MIDEL 450 PROCESSCR AND 440 1/0 BOARD
CENERAL

The Mbdel 450 & 440 Rrocessor-1/OBoards are the central processing unit of
the Industrial Mcro Systens Series 5000 and 8000 conputer system The
Mbdel 450 provides control and the 440 provides timng, and I/Ointerfacing

for the system

Qontrol is acconplished by the NEC Z80 LS (large Scale Integration) mcro-
processor device. This is a fully parallel, 8bit, bi-directional, bus
oriented processing unit wth a 16-bit address capability, allowng up to
65 kbytes of directly addressabl e nenory. The Z80 has a 1 usec instruction

cycle tine.

Timng is provided by the 8253 Programmabl e Interval Tiner (AT). The AT
is atiner/counter and functions as a general - purpose, nulti-node timng

el enent that generates accurate tine del ays under software control.

The 6402 Whi versal Asynchronous Receiver/ Transmitter (UART) interfaces the
Z80 microprocessor to an asynchronous seria data channel. The UART |
.converts input serial data to parallel data to be acted upon by the system
Qutput data is converted fromparallel to serial to be placed on the RS 232
PCRT.

The 8255 Programmabl e Peripheral Interface circuit interfaces the Z30
mcroprocessor to three 8 bit parallel ports. These are located at the
50 pin I/Oconnector at the top of the 440 card. Each line is TIL buffered

and has provision for termnation network.
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The Mbdel 450 processor consists of a single printed circuit board that nomnal |y

occupi es the first slot (slat O) of 12 card slots in the Series 5000 or 8000 i
conputer system It interfaces wth the rest of the systemthrough the address,
data, and control lines of the S100 Bus system i
The 450 Processor board consists of the followng functional divisions (see
Hagure 1).
8-bit Mcroprocessor Device (G )
Priority \ectored Interrupt'CIrcuitry
The 440 1/O Board consists of the followng functions.
1024 by 8-bit Utraviolet BEasable Programmabl e Read-only Menory
Programmabl e Interval Tiner/Real Tine Qock
2 Lhiversal Asynchronous Receiver/Transnitters (UARTS)
RS- 232 Interface Logic
3eight bit parallel ports .
SPEA H CATI ONS |
Vord S ze: _
Addr ess 16 bits
Dat a 8 bits
- board RCM 1 kbyte
DOrectly Addressabl e Menory 64 kbyt es
a ock Frequency 4 MHz
/O Ports (Seria) 2
8 bit parallel ports 3
Baud Rate 75 to 9600 baud
s ; 2(?3%:( omx 25,4 cn
Power Requi renents 440 +16 @60 na
+ 8 @500 ma
16 @40 ma .

450 + 8 @700 ma



Z80 M CROPROCESSCR

The Z80 processor is a bi-directional, bus-oriented, 8-bit parallel LS device
wth a 16-bit address capability, alowng up to 64 kbytes of directly addressabl e
nenory. The Z80 contains six 8-bit, general purpose working registers and an
accunul ator. The six general purpose registers may be addressed individual |y

or inpairs, providing both single and doubl e precision operators. Arithnetic

and logical instructions set or reset four testable flags. A fifth flag provides

decinal arithnetic operation.

The Z80 has an external stack feature wherein any portion of nenory nay be used
as a last-in/first-out stack to store/retrieve the contents of the accum ator,
flags, programcounter, and all of the six general -purpose registers. The 16-bit
stack pointer contains the address of the next available location in the external
nenory. The programcounter is a 16-bit register that contains the program
address. The flag register contains six bits of condition code infornation
which indicate the results of the ALU (Aithnetic Logic Lhit) operation;
Negative (N, Zero (2, Overflow (), Garry fromBit 7 (Q, and Hilf-Garry from
Bt 3 (H. These are used as testable conditions for the conditional branch
instructions. This stack feature allows the ability to provide priority

vectored interrupts.

The mnimuminstruction tine for the Z80 mcroprocessor is 1 usec. Separate
16-bit address and 8-bit bi-directional data lines are used to facilitate

easy interface to nenory and 1/Q

Menory and [/Ointerface control signals nay be used to suspend processor
operation and force the address and data lines to a high inpedance state

(Tri-state allowng Drect Menory Access (DM and mul ti-processor operation.

~
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The Z80 provides 158 variable length instructions (see Z80 instruction set).
In addition to performng basi c processing functions, the processor is capabl e
of responding to real-tine programinterrupts, autonatic restart in r esponse

to the RESEI/ Power-n RESET signals, and Drect Menory Access operations.
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440 1/0O BOARD : !

1024 x 8 EPRCM (Menory).

The Intel 2108 is a high-speed, bit-erasable, and electrically reprogrammabl e
Read Only Menory (BPROM. It is packaged in a 24-pin, Dual In-Iiné Package (DOP
wth a transparent lid, allowng the user to expose the chip to ultraviolet |ight
and erase the bit pattern. A newpattern can then be witten into the devi ce.
ROM address space is Shunt selectable. The EPRMis us;d in the 440 Processor

to contain the Bootstrap programor a special nonitor.
PROGRAMVABLE | NTERVAL TI MR .

The Intel 8253 Programmabl e Interval Tiner is a programmabl e counter/tiner.
Its function is that of a general -purpose, multi-node timng el enent that can be

treated as an array of I/Oports in the systemsoftware.

The 8253 allows the programmer to set up timng loops in the systemsoftware

So as to generate accurate tine del ays under software control. The user nay

“initialize one of the three counters w.th the desired quantity and; - upon

command, count out the delay and interrupt the CPUwhen it has conpleted its
tasks. This minimzes software overhead and allows mul ti pl e del ays that can be

easi |y nai ntai ned by assignnent of priority |evels.
Qher counter/tiner functions provided by the 8253 are:

Real Tine dock
Programmabl e Rate Generat or
Bvent Qount er

Bnary Rate Miltiplier
Dgita e Shot



UN VERSAL ASYNOHRONOUS  RECH VER TRANBM TTER - (UARTT)

The 440 has two on-board serial 1/Oports. Each port consists of a
6402 UART. The UART is a programmabl e M5 LS device used for interfacing
an asynchronous seria communication line to the parallel data lines of the

M Cr Opr OCESSOr .

The UART is made up of two separate and independent sections:
1. The recei ver

2. The transm']fter
RECH VER ) : i

The recei ver accepts the serial data, converts it to parallel and decodes it.
The decode function converts the serial Sart, Data, Parity, and Sop bits to
parallel infornation and verifies the proper code transmssion by checking

parity and the recei pt‘of avaid stop bit.

TRANSM TTER
The transmtter section converts the parallel data into a seria word which

e contains the data, alongwth the start, parity, and stop bits.

Both the receiver and transmtter are doubl e-buffered. The UART nay be

programmed as fol | ons:

1. Theword length nay be either 5 6, 7, or 8 hits.

2. Parity generation and checking nay be inhibited, and the
parity may be odd or even.

3. The nunber of stop bits nay be one or two (15 when trans-
mtting a 5-bit code).

4. The baud rate may be set from75 to 9600 baud.

%

-6



RS- 232C VALTAGE | NTERFACE

The two serial ports of the 340 processor go to the systemperipheral s through
industry standard B A RS 232C vol tage interfaces.

HARDWRE  SUMWARY ;

The instruction set of the 450 is that of the ZB0 microprocessor device. The

processor has a 1 usec instruction cycle tine, the ability to provide priority
vectored interrupts, and the capacity for 256 bi-directional 1/Oports.

FUNCTI ONAL OVERM EW (Se FHgure 1)

The S 100 bus interface consists of three separate sets of |ines:

1) address lines, 2) datalines, and 3) control lines..

ADDRESS —The 16 address lines (AQALS) alloweach of 65536 bytes of nenory
to be uni quel y addressed. |

The address lines are utilized by either the mcroprocessor or a direct nenmory
access (OMN device, such as the disk controller. These |lines are decoded by
each nenory nodul e so that only one nenory location is addressed by an excl usi ve
bit pattern.

DATA —The data lines are further sectioned into two sets of |ines:

‘1) input data, and 2) output data.

The input data lines (DQD7) carry the binary data in parallel fromthe nenmory
to t he 450 processor.

The output lines (D3DDD7) carry the binary data in parallel fromthe 450

processor to nenory.

GONTRL —The remaining bus lines performvarious control functions:

1) timng, 2) synchronization, 3) data direction and 4) status.



TIMNG and SYNCHRON ZATI ON —These control lines are:

0 AKX PSYNC

0 AAX READY1 ,
A.ax- READY2
SM WA T

01 and 02 (phase 1 and phase 2) clocks, alongwth Q.OX-, are generated

by the microprocessor clock circuit and are the nain timng signals.

PSYNG XRDY, and SYNC enable and initialize the clock circuit. The 16 M¥
crystal provides the base frequency for the oscillator. Fomthis circuit 02

clock is used by the mcroprocessor for control tinmng.

STATUS —The status signals and the corresponding data bits are as fol | ows:

3
=
:

g 8B g R B R O §
c

S NTA+

The eight status lines are placed on the bus by the nmicroprocessor to be
sel ectively used by the nemory and |/Oboards to obtain infornation as to the

nature of the cycle.

B
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| NTERRUPTS —The vectored priority interrupt system consists of eight

interrupt lines as follows:

| NTEHRRUPTS CESH PTTON
MGOM5 Wser defined
_V"‘BMkannmni cationinterrupt V7 RICi nt err upt 4
v7 : ER‘IC interrupt

The interrupts® function is to indicate to the CPUthat there are peripheral
devices that need to be serviced. Wen the priority requirenents are ful -
filled, the CPU goes into the Interrupt Service Routine and responds to the
devi ce requesting the interrupt. '

T

‘po?—I_CONTROL ——Port\ X8H nt err upt rrask r equest —&

) - e
assi gnnents are as fol | ovs: /// / % ( 7 /] )
CESCR PTTON by
ROMdisabled = 1_ il _?u 4/

Real Tine Qock interrupt enable = 1

UART 1 transmt interrupt enable :\1,)
UART 1 receive interrupt enable = 1)
UART 1 request-to-send

JIARTOtransnit i nterrupt enabl e=1 1)

UART O recei ve interrupt enabl e = 1j
F

UART O request-to-send
=S

The Real Tine dock (RTQ interrupt (bit 1) is reset when out YOH i s

N~ o o b~ W N R Ol?|

execut ed.

The ROM Enable/Osable (bit 0) shunt is |ocated on JG7-8.
—

LR
A7 v*as’;

b =




UART GONTRCL — Gontrol for UART O is acconplished by the followng |ine and

bit assignnents:

BT FUNCTI ON

Qut XOH= Gontrol

N

0 Parity inhibit
1 Even parity enable
2 Sophit select -
3 Vord length - LSB
4 Vérd length - M5B

Qut XIH = Transmitted data out K/ U
n Q1 = Sas M 1

0 Recei ve data ready

Transmt hol ding register enpty
Parity error
Framng error

Qverrun error

N B~ OB

QG ear-to-send
In XIH = Received data in

Line and bit assignnents for UART 1 are as foll ovs: -
Qit X2H= Gontrol
Quit X3H= Transmitted data out
In X2H = Satus
In X3H = Receive data in

(Bt assignnents are the sanme as UART 0)

P T ONTRL —The Progranmabl e Interval Tiner provides three independent

counters for interrupt timng:

Qounter 0O UART 0 dock
Qunter 1 UART 1 d ock
Gounter 2 Real Time Qock

-10-



Qut put X7H provi des control for the AT. An output to line (port) X7H
nust be acconpl i shed before ést ablishing the timng intervals for each
counter. The division factor is loaded into each count register to establish
the desired frequency output. The base clock frequency is 2M. , The

followng val ues should be output to port X7H for each counter, as follows:

QJTRPUT
- 0 BH s
5 "{o" /‘( . ; ‘/” ! g
1 h 76H ) .
2 soH (oo ( S £

To load the count registers, the desired division rate shoul d be out put

(least significant byte first) for the counters as foll ows:

CONTER QUIPUT
0 Port x4H
1 : Port XGH
2 Port X6H

The algorithmfor determning the baud rate for the UARTS is as follows, using

baud 9600 for the exanpl e: i

| nput frequency 2,000, 000 . K ar Dt LA 3/
~ baud X 16 = 57/\6@))( 16 - 13509000y o0y 2 s
L2

Note that the- UART requires an input freguency of 16 tines the baud rate.
So: 1. Qutput 36Hto port X7, then
2. Qutput (DHto port X4, then
3. Qut put GCHto port X4

The UART is now set to run at 9600 baud.

-11-
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MODEL 450 2780 CPU BOARD

SHUNT AND JUMPER OPTICNS

JA WAIT STATE SELECT IOC. 2.5&
o No Shunts = No Memory Wait State
o Shunt JA 1-2 = Provides One Wait State

o Shunt JA 2-3 = Prottides Two Wait States

JB . POWER OM ADDRESS SELECT I0C. 9.5A
o] 16 AlS Shunt Off =1 Shunt On = 0
o 15 Al4 (All Shunts Off Power On Address = FF00,;¢)
o 14 Al3 (A1l Shunts On " Power On Address = 000016)

o 13 Al2
o 12 All
o 11 AlQ

o 10 A9

o 9 A8
Jc CPU CLOCK SELECT: e, 3.08
o 6 Cut Etch Jumper to Change CPU Clock
o—0 -5 4AMHZ
o 4 2MHZ
JD ADDRESS MIRROR SELECT e, 3.5C

I Cut Etch Jumper for No Address Mirror




MODEL 440 /O BOARD

SHNT AND JUMPER CPTI ONS

JA PARALLE. PCRT A SHECT LGC 7.5A
i o o 4 No Shunts = |nput Mode\/,
Sunt JA 14 = mt&meig
2 o o 3 Sunt JA2-3 = Bdrectiona Mde

PORT A DRIVER/RECEIVER LOC 8A, 10A

74L243  Non Inverting
74L242 I nverting

PCRT A TERMNATION CPTIONS LGC. 9A

Qpen No Termination
Beckman $9-1-RLOK 1K PRull Up Termnation
Becknan 899-5- R201330 2201330 Pull WUo/Pull Down Ternmination

JB PARALLELPORT, PORTBSELECTLCC1L. 58
1 0 No Shunt - Input Modsk

Sunt JB 12 = Qitput Mbde
2 |o —_

PCRT B DRIVER/RECEIVER -~ LOC 10B 1A

74L.243  Non Inverting
74.242  |nverting

PCRT B TEHRMNATION GPTIAN LGC 11B

Qoen No Termination o
Becknan 899-1-R. (X 1K Pull Up Termnation
Beckman 899-5- R2201330 2201330 Pull o/ Pull Down Termination



JC
PCO 0.
=111
pcl |o o
Q O
PC2 ToT0"
@
pc3 |o o
(o] [»]
Pc4 |00
M
=[]
—
pC6
I
pc7 o o
o O
JD
(o]
1 O—0
(o)
JE
1 " 3
JF
1
!

32
31
30
29
28
27
26
25
24
23
22
21
20
1°
18

17

PARAIIEL, PORT C SELECT I0C. 13.5A

No Shunts = Bit Unused

Shunts = PCX ,@. Input Receiver
Shunts = PX E] I":] Output Driver
PORT C DR VER RE(H VER LGC 13A
74244 Nan |nverting

74140 I nverting

PCRT C  TERM NATI QN GPTI ON LG 12A
(pen No Termination

1K Rl Up Termnation
2201330 Rull W/ Rull Down Termnation

Note: For nore detail regarding the progranming of the
8255A see the INTEL Peripheral Design Handbook.

e —

ROM SH ECT LGC 6.5B
2708 1K X 8 Ech Junper JD 1-3 VBB = -5
JE 1-2 VDD = +12
JF 1-2 AL0
JF 3-4 Al

2716 2K X 8 Qut Ech Junper
JD 1-3 Add JD 3-4 +5
JE 1-2 JE 2-3 AlO
JF 3-4

2732 4K X 8 Qut B ch Junper
JD 1-3 Add
JE 1-2
JF 1-2
JF 3-4



JG RCMACDRESS SH ECT LGS 9.5C

Al5 o0 14 Sunt Gf = 1 Swunt O =0
Al Sunts Gf = ROM S arting Address FO0ie)
al4 £—0 13 Al Swunts h = ROM S arting Address 0000)
Al3 00 12
al2 o0 11
All o0 10
Al0 oo 9 -
RE -0 8
RE-ROM ENABLE
JH .
1 o—0 4 Shunt Gf ROMDO sabl ed, Shunt on RCMEnabl ed
2 o o 3
T MR AL.QK CPTTANLAC 2CE chJunper JH1-4; =Ext er nal 2MZ
Etch Jumper JH 1-4 = External 2MHZ
Qut Bch Junper JH 1-4 Add Junper JH 2-3
Add CBCat LSDand 74LS161 at 13C
For Internal Tiner Qock
JJ~IN m»I_NTERRIIPT OPTIONS | LoC. 20, 3D
V17 o=, 116 'he installing of a shunt will attach the selected

interrupt level to the function as defined below:
VIé —e——o'tr 15N\

2JJ - PReal Time Clock Interrupt
VI5 o o 14 ("JK - Line 0 Transmit/Receive Inte.rrupt
\_JL - Line 1 Transmit/Receive Interrupt Z
vi4 o o 13 JM - Parallel Port B Interrupt (PCD I Z
JN - Parallel Port A Interrupt (PC3 INTRa) [
V13 o o 12 e e e
V12 o o 11
VIl o o 18
VIO o o 9
» :
JP _,‘,'E_/O DEVICE ADDRESS SELECT | IC. 5.5D
A7 ~e—od 07 8 Shunt Off = 1 Shunt on = 0

(All Shunts Off
A6 0 — 7 (A1l Shunts On

O O N A
ﬂ

-

I/0 Address FO - FF]_6)
1/0 Address 00 - OFg)

wou




/O CEM CE ACDRESS

X0 oW 0 RW CR

X COW 0 RW DATA

X2 oW 1 RW CIR

X3 ~OOW 1 RW DATA "

X4  TIMR 0 RW DATA (BADAQX X 16 COMWO
X5 TMR 1 RW DATA (BAD ALK X 16 COW 1
X6 ~ TIMR 2 RW DATA (R

X7 TIMER QONTRAL VR TE

X8  |INTERRUET ENABLE / REQUEST TO SEND CTRL

X9  TIMR 2 |INERRPT REET (RIQ

- .

B

XC ~ PARALLEL PCRT A R WDATA

XD PARALLEL PCRT B R WDATA

XE  PARALLEL PCRT C R WDATA

XF  PARALLEL CONTROL VR TE

SHNTI' S5 ECTED

~
]

=y \ /=

Nt et e N e
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MODEL 440
PARALLE. PCRT GONNECTCR AN LI STI NG

1/0 BOARD

L swvc 2. +5VIC

3. PA7 4 QD

5. P 6. QD

7. PAS 8. QD

0 PM 10. QD ¢

11 PA3 2. QD

13 PR 14. QD

15.. PAL 16. QD

17. PAO 18. QD

19. PBY 20. QD

21. P86 2. A

23. PB5 24, QD

25, PB4 26.© GQ\D

27. PB3 28. A

2. PB 30. GD

3. PH 32. QD

33. PBO 4. QD

B P -36. QA\D

3. PGS 38 QD

30 P& 40. G\D

4. PG 4. QD

43, PC3 44, QD

45 P2 46, QD

47. PCL 48. QD

49. PRI . 50, QD
PAX PARALLEL PCRTA BTS
PBX PARALLEL PCRTB BTS
PCX PARALLEL PORTC BTS



STANDARD ASS QNMENTS

| NTERRLPTS

VO 00 PONR ON
V1 08

M 2 10

W3 18 . PRINTER

V4 20 EXTER\AL GOMMUNI CATI ON
W5 28 EXTERNAL RTC
W 6 30 GOMMLN CATI ON
W7 38 RTC

|/ O CEM CE ADDRESS

10 QoM 0 R WCTR.

11 GOWM 0 R W DATA

12 am 1 R WCIR.

13 aw 1 R W DATA
14 . TMR O RwW

15 TMR 1 R/W

16 TTMR 2 RW

17 TTMR CTR.

18 I NTERRUPT MASK / CA CTRL



x|x|x CUT X0 / X2
-
— EpE
— sgs
— =
L cas2
71 6(5]4(3]2[1]0 CTRL IN
11 | IN X0 / X1
- L DR
TBRE
L — g :
L—(CB)WW{ B
7161514312110
X UT X8
RTC ENABLE

COMM 1 TX INTERRUPT ENABLE

— COMM 1 RX INTERRUPT ENABLE

~— COMM 1 REQUEST TO SEND (CA 1)

—— COMM 0 TX INTERRUPT ENABLE

——— COMM 0 RX INTERRUPT ENABLE

L om0 =00EsT T S50 (CA 0)

=



PA PORT OUTPUT MODE 1

WO

~PAO0 - DS1

PRl -~ DS2

== PR -~ D83

—— DPA4 - DS5

—— pA5 - DS7

PA6 - DS7

PA7 - DS8

PB PORT INPUT MODE 0

|—PBO = FAULT

PBl = SICT

— PB2 = PE

—— PB3 = BUSY

CONTROL WORD

PORT A OUTPUT MODE 1
PORT B INPUT MODE 0
PORT C UPPER CQUTPUT
PORT C LOWER OUTPUT

PC PORT CONTROL:

- pCcO = DSTA DATA STROBE PULE oUT

—— PC3 = INTR = VI3 INTERRUPT LOCATION 18 OUT

—— pC4 = TP INITIALIZE PRINTER oUT

————— PC = ACK PRINTER ACKNOWLEDGE PULSE / INTE IN/C0T
——— BT = 08P

e



PCX BT SEREXET FCRVAT FCR GBNTRON CS PRINTER

0 0
7 514(3(2(1]0 CONTROL DEVICE ADDRESS XF
0 x|lxlolojolo RESET PCO DSTA

0 1
0 X|X|0loJoJ1 SET  PCO DSTA

0 8 2
0 X|X|1]0]O0J]oO RESET PC4 TP

0 9 .
0 X|X{11]0}10|1 SET PC4 TP

0 c
0 X!X|11]1{0}| 0 RESET PC6 INTE

0 D
0 X[X|1}j1]0)1 SET PC6 INTE

PCX SHUNTS FCR CENTRON CS PR NTER
1 SHANT PCG3 (INTR TO INTERRPT V13 LOCATION 18 JN 5-12
2. SHNT PA TOGD SOPAX = QJPUT JA 1-4
3. INSTALL 74.944 FCR PC DR VER
4 SHNI PO JC 1-2 DSTA
JC 31-32

P# JC 910 |P
JC 23-24

PB JC 13-20 AX
JC 14-19
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