A special procedure is implemented. During a Mode 2 i nterrup t , 
the processor forms a pointer from the byte i t receive s during 
INTA a nd the con ten ts 0 f the I reg is te r. The processo ruse s 
the pointer to read a jump address from memory. The XPU-80, 
given the suspect validity of the contents of the I r egi ster, 
reads the jump address directly from the i nterrupt co nt roller 
which performs like a floating RAM that ov e rlays system 
memory. Two additional INTA pulses are generated by t he 
supervisor call circuit so the interrupt controller output s t wo 
more response bytes. 

Memory r~ads or writes during this period enable t he MMU 
circuit. Bus write strobes are suppressed, stack writes ar e 
stored in MMU space 000. Reads during the period gener a t e 
additional INTA pulses for the interrupt controller. 
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2.la SERVICE NET 

S-lOO line 21 is an xpu-ao jumper selectable (Ja) line. When 
configured as the Service Net line, the line is an open 
collector serial data transmission line. The line i s toggled 
by writing any byte to Processor Control Request, Service Net 
Toggle. See section 2.15. 

2.19 BUS I/O 

Bus I/O is organized so that with hardware modification the 
following allocation of I/O ports is possible. 

Supervisor 	 User s 

.. 
 Ports 0-255 	 None (I/O protec t ed) 

* 	 Ports 0-255 Ports 0-255 

Ports 0-255 Ports 255-51 1* 
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3.0 BOARD SETUP 


The XPU-80 board is configured prior to shipmen t a nd s hou l d not 
require modifications . 

This section of the manual prov i des the info rma tion r equi red to 
prepare the XPU-80 board for opera t i on in Intersys t ems 
equipment. There are nine jumper a reas on t he XPU - 8D board. 
Each jumper area is a box with a group of pl ated-through hol es 
spaced 0.1 inches apart. '1'0 configure a jumper area, ze ro o r 
more connections per box are made by a printed circuit tr ace on 
the solder side of the board or by a shunt thal slides on t o the 
0.040 inch square posts that are so lde red i nto t he 
plated-through holes. To change a connecti o n made by a s hu n t , 
the shunt is li f ted from its position and set acro s s the 
desired posts at the correct j umper positi on. To cha ng e a 
connect ion made by a c i rcui t trace, the t ra c e bet we em the 
plated-throug h hol es is cut, and a shun t i s installed acr o s s 
t he desired position. 

All possible connections within a jumper area are g iv e n let t e r 
names. Letter names run ABC ••• from left to r i g h t or t o p 
to bottom. Jumper area locations are identi f ied in Fi g ur e 15. 

J l 	 Jl selects the desired number o f wait sta tes f o r I/O 
cycles. 

A 0 wait states 

B 1 wait state 

C 2 wait states 


J2 	 J2 selects the desired number of wait stat e s f o r Ml 
cycles. 

A 0 wait st~tes 


B 1 wait state 

C 2 wait states 


J3 	 J 3 selects the delay for pSTVAL. a is e a rli e st ; 
is latest . 

A pSTVAL a 

B pSTVAL b 

C pSTVAL c 


r 
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J4 	 J4 selects wait states for MR EQ cycles . 

A 0 wai t states 

B 1 wait state 

C 2 wait states 


J5 	 J5 configures the Service Net c a pabil i t y . 

A-B Service Net output on 5-100 21 . 

B-C S-IOO 21 disables data input . recei vers. 

c-o Top connector pin 9 drives data input 


receivers. 

J6 	 J6 selects a source for the 2 MHz clock s ig nal . 

A-B 12 MHz crysta l 

B-C 8 MHz crystal 


J7 	 J7 selects the source for interrupt cont ro l l er in put 
VI4. 

1 Hz clOCk (solder trace d efault) 

Bus VIS 


J8 	 J8 selects the source for interrupt con t ro l l er inpu t 
VI? 

A VI 7 (solder trace default) 

B VI4 

C VIa 

C VI) 


J9 	 J9 configures the board for Front Panel or Fron t 
Panelless operation. 

A-B XPU generates MWRITE: Front Panel less mode . 
'B-C XPU does not g e ne r ate MWRITE: Fr ont Pa ne l 

mode. 
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3. 1 FRONT PANEL OPERATION 


Use the 
with the 

f ollowing procedures 
Front Panel board. 

to p repa r e the XP U- 8 0 to operate 

1) Configure the XPU-80 f or 
pa n el by setting j umper J 9 , 

ope ration 
B to C. 

wi th the f ront 

2) I n s ta 1 1 the ribbon cab l e 
header and the XPU - 80 t o p 
o riented a t t he XPU-80 conn
the left end of the c o nnec
r ight end, as viewed f rom 
board . 

b e t we en the Fr on t 
connector. The ca
e c t or so that Pi n 1 
to r and Pin 10 i s 
t he c omponent s i de 

Pa
ble 

is 
a t 
of 

nel 
is 
a t 

the 
the 

CJ CJ CJ CJ 0 C:::U::::.J 0 c:J c:J 
1 2 3 4 5 6 7 8 9 10 

Pin Location 

Pin Descripl ion 

1 0 7 
2 06 
3 05 
4 0 4 
5 03 
6 02 
7 0 1 
8 DO 
9 DOSS' (Oala In Disable) 

10 Ground 

Figure 14 
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5.0 MANUAL APPL I CABILITY AND BOAR D REVISION 

This manual r e f er s to b oar d s ident i f i ed as Boards are 
identified in the lower right corner. 

6. a PARTS LI S'J. 

.. 
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;; 1M -
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$> I ~ I ) 

I~);; IU .. '--Ul....Ja~~ 
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Figure 15 
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N'f~(jHA T Ej) CiRCUITS 
U0 17bb 74ALSOO 
001 0 1b 74LSUO 
00 101 5 74300 
UU 1UIU 'f 4 L:"; 0 ~ 
U010 24 74LS04 
U0 102 j r( 4 SO 4 
U0 102 5 740b 
U 0 17 b '1 74ALSOb 
U0102~ 74LSOtl 
00170~ 74ALS10 
U01030 74LS10 
00102() 74S10 
001033 74LS20 
U010 j '( 74LS3U 
0017 2 7 74ALSj2 
001042 74ALS74 
001041 74S?4 
U01 r( b b 'f 4 L S 9 2 
001051 74LS125 
001b()0 '( 4 LS 1 3 3 
U01057 74LS153 
00105b rf 4 LS 1 5 5 
U010 5 9 74LS15 rf 
0010b2 74LS1b4 
U01tl53 74S17') 
001070 74LS240 
001072 74LS244 
00107b 74LS273 
U01079 74LS279 
0010bU 74LS2tlO 
U01b94 74LSj21 CLOCK GENERATOH 
0011554 ?4LS3b3 
()0 10b 3 74LSj'{3 
001 b () b 'f 4 LS 5 j 3 
UOlb'., MM')jbtl NATIONAL 
U01tl~b AMl)342211C TAA=45ns max 
U01U57 AM()519-1 AMD 
U01b5b ZbOB-CPU 
U01b5() PAL12Lb 
001 eb O EPHOM 2732-4 

1 U 1 
3 u tl , 1 '( , '-, ~{ 

1 U5H 
I Uj (, 

3 114,21,4~ 

2 U11,lU 
1 U4tJ 

U')L! 
1 U 1 9 
1 Ut) 

u'{ 

2 	 Ub,20 
U 1 U 
U() 

1 U5b 
3 U2,37,')3 
2 U3,,)7 

U22 
U44 

2 U1 3 ,27 
2 U24,2,) 
1 U 1 () 
1 U 1 ') 

u')') 

U3() 
U4'( 

U 51 
U42 
U3 ') 
U34 
U 3 tl 

4 U43,4tl,4(),50 
4 u 3 0 , OJ 1 , 32 , 3 3 
1 U')2 
1 U4U 
2 U2b,?U 

U 4 1 
UL ) 

U 1 4 
U29 
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CAPfl C JTORS 
0011b') O. 1 

0011 0':> . 1 
0 0 1 172 1 0 
1)(1 I I 'f : 1U 
U0 11,(,( ~-j t> 

001Hb1 25 
UOHlb 2 33 
U01 '( 2 U 5b 
UU1HbJ la O 

uf 

ut' 
uf 
ut' 
p i' 
pf 
pf 
pf 
pi' 

IHPA::i::i 

NO /I tJ EXT TO C32 
10 V DT R 
~ ? V In HH 
THIMMEH VAH 
~O V CO R +or-101> 
50 V CD R +or-10~ 
50 V CO R +or-101> 
~O V CD R +or-10~ 

27 

2 
2 

C1-'),1,H,10-19, 2 1, 
C 2 3 , 2 b - 3 2 , .~ ') 

C j q 
Cb 
C2Ll 
C25 
C9 
C33,3b 
C20, 2 2 

HE ~ J S T OH S & HESISTOH rJ ETWOH KS 
U0 1 2H5 10 OHM 5% 1/qW CF 
U01 2 Hb 2 2 OHM ~1> 1/LlW CF 
U012 H7 100 OHM 51> 1/4W CF 
U0 12 9 " 220 OHr~ ~1> 1/Ll~' CF 
U0 1299 1 K 5~ 1 III W CF 
OU1Hbq 2K ')1> 1/4W CF 
U01 505 Ll.7K 5~ l/qW 0 ' 
U01 j 1U 2 0K ~:t. 1/4W CF 
U01 Hb ') H2K ~:t 1/QW 0 ' 
OU1HbtJ lOOK ')~ l/LlI~ CF 

Ll 
1 
5 

1 
g 
3 
1 

R11,12,13,lLl 
Rb 
R1b,17,l H,19, 2 U 
R 1 
R 10 
R5 
RH,l':>,21,2 2 ,2'J-29 
R2,j,'7 
RLl 
R9 

UlJ1Ho'{ 4. '( K OHM SIP 1UP PULLUP 4 URl-4 

lJ01 (ID<j COIL 1 • ) 
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