Ciarcia’s Circuit Cellar

Build the Circuit Cellar
- MPX-16 Computer System

Part 2

A continued descri_jjtion of an 8088-based system that shares
its principles of operation with the IBM Personal Computer.

~ This article is the second of three
describing the design and operation

of my most ambitious construction
~.project to date:. the Circuit Cellar
" MPX-16 computer system. I've writ-
“ten these articles with the intent of
giving you a grasp of the basic func-

tional parts of a complicated piece of
electronic equipment and how these
parts work together.

Because the MPX-16 is somewhat
more complex than the projects I nor-
mally write about, I've had to
simplify the presentation of many
details to fit them into the magazine,

- but if you're interested in building an

MPX-16, you can get all the details
you need from the MPX-16 Technical
Reference and User's Manual, which
comes with the printed-circuit board
available from The Micromint (see
the text box on page-78). This book
includes timing diagrams and listings
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of the MPX-16's special software.
Last month I presented an over-

view of the system and a discussion of

the coprocessors and bus structures.

This month, I'd like to continue by

explaining memory, interrupts,. the
expansion bus, and I/O (input/out-
put) decoding. But first, here’s a recap

of the MPX-16's features.

System Features
The Circuit Cellar MPX-16 com-

-puter system fundamentally consists -
-of a single 9- by 12-inch five-layer

printed-circuit board (containing 120

._integrated-circuit packages), to which

various peripheral devices are at-
tached. It has nine expansion slots

and is completely compatible with the

1/O-expansion bus of the IBM Per-
sonal Computer.

The MPX-16 uses the Intel 8088
microprocessor and the optional 8087

numeric ¢oprocessor; the main circuit
board 'has room for 256K bytes of

user memory and cortains two serial .

and three parallel I/O ports, a
floppy-disk controller, and EPROMs
(erasable programmable read-only
memories) containing the BIOS (basic
I/0 system) module of Digital Re-
search’s CP/M-86 16-bit disk. operat-
ing system. The MPX-16 can be

readily expanded to provide a full 1
megabyte of user memory and several
megabytes of hard-disk mass storage.
A more detailed list of characteristics
appears in table 1.

The MPX-16 was initially de51gned
to run CP/M-86, but eventually
Microsoft's MS-DOS ‘operating sys-
tem will be available for it, making it
possible to run most software written

" for the IBM Personal Computer on

the MPX-16, except software that
uses unique features of the IBM PC.,
The principal difference is this: with
the present BIOS, the MPX-16 com-

‘municates with the user through a

serially interfaced display terminal in-
stead. of a memory-mapped video
display. (You could theoretically in-
stall an IBM Color Graphics Display

. Adapter and a serial IBM-type key-

board for exact ‘hardware emulation.) .
The MPX-16 is well suited for use
as a low-cost 8088-based computer

for integration into a complete hard-

ware/software package, chiefly
because it combines so many func-
tions on a single printed-circuit
board. Putting together the hardware
of a complete system, you need only -
add a power supply, a serial video-
display or printing terminal, and one
floppy-disk‘ drive (either 5%4- or
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designed to use a 5-MHz Intel 8088 microprocessor, which combines a 16-bit archi-
tecture with an 8-bit bus interface and has 20-bit addressing capability for up to 1
megabyte of system memory, operating in maximum mode to support mulUprocessmg

2. optional Intel 8087 math coprocessor

@

two RS-232C serial /O ports

i e

memory-refresh requests)

8-inch single- or double-sided drives

14. BIOS for CP/M-86 in EPROM

onboard space for four 64K-byte banks of dynamic RAM for a total of up to 256K |
bytes, with parity generation and error detection
sockets for up to 64K bytes of JEDEC 24- or 28-pin standard ROM or EPROM devices

two 8-bit general-purpose parallel /0 ports with handshaking control lines
one Centronics-compatible parallel printer port :
four programmable timers (one for a real-time clock, two for data rates one for

9. four independent DMA (direct memory access) channels
10. sixteen levels of vectored, prioritized interrupt control
11, single- or double-density floppy-disk controller for controlling up to four 5%-inch or

12. five 62-pin 1/O-expansion-channel connectors (hardware compahble with the IBM Per-

sonal Computer) with space for four more
13. five-layer 9- by 12-inch printed-circuit board

Table 1: Major characteristics of the MPX-16 computer system. -

‘expansion

Start Address , .
Decimal Hexadecimal Bank Function
0 00000 "0 64K to 256K bytes of RIW
64K 10000 1 memory on system
- 128K 20000 2 board
192K 30000 3
256K 40000 4 .
320K 50000 5 up to 704K bytes of
384K 60000 6 expansion memory in
448K 70000 . 7 I/O channel
512K 80000 8 !
576K 90000 9
640K A0000 - 10
704K - B0000 11
768K C0000 - 12
832K - D0000 13
896K E0000 14
960K FO000 ) R 64K bytes of system ROM/EPROM

Figure 1: Map of memory—address—space
increments.

[P

8-inch). Turn on the power, insert a
CP/M-86 disk, and go. And by the
time you read this, an enclosure for
the circuit board should be available.
Many applications need nothing

more.

System Memory

The . stars of the show in
November's article were the Intel
8088 microprocessor and the 8087
numeric processor extension (NPX),
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allocation in the MPX-16, in 64K-byte

-with supporting roles played By the

Intel 8284 clock generator/driver, the
8288 bus controller, -and the 8237A-5
DMA (direct memory access) con-
troller. This month we look at some
less glamorous but equally necessary
components, starting with a type of
component so prosaic as to be called

a commodity by the semiconductor

industry: the memory.
The MPX-16 system circuit board
contains both read-only and

read/write memory. In addition to
the possible 64K bytes of ROM, the
MPX-16 circuit board contains
sockets for up to 256K 9-bit words
(an 8-bit byte plus a parity bit) of
dynamic RAM (random-access read/
write memory). Furthermore, to aug-
ment the onboard memory, as much
as 704K bytes of expansion RAM or
ROM can be added in the I/O-
slots using readily
available memory-expansion boards
such as the Quadram Quadboard or
the Seattle Computer RAM-Plus
card. A memory map of the 8088's
1-megabyte (1,048,576-byte) address
space in 64K-byte increments is
shown in figure 1. Two of the five
sections of the schematic diagram are
included in this article; section 2 ap-
pears as figure 2 on pages 48, 49, and
50; section 3 as figure 3 on pages 52,
53, and 54. A table of integrated cir-

“cuits, giving their type, location, and

power connections, appears on pages
56 and 60 as table 2.

ROM Configuration

Four integrated-circuit sockets,
designated 1C82 through 1C85 in sec-
tion 3 of the schematic diagram, are
provided for holding ROM (read-
only memory) chips, which most

. often are EPROM devices. These four

JEDEC- (Joint Electron Device Engi-
neering Council) standard 28-pin
sockets can contain several sizes of
EPROMs, any of the various “byte-
wide” (8-bit word size) devices such
as the 2716 (16K bits or 2K bytes), the

-2732 (4K bytes), the 2764 (8K bytes)
-or the 27128 (16K bytes). EPROMs

with 24-pin packages, such as the
2716s and 2732s, are plugged into the
lower 24 pins of the sockets, with cer-
tain jumper connections set accord-
ingly.

For proper operation, the MPX-16
circuit board must contain a ROM or
EPROM .device in the highest address
space (socket IC85) and a bank of
RAM in the lowest address space
because the 8088 processor fetches its
first instruction after a power-up reset
from location hexadecimal FFFFQ
(usually a jump instruction branching
to an initialization routine) and uses
interrupt vectors.in the range hexa-
decimal 00000 to O03FF.

Circle 4 on inquiry card. ===




Photo 1: The Circuit Cellar MPX-16 single-board computer system, wh
puting power. The five-layer printed-circuit board contains 120 integrate
faces; furthermore, any peripheral-device card intended for use

ich uses the latest technology to provide lots of low-cost com-
d circuits including most common peripheral-device inter-
with the IBM Personal Computer can be plugged into one of the I/O-

expansion slots. There are nine slot positions, but only five sockets are installed initially.

The capacity of the ROMs (or
EPROMs) used on the system board
must be compatible with the con-
figuration of onboard jumpers JP1
through JP6 and with the program
stored in the 32-word by 8-bit
address-decoding PROM (program-
mable ROM) device IC45, an
HM7603. The PROM program and
jumper arrangements supplied with
the system board are intended for
type-2732 EPROMs. A different
decoding PROM is needed for other
memory-device types so that the four
ROM sockets may be decoded into a
contiguous address space in each
case. (A PROM-programming table is
included in the MPX-16 documenta-
tion.) The ROM-decoding logic and
memory organization are respectively
shown in sections 2 and 3 of the
schematic diagrams.

The ROM-address-space-decoding
logic for the system board is enabled
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whenever all three high-order system
address bits, SYSA17 through
SYSA19, are high, causing the output
of a NAND gate (IC30) to go low. If

five PROM-address Dbits SYSA11

R R R e e P S |
Memory chips are less
glamorous than
microprocessors, but
just as necessary.

[t e caem s

through SYSA15 or SYSA12 through
SYSA16 (depending on the jumper
configuration) address one . of the
programmed locations, the selected
ROM-chip-enable line (one of
PROMSELO through PROMSEL3)
is also driven low, selecting that
memory device. The ROMSEL
signal at IC28 pin 5 (a two-input OR
gate in section 2) also enables a wait-
state-generation circuit if jumper JP7

is connected. After one of the
PROMSELx lines has been driven
active-low, a SYSMEMRD (system
memory read, active-low) signal from
the system bus master will initiate the
memory-read cycle and generate a
single wait state if JP7 is connected.
Valid data from the ROMs is avail-
able on the data bus after
SYSMEMRD goes low.

Normally, the MPX-16 requires
ROM or EPROM devices with an ac-
cess time of 350 ns (nanoseconds) or
faster. The optional wait-state feature
afforded through JP7 allows use of
slower ROM devices with 450-ns ac-
cess times. If faster devices are used,
then JP7 should not be installed and
the MPX-16 can operate with no wait
states.

The EPROMs on the standard
MPX-16 system board contain a
power-on self-test routine and 1/0
drivers, including the CP/M-86 BIOS
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Figure 2: Section 2 of the schematic diagram of the MPX-16 computer’s main circuit board. (Section 1 was printed in last month's ar
ticle; section 3 appears here in figure 3; sections 4 and 5 will appear in next month's article.) The notation *(n) indicates that a givei

signal line connects to a component or another line shown in schematic section n.

A table of all the MPX-16's integrated circuits appears as table 2 on pages 56 and 60, giving each device's number, type, se

48  December 1982 © BYTE Publications Inc




SYSTEM CONTROL BUS

SYSALE YSALE
SYSMEMRD VSMENRD
SYSMEMWR TSMENWR

SYSIORD
SYSIORD YSIORD
SYSIOWR SIOWR
SYSCLK] SYSCLK1
. SYSCLK2 SYSCLK2
SYSRDY SYSRDY
SYSRES SYSRES
SYSCLKO SYSCLKO
LOCK LockK
50 - 5
S1 - s1
52 - 52
BRESET —* BRESET
8sYCLko BSYCLKO
BSYCLK1 - - BSYCLK1
BDMACKO - - - BOMACKO
SYSA19  SYSTEM ADDEE_SS BU‘S 5YSA19
SYSA18 — SYSA18
SYSALT SYSAL7
SYSA16 SYSALE
SYSALS SYSALS
SYsAL4 SYSAL4
SYSA13 SYSA13
sYsAl2 - - SYSA12
“ sYSALL - - SYSALL
SYSAL0 SYSAL0
SYSA9 - SYSA9
SYSA8 - SYSAB
SYSAT SYSA?
SYSAG SYSAG
SYSAS SYSAS
SYSA4 SYSA4
SYSA3 SYSA3
SYSA2 SYSA2
SYSAL SYSA1
SYSAO SYSAO
4 1/0CHNLRDY/ WATT
J1 J2 J3 Ja J5 J6 J7 Jg J9 .
GND . T70CHNLERR
/;7 Ve 81 A01 |/OCHNL7ERR D*(”
cc BRESET 802 a02 |-SYSOAT

. - BO3 203 | _SYSDATE _
< IRQST2 804 s 04 | SYSDATS
1 : sos | . 05 |SYSDATS -

-5V . . ) N
La1)< DMARQST2 308 AGG |-SYSDAT3
1 807 207 |LSYSDAT2

-12v - I0CHLDRQST 808 0 | SYSDATI
+12V . 8os | - AQg |SYSDATO

M/;:ND R . 010 Alo I/OCHNIV_RDV/WA!T
SYSMEMWR 11 A1 svs:\xf; 7
MR A
svs% ° 812 A12 svsA - l SYSAEN
SYSIOWR 813 . a13 |LSYsAL
. SYSIORD 814 atg |-SYSAL7 .
> DMACK3 B1s . A5 |SYsAle
e DMARQST3 816 A16 svs:ii
DMACKI 817 A17 SY8
LG DMARQST1 818 als |sysais .
. BDMACKO 819 Ao |S¥saL2
] BSYSCLKO 820 20 |SYSALL
|RQST7 831 21 |-SYSAL0
— T o [ :
. 1RQST 823 . A23 =2
*(1) { < JROSTE B24. : i A2¢ SYS':;
‘ - ‘RMASTE)' 825 Az z::AS i
DMACK2 826 : A26
TONT 827 27 |SYSA4
— SYSALE 828 A28 |-5Y843
4 —— 829 2o | 5YSA2
BSYSCLKL | gy A36 :\;::;
% 831 A3

BN

<170 -EXPA.'J/V.S'/ON CHANNEL

L R
SYSDATO SYSTEM DATA BUS SYSDATO
SYSDAT1 SYSDATL
SYSDAT2 SYSDAT2
sYspaT3 SYSDAT3
SYSDATA SYSCATS
SYSDATS SYSDATS
SYSDATE. > SYSDATE
SYSDAT? SYSDAT?7

tion/figure location, and power connections. Connections to the 1/ O-expansion-channel slo'ts:are of course made to each individual
slot. Possible substitutes for the HM7603 are the 745288, the 825123, and the AM27509, although it's best to use the HM7603. (The

diagram is continued on page 50.)

December 1982 © BYTE Publications Inc 49




Figure 2: Continued from page 49.
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| Figure 3: Section 3 of the schematic diagram of the MPX-16 computer's main circuit board. The notation *(n) indicates that a give
' signal line connects to a component or another line shown in schematic section n. -
[ "Connections shown on the edges of the dynamic-memory array on page 54 are of course made to. each individual chip. Bypa
52  December 1982 © BYTE Publications Inc




_ svsaLe SYSALE
SYSMEMRD SYSMEMRD
SYSMEMWR SYSMEMWR

SYSIORD SYSIORD
5YSIOWR SYSIOWR
SYSCLK1 SYSCLK1
SYSCLK2 SYSCLK2
SYSRDY SYSRDY
SYSRES SYSRES
SYSCLKO SYSCLKO
LoCK {ock
3 %
§1 si
§2 52
BRESET BRESET
BSYCLKO BSYCLKO
BSYCLK1 BSYCLK1
BOMACKO" BDMACKO
SYSAL9 SYSAL9
SYsA18 SYSALS
SYSAL7 SYSAL7
SYSAL6 SYSA16
SYSALS SYSALS
SYSA14 Sysaie
Sysa13 SYSAL3
SYSA12 SYSAL2
sYsAll SYsAll
SYSA10 SYSA10
SYSA9 SYSA9
" SySA8 SYSA8
SYsA7 SYSA7
SYSAG SYSAG
SYsA5 SYSAS
SYSA4 Sysas
SYSA3 - SYSA3
sYsa2 SYSA2
: 5YSAL ; SYSAL
2 SYSAD SYSAO
AASO
r -
5[4 -
e 154

| RASEN Uz )

% CASEN 15) 4 T : )

; ]

| e : e A o —

1 o AlA TepL AV -

svs:17 1; 08 P R 3 l
28 VWA
SYS 13 a1 32
3 5
1c74
Y 7415139 B ;s L
SYSAO 2 RN8
10A : SYSWMEMRD + DRAMSEL
N SYSAS Fl o 330 _ . SYSMEMRD + DRAMSEL
SYSA1 5 —|a 2 1 .
108
SYS A9 i YA VW RAMAO
. sYsa2 Y e vl ELom—t° - - RAMAL

! SYSAL0 10] ¢ Tol2 81 A 7 I - RAM A2

| SYSA3 14} 0o . . 3 I RAMA3

! SYSA1l FE] I v VW - RAMAS

| .

' ﬁg 165 sPE— RN6 RAMAS

H ' 330

| 7415158 . RAMAS

‘ RAMA?

| Svsaiz o B :

‘ SYSAS B

SYSA13 6|18 4 2 1
118 YA VWA
SYSA6 51 (s . 6 5
SYSAL4 10] 16 v
SYSA7 E] e 7ele 8l an17
- SYSA15 130, 75l 1 IV E|
150 sP—s RN7
r-—————————— [ ‘1C68 330
i | ———-————————i 74LS158
] X RAMWE
| | —
| | ROW/coL
| 1C63 164 * .
| 741814 | 741532 (SECTION #) DENOTES CONNECTION TO
INDICATED PIN OR SIGNAL ON OTHER
| Nol2 1 NUMBERED CIRCUIT SECTIONS.
1

"DELAY GENERATION LOGIC"

C -

RAMDO RAMDO
::mg; RAMD1
RAMD3 RAMD 2
RAMD4 Ramo3
RAMDS 7 RAMD4
RAMD6 RAMDS
RAMD? RAMDE

RAMD?

capacitors, not shown, should be installed adjacent to most integrated circuits between +5 V and ground. A table of all the MPX-16's

integrated circuits appears as table 2 on pages 56 and 60, giving each device's number, type, section/ flgure location, and power con-
nections. (The diagram is continued on page 54.)
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Figure 3: Continued from page 53.
SYSALE
SYSALE SYSMEMRD
SYSMEMRD SYSMEMWR
SYSMEMWR - SYSIORD
SYSIORD SYSIOWR
SYSIOWR - SYSCLK1
SYSCLKI - SYSCLK2
SYSCLK2 = : SYSRDY
i SYSRDY - - . SYSRES *(4)
SYSRES - SYSCLKO *(5)
SYSCLKO - - [ocK
" Togk 5
| 50 s1
s1 §2
52 BRESET
BRESET BSYCLKO
BSYCLKO BSYCLK1
_BSYCLK1 : BDMACKO
BDMACKO
sysale )
| SYSA19 SYSA18
i SYSA18 SYSA17
SYSA17 - , - SYSAlE
SYSA16 - . - SYSAL5
SYSALS . SYSAl4
SYSAl4 — - SYSA13
SYSAI3 - : SYSAL2
SYSAL2 : SYSALL
SYsAll - SYSAL0 *(4)
SYSA10 _ SYSA9 *(5)
SYSA9 - — SYSAS
SYSA8 . SYSA7
L : SYSA7 - i SYSA6
SYSA6 - ' SYSAS
SYSAS T - SYSA4
SYSA4 - - SYSA3
SYSA3 SYSA2
SYSA2Z SYSAL
~ sYsAl . sYsao
| SYSAO —_— '
A . CLRPAR 1C58 .
, 7RSO — : A [ o>————, 74574 -
i it S — *(1)
b RAS] — ) 168 4 SYSMEMRD + DRAMSEL 2|, PRE s FARERR"
Loy . Rase j 5 6 SYSMEMRD 5 . .
. RAS3 —— al
Lo ) . -, . Wl ® K ew
i : - 1c57 _ = Vee
o i 74L508 . | f
‘ ;,} : B : . |14 - .
L . . Q B
RAMAO 5 ,Jc8e
RAMA1L a1 1c87 PARITYERROUT
| TAsSO RAMAZ L : 1c88 : . N
M RAMAS 12 ’ 89 A c
B - cast - RAMAZ 11 :2 : e 1690 ) ¢
. CAS2 RAMAS 10} oo ol i
CAS3 — RAMAG  13] /¢ 1c91 bD nl
RAMA7 a7 " 1c92 0.1uF
‘ RAMWE 3]y Ice3 ves P2 1
b RAMAO ————9 .1c94 /]7
i RAMAL ‘ -
RAMA2 —T RAMAQ 5] 7,0 1C95 :
RAMAL i I . B
RAMAS —_ RAMAZ 3 I 196 - -
RAMA4 RAMA3 12 1C97 ’
A3
RAMAS 1 RAMAG 11}, 1co8
RAMAS _ 10] - 1c99
RAMAS RAWAS 13}, 1c100
RAMA7 RAMA7 E] 1c101
RAMWE 3|
) (o BT L . Ic102
C [
FieT 2] 843 1C103
RAMAO 50,0 IC104 . 64K X 9
RAMA 7] a1 DRAM
AMA 6}, 1€105 ARRAY
AMA 1z] 2 Ic106 .
N o 1c107 1c108 . L5280
RAMA6 13 a6 PARITYOUT 8
RAMA7 9 16109 A
e A7 : Ic110 ’ i
| RAMWE 3|y ) e Ramoo__ sl
CAS2 150538 RAMOL 10}, o s
T 41 RAs | : \cuz AMD2 11 °
RAMWE : R b
5 a0 €113 : RAMD3 12 E
RAMAL 7 ’ ' AMD4 13
. RAMAZ 3 ¥ Ic114 F
RAMA3 12}, IC115
RAMAS 1], IC116 sets
RAMAS 10] o5 1c117 :
RAMAG 13 ' : ' H
A
RAMA7 9 Ag ene 1 2 14
RAMWE 3|5 1c119 QAMDS
CAS3 15153s 1C120
RAS3 [ 1c121 RAMDE
o Qfo ofop ofo o]bp ofp o]Dd oD "0Q D RAMD?
2 ‘14 2 |14 ‘z ‘14 2 114 ‘2 14 |2 14 |2 |14 2 |14 lz PARITYIN
RAMDO [RAMDl |RAMD2 [RAMD3 [RAMD4 [RAMDS- |RAMD6 [RAMD? .
RAMDO
RAMD1 :
RAMD 2
RAMD3
RAMD4
RAMDS
RAMD6
RAMD?
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5 Circle 396 on inquiry card.
LJ
UJ
e ' _Schemaiic - :
~ Number Type Section . +5V GND +12V -12V
u1c VR1 LM7905 ~ 5@2) | (voltage regulator) -3
IC1 . 7418367 1(1-30),2 (2-2) 16 8 ' ’
Ic2 7418123 5(32) 16 8
IC3 . 74L8157  5(2) 16 8
has the imesl " ic4 748124 5(2) 16 8
I ver s A
: / 32)
ve evelrhseen IC7 7415393 5(32) 14 7
orthe S Ic8 T 74LS10 5@2) 14 7
Accounun 1] 1o 74874 . 5@2) 7
IC10 M1116-8M 5(3-2) ‘ 14 7
and Tax IC11 74L8153  5@2) R
- 1C12 741814 - 5(32) 14 7
Pl‘ﬂiessu)nal IC13 741874 5(32) 14 7
° IC14 741874 5(32) 14 7
The programs are so well designed . _1C15 741.874 5(3-2) 14 7
I and supported, we had no start-up IC16 74LS74 5(3-2) i4 7
E problems.”—Ronald Braun, C.P.A. ‘ IC17 7418175 ’ 5(32) 16 8
. IC18 7406 - 532 14 7
1040 TAX PROGRAM 5995 C1e  spare socket o
| +1C20 . 74L804 1(1-3ab), 5(3-2) 14 7
il . ALL MAJOR FORMS & SCHEDS. 1G24 8272 5(3-2) 40 20
Al * PRINTS ON IRS FORMS, MULTI- IGe2  74LS240  5@2 20 10
} PART FORMS, OR OVERLAYS. ~1C23 7407 5(3-2) 14 7
: INDIVIDUAL OR BATCH oot LSt 2@ . !
| * IC25 74874 . 202 .14 7
! PROCES . . )
; :’ 0 S_lNG IC26 74L5139 5(3-2) . 16 8
» AUTOMATIC CARRY-FORWARD 127 7407 - 5(32) .14 7
OF PRIOR YEAR DATA. 1c28 741832 222,4(1) 14 7
IC29 - 74LS08 - 2(2-2) . 14 7
¢« DIAGNOS :
AGNOSTIC REPORTS. 1030 74L510 Trea2@2 14 7
¢ LETTER OF INSTRUCTION. IC31 74L830- 2(22) - 14 7
X : 1C32 741874 2(22) 14 7
« MAILING LISTS/LABELS & IC34 8284A " 1(13a) B8 -9
ENVELOPES. IC35 8259A 1(1-3a) 28 14
[036. 8088 . 1(1-33) : 40 1,20
. gg&é’ggﬁ%SUPmRT'NG IC37 8087 (option) 1(1-3a) 40 ° 1,20 -
" Simple a-nd casy 1o use! 1C38 - 74LS8373 . -1(1-3a) 20 10
pruse ytouse: IC39 74LS373 - 1(13b) 20 10 .
PROFORMA/TAX ORGANIZER \ IC40 74L8173 . 1(1-30) - 6 - 8
?&&TELI\:ODULES AVAILABLE 1C41 7418173 1(1-3b) 16 8
NNING ‘ IC42 7418173 1(1-3b) 16 8
DEPRECIATION SCHEDULE :
| ! v IC43 7415245 (13 20 10
B ALSO AVAILABLE; IC44 7418373 1(1-3a) 20 10
B GENERAL LEDGER IC45 HM7603-5 2@2) - 16 . 8
i AFTER THE FACT PAYROLL 1C46 7ALS245 - 1(139) 20 10
| AMORTIZATION SCHEDULE 1C47 8155H-2 = 4(3-1) - 40 20
| TIME AND BILLING :
| :j ALL QUICK TAX PROGRAMS COME WITH '
w ONE YEAR WARRANTY & SUPPORT. Table 2: Integrated circuits in the MPX 16. Here are shown each devtce s number,
; v See your nearest computer dealer. _type section/figure location, and power connections.
( Or, call or write for more information. The location of each chip in the five-part schematic diagram is lzsted by schematzc
' ?“iCk'Tax Software is available for Xerox 820, section; the characters in parentheses show in which article the section appeared and
1 h?xt’hl;c;r‘R::;Oof::rckc’l,?ﬁi’a;?g’g:fe }:'SC which figure the devlce appears in. Some integrated circuits containing multiple
CP/M is a registered trademark of Digital Research, Inc. gates appear in more than one schematic section. (The table is continued on page
DEALER DISCOUNTS AVAILABLE. 60. ) :
Q ® 319 Clawson St.Dept. BM
\i% S.I., N.Y.C., N.Y. 10306
_ Ld (212) 351-6143
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Circle 322 on inquiry card.

DEC. SPECIAL SALE ON PREPAID ORDERS
(CHARGE CARDS, C.0.D. OR P.0.'S NOT AVAILABLE) R e e e T e e e e P e Py i RO )
MUST MENTION AD FOR SPECIAL PRICES c Schemati
chematic
XMAS SPECIAL SALE. .
5% OFF ON SSH KITS, WAMECO BARE BOARDS, WAMECO Number — Type Section +5V  GND  +12V -12V
BARE BOARDS WITH MIKOS PARTS, EXTEK KITS.
|C48 8237A-5 1(1-3b) 31 20
= 1C49 7415245 1(1-3a) 20 10
= )
=== B CALIFORNIA COMPUTER SYSTEMS 1C50 - 7418373 1(1-3a) 20 10
s‘zlt]lgz 32K STATIC RAM A& T. 200NSEC . . $468.00 C51- 8288 1032 20 10
2085 64K DYNAMIC RAM A& T ... $351.00 . 1052 7415154 22:2) 24 12
2200 S-100 MAIN FRAM A& T....... ... $500.00 IC53 7415245 3(2-9) 20 10
o z80 CPURE T Saaras 054 7al824s  T0% Moz
27108 4 SERAL 1O A&T . . 529195 1055 74LS08 . 1(13ab),5(3-2) 14 7
2501A12 SLOT MOTHER BOARD ....... $180.00 IC56 74L832 . 1(13a) 14 7
2720A4 PARALLELA&T. ... ... .. . $214.95 " IC5T7. 741808 3(2-3) 14 7
e (S3E||i058 ¢ 74LST74 3(2:9),4(31) 14 7
1 TI4R 12K ROMPROM . ............ .. $99.95 IC59 - 7415280 329 - 14 7
T424A CALENDAR/.CLOCKT..Nié .......... g;gggg 1C60 8255A-5 C4(3-1) 26 7
| 7440A PROGRAMMABLE TIMER.. ... .. .$106.
7470AATO D CONVERTER ... .. 510595 IC61 . 82535 431 24 .12
74904 GPIB‘(éEsttEBRl?})\ ILNTERFACE .......... mggg IC62 - 8259A 1(1-3a) 3 28 14
77108 ASYN 8125 ‘ s
T712A SYNC SERIAL. ... ... ... .$14B50 1C63 74L814 . 1(13).329) 14 7
. 1720A PAR/:\LL_EL STANDAS[I), e $105.00 - |Ce4 741832 T 2(2-2), 3 2- 3) 14 7
77208 PARALLEL GENTRONICS. ... ........ $105.00 — :
78118 ARITHMETIC PROCESSOR W/DISC... - .$325.00 1C65 7415158 3(23) 16 8
| 7811C ARITHMETIC PROCESSOR W/ROM. .. .$325.00 IC66 74LS14 3(2:3) 14 7
& B 7520A EXTENDER ..o $23.50 1C67 ' 741832 3(2:3) 14 7
N PPLE CLIP. .o voeeeeeaeneenn . :
0 Y : 8800 Ices . 74LS158 329 16 .8
B a>as/IF WICROCOMPUTER PRODUCTS IC69 7418393 4() 14 7
al stoo pouers IC70 8251A 41y 26 4
1 £B-2 280 PROCESSOR _ A »
KT $19895, A&T. . .. ..8269.95 . len 8251A 4@ 26 4
; VBIC 64 x 16 VIDEO, PCBD. ... .. . $3695 IC72 1489 4(31) 14 7
L b KIT... . . .$15395 A&T .. . 819995 IC73 1489 4(3-1) 14 7
s VB3 80 CHARACTER VIDEQ 4MHZ. R IC74 7415139 3@3) 16. 8
§ M KIT..... ..1834595 A&T . $42595 IC75 -74L.S00 1 (1-3b) 14 7
i 104 2 PARALLEL, 7 SERIAL PCBD .. .~ .$36.95 , _ S
' : KT . ... $16095. A&T $199.95 {g;g ;?6?14 2(31) , 13 ;
Al PB-1 2708, 2716 PROGRAMMER BOARD. : : _ Sal
Il KIT.. ... ... 814095 A&T . s1e995 [ || 1C78 - 7407 CAE) 14 7
g APPLE PRODUCTS T IC79 1488 431 ‘ 7 14 1
w MO - Il SERIAL/PARALLEL INTERFACE. o IC80 1488 4(31) 7 14 1
i ﬁ SSI‘UTS‘EVF%I.A‘L' B si7800 | 1| |C81 741808 3(-3) 14 7 .
A AsT $115.95 iIC82 * EPROM 3@3) 28,1* 14
'l’ ‘ mu PARALLEL 10 W/0 CABLES ‘ IC83 EPROM 3(2-3) 28,1* 14 _
»’ ABT 795 || |csa EPROM 303 081+ o
1 l . @nc WAMECO NG, 1085 EPROM e 81714
A BOARDS WITH MIKOS PARTS IC86 4164 39 ' 8 16
i MEM-3 32K STATIC RAM. PCBD. ... ... ... $36.95 _
i KIT LESS RAM . ... $9595 A&T .. $1355 1 1 . 1 1 l
e CPU-2 780 PROCESSOR PCBD. . . .~ .$3295 :
e KIT LESS ROM.. . . .510995 A&T. .$14995] || - .
e - CAT-1 36 OR 24 x 80 VIDEO BOARD, PCBD . ... $38.95 1G121 4164 33 8 16
il KT L. $249.95 A&T....... $299.95 # depends on type of EPROM used
Al FPB-1 FRONT PANEL. PCBD. .. . . . .54850
KIT o $144.95 A&T .. . $184.95 Table 2: Continued from page 56
At MEM-4 65K RAM/ROM BOARD, PCBD. ... ... $36.95
i KITLESS MEMORY. : . $99.95, A& TLESS MEMORY $129.95
and a floppy disk bootstrap -loader MPX-16 must have at least the lowest
) routine. ) 64K-byte bank of RAM (bank 0) in-
5 T URSDAYS, 8:00 Yoo b oo To =80 RAM Con ' o stalled from hexadecimal addresses
i . _(415) 728-9121 M Configuration o 00000 to OFFFF so that interrupt-rou-
P.O. BOX 955 ® EL GRANADA, CA'94018 ARt e
PLEASE SEND FOR IC. XISTOR AND COMPUTER PARTS LIST '"The onboard user-programmable tine pointers can reside in the loca-
i oo v Anoron sosaqewnn | | memory of the MPX-16 consists of tions from hexadecimal 00000 to
? b e O e e s wor anage | | OT€ to four 64K-byte banks of nine 003FF. The RAM chips are required
‘ f;f}“";éeskcg‘;g';?;rpc"hset;'(sf‘}g";ga"r“gglI?:'e‘gmfs':gg%“é{!/'ﬁg N type—4164 64K-bit' dynamic RAM to have an access time of no more
: Money back 30-day guarantee. We camnot accept retumed ICs | | devices., Within the 8088 processor’s than 200 ns and a cycle time of 335
g that have been soldered to. Prices.subject to change without . .
. o200 minmamade. 2.0 e harge o s s 1-megabyte address space, the ns. Single-bit parity generation and
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(2 READ CYCLE ONLY

HIGH IMPEDANCE ————(

NOTES @ WRITE CYCLE ONLY

SveweRD - SvemENWR \ Y a—
RASEN \ /T
RASy . \ /S
 ROW/COL / \
ROW_ADDRESS ol COLUMN ADDRESS YRC
TASEN . ' \ /S
e © - /

RAMDy (D X WRITE DATA VALID X
ravoy @

READ DATA VALID }»——

Figure 4: Timing diagram for the memory operation of the MPX-16.

error detection are provided for all of
the 256K-byte onboard memory. .
The RAM address-decoding logic is
shown in section 2 of the schematic
diagram (figure 2), and the read/

write control logic, address multi- -

plexers, RAM array organization,
and parity-generation/error-
detection logic are shown in section 3
(figure 3). The onboard RAM address
space is selected when two conditions
are met: the two high-order address
bits SYSA18 and SYSA19 are both
low and a memory-refresh cycle is
not in progress (shown by DMACKO,
the DMA-channel-0-acknowledge
signal, being low). Because of this
decoding scheme and the fact that the
{MPX-16 power-on self-test routine
automatically clears memory and
determines its size, the full 256K bytes
of onboard-RAM should be installed
before you put in additional RAM in
the I/O-expansion slots.

Dynamic Memory Refresh
Because dynamic RAM devices are
used for the MPX-16's programmable
memory, a memory-refresh circuit is
necessary to prevent data stored in
them from being lost. The 64K-bit
dynamic RAMs require that all 256
rows be addressed every 4 ms (milli-
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seconds) to maintain the integrity of
the data (the columns need not be in-
dividually addressed); one row must
be addressed for refreshing approxi-
mately every 15 us (microseconds).
To eliminate having a separate bus-
arbitration circuit for this purpose,
memory refresh is carried out by exe-
cuting a DMA (direct memory access)
read cycle in a “RAS-only” manner—
that is, using only the row-address-

_ strobe inputs of the memory chips.

Because refresh is controlled by the
DMA circuit, there can never be a
conflict between the refresh operation
and the processor's memory refer-
ences.

The DMACKO signal goes active-
low to indicate to the rest of the
system that a refresh cycle is in pro-
gress. This signal disables the RAM-
decoding circuitry, prevents the gen-

eration of a CAS (column-address.
. strobe)

signal, and enables the
REFRESHRAS input at 1C64 pin 2
(in section 3, figure 3). When the sys-
tem bus master, the 8237A DMA con-

troller (IC48 in section 1, printed last -

month), drives the SYSMEMRD or
SYSMEMWR (system memory write)
line low, the output at IC 64 pin 3
also goes low. This causes the outputs
of the four two-input gates (sections

of 1C81: positive AND gates used as
negative ORs), whose other input
comes from IC74, to go low. These
outputs form the RAS inputs for each
of the four RAM banks. (The 33-ohm
series resistors in the RAS control
lines are there to reduce ringing on
the lines, which might latch a new
row address during the middle of the
memory cycle.) The DMA controller
is set up by the system-initialization
software to automatically increment
the address counter after each refresh-
memory cycle.

Memory Operation

A diagram of typical timing cycles
for normal memory-read and write
operations is shown in figure 4. For
either type of memory cycle, the
read/write-control logic is enabled
when the DRAMSEL signal is low,
indicating that two conditions have
both been fulfilled: a valid address
(lower than hexadecimal C0000) has
been latched on the system bus and
the DMACKO signal (from IC63, pin
6) is low (indicating that a refresh
cycle is not in progress).

A memory cycle is initiated when
the output of an AND gate (IC57 pin
3 in section 3) goes low, indicating
that either the SYSMEMRD or the
SYSMEMWR control signal has
been driven low by the system bus
master. The RASEN (RAS enable)
signal at IC67 pin 11, produced from
the output of IC57 ORed with
DRAMSEL, enables the 1-of-4 (2- to
4-line) decoder IC74 to select one of
the four lines RASO, RAS1, RAS2,
or RAS3 (row-address-input enable
for each of the four banks—which
one is selected depends on the logic
levels of the SYSA16 and SYSA17 ad-
dress lines) and sets up the row ad-
dress on the multiplexed memory-
address lines RAMAO through
RAMAY7. A chain of Schmitt-trigger
inverter sections, IC63 and IC66,
delays the active-low output from
IC57 pin 3 by five gate-delay periods,
holding the row-address condition
until the type-4164 memory chips
have had sufficient time to latch the
address bits.

When the ROW/COL signal goes
high (column addressing active), the




multiplexers change the contents of
RAMAO through RAMAY to the col-
umn address derived from the
system-address-bus lines SYSAS
through SYSA15. The CASEN:
signal enables the B outputs of the
1-of-4 decoder IC74, which drives the
CAS—control line for one of the mem-
ory banks.

"The data-input and data output
lines of each RAM chip are tied
together onto a common bidirectional
memory-data line. The entire RAM
array is 1solated from the system data
bus by bus transceiver IC53, which is
enabled by the DRAMSEL signal
during nonrefresh memory cycles,
allowing data to pass between the
RAM array and- the system data bus.

The direction of data flow is con-
trolled by the output of IC67 pin 6,
a logical OR of DRAMSEL and

SYSMEMRD. During memory-read
cycles, this signal is low, causing the
data on ‘the memory data bus “to
be transferred to the system data bus.
During memory-write - cycle's, the

direction signal is high and the data
flow is from the system data bus to
the memory data bus.

Parity Checking

~ Until the introduction of the IBM
Personal . Computer, memory with
parity checking was rare in personal
computers but had been used for
years in-larger computers. IBM did
well ‘to copy this feature of larger
machines, ‘since the constant de-

‘creases in memory pI'lCES have made

it more and more cost-effective. The
MPX-16 " also incorporates parity

‘merhory for inicreased system reliabil-

ity. and user confidence. Parity
generation -and checking in the
MPX-16 are prov1ded by a 7415280

 parity generator (IC59) and a type-D
flip-flop (IC58) shown in flgure 3.on

page 54.

¢ During a mernory-wrlte cycle the
PARITYOUT signal presented to pin
8. of IC59 is low, because the output
of 1C57. (an AND gate) is disabled by

the low state of the actlve-hlgh

SYSMEMRD signal. The parity bit
computed by IC59 from the eight
RAM data lines is written into the
parity-bit memory chip (the ninth one
of each bank) for the bank being ad-
dressed.

When a memory-read cycle occurs,
the output of IC57 is enabled, and the
parity bit that was previously written
for each byte is routed to IC59 and
used to check for an error in the pari-
ty value. When the rising edge of the
signal from IC67 pin 6 (DRAMSEL
OR SYSMEMRD) is detected by the
fhp—ﬂop IC58, it latches parity value.

When no’ parity error is present
the odd-parity output (T O) of the
7415280 will be a’l‘ogic high state.
When an error does ‘occur, the odd-

‘parlty output will be low. The

PARERR signal from IC58 is sent to
the  NMI (nonmaskable interrupt)
logic and will remain set until the next
memory-read cycle for which no pari-
ty error occurs, or until the flip-flop
is preset by a low state on the

CLRPAR (clear parity) - line, IC58

; Porta Sys

'28 cPU Card w/4K RAM (4. 5 |n X 675
Memory Expansion ICs for'the CPU Card(Per 4K).

%

Circle 386 on inquiry card.

Vg

24 programmable 1/O'lines
“110 - 9600 band switch selectable

Mainframe - 3 card capacity, +5 VDG, +1
AC mput 120V BOHz, 220V GOHz avallable

_Mainframe........ PR-1001 149 00
‘Eprom Zapper 5 - 79.00
Optional Zero Insertion Socket = . 8.00
9 Slots Motherboard (5 in.’x 12 m) wrth , L
18 slots expansion capability. ... ... ... iveeriiriireiinaans PFl-1 003 149.00
Ram-Eprom Expansion Board with 16K Ram S PR-1004 ' 249.00
16K Cmos Ram Expandable to 32K ~ )
with battery Backup .........co.iioon. ....PR-1005 195.00
Expansion of Cmos Ram board to 32K. ..EX-6116 - 99.00
AD/DA Converter-Amplifier with 1/0 Board ....................ll PR-1 006 149.00
Switching Power Supply with (SIZE: 1 in. H x 2.5 in. W x 3.5 in. D) R

+5v:@ S5amps; +12v @ 1amp, ~12v @ 1amp...................... PR-1010 99.00
Linear Power Supply with 5 outputs (Size: 4.5in. Wx4 5in.Hx10in.D)

+5v@3A, 5v@3A +12v @ 1A, -12v @ 1A, +12v@1A..j ...... PR-1015

. ‘Avallabrllty Stock to2 weeks,Callforma Resudents»
please add 6.5% Sales Tax,Shipping and Handling Charges

C.0. D - Add $5 00 in addition to above

.g’wlo,% P.0.Box 23698 - San Jose, CA 95123 « Tel: (408) 226 2131_"5,

RS 232 - compatible with most termmals e

Memory selectable for 4K by 8 RAM, 2716 EPROM (5V) or 2732 EPFlOM s
Memory capacity up to 36K on board 480K expandable L
All expansion lines buffered for system Buss operations -

~72 pin double row (36 pin per side)’ 100 m s%xcmg gold. plate over mckel

......

Ll :PR-1000 - $19500 .
5.00

...... EX-6132

UPS-$500 UPS Blue Label -$a.qo

A28 Mlcroprocessor System

by . QW%

Developement Sytem General Purpose Controller
: - OEM Dedicated Controller

Zilog ZB W|th built in tmy basic lnterpreter,low power




INDUSTRIAL QUALITY B}OARDS FOR THE
IEEE-696/S-100 BUS

CPU-GROUP

CPU 68000
e MC68000 processor
® 8 MHz operation
°1 6-Mbyté addressing
® Single-user

CPU 68000M
e MC68451 MMU

® Segmented memory
management

e Multi-user

MEMORY GROUP

EPROM
® 32/64K ROM
® 16-bit data paths
e 24-bitaddressing

CMEM
e 8K/16K/32K CMOS
© 6 MHz for 8/16-bit

s Non-volatile with
Li battery

DMEM
® 256K dynamic RAM
e 24-bitaddressing

© 230 ns access

I/O GROUP

CLK-24C
© Real time clock -
o LSI CMOS chip

e Ljbattery backup

SI04
® 4-portserial /O

® 256 bytes of FIFO

e DMA transfers

© 24-bitmemory addr.

| ANALOG GROUP

VIC4-20
e 4 channels

e 20 mA outputs

© 12-bit performance

® Accepts AOM-12
inputs

Sales representatives in
most metrbpolitan areas.

AOM-12 (D-to-A) AIM-12 (A-to-D)

e 12-bit+% LS.B. e 325.E. channels

® 0-10V, 5V, =10V ® 25 p-sec conversion
jumper select outputs ® 12-bit resolution

OEM and Dealer pricing
is available.

system reliability/system integrity
2530 San Pablo Avenue e Berkeley o CA 94702 o (415)549-3854 o 172029 SPX
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Circle 182 on inquiry card.

pin 4. Software called through the in-
terrupt vector then notifies the user of
a memory error.

| Interrupt ,Advanfages

‘'The versatility of any computer
system is enhanced if its processing

‘can be interrupted by outside events

so that it doesn't have to continually
keep track of what is going on in the
outside world. The MPX-16 supports
an interrupt system with 16 levels of
interrupt priority, for a high degree of
versatility in dealing with the external
env1ronment

Perhaps the major advantage to us-
ing interrupts is the increase in
throughput resulting from their use in
handling the system 1/O functions.
Instead of the processor’s spending a
great deal of time checking to see if
1/0 deviqes»ai'ev ready to transfer data
or waiting for them to be ready, in an
interrupt-driven system the processor
can contmue executing its application
program,. only suspending execution
to attend to ah I/O device when the
device signals that it is actually ready
for data transfer.

Although it can be tougher to
debug, interrupt-driven software is
generally more compact and efficient
than that which must explicitly check
I/0O devices by polling or waiting.
But we don’t have space here to
discuss the software aspects at length.

MPX-16 Interrupt Logic .

- The interrupt structure of an
8088-based system:revolves around
an interrupt-vector lookup table
located low in system memory from
Jocation” hexadecimal 00000 through
003FF. Each -interrupt vector in the

table consists of 4 bytes that point to

the address of an  interrupt-service
routine. Up to 256 interrupt vectors,
numbered from decimal 0 to 255, can
be used to specify’starting addresses
of interrupt routines anywhere in the

'8088's 1-megabyte address space.

Each of the interrupt vectors is as-
signed an interrupt-type number that
points to its location in the lookup
table. The type number multiplied by
4 equals the offset of the vector from
location 00000.

The highest priority interrupt is the



nonmaskable-interrupt (NMI) input
at pin 17 of the 8088 microprocessor,
IC36. This signal is an internally syn-
chronized edge-triggered input which
causes a predefined “type-2” interrupt
that “vectors” (passes control) to the
location identified by the eighth posi-
tion in the table. Although the 8088’s

* NMI input is not directly maskable

by software, the MPX-16 contdins
extra hardware that can mask the in-
terrupt- signal before it gets to the
8088, given proper setup by the soft-

ware. The NMI input is used to report
system memory-parity errors and
errors from the I/O-channel expan-
sion slots.

The next 15 levels of interrupts are
implemented by two Intel 8259A pro-
grammable interrupt controllers
(PICs), IC35 and ICé2 in section 1 of
the schematic diagram, which was

printed in last month'’s article. One of ‘
‘the programmable interrupt con-

trollers, IC35, serves as the master
and resides on the multiplexed local

Tune up your LA36

The DSIZO Termmal Controller makes your LA36
perform like a DECwriter® I11.

The Datasouth DS120 gives your DECwriter® II the high speed prmtmg
and versatile performance features of the DECwriter® III at only a frac-
tion of the cost. The DS120 is a plug compatible replacement for your
LA36 logic board which can be installed in minutes. Standard features

include:
¢ 165 cps bidirectional printing
e Horizontal & Vertical Tabs
e Page Length Selection
e 110-4800 baud operation
e 1000 character print buffer
e X-on, X-off protocol
o Self Test -

o RS232 interface

© 20 mA Current Loop interface
¢ Top of Form

e Adjustable Margins

¢ Double wide characters -

e Parity selection

e Optional APL character set

Over 5,000 DS120 units are now being used by customers ranging from
the Fortune 500 to personal computing enthusiasts. In numerous instal-
¢ lations, entire networks of terminals have been upgraded to take advan-

tage of today’s higher speed data
communications services. LSI
microprocessor electronics
and strict quality control en-
sure dependable performance
for years to come. When ser-
vice is required, we will
respond promptly and effec-
tively. Best of all, we can de-
liver immediately through -
our nationwide network of
distributors. Just give us a -
call for all the details.

. datasouth computer corporation

4216 Stuart Andrew Blvd. e Charlotte, North Carolina 28210 ¢ 704/523-8500
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bus shared with the processors. The
other, IC62, is a slave device to IC35
and resides on the system bus. The
master/slave configuration is set up
during the initialization process by
software.

All of the peripheral devices resid-
ing on the system board, such as the
serial "and parallel 1/O-port con-
trollers, are supported by interrupt-
request lines on the 8259A PICs. In-
terrupt requests from the PICs drive
the INTR input of the 8088 (pin 18).

- This signal is a level-triggered input

that can be internally masked by a
software instruction. Interrupts re-
quested by the INTR input do not
have predefined vector types as does
the nonmaskable interrupt. In the
case of the 8259A PIC, a consecutive
block of eight interrupt types, one for
each of the eight interrupt-request in-
put pins, is programmed into the

| device by the system software as part

of the initialization process when the

power is turned on.

Handling: Interrupts

When an interrupt signal is re-
ceived on the 8088's INTR pin, the
processor enters an interrupt-ac-
knowledge cycle that is used to deter-
mine the intérrupt type. First the pro-
cessor preserves what it was doing
when interrupted: the state of the
machine is saved by pushing the con-
tents of the flag register, code-
segment register, and instruction
pointer onto the stack. In addition,
the interrupt flag is cleared, disabling
further interrupts from occurring un-
til the processor is ready for them. (If
nested interrupts are desired, the
interrupt-service routine must re-
enable the processor to receive inter-
rupts, while ensuring that the most
crucial tasks are not delayed until too
late. The programming is not easy.)

In the next step, the 8288 bus con-
troller (IC51) issues two interrupt-
acknowledge pulses on the INTA
line. The first pulse signals the 8259A
PICs that the interrupt request is be-
ing granted. When the second INTA
pulse is issued, the 8-bit code for the
interrupt type is placed onto the data

| bus. The value of the interrupt type is

multiplied by 4 (simply by being
shifted left2 placgs) to determine the




Circle 183 on inquiry card.

THE ULTIMATE
IEEE/S-100
MEMORY
WOULD...

O BE NONVOLATILE, holding
data for up to elght years with
the power off.

O RUN AT 6MHZ without wait
states.

[0 HAVE EXTENDED 24-BIT
ADDRESSING and bank select.

O HAVE DYNAMICALLY
MOVABLE WRITE PROTECT
AREAS to prevent accidental
erasure of programs and
critical data.

[0 GENERATE POWER-FAIL
interrupts for orderly system
shutdown & power failure
recovery.

CMEM

AVAILABLE NOW FROM DUAL
SYSTEMS, the CMEM memory
boards combine high-speed
CMOS memories with a new
5-8 year lithium battery. The
CMEM offers the nonvolatility -
of an EPROM board while retain-
ing the instant writability of a
high-speed read/write RAM.
These industrial grade boards
are subjected to a 168-hour
burn-in and a 1000-cycle power

interruption test to insure data
retention and the highest degree
of reliability possible.

CMEM-32K, 32K Bytes $695

CMEM-16K, 16K Bytes $595
CMEM- 8K, 8K Bytes $495

EAN

system reliability/system integrity

DUAL SYSTEMS CORPORATION

2530 San Pablo Avenue - Berkeley
CA94702 - (415)549-3854 - 172029 SPX
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Priority Source Signal Name Description
Level -
0 NMI PARERR or IOCHNLERR  memory-parity or 1/O-channel errors
1 master TIMEINTR real-time clock
2 slave SIOORXRDY serial-channel-A receive ready
3 slave - SIO1RXRDY serial-channel-B receive ready
4 slave SIO0TXRDY serial-channel-A transmit ready
5 slave SIO1TXRDY serial-channel-B transmit ready
6 slave PRINTRDY printer-port ready
7 ‘slave’ FDCINT floppy-disk-controller-interrupt
8" slave NPXINT numeric-processor-extension (8087)
) ) ) interrupt
9 slave ~ PIOINT parallel-I/O-port interrupt
10 master IRQST2 1/0-channel interrupt
11 ‘master IRQST3 1/0-channel interrupt
12 master IRQST4 1/0-channel interrupt
13 master IRQST5 I/0-channel interrupt
14 master.  IRQST6 I/0-channel interrupt
15 .master  IRQST7 I/0-channel interrupt
Table 3: Interrupt signals in the MPX-16, listed in order of priority. Priority-0 errors
go through the 8088's NMI input, while the rest go through either the master or the
slave 8259A interrupt controller.

address of the mterrupt vector. Pro-.
gram control is then transferred to the
address contained in the 4 bytes of the
interrupt vector. Note that the first 2
bytes are used as the new instruction
pointer (lower 16 bits of the address)

and the second 2 bytes are used to’

form the new code-segment register
(upper 16 bits). When the interrupt-
service routine has completed execu-
tion, control is returned to the main
program via an IRET instruction,
which pops the original flag and ad-
dress information off the stack into
the active registers. The main pro-
gram then resumes execution where it
left off, with the interrupts reenabled.

Interrupt Priorities

"The organization of the system-
board interrupt-priority scheme is
shown in table 3. The highest priority

| hardware interrupt, as we've seen, is

the NMI, which is caused -by mem-
ory-parity or I/O-channel errors. The
highest priority maskable interrupt is
from the IRO input of the master
8259A PIC, which is generated by the
real-time clock. The next eight inter-
rupts in priority come from periph-
eral devices attached to the slave

8259A PIC, which is in turn attached

to the IR1 input of the master 8259A.

" These

The last six interrupts come from the
1/O-expansion-channel connectors.
interrupts drive the IR2
through IR7 mputs of the master
8259A.

Two other points concemmg the
8259A PICs should be-noted. Al-
though a priority has been assigned to
each interrupt-request input of the
8259A PICs, these can be changed by
the system software. In addition, the
8259A PICs can even be used to im-
plement ‘a polled I/0 system. (These
devices provide considerable flexibili-
ty for handling I/O servicing at a re-

“latively low hardware cost.) And

finally, all of the interrupt-service
routines in the MPX-16 system can be
be invoked via a software-interrupt
instruction that specifies the interrupt
type. This can be useful in starting an
1/0 device and in debugging the in-
terrupt routines.

I/O-Expansion Channels

The MPX-16 system board sup-
ports an I/O-expansion channel that
represents an extension of the system
bus. Peripheral devices are connected
through several 62-pin card-edge con-
nectors like those used by peripherals
designed for the IBM Personal Com-
puter. The MPX-16 computer system

el
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Pin Signal Name

A01 | TIOCHNLERR

A02 | SYSDAT?

A03 | SYSDAT6

A04 | SYSDATS

‘AD5 | SYSDAT4 .

. AO6 SYSDATS - system
i | Ao7 | syspAaT2 | data
' AO8 | SYSDATY bus

A09 | SYSDATO : :
A10- IOCHNLRDYNVAlT
-~ A11 | SYSAEN
A12 | sysate
A13 | sysa1s W
A14 | SYSA17
A15 | SYSA16
A16 | SYSA15
A7 | sysata
A18 | SYSA13
A19 SYSA12 system
A20 SYSA11 address
A21 | sysato \ bus
A22 | SYsA9
A23 | sysaAs
A24 | sysa7
A25 | SYSA6-
A26 | SYSAS , ,
A27 | sysa4 ‘ .
A28 | SYSA3 ‘ t
A29 | SYSA2
A30 | SYSA1
A3t | svsao,. 7

Pin Signal Name

Bo1 | GND
B02 | BRESET
B03 | Veo

Bo4 | IRQST2

Bos | -5V DC
Bos | DMARQST2.
Bo7 | —12VvDC

Bos | IOCHLDRQST
Bo9 | +12VDC
B10 | GND

B11 | SYSMEMWH

B12 SYSMEMRD ‘system-status

B13 | SYSIOWR control
B14 SYSIORD

B15 DMACK3

B16 DMARQST3 o

B17 |. DMACK1 DMA control

B18 DMARQST1
B19 BDMACKO
B20 BSYSCLKO

B21 | IRQST7
B22 | IRQST6
B23 | IRQST5
B24 | IRQST4
B25 | IRQST3
B26 | DMACK2
B27 | TCNT
B28 | SYSALE
B29 | Ve

B30 | BSYSCLK1

B31 | 'GND

connectors.

| Table "4: Pln/ szgnal relatzonshlps in the I/O-expansion connectors.
_assignments are compatible with those in the expansion slots of the IBM Personal
Computer. Many of the system control szgnals are buffered before being fed to these

These

can potentially contain 1 megabyte of
memory and still have spare expan-
sion ‘slots for special-purpose 1/0
modules, which might include video-
tex decoders, process-control or data-
acquisition interfaces, or .local-
network interfaces. ‘
The standard MPX-16 " system
boatd has five expansion connectors

installed in alternating positions, ef--

fectively located on 1-inch center-to-
center spacings. An ‘additional four
connectors can be installed between
them, if needed; the resulting nine
connectors will be on half-inch center-
to-center. spacing. Spacing on 1-inch

centers is usually required for disk-

controllers and I/O boards. Memory
boards, on the other hand, will
generally fit in half-inch spacing.

The 1/O-expansion channel has
been designéd to be pin-for-pin
hardware-compatible with the IBM
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Personal Computer (model 5150).
The IBM PC bus was chosen, as [ ex-
plained last month, to take advantage
of the expected proliferation of IBM-

PC-compatible peripheral-adapter .

modules and expansion -.memories.
However because the MPX-16
system board already supports most

~ of ‘the peripheral 1/O functions that

would ordinarily be added to the IBM
computer, the I/O-expansion slots

" are available for new uses.

Table 4 lists the signal connections

to the pins of the I/O-expansion con-

"nectors. All signal lines in the 1/0O
channel are compatible with LS-TTL

(low-power Schottky- dlode-clamped B

transistor-transistor logic) signals.
"Brief ‘descriptions of each group of
lines follow.

Oscillator: Clock (BSYSCLK1):
This is a buffered version of the main

.memory refresh,

system timing clock. It runs at a fre-
quency of either 14.31818 MHz or
15.0 MHz, depending on which crys-
tal is installed. It has a.50 percent

-duty ‘cycle.

System Clock (BSYSCLKO) This i is
a buffered version of the system pro-

-~ cessor clock. It runs. at a frequency
“that is one-third that of SYSCLK1. It

has a 33 percent duty cycle (high for

" one-third .of the .cycle low for two-

thirds).
System Reset (BRESET) Thls is a

‘buffered version of SYSRES, which is

active on power-up. It is synchro-
nized to the falling edge of the
SYSCLKO waveform and is used for
initialization of all system hardware
components. .

Address Latch Enable (SYSALE):

‘This signal is used to indicate the

presence of a valid address on the sys-
tem bus. The falling edge of SYSALE
is normally used to latch the address.
This signal is generated by the 8288
bus controller during bus cycles in-
itiated by one of the local-bus
masters. The system-address enable
signal, SYSAEN, should be used to
enable this signal in the I/O channel.

System Address Enable (SYSAEN):
This line, when active-low, indicates
that one of the system coprocessors
(either the 8088 or the 8087) has con-
trol of the system bus. When
SYSAEN is high, the 8237A-5 DMA
controller has control of the system
bus and drives the system address,
system memory, and I/O-read/write
lines. o

1/0 Channel Ready (IOCHNLRDY/

"~ WAIT): This line is normally high.

When a slow I/0 device or expansion
memory board decodes a valid ad-
dress, this line should be driven low,
causing the flip-flops 1C25 and 1C33
to insert wait states into the bus cycle
until the slow device has completed
its cycle. (To avoid conflict with
“this line should
never be held low for more than 1 or

. 2 ps. ) _ A ‘
System Memory Read
(SYSMEMRD): This control line is

“used to gate the memory-device data

buffers onto the system data bus dur-
ing memory-read cycles initiated by
either the processor or DMA con-
troller ‘

Circle 27 on inquiry card. —
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.(I/OCHNLERR):

8237A-5 DMA controller
8272 floppy-disk controller
DMA page registers 0 and 1
DMA page register 2

DMA page register 3

parity-error flip-flop clear

spare (reserved)

spare (reserved)

8259A interrupt controlier—slave

console serial /O port
auxiliary serial /0O port’
8255A-5 parallel I/O

8155H-2 parallel I/O and timer
8253-5 counter-timers

System Board Peripheral Device

floppy-disk-drive motor-on register

8259A interrupt controller—master

Table 5: Base addresses of the I/O-device-control registers.

' Base Address
(hexadecimal)
000
020
040
060
080

0A0

0G0
OEO
100
120
140
160
180
1A0
1C0
1EO

System Memory Write

7 (SYSMEMWR): This control is used

to store the data present on the
system data, bus into the selected
memory location during memory-

. write cycles initiated by either the
~ processor or DMA controller.

'System I/O Read (SYSIORD): This
control line is used to gate the selected
1/0 device to accept the data present
on the system data bus during I/O-

" read cycles initiated by either the pro-

cessor or the DMA controller.
System I/O Write (SYSIOWR):
This control line tells the selected I/O

"device to accept the data present on

the system data bus. It is active in

[/O-write cycles initiated by either

the processor or DMA controller.
I/0-Channel (Parity) Error
This signal, when
enabled by the system software, will
cause an interrupt via the NMI input
of the 8088 processor. It is normally
used to alert the processor to a parity
error in memory devices residing in
the I/O channel. ‘
System Address Bus (SYSAO
through SYSA19): These lines form a

' 20-bit system address bus, which can
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address up to 1 megabyte of memory.
SYSAO represents the least significant
address bit (LSB), and SYSA19 repre-
sents the most significant address bit
(MSB). These lines can be driven
either from the processor or from the
DMA controller and are con51dered
to be active-high.

The MPX-16 computer
system can potentially

- contain 1 megabyte of .

memory and still have
spare expansion slots.

System Data Bus (SYSDATO
through SYSDAT?): These lines form
the 8-bit system data bus and can be
driven by the processor, memory
devices, or 1/0O devices. They are bi-
directional and are considered to be
active-high. SYSDATO is the LSB,
SYSDAT?7 the MSB.

1I/0 Channel Intefrupt Requests

(IRQST2 through IRQST7): These
lines are prioritized interrupt-request
lines, with IRQST2 having the
highest priority and IRQST7 the

lowest priority. The lines are edge-
triggered and active-high; however,
the request signal must be maintained
in the high state until the interrupt re-
quest has been acknowledged. The
interrupt-service routine written for
each particular device in use must
usually do this.

DMA Requests (DMARQST1
through DMARQST3): These lines
are prioritized DMA-request lines,
with DMARQST1 having the highest
priority and DMARQST3 the lowest
priority. The lines are active-high and
must be held high until the corre-
sponding DMACKx line goes active-
low. DMARQST?2 is used by the sys-
tem-board floppy-disk controller and
is included in the /O channel only
for compatibility with the IBM Per-
sonal Computer. These lines are
typically used by peripheral devices
such as disk controllérs. to request
DMA service.

" DMA Acknowledge Lines

" (DMACKT1 through DMACK3):

These lines are used to acknowledge
DMA requests generated by the
DMARQSTx lines.

DMA Acknowledge 0 (BDMACKO):
This is a buffered DMACKO line and
signifies that a DMA-controlled
dynamic-memory-refresh cycle is in
progress.

DMA Terminal Count (TCNT):
This signal is active-high when any of
the four DMA channels reaches a ter-
minal ‘count. The corresponding
DMA-acknowledge line should be
used in conjunction with the TCNT

. signal.

Peripheral Power: +5-volts (V) DC
+5%, logic ground, +12 V DC
+5%, —12 VDC #10%, and —5
V DC +10% power connections are
all provided in each expansion con-
nector. '

' 1/0O-Decoder Logic

The MPX-16 computer system con-
tains a variety of onboard, high-
performance peripheral devices:
direct support for all of the major I/O
functions needed to form a complete
microcomputer system, as listed in
table 1 on page 44. _

All of the system-board I/0O pe-
ripherals are addressed or selected by
the 4-to-16 decoder IC52 (shown in




. each peripheral device varies;

section 2, figure 2 on page 48). This
decoding logic maintains addressing
compatibility with IBM Personal
Computer peripherals by using the
system-address-bus line SYSA9 to
determine whether the peripheral
device being selected is on the main
circuit board or off it. A low state on

the SYSA9 line enables one of the

strobe inputs of the decoder; the
other strobed input is enabled if one
of the local bus masters has control of
the system bus, indicated by a low
state on 88AEN. When an 1/O-
device interface chip is selected by
this decoded address and either the

SYSIORD or SYSIOWR line is
active, an I/0 bus cycle is performed.
During DMA cycles the 170 decoder
is disabled.

The base address for each of the
system-board 1/O devices is shown in
table'5 on page 76. The total number
of address-space locations used by
this
will be discussed in more detall next
month in part 3.

Next Month:

If you've followed everything in

this second installment on the Circuit

Cellar MPX-16 computer system,
you're doing well. In the January arti-
cle I'll fill you in on the serial and
parallel 1/0 ports, counters, floppy-
disk controller, and operating-system
BIOS, among other topics.® .
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Editor’s Note: Steve often refers to previous
Circuit Cellar articles as reference material for
each month’s current article. Most of these past
articles are available in reprint books from
BYTE Books, McGraw-Hill Book Company,
POB 400, Htghtstown, N7J 08520.

Ciarcia’s Circuit Cellar, Volume I, covers a#-
ticles that appeared in BYTE from September
1977 through November.1978. Ciarcia’s Circuit
Cellar, Volume II, contains . articlés - from

Decem_ber 1978 through June 1980. Ciarcia’s .
" Circuit Cellar, Volume I1I, contains the articles .

that were published from July 1980 through
December 1981. .

To receive a complete list of Ciarcia’s
Circuit Cellar project kits available from the

Micromint, circle 100 on the reader service
inquiry card at the back of the magazine.
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: floppy—dlsk drive.

2. MPX—16 smgle—bourd computer

vof RAM installed. -

- The following items are aveildble from

1. MPX-16 single-board computer
system: assembled, tested, and burned-
in. Includes 64K bytes of RAM, Digital
. Research CP/M-86 operating system
on 8-inch or 5%-inch floppy disk, .

. CP/M—86 BIOS in EPROM, MPX-16
Techmcal Reference and User's
- Manual. Requires power supply and

Slngle—quantzty przce. . $1895 -

system, as above, but with 256K bytes
Smgle—quantlty price. “.i;; . $2135 o

3 MPX-16 smgle-bourd computer‘

sj‘/stér'n,‘ ivzt’h 64K bg)te‘s‘ of RAM.
o In OEM quunttttes of 100 $1200 each ‘

e 4 Complete MPX 16 dlsk-based
. system mcludes MPX- 16 stngle-board e
and
 bumned-in, with 256K bytes of RAM
u,f“‘.mstulled CP/M-86 operating system -
~on 5Y4-inch floppy disk, CP/M-86
- BIOS in EPROM, power supply, one
o 5Y- inch ~single- -sided floppy-disk
connecting cables, MPX-16
Technical Reference and User's

‘computer, ‘assembled, tested,

. drive,

‘Manual. Enclosure sold separately
Smgle‘-quantztyk price........$2895

5. Unpopulated (blank) printed-
 circuit board for the MPX-16 computer
system five- layer, screened, and
solder-masked. Includes CP/M-86
BIOS in EPROM, MPX-16 Technical

. 'Reference and User’s Manual, ‘
Szngle-quantzty prtce. i .‘; .$300
. D _ United States, please include $10 for
. shipping; overseas orders please in-
“clude $30. Residents of New York
- please include 7 percent sules tax,

6. Dlgztul Reseurch CP/M—86 User's
- Manual (three-volume set), sold sep-

‘ arately cioin L $40

| 7; MPX-16 Technical Reference kand
;‘User's Manua1~ sold separately. ...%50

8. Enclosure for MPX- 16 cm:utt
board." ....... e .call for pru:'e ,‘

 When it ‘becomes dvailaizle for the

MPX-16, Microsoft's MS-DOS operat-

ing system may be optionally sub—~

 stituted for CP/M-86.

' The MPX-16 i available to OEMs in
 large quantities either as a circuit board
~ or as a complete system with floppy-

disk drives and enclosure. Call the
Micromint for prices and delivery in-
formation. ;

For orders within the continental
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