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A

accuracy,
ADC voltage measurement, 86
CMS counter, 224
CMS timer, 235
CMS voltage measurer, 246
PIT counting, 136-137
active-low controls, 17
ADC (ADS573), in PDC system
ADC module, the, 203-205
CMS, use in, 236-240
control through CDJ, 174-177
FVM, use in, 280-282
ADC (AD573) integrated circuit
accuracy, 86
control and timing, 87-88
operation, 85-86
parallel ports interface, 88-90
pin assignments, 87
resolution, 86
software, 90-93
troubleshooting, 95-98
voltmeter application, 94
ADC module, for PDC
circuit, 204
components, 205-206
connector, 204
construction, 206-208
layout, 205
troubleshooting, 208-209
address bus
Apple II expansion slot, 63-68
IBM PC expansion slot, 53-57
microcomputer, 345
address generator, 103-104, 277-279
ADS573, see ADC (AD573)
analog electronics, references, 311

analog-to-digital converter
see ADC (AD573)
see ADC module
see CMS module
see FVM module
AND, 5-7
Apple II expansion slot
addresses, 63-64
commercial ports for, 72
I/O port design for, 63-71
pin assignments, 65
read and write timing, 65-66
Apple II parallel /O ports
addresses, 63-64
circuit, 70
connector and cables, 334-335
construction, 333-337
layout, 334
software, 75-81
testing, 73-75
troubleshooting, 337-343
wiring, 335-337
Apple 11 parallel 1/O ports
commercial vendors for, 72
Applesoft BASIC, 73,339-343
architecture, microcomputer, 344-
349

B

base clock, CMS, 212

BASIC, see QuickBASIC, Applesoft
bibliography, 311-312

bi-directional bus, see data bus
binary numbers, 27-30

breadboard systems, 10-11

buffers (74244, 74373), 44-46

bus, address, see address bus

bus, data, see data bus
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C
card rack, for PDC modules, 208
CDI module, for PDC

ADC control, 177-179

circuit, 182-183

components, 189-190

connector pin assignments, 190

construction, 191-196

layout, 190-191

memory control, 174-177

monitor (status) inputs, 181

parallel ports interface, 182-183

PIT control, 165-174

software, 185-189

start/stop, 179-181

troubleshooting, 196-200
central processing unit, 344-345
chip selects (CS,*’s), CDI, 165-167
circuit construction, see wiring
CLEAR* flip-flop, 16-19
clock, digital

base, CMS module, 212

frequency division, 36

IC, 14

PIT generated, 132-135
CMS module, for PDC

base clock, 212

CDYJ, interface to, 251

circuit, 251

components, 257

construction, 256-263

counts measurement, 213-228

integrated measurement, 250-256

layout, 258

overview, 211-212

time measurement, 228-235

troubleshooting, 262-267

voltage measurement, 235-250
COMMON SHARED, 93
comprehensive measurement

system, see CMS

connector, pin assignments, 317-318

ADC, 204

CDI, 190

expansion slots, 54, 65

paralle] ports, 321,335
construction, see wiring circuits

351

control lines, microcomputer, 345-
346
control/data interface, see CDI
control-in from I/O ports, 52-53
control-out
CO,*’s from CDI, 165-167
I/O ports, to, 52-53
control signal generation, 75-77
counter
74192-193 IC’s, 32-34
address generator, used for, 103-
104, 277-279
constructed from flip-flops, 30-32
PIT (8253) IC, 127-136
PIT scaler, 152-158
time measurement, used for, 36
counter/timer, see PIT (8253)
counts measurement, CMS module
capabilities, 224-225
circuit, 219
count interval, 213-214
frequency measurement, 222-224
minimum count interval, 224
software, 219-224
synchronization, 217
counts measurement, via parallel
ports, 135-137, 152-158
CPU, microcomputer, 344-345

D
data bus (d....d )
Apple II expansion slot, 64-68
bi-directional, setup, 46
CD], produced by, 165-167
IBM PC expansion slot, 53-60
microcomputer, 345
parallel ports to ADC, 88-89
parallel ports to memory, 105-106
parallel ports to PIT, 142-143
data-in from I/O ports, 52-53
data input/output software, 80-81
data-out to I/O ports, 52-53
decimal numbers
conversions to, 28-29
decoder
74138 1C, 37-38
decoding
count values, 34-36
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elementary circuits, 7
example problem, 37
glitches, 35
port numbers, IBM PCI/O, 56-57
DEFINT, 74
demultiplexer, 74138 IC, 37-38
digital clock, see clock
digital recorder, via parallel ports
circuit and timing, 120-123
design, 117-118
software, 123-125
troubleshooting, 125-127
direct memory access, 346
disconnected inputs, of TTL IC’s, 23

E
8253, see PIT (8253)
electrical properties, TTL, 22-27
encoding switch circuit, 39-41
EXCLUSIVE-OR, 5-6,9
expansion slots
Apple I computers, 63-66, 349
IBM PC computers, 53-56, 349
microcomputer, 2, 349

F
fanout, 12-13
fast voltage measurement, see FVM
573, ADCIC, see ADC (AD573)
flip-flop, 16-22
clock/data operation, 19
counter, built from, 32
implementation with NOR, 17-18
memory built from, 19-20
set/clear operation, 16-18
7474, 18-19
synchronization using, 21-22, 217
toggling, 20-21
frequency measurement, by CMS
counter, 225-228
FVM module, for PDC
address generator, 277-279
capabilities, 294-295
CDI, interface to, 289
circuit, complete, 289
construction, 297-304
hardware storage, 280-283
initiation, 283-287

Index

layout, 299

memory control, 277-279
read memory, 287-290
software, 290-297
termination, 287-289
troubleshooting, 304-308

G

game port, 1

gate delays, 26-27
decoding circuit, in, 36
flip-flop toggling, in, 21

glitches, 26

GPIB, 2

H
hardware voltage measurement, see
FVM
hexadecimal numbers, 27-30
&H prefix for, in QuickBASIC, 74
Hi-Z outputs, 44-46

IBM PC expansion slot
input and output timing, 55
I/O port design, 53-63
port numbers, 56, 348-349
IBM PC parallel I/O ports
commercial vendors for, 72
IBM PC parallel I/O ports
circuit, 62
connectors and cables, 320-321
construction, 319-327
layout, 320
port numbers, 56
software, 75-81
testing, 73-75
troubleshooting, 326-332
wiring, 323-327
IBM PS/2 parallel I/O ports
commercial vendors for, 72
IF INKEYS, 77
INP, 3,53,55,75,348
input/output
game port, via, 1
microcomputer, 347-349
parallel ports, via, 2-3, 52-53
serial, 1
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integer numbers, DEFINT, 74
integrated circuits, application
ADC (AD573), 85-88
ADC (ADO0808), 85,99
memory (6264), 100-103
microprocessor, 347-349
PIT (8253), 129-130
integrated circuits, TTL
basic gates, 9
buffers, 44, 44-45
counter, 30-36
decoder, 37-38
digital clock, 14
disconnected inputs, 23
electrical properties, 22-27
fanout, 12-13
flip-flop, 18-19
gate delays, 26-27
glitches , 26
introduction to, 4
latch/buffer, 44-45
multiplexer, 41-43
noise, 26
pin assignments, 314-318
7400 NAND, 9-10
7402 NOR, 9-10
7404 INVERTER, 9-10
7408 AND, 9-10
74138 decoder, 37-38
74152 multiplexer, 41-43
74192-193 counters, 32-34
7421 four input AND, 9-10
74244 buffer, 45
7425 four input NOR, 9-10
7432 OR, 9-10
74373 latch/buffer, 44-45
7474 flip-flop, 18-19
7486 EXCL-OR, 9-10
Intel, microprocessor I/O, 348-349
interfaces
ADC to CMS, 251
ADC to FVM, 289
ADC (ADS73) to parallel ports,
88-90
address generator to CDI, 289
address generator to parallel ports,
103-104
CDI to parallel ports, 182-183

353

CMS to CDI, 251
digital recorder to parallel ports,
120-121
FVM to CDI, 289
memory (6264) to parallel ports,
104-107
parallel ports to Apple II expan-
sion slot, 66-71
parallel ports to IBM PC expan-
sion slot, 56-62
PIT (8253) to parallel ports, 142-
143
interval timer, see PIT (8253)
INVERTER, 5-6,8

L

latch/buffer, 74373, 44-45

layout, parallel ports
AppleII, 334
IBM PC, 320

layout, PDC modules
ADC, 205
CDI, 191
CMS, 258
FVM, 299

LED’, 23-35

logic gates, basic, 4
AND, 5-7
EXCLUSIVE-OR, 5-6,9
INVERTER, 5-6,8
NAND, 5-6,8
NOR, 5-6,8
OR, 5-7
truth tables, 5

logic switches, 25

M

Macintosh I/O ports
commercial vendors for, 73

measurement circuits, 1

measurement, by PDC modules
count/rate vs. time, 213-224
frequency (by counting), 225-228
time between events, 228-235
voltage analyzer, 247-250
voltage and time, 250-256
voltage vs. time, 235-246
voltage vs. time, fast, 276-297
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measurement, via parallel ports
counts by PIT, 135-136
counts/second, 152-158
digital recorder, 115-125
voltage, 85-94
memory, from flip-flops, 19-20
memory, microcomputer, 346-347
memory (6264), in PDC system
CDI control, 174-177
FVM, use in, 277-279
memory (6264) integrated circuit
address generator, 103-104
application, recorder, 115-127
pin assignments, 101
parallel ports interface, 104-107
read cycle, 102, 108-109
software, 107-115
troubleshooting, 112-115, 125-127
write cycle, 102-103, 107-109
microcomputer, architecture, 344-
349
microprocessor, 344-345
mode control word, PIT, 139-140
modules, PDC, see PDC
monitor lines (M’s), produced by
CDI module, 181
Motorola, microprocessor 1/O, 347-
348
multiplexer
serial communication, 42-43
74152 1C, 41-42

N

NAND, 5-6,8

noise, in TTL circuits, 26

NOR, 5-6,8

number systems, 27-30
conversions among, 28-30

O

one-shot, programmable, 130-132
OR, 5-7

oscillator, TTL clock, 14

OUT, 3, 53, 55, 74, 348

P
parallel data collector, see PDC

Index

parallel I/O ports
cables, 320-321, 334-335
circuit layout, 320, 334
commercial, 71-73
connector pin assignments, 321
construction, 319-332, 333-343
design, 53-63, 63-71
specifications, 52-53
testing, 73-75
troubleshooting, 326-332, 337-343

parallel I/O ports, interfaces to
ADC, 88-90
address generator, 103-104
CDI module, 196-200
digital recorder, 120-121
memory, 104-107
PIT, 142-143
start/stop flip-flop, 81-83

PDC modules
ADC, 203-210
CD], 162-202
CMS, 211-275
FVM, 276-310

PDC, overview
block drawings, 163, 164
card rack, 208
construction, see modules
pin assignments, 317-318
power supply, 208

PEEK, 3, 65, 73, 341, 347

PIT (8253), in PDC system
CDI generated controls, 165-167
CDI software, 167-174
CMS, use in, 212-215, 229-230,

236-239

FVM, use in, 280-283

PIT (8253) integrated circuit
clock generation, 132-135
control signal generation, 130-132
counting, 135-137
load sequence, 140-141
mode control word, 139-140
parallel ports interface, 142-143
pin assignments, 137-138, 317
program sequence, 138-140
read sequence, 141-142
scaler application, 152-158
software, 145-150
troubleshooting, 150-152, 158
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programs, see software
programmable interval timer, see PIT
POKE, 3, 66, 73, 341, 347

polling software, 78-80

power supply, for PDC, 208
PRESET* flip-flop, 18-19

Q

QuickBASIC
! suffix, real variables, 75
&H prefix, hex variables, 74
COMMON SHARED, 93
DEFINT, 74
IF INKEYS, 77
IN, 3,53,55,75,348
OUT, 3, 53,55, 74,348
PEEK, 3, 65, 73, 341, 347
POKE, 3, 66, 73, 341, 347

R

RAM, see memory

random access memory, see memory

read enables (RE *’s) generated by
CD]I, 177-178

real numbers, in QuickBASIC, 75

recorder, digital, see digital recorder

reference manuals, 312

references, 311-312

resolution, ADC, 86

S

scaler, PIT application, 152-158
sensors, references, 311
sequential logic, 13-16
serial communication, 1
example circuit, 42-43
SET* flip-fiop, 16-19
7400 NAND, 9-10
7402 NOR, 9-10
7404 INVERTER, 9-10
7408 AND, 9-10
74138 decoder, 37-38
Apple II port controller, 68-70
CDJ, use in, 165-166, 174-175
IBM PC port controller, 60-63
switch encoding, used for, 39-41
74152 multiplexer, 41-43
serial communication, 42-43

355

74192-193 counters, 32-34
address generator, use in, 103-
104, 277-279
clock frequency division, 36
switch encoding, for, 39-41
7421 four input AND, 9-10
7425 four input NOR, 9-10
74244 tri-state buffer, 45-46
CDI buffers, used for, 184
7432 NOR, 9-10
74373 tri-state latch/buffer, 44-45
bi-directional bus, used for, 46
digital recorder, in, 121
parallel ports, in, 57-58, 66-67
7474 flip-flop, 18-19
7486 EXCL-OR, 9-10
6264 RAM IC, see memory (6264)
software, CDI module
SHELL.BAS, 165-189
software, CMS module
CMS.BAS, shell, 219
counter, demonstration, 222-224
frequency measurement, 226-228
timer, demonstration, 233-234
troubleshooting, 264-267
voltage & time measurement,
254-256
voltage analyzer, 248-249
voltage demonstration, 244-245
software, for devices interfaced with
parallel ports
ADC, 92-94
digital recorder, 123-125
memory, 109-112
PIT, 143-157
voltmeter, 90-94
software, FVM module
voltage vs. time, fast, 296-297
troubleshooting, 305-308
software, via parallel ports
control signal generation, 75-77
data I/O, 80-81
polling, 78-80
start/stop (S/S*), CDI, 179-181
switch, logic, 25
encoding circuit, 39-41
synchronization, 20-21, 217, 240, 286
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T

temporary bus master, 346

testing, see troubleshooting

time measurement, by CMS module
circuit, 230
events, 229-239
minimal time between events, 235
reference clock, 230-231
software, 231-235

timer, see PIT (8253)

timing diagrams
ADC cycles, 88
Apple II expansion slot cycles, 65-

66

binary counting, of, 31
counts measurement, by CMS,
214
decoder circuit, of typical, 36
definition of, 14
fast voltage measurement, 283
IBM PC expansion slot cycles, 55-
56
memory read and write cycles,
102-103
PIT outputs, modes 1, 2 and 3,
131-132
PIT program, load and read cycles,
139-141
time measurement, by CMS, 229
voltage measurement, by CMS,
236
toggling, 20-21
transducers, references, 311
tri-state outputs, 44-46
troubleshooting (and testing)
ADC interfaced to parallel ports,
95-98
ADC module, 208-209
Apple II parallel ports, 337-343
basic logic circuits, 11-12
CDI module, 196-200
circuits wired to parallel ports, in
general, 81-83
CMS module, 262-267
counting and decoding circuits, in
general, 41
digital recorder, interfaced to
parallel ports, 125-127
FVM module, 304-308

Index

IBM parallel ports, 326-332
memory interfaced to parallel
ports, 112-115
PIT interfaced to parallel ports,
150-152
scaler, PIT application, 158
sequential circuits, 15-16
truth tables, S
basic gates, of, 6
TTL integrated circuits
disconnected inputs, 23
electronic properties of, 22-23
gate delays, 26
glitches, 26
noise, 26
wiring LED’s to, 23-24
wiring logic switches to, 25

A
vendors for
breadboard systems, 313
components, general, 313
parallel ports, 72-73
PDC components, 313
voltage measurement, by CMS
module
capabilities, 247-250
programmable rate, at, 236-238
software, 241-246
synchronization, 239-241
trigger, upon external, 239
voltage analyzer, 247-250
voltage measurement, fast, see FVM
voltage measurement, via parallel
ports, 85-94

w
wire wrap
cards for PDC modules, 205
card rack for PDC modules, 208
expansion slot boards, 320, 333
wiring circuits, on breadboards, 11
wiring circuits, on expansion slot
boards, 323-327, 335-337
wiring circuits, on wire wrap cards
ADC module, 207-208
CDI module, 191-196
CMS module, 257-263
FVM module, 298-304
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