ST1-8000
HF MODEM

TECHNICAL
MANUAL

VOLUME Il

HAL COMMUNICATIONS CORP.
BOX 365
URBANA, ILLINOIS 61801



ST-8000

HF MODEM

TECHNICAL MANUAL

VOLUME I1I

Copyright © 1986 by HAL Communications Corp., Urbana, Illinois.
Printed in the United States of America. All rights reserved.
Contents of this publication may not be reproduced in any form
without written permission of the copyright owner.

870-08001

June, 1986 Printing



CONTENTS:

CHAPTER 1.

CHAPTER 2.

860610

VOLUME I

INTRODUCTION . . .

SPECIFICATIONS . .

TECHNICAL DESCRIPTION . . .
ST8000 Organization . .

2.1
2.2

2.3

Modem
2.2.1

DM N
[SSII ORI S V]

G WwWN

2.2.6

2.2.7

2.2.8

NDNODNDNDNDDNDONDNDN
OO

e s e o o o O e o o

Wwwwwwao NN

. . L] L) . L] T ¢ . L]

AP wWwNDHR FHEHWY

Assembly

Input Filters .
Limiter & AGC . . . .
Mark and Space s

[

L] . L] .
L] . L] L[]
L] L] L] . L] L[]

Filter

Mark/Space Detectors, LP
Pulse Detectors . . . .

2.2.5.1

pde® o o a o o xo e e o

e o (De o o o o o e o o o

NDNONMHEANDMNDORODNDNODNDNODNDIONDNDNON
oo N~NN~NIROONOOOONDY NUTUTOL

X

2.2.8.4 AFSK, FSK TXD Output

trol, KOS,

MO/SO Detectors
M/S Detector .

Print Squelch Detc

DMPC Circuit .

Detector Mode Select

Control . . . .

Polarity, REGEN,
Print SQ, Diversity
RXD I/O Interface .

Motor Control .

CRT Trace Control .

Indicators . .

Non-diversity Squelc

Diversity Mode

Echo Control .

AFSK Oscillator . . . .

Power Supply . « . .

& ECHO . .
TXD 1/0 Interface .
TX/RX PTT Circuit .

e o o o o o

r

¢ o ITje o o o o o

ilt

e o o o o (De o o o o o

.A} .

e o & o o e o o s o o

* L[] . . L) . L] L] L] L] * . L] L] L] L] L] L] ¢ o L[] L ] L]

Modem Assembly Interconnections
l Assembly . . . « . .« &

Microprocessor Controller

System Clocks . . . . .
RESET and Sanity Timer .
Memory and 1I/0 Map . . .
EPROM and RAM Memory . .

Modem Board Latched Interface
M/S Filter Q Select .

2.3.6.1

NN
L] . . L] * o L] * o
Wwwwwwwww
L] L] L] [ ] e e [ ] * o
(o) I\ W) e\ o) e N e N o) e

L] L] L] * o L] L] L]
H OOV WN

CRT Control . .

Regeneration Control

Normal/Reverse Control
Input Filter Bandwidth
Selective Call Control

Detector Mode Control
Antispace Control . .
Push to Talk Control

CTS Control Bit



CONTENTS (Continued):

e o e s o o o o o
WN=O

WNHIOUMPWNHIDPNORFTHFEREFEWOWOO

ssembly .+ « ¢« ¢ ¢ o &

e o o o e o rt e o s o e s o
ANV UVUTNUIFR G RO WWWWWWW

et Assembly . . . ¢« . . .

NRODNONNDNDNODNONNNAONDNDTENODNODNDNDNDNDND

e o o Q) e o

e e . [

CHAPTER 3. AND ALIGNMENT . . « « « « «

Preparation . . « ¢« ¢« « « « &
3.1.2 Access to Modem Board

Voltage Tests . « ¢ o o o o @

w w
w N

Control Assembly . . . .

Wwmwww
N W

Regeneration and Control Port
Synchronous Data Clocks . .
MARK/SPACE Tone Generator .
MARK Filter Synthesizer . .
SPACE Filter Synthesizer . .
BAND PASS Filter Synthesizer
LOW PASS Filter Synthesizer
Panel Assembly . . . . . .
Front Panel Switches
Front Panel Displays

CRT Power Supplies .
CRT Controls . . . .
Deflection Amplifiers
Trace Switching . . .
Spectra-Tune . . . . .
Trace Rotation . . . .

Electrostatic Precautions
Cabinet Finish Protection
Cabinet Ventilation . . .

e ® e 6 e e o & & o o o o o

Test Equipment . . . .

Remote Terminal Connect

TesStS ¢ ¢ o o o o o o
Initial Set-up . . . .
Input Filter Stages . .
Limiter and AGC Alginment

Mark/Space Filter Alignment
3.3.4.1 Mark Filter . . . .

3.3.4.2 Space Filter . . . .

AFSK Generator-Tests . . . .

Transmit Data Input Circuitry
Detector and LP Filter Tests .
MO, SO, M/S, DMPC, and PNT SQ
RX Data Control . . . . . . .
Diversity and AGC Squelch . .
3.3.10.1 Non-div. AGC Squelch
3.3.10.2 Diversity Tests . .

TX Control and Echo Circuit
Power Supply Tests

o« o e |

ons
.

System Clock . . . .
Synthesizer Tests .
Latched Control Bits
Latched Q Control Bits
Panel Assembly . . . .
Display Tests . . . .
Front Panel Switches .

S

. L] L] L] L] . L] L] L] L] L]

]
.
.
.
.
.
[
.

. . . L] L] L] o L] L]

ii

. e o s o e o 6 e o ¢ o o ¢ e o e o s & o

e o e o o o * o * o e o o o e o o ¢ e o e o o o e e o o o o o

52
52

52
53
53
55
55
59
61
62
63
66
69
71
72
73
74
78
78
79
80
82
83
83
84
85
86
87
87
88



CONTENTS (Continued):

CHAPTER 4.

CHAPTER 5.

CHAPTER 6.

860610

3.6

4.6

4.7

R
1
2
3
4
5
6
7
8
9

CRT Alignment and Test

L]

3.6.1 Initial Set-up . . . .
3.6.2 CRT Trace Control Adjustments
3.6.3 CRT Spectra-Tune Adjustments
Other ST8000 Tests . . . . .
3.7.1 Data Processing Delays
3.7.2 Bit Error Rate Tests .

NTENANCE AND REPAIR . . .

ESD Considerations . .

Factory Return Procedures

Test Equipment . . . .

Modem Assembly Maintenance

4.4.1 Power Supply . .

TXD Control . .
AFSK Generator .

LN @I - -

o O e ¢ o o o o

G5 b b

o ¢t o e o o e

HAR SO WN

4.5.1.1
4.5.1.2
4.5.1.3

Display Failure

CRT Replacement

N e T R R N RS

o o e o o o Yo
N~ HoohnooO U

ARTS LISTS . . . . .

ST8000 Assemblles e o
Demodulator Assembly .
Control Assembly . . .
Front Panel Assembly .
CRT Assembly . . . . .
Cabinet Assembly . . .
ST8000 Accessories . .
Recommended Spare Parts

Federal Supply Codes for Man factu

VOLUME II

TECHNICAL DIAGRAMS . . . . .

iii

1]

L] L] . L] L] L] L] L] L]

L]

Other CRT Problems

L]

Receive Data Filters
Receive Data Processing
Diversity Circuitry

Mechanical Failure .
ssembly Maintenance

L] L] L] L] . L . e

.

Transmitter PTT Control
ol Assembly Maintenance
Component Failure

2
t
1
2 Front Panel Switches .
3 Front Panel Integrated
4
A
1
2

L]
L]
u

L]

Circ

a

t

Clock/Reset Failure
Synthesizer Failure
Other Components

Interconnection Problems .
Panel Assembly Maintenance

i

oootﬂnnn

X ¢ o o e ¢ o o o o

[0}

L] . L] . rr‘ . L[] L] . L) . L] . L] L] L] L] . L] L] . L] L] L[] L] L] L] L] .

r{ ¢ o o o o o o o o

L] . . . . L) o

L] . L[] ] L] L] L] L] L] L] L . L[] . * L] L ] L] L] . L]

89
89
89
90
91
91
92

96

96

98
100
100
100
101
102
103
103
104
104
104
105
105
106
106
107
107
107
108
108
109
109
109
112

114
114
115
125
129
132
136
139
139
141

145



ILLUSTRATIONS:

FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

860610

. v L[] * . L] L] L] . L] L] L . L]

WwwwwwwdhhhdobdbpDoDdNDDD DD

NOUTEeWNNFHFFWOWOIOUIEWN -

L] L2 L[] L]

HHEWOWOJOULdWN -

L]
—
WK -=O

[ )= )W« We W )W W Mo W W) We N Ne) el

=
>

6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30

ST8000 HF MODEM . .« « « « « ¢ « &
INPUT BANDPASS FILTERS e e e o
LIMITER OUTPUT CHARACTERISTICS (TP8
AGC CHARACTERISTICS (TP4) . . . .
MARK/SPACE FILTER - HIGH Q RANGE
MARK/SPACE FILTER - LOW Q RANGE
LOW PASS FILTER RESPONSE . . . .
SPACE ONLY DETECTOR WAVEFORMS .

DMPC WAVEFORMS o

CLOCK DISTRIBUTION . « « « « .+ &
SYNTHESIZER OPERATION . . . . .

ST8000 VOLTAGE TEST POINTS o«

TEST EQUIPMENT CONNECTIONS o«

TYPICAL ST8000 MODEM MEASUREMENTS . . .
ST8000 TEST LOG . « « « « o o+ =«

VOLUME 1

e e e 8 & & ° 0 & e o
L] L] L] . L) L] L] L] L] . L] . L]

. . . L] L) L) . L] L] L]

AFSK TEST GENERATOR CONNECTIONS . . . .
DIVERSITY TEST CONNECTIONS e e s e o o
BER TESTS .

. . . . . . . . . o . . .

VOLUME II

ST8000 DRAWING CONVENTIONS e e o o

BLOCK
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM
MODEM

CONTROL ASBLY - PROCESSOR RAM/ROM PICTORIAL
CONTROL ASBLY - PROCESSOR RAM/ROM SCHEMATIC

DIAGRAM
ASBLY

ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -
ASBLY -

. . . - . . . 3 . . .

INPUT FILTER PICTORIAL .
INPUT FILTER SCHEMATIC .
LIMITER & AGC PICTORIAL .
LIMITER & AGC SCHEMATIC .
MARK FILTER PICTORIAL . .
MARK FILTER SCHEMATIC . .
SPACE FILTER PICTORIAL .
SPACE FILTER SCHEMATIC .
DETECTOR & LP PICTORIAL .
DETECTOR & LP SCHEMATIC .

. L] L] L[] L] L] L] L] L] L]

DETC. & PR SQUELCH PICTORIAL
DETC. & PR SQUELCH SCHEMATIC

RX DATA CONTROL PICTORIAL
RX DATA CONTROL SCHEMATIC
DIVERSITY PICTORIAL . . .
DIVERSITY SCHEMATIC . . .
TXD CONTROL, KOS PICTORIAL
TXD CONTROL, KOS SCHEMATIC
AFSK OSCILLATOR PICTORIAL
AFSK OSCILLATOR SCHEMATIC
POWER SUPPLY PICTORIAL . .
POWER SUPPLY SCHEMATIC . .
PARTS PLACEMENT . . . .
I/0 CONNECTORS SCHEMATIC .

CONTROL ASBLY - MODEM CONTROL PICTORIAL
CONTROL ASBLY - MODEM CONTROL SCHEMATIC

iv

e 8 ® o © o © o & e °o o L]

[ ] L] . .

10
12
12
14
15

29
42
53
56
57
58
70
79
94

147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176



ILLUSTRATIONS (Continued):

FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

6.31
6.32
6.33
6.34
6.35
6.36
6.37
6.38
6.39
6.40
6.41
6.42
6.43
6.44
6.45
6.46
6.47
6.48
6.49
6.50
6.51
6.52
6.53
6.54

TABLE 3.1
TABLE 3.2
TABLE 4.1

860610

CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY
CONTROL ASBLY

FRONT PANEL ASBLY - PICTORIAL
FRONT PANEL ASBLY - SCHEMATIC
CRT ASBLY - PICTORIAL . . . .
CRT ASBLY - SCHEMATIC . . . .

CABINET ASBLY
CABINET ASBLY

INTER-MODULE CONNECTIONS - PICTORIAL
INTER-MODULE CONNECTIONS - SCHEMATIC

- SERIAL, DSPLY I/O PICTORIAL
- SERIAL, DSPLY I/O SCHEMATIC
- SYNTH. CLOCK PICTORIAL . .

- SYNTH. CLOCK SCHEMATIC . . .
- AFSK SYNTHESIZER PICTORIAL .
— AFSK SYNTHESIZER SCHEMATIC .
- MARK SYNTHESIZER PICTORIAL .
- MARK SYNTHESIZER SCHEMATIC .
— SPACE SYNTHESIZER PICTORIAL
— SPACE SYNTHESIZER SCHEMATIC
- BAND-PASS SYNTH. PICTORIAL

- BAND-PASS SYNTH. SCHEMATIC

- LOW-PASS SYNTH. PICTORIAL
- LOW-PASS SYNTH. SCHEMATIC
- PARTS PLACEMENT . . . . .
- I/0 CONNECTOR SCHEMATIC .

.
3
.
.
.

- PICTORIAL 1 .
- PICTORIAL 2 . . . .

e o o o o o o o
e o o e o o o o
e e o o e o &
e o o o o s o o

TABLES

ST8000 VOLTAGE MEASUREMENTS . . . « « ¢« « &
TYPICAL ST8000 TIME DELAYS . . « ¢ ¢ « o« « &

ELECTROSTATIC

SENSITIVE DEVICES . ¢« « +« « .

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

54
92
97



CHAPTER 6
TECHNICAL DIAGRAMS

This Volume II of the ST8000 Technical Manual contains all of the
schematic and pictorial diagrams for the HF MODEM. The diagrams
are arranged on facing pages so that the schematic and its
related partial or full pictorial may be studied without turning
pages. The following is the <cross-reference between Figure
numbers in this manual and HAL drawing numbers.

FIGURE HAL DWG DESCRIPTION
6.1 Cl246 ST8000 DRAWING CONVENTIONS
6.2 Cl11l1l BLOCK DIAGRAM
6.3 Cl141 MODEM ASBLY - INPUT FILTER PICTORIAL
6.4 Al541 MODEM ASBLY - INPUT FILTER SCHEMATIC
6.5 Cl142 MODEM ASBLY - LIMITER & AGC PICTORIAL
6.6 Al542 MODEM ASBLY - LIMITER & AGC SCHEMATIC
6.7 C1143 MODEM ASBLY - MARK FILTER PICTORIAL
6.8 Al543 MODEM ASBLY - MARK FILTER SCHEMATIC
6.9 Cl144 MODEM ASBLY - SPACE FILTER PICTORIAL
6.10 Al544 MODEM ASBLY - SPACE FILTER SCHEMATIC
6.11 Cl1l145 MODEM ASBLY - DETECTOR & LP PICTORIAL
6.12 Al1545 MODEM ASBLY - DETECTOR & LP SCHEMATIC
6.13 Cl146 MODEM ASBLY - DETC. & PR SQUELCH PICTORIAL
6.14 Al546 MODEM ASBLY - DETC. & PR SQUELCH SCHEMATIC
6.15 Cl147 MODEM ASBLY - RX DATA CONTROL PICTORIAL
6.16 Al547 MODEM ASBLY - RX DATA CONTROL SCHEMATIC
6.17 Cl148 MODEM ASBLY - DIVERSITY PICTORIAL
6.18 Al1548 MODEM ASBLY - DIVERSITY SCHEMATIC
6.19 Cl149 MODEM ASBLY - TXD CONTROL, KOS PICTORIAL
6.20 Al549 MODEM ASBLY - TXD CONTROL, KOS SCHEMATIC
6.21 Cl150 MODEM ASBLY - AFSK_OSCILLATOR PICTORIAL
6.22 Al550 MODEM ASBLY - AFSK OSCILLATOR SCHEMATIC
6.23 Cl151 MODEM ASBLY - POWER SUPPLY PICTORIAL
6.24 Al553 MODEM ASBLY - POWER SUPPLY SCHEMATIC
6.25 Cl133 MODEM ASBLY - PARTS PLACEMENT
6.26 Al576 MODEM ASBLY - I/O CONNECTORS SCHEMATIC
6.27 Cl154 CONTROL ASBLY - PROCESSOR RAM/ROM PICTORIAL
6.28 Al554 CONTROL ASBLY - PROCESSOR RAM/ROM SCHEMATIC
6.29 C1155 CONTROL ASBLY - MODEM CONTROL PICTORIAL
6.30 Al555 CONTROL ASBLY - MODEM CONTROL SCHEMATIC
6.31 Cl156 CONTROL ASBLY - SERIAL, DSPLY I/O PICTORIAL
6.32 Al556 CONTROL ASBLY - SERIAL, DSPLY I/O SCHEMATIC
6.33 Cl157 CONTROL ASBLY - SYNTH. CLOCK PICTORIAL
6.34 Al557 CONTROL ASBLY - SYNTH. CLOCK SCHEMATIC
6.35 Cl158 CONTROL ASBLY - AFSK SYNTHESIZER PICTORIAL
6.36 Al1558 CONTROL ASBLY - AFSK SYNTHESIZER SCHEMATIC
6.37 Cl159 CONTROL ASBLY - MARK SYNTHESIZER PICTORIAL
6.38 Al559 CONTROL ASBLY - MARK SYNTHESIZER SCHEMATIC
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SPACE SYNTHESIZER PICTORIAL
SPACE SYNTHESIZER SCHEMATIC
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BAND-PASS SYNTH. SCHEMATIC
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LOW-PASS SYNTH. SCHEMATIC
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Figure 6.41
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Figure 6.43
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