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Page 2

INTRODUCTION

This manual is the technical and maintenance companion to the
''STSOOO OPERATORIS TVIANUAL'' ANd "STEOOO OPERATORIS GUIDE'"
Operation and installation of the STB000 are ful1y described in
these documents. Technical, test, and maintenance information
are contained in this ST8000 TECHNICAL I.{ANUAL.

Because of the size and quantity of technical drawings for the
ST8000, this TECHNICAL MANUAL is published in two volumes.
VOLUI,IE I contains Chapters 1 through 5 ( Specif ications, T€chnical
Description, Test and Alignment, Lldintenance, and Parts Lists).
VOLUI4E II contains the pictor ial and schematic diagrams of the
ST8000. The diagrams in VOTUME II are arranged with the
schematic diagram for a given circuit section on the right-hand
page and the corresponding pictorial for parts location on the
left-hand facing page. The texts of Chapter 2l
keyed to this page arrangement.

3, and 4 are

I t is assumed that the reader has an electronic equipment
servicing background and has access to the required test
equipment. Please use EXTREIT{E CAUTION when testing to avoid
damaging the ST8000 circuitry. In particular, CtvlOS microcircuits
are used in sections of the ST8000 and the technician should use
all accepted grounding and static electrical discharge prevention
techniques available to him.

In some cases, particularly when testing the CRT Assembly,
DANGEROUS HIGH VOTTAGES will be exposed. Use EXTRE[VIE CAUTION
when performing these tests to avoid POTENTIATLY LETHAL HIGH
VOLTAGE shocks.

A11 of the described tests may be performed with standard test
equipment. However, the accuracy of the measurements is
determined by the accuracy of the test instruments themselves.
Assure yourself of your test equipmentrs accuracy and reliability
before assuming " incorrect measurements" are due to an STB000
circuit failure. '

860610
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Page 3

CHAPTER 1. SPECIFICATIONS

INPUT DATA:
Data Rate: I0 to 1200 baud
Frequency: 400 4000 Hz
Impedance: 8 or 600 ohms, bal. or unbal.

5K ohms, unbalanced
Dynamic Range: -65 to +10 dBm (580 uV to 2.5 V)

RECEIVE PROCESSING:
lvlode: Hard-l imiting FM ( -54 dBm threshold )

AGC controlled AI'{ ( -0S dBm threshold )
Input Filters: 4 filters: 6-pole L/l , L/2 , L Octave

bandwidt,h tunable and tracked to
center frequency of selected lvlark and
Space tones; 400 4000 Hz fixed tuned.

Tone Filters: Ivlatched 4-pole tunable f ilters, set to
selected tlark and Space frequencies
from 400 to 4000 Hz in 1 Hz increments.
t{t/S f ilter bandwidths set in 32 steps,
automatically tracked with Baud and
Shift selected.

DATA PROCESSING:
Detectors: llatched f ull-wave active detectors.

Outputs f or tvlark On1y, Space Only,
Vt/S dif f erential, or Digital IvIuIti-Path
Correction.

LP Filters: t'latched separate t"lark and Space 7-po1e
linear phase tunable low-pass filters.
Cut-off frequencies set by Input Baud
rate control.

Antispace: Prevents " open loop" on inter ference.
Print Squelch: Adjustable Print Squelckr threshold;

returns to tlark-hold with no signal ( LOS ) .
Diversity: Infinite Resolution Diversity Control for two

receiver selection diversity system.
Regeneration: Dual digital UART regenerator for ASCII or

Baudot datai also provides code and speed
conversion (45 1200 bd).

Clock Recovery: Recovered receive data clock output.

8606r0



SPECI['ICATIONS

TUNING FEATURES:
Control:

Flodes:

I'lemor ies:

Ivlemory Modes:

Remote Control:

TRANSI,IIT FEATURES:
AFSK TOnes:

AFSK LCVC1:

Impedance:

PTT Control:

FSK Output:

DISPLAYS:
Tuning:

F requency 3

LED:

set Input or Output Baud rate
set Space or Shift frequency

Page 4

Frequencies derived from quartz crystal
synthesizers. Set llark, Space, Shif t,
and Center frequencies, InpuL or Output
Baud in I Hz or I Baud increments.
BAUD
SPlSH
II{ARK,/Fo set tlark or Center frequency
TRACK Itlaintain Shif t and set Llark,

Space, and Fo frequencies.
Eight non-volatile and programmable.
Each memory stores Plark, Space, Fo,
Shif t, Input Filter , VL/S Bandwidth,
LP Filter Frequency, Input Baud, Output
Baud r and l{r/S AFSK transmit f reguencies.
TxrlRx var iable , Rx var iable, TX memory,
Tx/Rx memory.
Separate terminal port for control of
all demodulator parameters. ( Ser ia1
ASCII; 300-9600 Baud ) .

400 to 4000 Hz in 1 Hz increments.
Track receiver tones or fixed bY
memory selection.
-40 to +10 dBm ( rear panel control )
(7.8 mV to 2.5 V rms at 600 ohms).
8 or 600 ohms, balanced or unbalanced,
transformer coupled or DC isolated output.
Relay closure to ground; internal KOS 'terminal KOS, RS232C RTSr or manual front
panel switch control , +/- 50V, 0.5A max.
Logic voltage to drive direct FSK input
on transmitter. Polarity and voltage
leveI selectable (open collectorl *5V7
or +8V for tlark or Space).

1.50 x 2.00 inch rectangular CRT;
crossed-el1ipse tlark/Space and
Spectra Tune 500-3500 Hz spectral
display of received signals; CRT beam
turned off on LOS (Loss Of Signal).
Three 4-digit displays show t'lark or Fo,
Space or Shift, and Input or Output Baud.
llark, Space, LOS, Print On, A or B
Diversity, TX oDr and Power ot1.
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SPECIFICATIONS Page 5

INPUT/OUTPUT CONNECTIONS :

TERIvTINAL DATA: Shielded DB-255 socket-type connector.
RS232C: TXD, RXD, RTS, CTS,' CD, DSR, r€covered RXC
Ir{I t-I8 8C : TXD , RXD
TTL: TXD, RXD
Flisc: Terminal KOS, Flotor Control,

FSK output.

DIVERSITY: Shielded DE-9S socket to connect second
ST8000 in two-channel diversity system.

REIIOTE CONTROL: Shielded DB-25S sockeL f or ser ial remote
control of all front panel parameters.

RECEIVE AUDIO: Stereo L/4" phone jack for audio input.

TRANSIT{ITTERz A-pin shielded mic. connector; transmit
audio and PTT or transmit FSK and PTT.

POWER: IEC AC power connector; shielded and
filtered.

PHYSICAL DATA:

Cabinet Finish: Natural aluminum with irridite finish;
black vinyl front panel.

Cabinet Style: 19 " rack mounting or table-top
with tilt-baiI and feet.

Size: 3.50 H x 14 D x f9 W (rack mtg)
(8r9 x 35.6 x 48.3 cm)
4.L25 H x 14 D x L7 W (tabIe case)
(I0.5 x 35.6 x 43.2 -cm)

Weight,: 13 Ibs (5.9 kg) net,
19 lbs ( 8. 5 kg ) shipping.

Power: 100-L20 or 200-240 VAC, 44-440 Hzi
36 Watts; IEC style AC Connector.

Power Line Fused with type 3AG, 1.0A SB Fuse;
Protection: Type 1EF2 RFI/gylt Filter (22d8 at

0.15 mHz , 49 dB at 30 mHz ) .
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CHAPTER 2. TECHNICAT DESCRIPTION

This chapter presents a detailed explanation of the circuitry of
the ST8000. Frequent references will be made to the schematic
and pictorial diagrams in Chapter 5 (VOLUII{E II ). These
references will be given at the head of each subsection of the
discussion in the form [5. x] where "6. xn is the figure number.
Additional illustrations will be included in this Chapter as
necessary. Drawing conventions used in this manual are shown in
Figure 6.I.
2.L sr8000 oRGANT ZATTON 15 .2)

The ST8000 is constructed of 5 subassemblies: MODEDI (AI), CONTROT
(A2), FRONT PANEL (A3), CRT (A4), and CABINET (A5). Each
assembly is connected to the other with the cables shown in
Figures 6.53 and 6.54. A11 of the audio and data processing
detection circuitry for receive and transmit operation are
contained on the I{ODEII'I (AI) assembly. tvlaster control and
frequency generating synthesizer circuits are on the CONTROL (A2 )assembly. Cathode Ray Tube (CRT) control and amplifier circuits
are on the CRT assembly (A4). Front panel switches, controls,
and decoding circuits are on the FRONT PANEL assembly (A3 ) . Low
vol Eage povrer f or the l,loDEltl, CONTROL , FRONT PANEL , and CRT
assemblies is obtained from regulators on the MODEIII assembly
(Al ) . High voltages and filament voltage for the CRT are
obtained from the CRT assembly (A4 ) . The CABINET assembly (A5 )
contains only the AC power input components, the power
transformer, and the +5 volt regulator. With the exception of
the CRT itself, all ST8000 circuits operate from supply voltages
of +8 VDC (+V), -8 VDC (-V) , (a11 analog circuits) and +5 VDC
( all digital circuits ) .

2.2 I{ODEM ASSEIvIBLY A1 [ 6 .3 through 6 .261 z

The tt'lODEIt{ assembly is the lower of two large circuit boards in
the r ight center section of the ca6inet.. I t may accessed by
removing the STB000 top cover, three thumb-screws from the upper
CONTROL assemblyr and swinging the CONTROL assembly to a vertical
position. Steps to obtain access to the tt{ODEt{ assembly are
descr ibed in detail in Section 2.L of the ST8000 OPERATOR I S
TVTANUAL.

2.2.L rNPUT FTLTER [6.3, 6.412

Audio signals from the radio receiver are connected to the rear
panel RCVR AUDIO connector (JI2). The input characteristics may
be set with option DIP switch SI-1 through S1-5 for 600 ohm or 8
ohm impedance, balanced or unbalanced or 5r000 ohms, unbalanced.
The setting procedure is explained in Section 2.2 of the ST8000
OPERATOR I S IVIANUAL. Transf ormer TI provides impedance matching
and balanced-to-unbalanced transformation of the input signal.
Input levels marked on the schematic diagrams assume a 2000 l1z,
-10 . 0 dBm input s ignal .
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TECHNICAL DESCRIPTION Page 7

Input signals with levels greater than +L2 dBm are clipped by
diodes D59 through D71r providing input overload protection for
the demodulator. Amplifier U50a provides input isolation and
approximately 5 dB gain. Stage U50b is a two-poIe active low-
pass filter to prevent aliasing problems in following Switched
Capacitor Filters ( SCF's ) . TPI provides a test point for the
input amplifier and low-pass filter performance.

Switches U51 and U44 provide electronic selection of one of four
bandpass f ilters (U41 , 1J42, U43, and U52 ) . Switching of U51 and
U44 is controlled by the microprocessor on the CONTROT assembly
through J2-L9 and J2-20.

Stages U41 , V42 , and U43 are monol ithic integrated circuit
Switched Capacitor Filters ( SCF ) . Each contains a 6-poIe
Chebyshev Class II bandpass filter. The filters have the
following f ixed Q' s :

STAGE BANDWIDTH IC TYPE

u41
u42
u43

l/3 ocrAVE
L/2 OCTAVE
1.0 OCTAVE

R56L4/RPs614
R561s/RF561s
R5616/RF5616

4.5
3.0
1.5

The center frequency of each filter is controlled by the
synthesized Input Filter C1ock, supplied on J2-L from the CONTROL
assembly (A2 ) . This clock frequency is nominally 54 times the
desired Input Bandpass Filter center frequency. The selection of
the filter and choice of the clock frequency is controlled by the
microprocessor on the CONTROL assembly.

A fourth filter , U52, is much wider to allow Processing of wide
shift and high data rate RTTY signals.- Section U52a is a two-
pole active low-pass filter with a cut-off f,requency of 4200 Hz-
Section U52b is a two-pole high-pass filter with an 380 Hz cut-
off frequency. The two sections form a wide bandpass filter for
signals between 380 and 4200 Hz.

Stage U32 is a low-pass filter to remove all clock noise from the
outputs of filter stages U41 | lJ42 | and U43. U32 also provides
two additional poles of low-pass filter ing for stage V52 ,
increasing the skirt selectivit,y of the wide f ilter. Test points
TP4 and TP5 allow monitoring of the signal output of the Input
Bandpass Filter stages. Typical frequency response curves for
the four input filters are shown in Figure 2.L.
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FIGURE 2.L INPUT BANDPASS FILTERS

2.2.2 LIII{ITER & AGC [6.5, 6.5]:

The signal from TP5 of the Input Bandpass Filter drives both a
hard Limiter stage ( U31 ) and an AIt'l Automatic Gain Controtr (AGC )
stage (U30 | U2L, U22, U13, and U3). The input levels to both
stages are set for optimum dynamic range with dividers RI87/RL77
( Limiter ) and R190/R184 (AGC ) .
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TECHNICAL DESCRIPTION Page 9

Limiter stage U31 is operated as a very high gain (>70 dB )
compensated amplifier. The limiter threshold of U31 is typically
-53 dBm, referred to the receiver input (J12). Control R182 is
adjusted for symmetrical limiting on weak signals at TP6 or TP8.
U23 is a two-po1e anti-aliasing low-pass filter to prevent
harmonics generated in the limiter from reaching the ttlARK and
SPACE channel filters. Resistive divider RlI 6/R96 sets the
limited signal amplitude to be compatible with the output of the
AGC amplifier. Typical limiter output vs receiver input level is
shown in F igure 2 .2 .

LIMlTER
THRESHOLO

-to

-40

INPUT (dBm)

E.IGURE 2 .2 LIIT,IITER OUTPUT CHARACTERI STICS ( TPB )

An AGC dynamic range of +10 to -65 dBm is obtained in stages U30,
U2L, tJ22, and U13. The total gain of amplif iers U30 and V22 is
controlled by a DC voltage from the output of VzL (TPII ) . Stages
tJZLa, U13a, and Ul3b provide gain and high-pass,/1ow-pass
filtering in the AGC loop. The output audio signal is detected
in diodes D2 through D5. The approximate 3.0 volt drop in the
diode chain sets the regulation voltage level output of the AGC
amplifier system at +10.0 dBm. Amplifier U21b provides the
feedback gain controlling voltage to U30 and U22 with time
constant set by R104 and C46.
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Amplifier stages U3a and U3b condition the AGC voltage to be
within the range of 0 to +5 VDC. The resulting output (TP12) is
used to drive the DIVERSITY selection circuits of two ST8000rs in
a two-channel diversity system. Control R102 is set for a
reference voltage of 0.56 VDC at R3 and control R103 is set for
+5.0 VDC at TP12 with a 0 dBm receiver input signal on Jl2 [6.4].Typical AGC voltage at TP12 vs input signal level is shown in
Figure 2.3.

-{o -ro

INPUT LEVEL (dBm) -+

FTGURE 2.3 AGC CHARACTERTSTTC (tea 
1

The output of the Limiter (from RII6/R96) and AcC (TP9) stages
are selected electronically by switch Ul4. This switch is
controlled via J2-7 by the microprocessor on the CONTROL assembly
(A2 ) . The f ront panel DETECTOR D{ODE switch or RE!,IOTE CONTROT
commands select AM or FD{ mode.
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2.2.3 t',tARK AND SPACE FILTERS 16.7 6.10l

The MARK and SPACE discr iminator filter stages are identical.
Only the tt'IARK circuit will be discussed wit.h SPACE filter
references in parenthesis ( ).
Stages U17a (U26a) and UITb (U26b) are cascaded two-pole SCF
filters. The center frequency of the filters is set by a
synthesized clock, whose frequency is nominally 50 times the
desired center frequency. The clock signal is supplied via Jt-20
(J2-5 ) f rom the tvlARK (SPACE ) synthesizer on the CONTROL assembly
(A2 ) . Controls R85 (Rl23) and R86 (Rl24) allow precise
adjustment of the center frequency of the filters, compensating
for any variations in the clock-to-center frequency ratio of the
SCF microcircuits. Stage U9 (U18 ) is a 2-po1e low-pass filter to
remove any residual clock noise from the filter output. Control
R132 (R131) provides DC offset compensation of the output at TP46
(TP41) .

The bandwidth of the ttlARK ( SPACE ) f i l ter is conLrolled by
resistor networks Ul5 (U24 ) and U7 (U33 ) in conjunction with
resistors R94 (R95 ) , RI3 (Rl65 ) , R8I-R83 (Rl25-R128) , RI8 (R30 ) ,
and R19 (R31). The shunt resistance to ground of U15 (U24 ) and
V7 (U33 ) is controlled by switches U5 (U16 ) and U6 (U25 ). A
total of 16 different shunt resistances and therefore filter Q's
may be selected with the 4-bit data input on J1-13r15tL7 | and 20
(J2-L2 tLA,L6, and 18 ) . In additionr switches U2c (U2b) and U2d
(U2a) provide selection between a HIGH and LOW range of Q-values
with control input on JI-20 (J1-5 ). The effectively 5-bit
control line sets tt{ARK (SPACE) Q values between 32.7 and 1.9 as
shown in the Table on Figure 6.8 (6.10). When used in the HIGH-Q
range, stages U17a (U26a) and U17b (U25b) are both used as
variable-Q, 2-po1e filters. In the LOW-Q range, stage U17a
(U26a) is used as a variable 0 filter, but the O of stage U17b
(U26b) is fixed at a = 1.00. Precision resistances are used for
all Q-determining circuits and no a adjustments are required.
Typical HIGH-Q curves are shown in Figuge 2.4 and LOW-Q curves in
Figure 2.5.
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2.2.4 II{ARK/SPACE DETECTORS & LP FILTERS [6.11, 6.L272

The outputs of the tr{ARK (TP45 ) and SPACE (TP41 ) f ilters dr ive
identical but opposite polarity full-wave ideal-diode detectors
(U10 and U37). These detector circuits have a dynamic range of
greater than 40 dB, adding to the wide-dynamic range performance
of the ST8000. Stages U10b and U37b serve the dual function of
summing ports for the fu1l-wave rectifier and low-pass filters to
remove residual audio components from the rect,ified l'tARK and
SPACE pulses.

Stages Ul1 and V27 are identical 7-pole linear-phase SCF low-pass
filters. The cut-off frequency of these filters is controlled by
a synthesized clock whose frequency is L28 times the desired cut-
off frequency. The clock is obtained via J2-L7 from a
synthesizer on the CONTROL assembly (A2 ) . Stages UL2 and U28 are
2-pole low-pass filters to remove any residual clock noise from
the Iow-pass filter output. Controls R65 and R68 are used to
compensate for DC offset at TP45 and TP37. Control R63 allows
ad j ustment of the SPACE detected s ignal level so that tt{ARK and
SPACE detected signal voltages may be balanced. The variable
low-pass cut-off frequency is normally set to 0.75 times the
INPUT BAUD rate, but may be set to other values using the REII'IOTE

CONTROL feature. The frequency response of the low-pass filter
is shown in Figure 2.6.

2.2.5 PULSE DETECTORS, PRINT SQUELCH, DMPC [ 6. 13 , 6 .14 ] :

The outputs of the low-pass filters (TP45 and TP41 ) drive four
dif f erent pulse detectors to provide II{ARK ONLY (t'lo ) , SPACE ONLY
( SO ) , 1{ARK/SPACE (YL/S ) and PRINT SQUELCH (+ /+ ) outputs . I n
addition, the t{O and SO ouLputs are combined to provide a Digital
Ivlulti-Path correction (DIr{PC ) output. '
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2.2.5.1 MO/SO DETECTORS [6.13, 6.14 ] :

Page 15

The IIARK ONLY and SPACE ONLY detectors are identical except for
diode and output pulse polarity. To simplify the explanation,
the positive voltage pulse output of the SPACE detector will be
descrinea. Corresponding references to the MARK ONLY detector
will be shown in parenthesis ( # ) . Refer to Figure 2.7 for
waveforms used in the following discussion.

TV

OUTPUT
OF SPACE
FILTER
(TP4t)

+V

OUTPUT
OF SPACE
LP FILTER
(TP37) 

ov

U28, pin 7

SPACE ONLY(SO) ov-
OUTPUT
(TP40)

FIGURE 2.'7 SPACE ONLY DETECTOR WAVEFORIVIS

Circuit U2B (U12 ) forms the SPACE ONLY detector. Diode D53 (Dl2 )

peak detects the positive ( negative) SPACE (MARK ) Pr1"9 _ 
output,

"pr"senting a DC voftage propoitional to the peak signal level at
pi" 5 oi u2gb (u12u) . 

- bioae D52 (D10 ) peak detects the
aifference between the data pulse and +V (-V) r Producing a

voltage proportional to the amplitude of the "vaI1ey" between
SpACE- (f.lanx ) pulses. This voltlge is applied to pin 10 of U28c
(UI2c). slaies U28b (Ul2b) and U28c (Ul2c) are isolation
amplifiers, used to prevent loading of the peak detected
voitages. Resistors R14O (R45 ) and R139 (R45 ) present the mid-
voltage difference between the "peak" and "vaIIey" values of the
pulse to the positive input of comParator U28d (U12d). The
6riginal detectea SeACE (UAnx) signal from TP37 is connected to
the-rr"gative input of U28d (U12d). The "sliced" and threshold-
correcled SpACE ONLY (MARK ONLY) signal is the output of U28d
(Ul2d ) at TP40 (TP44 ) .

860510
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In this manner, a sliced +/- output is obtained from comparator
U28d (U12d) using a reference that is proportional to the average
mid-voltage between pulse maxima and minima. This technique
prevents loss of data due to rapid signal fades and for high data
rate conditions when IIARK and SPACE filter bandwidths are so
large that there is considerable filter output from the opposite
channel signal. Diodes D28, D30, and D31 (D14, D18, D19) provide
a clamp on the magnitude of the "valley" voltage to prevent it
from rising to meet the peak value during extended Periods of
constant SPACE ([{ARK ) condition. Time constants of the peak
detectors are set Lo 200 fisr corresponding to typical HF RTTY
signal fades. The time constant of the "valley" detector is set
to I second to minimize biasing effects of "spike" noise.

The sliced SPACE ONLY output of U28d has a polarity of +V = SPACE
s ignal pr esent and -V = SPACE not pr esent . The ['{ARK ONLY output
of U12d is +V = tr{ARK signal present and -V = tt'IARK not present.
These +/- voltages are converted to +5V logic leveIs by
transistors in microcircuit U19. The SPACE ONLY (SO) output is
further inverted in stage U49a. The resulting logic 1evel
outputs (U19, pin 2 and U49 pin 2\ both have the polarity of +5V
= SPACE and 0V = IIIARK . The I,IARK ONLY and SPACE ONLY de tector s
should always be used with AII signal processing and are best used
for OOK (ON-OFF KEYED ) signals such as CW or when heavy
interference blocks one data signal.

2.2.5.2 lrl/S DETECTOR [6.13, 6.14]:

The outputs f rom the I,IARK (TP45 ) and SPACE (TP37 ) low-pass
filters are of opposite polar ity. These two signals are summed
at the input to lJ20a, a unity-gain inverting amplif ier. The
resulting bipolar signal is coupled through the ATC (Automatic
Threshold Correction) circuit (D20-23, Cl9-20 | R48-49 ) to the
input of the high gain comparator, U20b. The ATC circuit
provides DC leve1 restoration and balancer ev€r when either the
Ir{ARK or SPACE signal strength f ades- with respect to the other.
The +/- output of U20b is converted to logic levels in transistor
U19a, resulting in a signal polarity of MARK = 0V, SPACE = +5V.
The II{ARK/SPACE detector gives consistent low-distortion data
output for most signal conditions using either All or F'tt{

pro-essing. The detector with AM processing is particularly
effective for recovery of weak signals with heavy differential
I'{ARK/SPACE f ad ing .
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2.2.5.3 PRrNT SQUETCH DETECTOR [5.13, 6.14]:

The opposite polar ity IvIARK (TP45 ) and SPACE (TP37 ) signals are
dif f erentially summed in stage tJ29a, producing a voltage at TP38
that is positive if a signal is present at EITHER the tr{ARK or
SPACE frequency. If either tvlARK or SPACE is weaker or not
present, the signal at TP38 will show variations at the data
rate. This ttllrart signal is detected and filtered by D26, CzLl
and R145 to give a slowly varying DC voltage, applied to Pin 5 of
U29b. When a valid II{ARK/SPACE RTTY signal is received, the
voltage at pin 5 will be positive and at a maximum, non-varying
level. If BOTH IvIARK and SPACE pulses are not presented in
alternate fashion, the voltage at pin 5 will be lower than
maximum and vary. Therefore, noise or signals in just one of the
two Ir{ARK/SPACE channels will not produce a steady high-amplitude
voltage. AIso, if the RTTY signal is mistuned so that the tones
do NOT match those of the IvIARK and SPACE f ilters, this voltage
will also be low and vary.

The pin 6 input to comparator U29b is a voltage that is set by
the iront panel PRINT SQUELCH control. When the smoothed "+/+"
voltage at pin 5 is greater than that on pin 6 from the PRINT
SQUETCH control, TP39 (ouLput of U29b) is positive, indicating
PRINT ON condition. When the tt+/+tt voltage falls BELOW the PRINT
SQUELCH value, TP39 swings rapidly negative to the NON-PRINT
condition. Adjustment of the PRINT SQUETCH control adjusts the
this threshold value. Since the absolute outputs of the I4ARK and
SPACE filters do vary with selected filter Q, the optimum PRINT
SQUETCH setting will vary with data rate selected. The bipolar
squelch signal it TP39 is converted to logic leveIs in transistor
Ufg, pfoducing the logic signal "SQA" (SQUELCH CHANNEL A).
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2.2.5.4 DMPC CrRCUrr [6.13, 6.14]:

Page 18

The logic-Ievel outputs of the tt{ARK ONLY and SPACE ONLY signals
are combined in stages U39a and U40 to provide correction for
multi-path distortion of the RTTY signal. lvlulti-path proPagation
of an RTTY signal may cause differential fading or severe pulse
distortion of the signal. In the case of differential fading,
use of AIr{ and the Vl/S detector is usually adequate. In the
second case, the propagation path-lengths may be sufficiently
different that the received composite signal has a noticeable
time-overlap between tr{ARK and SPACE pulse conditions. This
pulse-overllp condition is corrected by the Dl,lPC circuit. Ref er
to Figure 2.8 for the following explanation.

The I{ARK and SPACE ONLY signals are applied to XOR gate U39a,
producing an output ONLY when the two signals are different. The
Lwo signals are then gated by U39a output (U40drb) and applied to
a set-reset flip-flop (U40c, d ) . The resulting output at TP49
will ONLY change states when there is no time-overlap between
MARK and SPACE data. As shown in Figure 2.8, the resulting data
signal is shifted in time by the amount of the overlap, but is
NOT oLherwise distorted with MARK or SPACE bias.
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2.2.5.5 DETECTOR II{ODE SETECT [6.13, 6-14]:

Page 19

The output,s of the 4 data detector s ilIARK ONLY ( tt{O ) , SPACE ONLY

( SO ) , lleRK/SpACE ATC (Vt/S) , and DIGITAL MULTI-PATH CORRECTION
(pUpC) - are selected under processor control by switch stage
U38. A two-bit control line from Ehe control board (J2-9 and J2-
10 ) sets the detector selection. Either the front panel_ DETECTOR

IvIODE switch or a REI{OTE CONTROL command are used to select the
desired detector output and Al,1 or FIt{ processing. The two
controls are normallt inter-locked so that tt'lO and SO modes are
only available in AI{ moae. However, if DIRECT CONTROT (DC ) mode

is used with REI,IOTE CONTROT commands, each switch may be set
without inter-locking ( see Chapter 3 of STB000 OPERATOR I S

MANUAL ) . The output polarity at TP34 is I"IARK = TTL logic high
(>3.5 VDC ) and SPACE = TTL logic low ( < 0.45 vDC ) .

2.2.6 RX DATA CONTROL [6.15, 6 .16 ] :

The outputs of several daLa and data control circuits are
combined in the circuitry of Figure 6.16 to produce the data
outputs to the TERIVTINAL DATA connector (J9 ). This circuitry
includes selection of data polar ity, Antispace ' Pr int SqueIch,
Diversity data source, CRT Lrace oN/OFr, Printer t'lotor ON/OFF,
and signlts to drive various front panel indicators.

2.2.6.I POLARTTY, REGEN, ANTTSPACE [6.15, 6.16]:

Stage U39b is used to provide front panel selection of data
polirity. The front panet POLARITY switch controls BOTH receive
and transmit data polirity to assure true transceive operation.
it opposite rece rv"Ttransmit polarities are required, this can be

achieved by either programming different transmit and receive
t1ark,/Space tones or bt using RS232 for receive and l4IL-188 or TTL
f /O f or transmit.

The receive data output of U39b is passeia through th9 data
n"generation circuit on the CONTROT board (A2) via J2-4 and J2-2.
Noin: Jumper Jp4 is used ONLY for test situations when the
CONTROL boird is NOT connected. This jumper should not be in
place when the !,IODEM and CONTROT assembl ies are connected
together. The jumper pins do serve, howeverr ds convenient test
pins for REGEN data inPui'/outPut.

The ANTISpACE circuit is enabled by the front panel ANTISPACE

switch via J2-11. when enabled, the circuit tests for a long
period of Space pulse condition (logic low at pin 7 of U49c).
itf,"r, the SPACE data condition persists for more than
approximately 200 rrs r the data output of U48a is f orced to a

c6ntinuous uenr condition (FIARK-HoId ) . The ANTISPACE circuit has
no effect when the front panel switch is OFF.
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2.2.5.2 PRINT SQUELCH and DIVERSITY CONTROL [6.15, 6.16]:

Receive data from the control board REGEN circuit is passed
through inverter U48c and gate U48a. As discussed above, the
output of U48a is controlled by the Antispace circuit. In
addition I a PRINT/NOT-PRINT signal is derived from Squelch and
Diversity signals to also force the output of U48a to lIARK-Hold
whenever a valid signal is not detected.

The outputs of the Print Squelch circuit (SQA and NOT-SQA) [6.13,
6.14 I are combined with outputs from the Diversity and AGC

Squelch circui t ( to be descr ibed in section 2.2 .7 ) . The
combinational logic of stages U49b, U49d, U49e, U59 , and U60
produce outputs t.o drive PRINT/NOT-PRINT gate U48a and Diversity
selection gate U58.

When a single ST8000 is used in a non-diversity system, the
diversity circuit serves as a signal-strength squelch, dr iven by
the ST8000 AGC voltage. In this case, BOTH the Print Squelch
(NOT-SQA) and Local Signal (SIGA) must be asserted for a PRINT
condition to be passed to gate U48a. This condition also sets
diversity gate U58c to pass receive data from the internal ST8000
to the data f/O interface amplifiers. If EITHER Print or AGC

Squelch conditions are not positive , a NOT-PRINT condition is
passed to U48a and the data output of the ST8000 is placed in
I',IARK-Ho1d.

When two ST8000's are connected for diversity and both are turned
ON, the Pr int Squelch Signals f rom both demodulators are cornpared
with the DIVERSITY/NOT-DIVERSITY and A/B signals to produce the
desired PRINT/NOT-PRINT and A/B control signals. In this case,
if A channel (this ST8000) is selected AND NOT-SQA is Iow, data
is passed through U48a and xAu channel is selected in U58. If
NOT-SQA is high, U48a is placed in tt{ARK-HoId. If B channel
(other ST8000) is selected and NOT-SQB is 1ow, data from the
oLher ST8000 is selected and passed t,o the data output.

Automatic PRINT SQUELCH control of data iro* may be ove r-ridden
by SEt-CAL control (J1-7) from the CONTROT board (A2). The SEL-
CAf, feature is programmed using the REMOTE CONTROL feature of the
STB000 . Note - tfrit SEL-CAt control will f orce the ST8000 pr int
data circuits ON, but that OFF control is logically ORred with
the internal sensing circuits.
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2.2. 6. 3 RXD r/O TNTERFACE [ 6.15, 6 .15 ] :

Stages U57 and U39 are T/O amplifiers used to convert the +5V
logic data signals to the reguired I/O leve1s. The output of
U57a produces RS232-C compatible bipolar signals (J9-3 ) . This
signal is -7 VDC for MARK and +7 VDC for SPACE. U39d and U57b
provide tt{IL-I88C compatible data output at J9-I0, with levels of
+7 VDC (MARK ) and -7 VDC ( SPACE ) . Stage U39c provides a TTL-
compatible output signal at J9-16. S ince both I{ARK/SPACE
polarities are commonly used in various TTL-based data systems,
either polarity may be selected with jumper JP2. The normal (N)
polar ity of the TTL output is f or I,IARK = CII{OS high logic level
( >3.5 V) and SPACE = CMOS low logic level ( <1.5 V). The input
to all three data output amplifiers is obtained from the RXD ECHO
circuit [6.19, 6.20]. Normal1y, this is simply the output of
diversity gate U58a.

Stage U57c also provides an RS232-C Carrier-Detect (CD) output to
J9-8. This output is high (+7 VDC) when EITHER Print Squelch or
AGC Squelch conditions are active. It is low (-7 VDC) when BOTH
condit.ions are not met. A TTL NOT-CD signal is also available on
J9-2L. This signal is low whenever Print Squelch is affirmative
and is NOT controlled by AGC squelch. This output gives a
rapidly switched ON/OFF Carrier Detect signal, useful for ARQ,
Packet, and other burst-transmission modes.

2.2.6.4 NloroR CONTROL [6.15, 6.16]:

The ST8000 does not include a high-voltage loop or provision for
direct control of the AC power to a printer motor. However,
these features are provided by the tPI200 Loop Power Supply
option. An output is provided on J9-L2 that may be used to drive
a relay to switch printer motor power. Stage U35d and Q3 Provide
a delayed open-collector switch f or rel.ay control. The collector
of Q3 is in an ON state (Iow impedance to ground) when EITHER
Print Squelch or AGC Squelch are affirmative. Approximately 18
seconds after BOTH Print Squelch and AGC Squelch fail, the output
of Q3 turns OFE (high impedance to ground). Q3 may be used to
switch a positive voltage ((+SO VDC ) to ground ( current < +100
ma) . If two ST8000 I s are used in a diversity connection, the
printer motor output will remain ON whenever a valid signal is
present from the selected demodulator output (A or B ) .
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2.2.6.5 CRT TRACE CONTROT [6.15, 6.16]:

The trace of the CRT Tuning Indicator is automatically controlled
to prevent "burning" of the phosphor when no signals or a
cont-inuous MARK signit is received. In addition, the trace is
automatically restored for approximately 10 seconds whenever any
front panel switch or tuning adjustment is changed. Stage U50c
senses the receive data output and turns the CRT trace OFF
( t,hrough gate U59b) whenever a MARK condition longer than
approximatefy 10 seconds occurs. Since the input to U60c is
daiived aftei the Antispace circuit, a long SPACE condition will
also turn-off the CRT if ANTISPACE is turned ON. The CRT trace
is also turned OFF whenever PRINT SQUETCH is OFF ( output of
U60d). An output from the CONTROL board (J1-5) forces the CRT

trace ON whenever ST8000 tuning controls or switches are changed
or when commanded by the REI.{OTE CONTROL CRT-ON command. External
grounding of J9-2, turns the CRT trace OFF, ovet-tiding Att
internal CRT trace control states. Similarly, grounding of J9-I8
forces the CRT trace ON, regardless of internal control states.

2.2.6.6 TNDTCATORS [6.15, 6.16]:

Four front panel indicators are driven by this circuitry (tvIARK,

SpACE, LOS, and PRINT ) . The MARK lamp signal indicat-':s the data
state of the output of U48a and therefore shows the effect on the
signal of the ANTISPACE and PRINT SQUELCH circuits. The SPACE

lamp indicates the data status of the f/O amplifiers. The SPACE

lam! condition therefore reflects the data state of the selected
div6rsity channel (A or B) as well as the data obtained from the
RX ECHO circuit.

The pRINT lamp is ON whenever valid signals are to be printed-
The PRINT lamp is used to set the threshold leveI of the PRINT
S9UEICH controf . The tOS lamp wi*ll be ON only when both Pr int
Squelch and AGC Squelch fail. The LOS Lamp indication is the
complement of the RS232-C CD output (J9-8).
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2.2.7 DrvERSrry AND AGC SQUETCH 16.L7 | 6.191 :

The AGC voltage output from U3b 16 .4 , 6 .51 is used in both
single-channel, non-diversity systems ( one ST8000 ) and in two-channel diversity systems ( two ST-8000 's with Diversity cable ) .In a non-diversity system, the AGC voltage drives a signal-
strength squelch circuit. When diversity is used, the AGC
voltages of each demodulator are compared to determine channel
selection.

NOTE : JPl tvlUST be installed f or a single-channel ST80 00
to operate properly.

The AGC voltage from U3b [6.5] is connected through JPl to
isolation amplifier U35a. The output of U36a drives one end of
the front panel DIVERSITY potentiometer. When a second ST8O00 is
connected for diversity combination, its AGC voltage is buffered
and inverted by stage U36b and applied to the other end of the
DIVERSITY potentiometer. The wiper of the potentiometer thendrives comparator stages U45a and U45a ( diveriity ) or U46b and
U45b (non-diversity).

2.2.7 .L NON-DrVERSrry SQUETCH 16 .L7 , 6.Ig I :

If a second ST8000 is not connected to JI0, the DIVERSITY rear
panel connector t ot is connected AND turned OFF, the zero voltage
f rom J10-9 is sensed by tJ47 a, setting the output high (NOT-DIV at
TP33). Q2 then turns ON and biases U36b to produce a constant
negative voltage at TP35. The DIVERSITY potentiometer therefore
becomes a level control for only the AGC voltage of the Iocal
sr8000 (AGC-A ) . Stages U46b and U45b then serve as an
integrating threshold detector for the non-diversity condition.
The switch threshold at TP23 is at apptoximately zero volts and
is proportional to the difference between th€ AGC-A voltage and
the negative bias at TP35. Therefore, adjustment of the
DIVERSITY control changes the amount of AGC-A voltage reguired to
produce a negative-to-positive transition at TP23. The switch
time constant for signal /no-signal non-diversity operation is
approximately 0.1 second for signal acquisition and 1.0 second
for signal loss. U45b is a high-gain threshold detector and
transistor U53b performs the required bipolar to TTL level
conver s ion.
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2.2.7 .2 DIVERSITY IvIODE 16 .L7 , 6.18I :

Page 24

When two ST8000's are connected for diversity AND both units are
turned ON, the presence of a positive voltage at AGC-B (J10-9)
sets U47a to the DIV state (TP33 to negative leveI). This turns
Q2 OFF and allows U36b to act as an inverting buffer for the
AGC-B voltage. Since the two AGC voltages are applied with
inverse polarities to either end of the DMRSITY control, the
wiper setting is proportional to the voltage difference. As in
the non-diversity case, the threshold point occurs when the
voltage at TP23 passes through zero volts. A negative voltage at
TP23 causes selection of channel B (other ST8000) and a positive
voltage corresponds to selection of the A channel. Changing the
DIVERSITY control therefore sets the ratio of the two voltages
required to produce the zero-voltage switch condition.

Stages U46a and U45a are the integrating threshold detector for
diversity operation. U 45a and its diode br idge (D42-D45 ) form a
dual-gain amplifier. For input voltages less than +/- 0.2 vo1ts,
Lhe gain is low (approximately 1/3). When the input voltage
exceeds these limits, the voltage gain is increased to
approximately 5. The output of U46a dr ives the bipolar
integrator R206/C72/C73 with a time constant of approximately 1

second. If the difference between the A and B channel AGC
voltages at TP23 is high, the gain of U46a is also high and
C72/C73 are rapidly charged. As the capacitor voltage passes
through zero voIts, threshold detector U45a provides a rapid
channel switch. If the difference between AGC voltages at TP23
is low, U46a gain is low and change in the C72/C73 cdpacitor
voltage is much slower. This dual time-constant ef f ect l--hus
prevents "chatter'r or'hunting" effects of rapid back-and-f,-rth
channel switching which might otherwise occur on two slowly
varying signals. llowever, if one signal undergoes a rapid change
( such as in a deep prolonged fade ) , the higher gain condition of
U46a takes over and the data is rapidly switched to the other
channel. Stage U53a provides leve-I conversion f rom bipolar to
TTL levels. Gate U34 is driven by the two threshold detectors
and the DIV/NON-DIV ouLput of tJ47 a to pr ov ide the r equ i r ed A/B
channel switch signal for U58 [6.15, 6.16 ] .

Front panel indicator A is ON whenever Lhe local signal is
present and selected. Indicator B wiII be ON only when DIV mode
is selected AND B channel is selected. The B indicator will not
turn ON when a single channel (non-diversity) system is used.
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2.2.8 TXD CONTROL, KOS, & ECHO [6.19, 6.2012

Page 25

This section of the ST8000 includes I/O interface drivers for
RS2 32-C, I'[IL188C, or TTL data input, transmit-receive PTT
control, receive and transmit data ECHO control, transmit data to
the AFSK oscillator, and FSK output signals.

2.2.8.1 TXD r/O TNTERFACE [6.19, 6.2072

Transistors Q5 and Q6 and gates U54a and U54b Provide T/O
inter face for three different data I/O electr ical inter faces .
RS232C TXD signals from J9-2 are sensed and converted to +5 volt
logic levels by Q6. The required input signal leveIs are: SPACE
>L.2 VDC, ![ARK< 0. 6 VDC. The input signal may be either bipolar
or positive within these 1imit.s. The tt{ILI88C (J2-9) and TTt (J2'
14) inputs have the same voltage limitations, but include an
additional inversion. Note that ONLY one of the three Possible
inputs may be used at a time. The output of the TXD I/O circuits
drives the REGEN circuit on the CONTROL circuit board (A2)
through J1-1 and JL-z. Jumper JP3 is provided ONLY for test
conditions when the MODEIvI and CONTROL boards are not connected.
JP3 should be OI,IITTED whenever the two boards are connected.

2.2.8.2 TX/RX PTT CrRCUrr [6.19, 6.20]:

The ST8000 includes a relay that is used to switch the radio
system from receive to transmit condition. This is normally
accomplished by switching the transmitter push-to-talk ( PTT )

circuit to ground to transmit. The PTT relay may be controlled
from several sources: (1) Front Panel PTT switch, (21 internal
Keyboard Operated Switch ( KOS ) automatic circuit, ( 3 ) by an
external switch to ground (TERMINAL KOS), and (4) by the RS232C
RTS ( Request To Send ) signal.

The ST8000 Keyboard Operated Switch (KOS) circuit is made up of
stages U63, U56a, and U64a. Automatic send-receive control is
achieved by sensing the state of the input transmit data (TXD).
When a tvlark-to-Space transition is detected, U63a, U63b, U56a,
and U64a produce a transmit ON condition. The ON condition
continues untit after an adjustable delay following the last data
transition. This delay is controlled by timer stages U63e and
U64a and is adjustable from 1-10 seconds with control R226
( factory set at minimum) . The time delay may be increased to
compensate for extended periods between TXD Pulsesr Pdrticularly
when hand-typing data. A rapid return to receive, over-riding
the deIay, is available if the transmit data source is held in
SPACE condition for longer than 0.5 second (U63c and U63d).

The front panel PTT switch and stages U56b and U64b allow
selection of either receive only (RX), Keyboard Operated Switch
(KOS), or continuous transmit (TX) conditions. The automatic KOS

circuit may only be used when this switch is in KOS position.
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Two external control signals may also be used to set transmit
mode, Terminal KOS and RS232C RTS. If the Terminal KOS (J9-19)
input is grounded, the PTT relay is switched to TX-ON condition.
When RTS input (J9-4) is driven to greater than +3 VDC, TX-ON
condition is set. Both TERIT{INAL KOS and RTS inputs ove r-r ide the
RX or KOS positions of the PTT front panel switch. The TERMINAL
KOS input is commonly used with the KOS and KY outputs of the
DS3I00 Lerminal to provide compatible transmLL/ receive switching.

The front panel TX lamp is ON whenever the ST8000 PTT relay is in
TX condition. Option switch S4-5 also allows ON/OFF control of
the AFSK tones by the PTT circuit. When this switch is ON

( factory setting ) , AFSK tone output is produced only when the
ST8000 is in TX state. If S4-5 is set OFF, the AFSK tone output
is always ON, regardless of ST8000 PTT state-

2.2.8.3 ECHO CONTROT [6.19, 6.201

Gates U54c, U54d and U55 allow selection of data sources to drive
both the AFSK tone generator, FSK Output, and RXD output to the
data terminal. Option switch S3-1 through S3-5 allows choice of
normal f ull- and half -duplex options. The S3 Factory settlttg is:
S3-1 and S3-5 ON, S3-2, S3-3 , and S3-4 OFF. This is the
recommended setting for a fuII-duplex ( FDX ) system such as the
DS3100 terminal. Note that BOTH S3-t and S3-2 should NOT be set
ON at the same time. Similarly, only one of the S3-3, S3-4, and
S3-5 switch sections may be set ON at a given time.

2.2.8.4 AFSK AND FSK DATA OUTPUT [6. 19, 6.20 ] :

Transmit data output from the echo circuit is set to either
polarity by the front panel switch and stage U62a. This polarity
is matlnea to that of the receive data as discussed in section
2.2.6. The output signal is used to drive the AFSK l'larkr/Space
switch on the control board through -J1-11.

The transmit data output also drives th; FSK output circuit of
stages U62b and Q7 . Option switch S4-1 through S4-4 allows
choice of the leve1 and polarity of the FSK output signal. The
S4 Factory setting is S4-2 and S4-3 ON, producing a +5 VDC output
on tr{ARK and 0 volts on SPACE transmit data conditions.
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2.2.9 AFSK OSCTLLATOR 16.2L, 6.221 z
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The setting of PIARK and SPACE transmit tone frequencies is
controlled by the synthesizer on the CONTROT board (J2-6\ . The
synthesized signal at 10 times the output frequency drives U61 1 d
ten-step sine-wave synthesizer. The resulting stepped-waveform
is filtered and smoothed in amplifie r /Low-pass filter stages U65a
and U65b. Rear panel control R295 sets the output leve1 of the
AFSK tone signal. Transformer T2 and option switch 32 allow
setting of two AFSK levels and choice of balanced or unbalanced
output. Switch S2-5 also allows connection of the FSK rather
than AFSK signal to the rear panel XD{TR connector (JIIa ) . The
PTT relay is also connected to JIla. The factory setting for S4
is for 600 ohms, unbalanced with the leve1 set for 0 dBm (S4-1,
S4-2, and S4-4 ON; S4-3 and S4-5 OFF). If FSK output is desired,
set S4-1, S4-4, and S4-5 ON and S4-2 and S4-3 OFF.

2.2.L0 POWER SUPPLY 16.23 | 6.247 z

With the exception of the high voltages and filament voltage for
the CRT, all other operating voltages for the ST8000 are obtained
from the modem board power supplies. The ST8000 uses +8 VDC (+V)
and -8 VDC (-V) for all analog circuitry and +5 VDC for al}
digital and display circuits. Standard three-terminal integrated
circuit regulators are used for all three supply voltages. The
+8 and -8 volt regulators (U67 and U56 ) are mounted on the ltODEl4
board and bolted to the rear panel for heat conduction. The +5
volt regulator (LM323 ) is part of assembly AS-REG ( 960-08309 ) ,
mounted directly to its heat sink on the rear panel.

A11 operating voltages, including those for the CRT are obtained
from the power transformer mounted in the left rear section of
the cabinet. The transformer primary may be connected for either
100-130 VAC or 200-260 VAC power line input. Power line
frequencies between 44 and 440 Hz may be used. Both sides of the
AC power input are f iltered to prevent -RFI to or f rom the ST8000.
Both power wires are switched by the AC POWER switch on the
ST800 0 front panel .

2.2.LL II{ODEI,I ASSE!{BLY INTERCONNECTIONS 16.25 , 6.261 Z

A11 interconnections between the It{ODElt assembly (A1 ) and other
assemblies or external connectors are shown in Figure 6.26. The
connector numbers correspond to those on the schematic diagrams
and on the screened markings on the circuit board itself. In
addition, page references are given to the corresponding
schematic diagram title-block page for each signal. Arrows on
the signal Iines indicat,e the predominate direction of signal
flow with respect to the connector on the MODEIT{ board.

860610



TECHNICAL DESCRIPTION

2.3 CONTROL ASSEIT{BL! (A2 ) 16 .27 6 .461 z
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The ST-8000 Control Board is a z80A ( or equivalent ) based
microprocessor system with 16K bytes of firmware EPROtt{ memory and
2K bytes of battery backed up RAl4 memory. This processor
controller polls the front panel switches and tuner and tests for
changes, refreshes the front panel seven segment LED displays,
generates the I'lodem Board filter oscillators, and sets various
internal operational latch bits. In addition, alI ser ial control
port communication and terminal serial transmit and receive data
i"generation is controlled by the Control Board microprocessor
sys tem.

In the following sections detailed descriptions of the Control
Board circuitry are presented. References are made to the
schematic diagrams located in Volume II of this Technical lt{anual i
having that volume handy will aid understanding.

2.3.L [vlicroprocessor Controller 16.27, 6.281 :

The ST-8000 Control Board uses a conventional dedicated single
microprocessor design architecture with 16K bytes EPROII and 2K

bytes of RAII{ memory ( see Figure 6.28) . The Z80A microprocessor
uses a 2.4576 tv1Hz clock (PCLK) derived from the 4.9L52 tvlHz common
system clock illustrated in Figure 6.34 for a cycle time of 407
n3. The Control Board uses both memory mapped and IO port mapped
buffers and latches as shall be discussed in subsequent sections.
The microprocessor operates with no wait states.

The ZB0A has two int,errupt sources: the serial channel contrcller
( INT ) and the ref resh timer (NII{I ) illustrated in Figure 6 "32.
The RESET signal is generated by a 'deadman' timer and power on
circuit illustrated in Figure 6.30.

Note the 10K pullup resistors on U23-16, -2L, and -22, in Figure
6.28. These iesistors hold the -WR -(NOT-WR signal ) and -RD (NOT-
RD) lines high when the processor is iru the RESET or power on
condition wheie these lines may be in the high impedance tri-
state condition. Without the pulluP resistors, a -WR signal
might cause a false memory write signal into the battery backup
RAII{ parameters corrupting stored data-

Two pullup resistors are included on the -BUSREQ and -WAIT inputs
to hold these inputs high. Since all components on the processor
board operate tult speed, there is no need for a processor wait
signal. -BUSREQ is used only in Dl,lA or multi:processor
applicatiorrr thus that input is held high in the ST-8000.

860610



TECTINICAL DESCRIPTION Page 29

o\rg
o
o
Z

d_
Hs

ic
fju-i:
J6
Iqr--

,8 g
.xie

I

o
E,

Ha
-rE?trt-Ezt-
8E

EUFJao

JUOFE
OF-z
trJ O
G. a)

ir E -8, gHe

xer EFE 3$H ErHi;! Esi xB; cst

(Jz
o
u,
G
Y)(,x
G
o
F

E

I
I
?tt
lo
ci

in
s $El

t
o

E
IEJ

I
I
roF
U)q
N

Han
KEr
aaq
Jo)@

ld

ars.
xb9

oo
oN
J)

lrJF
c!

Figure 2.9 Clock Distr ibution

860610



TECHNICAL DESCRIPTION

2.3.2 System Clocks [6.33, 6.34]:

Page 30

The entire Control Board operates with a single crystal clock as
shown in Figure 2.9, a block diagram of the clock distribution in
the ST-8000. Since all timing signals are based on the same
crystal oscillator, all clocks remain as stable as the crystal
reference.

As illustrated Figure 6.34 | two sections of U66 form a 4.9L52 MHz
crystal oscillator with a buffered output on U66-8. A D-type
flip-fIop, U68, divides this clock output by 2 to produce PCLK, a
508 duty cycle square wave 2.457 6 t'IHz ( 406.9 ns ) processor clock
and synthesizer reference clock.

The processor clock, PCtK, is buffered once again by U49 in
Figure 6.28 since the clock input to the Z80A requires a 330 ohm
pullup resistor to +5 volts. This same clock output from U49-2
provides the system timing clock for the regeneration dual serial
receive r /transmitter ( DART ) chip, U36 -20, in Figure 6 .32.

The frequency synthesizers require two reference timing clocks;
FTONE at 8I9 ,200 Hz (L.22 us ) and FMS at 409 r 600 tlz (2.44 us ) .
PCLK is divided by 3 with the dual D flip-flop U67 and one gate
from U69. U67-5 and U67-9 form a 2 bit, ripple counter triggered
by the rising edge of PCLK on U57-3. When the count reaches 3,
both U67-5 and U67-9 are high, U69-11 goes low resetting the
count to 0. Thus, U67-9 has a period of three cycles of PCLK and
a frequency of 819 t200 Hz. FTONE is not a 509 duty cycle
waveformt it is low for two cycles (813.8 ns) and high for one
cycle (405.9 ns) of PCLK.

The FMS timing signal is generated by dividing FTONE by 2. 1126 l
a D flip-flop, uses FTONE as an input on V26-11 and generates the
409 ,600 Hz (2.44 us ) timing signal on V26'9 . FI.{S is a 50t duty
cycle waveform.

2.3.3 RESET and Sanity Timer 16.2g*, 6.30I :

The RESET and Sanity Timer circuit is found in Figure 6.30. The
sanity timer is used to reset the ST-8000 processor when an
operational glitch has occurred.

When the power is first turned ON, capacitor C26 is fully
discharged so the voltage across the capacitor is close to 0

volts. With U71-LLrL2 Iow, the output of the invertor on U71-I3
will be high which holds the four bit decade counter U70 output
set to 9. The high level inputs on U7I-5r6 drive U71-4 low which
holds the -RESET (U71-4 ) line low, and RESET (U71-I ) high. As
lcing as the -RESET line is low, the Z80A microprocessor is held
in the reset state.
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As soon as C26 charges to about 2.4 volts through R7, U71-13 will
go low releasing the set to 9 input on U70. U69, an astable
multivibrator oscillator, 9€Derates a timing clock input for the
decade counter on U70-10. Once U71-13 goes low, the counter will
begin to count up on the next falling edge of U69-3. This next
clock edge will increment the counter to a count of 0 so that
both U71:5 and U71-6 are low resulting in U71-4 going high and
U7I-1 low. Thus, -RESET goes high and RESET goes low allowing
the microprocessor to start.

Dur ing operation, the firmware per iodically wr ites the memory
address E007H to reset the decade counter to zeto. A write to
that location pulses V2-7 low and U71-10 high , tesetting the U70
counter (DEADT). Since the U69 timer continues to run, u70 will
keep trying to count up. If the DEADT signal does noL pulse low
before counter U7O reaLhes a count of 8, U70-8 will go high which
causes U7L-4 to go Iow resulting in a processor reset signal.

The frequency of U69-3 is not critical; the components shown
yield a f requency of about 60 ilz ( 17 ms ) . When the ST-8000 is
idle and no front panel switches are changed, the DEADT counter
reset signal has a frequency of about 2240 Hz (446 us ) . Note,
however, that the period of this waveform is dependent on what
specific tasks the processor is performing at 

_ 
the time and it

wift vary greatly. In no case should the U70 counter cause a
system reset unless a glitch has occurred.

2.3.4 l{emory and r/O Flap 16.27 6.301:

The control board uses both memory and I/O port mapping
system memory, control bits, and peripheral interface
t isted below are the board addresses and the specific
associated with each address.

lrlemory addresses are decoded by U3, lJA, and U24.
addreises are decoded by U9. All addreqses below are in

II{EMORY ADDRESS II{AP

ADDRESS DESCRI PT ION

for the
dev ices .
func t i on

T/O port
HEX.

0000H
2000H
4000H
6000H
8000H
AOOOH
EOOOH

1 FFFH
3 FFFH
5 FFFH
5800H
8007H
AOOTH
EOOTH

U10i 2764 firmware EPROtt{ 0, read only
UIl i 2764 firmware EPROtt{ Lt read only
VL2; ( not installed )
U13i 2K x 8 battery RAII{, read/write
U3; Synthesizer control (see below)
U4; Synthesizer control ( see below )

tJ2i Sinity Timer and Modem tatch ( see below )
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MEII{ORY I,IAPPED CONTROL REGISTERS

ADDRESS DESCRIPTION

8000H U3-15; [{ARK transmit tone, Iow byte
8002H U3-13; SPACE transmit tone, 1ow byte
8003H U3-12; I{ARK/SPACE transmit tone, high nibbles
8004H U3-11; tvlARK f ilter synthesizer, low byte
8006H U3-9; SPACE filter synthesizer, low byte
800 7H U3-7 i I,IARK/SPACE f ilter synth. , high nibbles

A000H U4-15; Band pass filter synthesizer, low byte
A001H U4-L4i Band pass filter synthesizer, high byte
A002H U4-13; Low pass filter synthesizer, low byte
A003H U4-L2i Low pass filter synthesizer, high byte
A004H U4-I1; Front panel, Baud Rate digits ( DS2 )
A044H U4-1I; Front panel, I.'IARK digits (DSO)
A005H U4-10; Front panel, Common Cathode select (DS3 )
A045H U4-10; Front panel, SPACE digits (DSl )

A006H U4-9 i I'{ARK/SPACE f ilter 0 select low nibbles
A007H U4-7 i tvlodem control register

E000H U2-15; Llodem board options
8007H U2-7; Sanity timer

r/o PoRT ADDRESS I,IAP

ADDRESS DESCRIPTION

00H U9-L2i Front panel switch input 0
04H U9-13; Front panel switch input I
08H U9-14; Front panel switch input 2
OCH U9-15; Front panel sw:tch input 3
10H U9-11; Refresh timer enable latch
14H-17H U9-10; Baud rate and refresh timer
18H-IBH U9-9; Regeneration ser iaI controller
ICH-IDH U9-7i Command port serial controller
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2 . 3 .5 EPROtt{ and RAII{ tlemory 15 .27 , 6 .281

The ST-8000 memory address map is presented below:

D{E!,IORY ADDRESS II{AP

ADDRESS DESCRI PTION

Page 33

0000H
2000H
4000H
6000H

IFFFH U10i 2764 firmware EPROtt{ 0, read only
3FFFH Ull i 2754 f irmware EPROIT{ 1, read only
5FFFh Ul2; ( not installed )
6800H U13 i 2K x I battery RAII{, read /wr ite

Figure 6.28 illustrates the firmware and RAlt memory components.
U10 and UII use industry standard 2764 8K x I 450 ns access time
EPROIv! I s f or f irmware storage. -ROMO and -ROMI enable signals are
decoded from address bits A15, A14, and A13 by U24. Note that
the -I'IRQ signal on U24-5 enables the address decoder only dur ing
memory accesses, not during I/O port access cycles. RO!10 is
enabled for any address between 0000H and 1FFFH or the first 8K
address locations. ROt{l is enabled between 2000H and 3FFFH. The
processor read signal -RD is connected directly to the output
enable inputs on ROt,l0 and ROMI pin 22 . A byte of daLa i s gated
to the data bus when one of the EPROIT{ chip select inputs is low
and -RD goes low for a Program instruction fetch.

The ST-8000 is capable of addressing two 2K x I bit RAl,l chips at
U12 and U13. In the current product, only UI3 is installedr and
a device is employed that has an internal battery backup. As
with the firmware memory, the chip select -RAl,lI is enabled for
memory read and write operations between address 6000H and TFFFH
although only 6000H to 67f'FH is used presently. No special input
signals are needed to handle the battery backup operation since
it takes over automatically when the +5 volts on Pin 24 falls
below 4.5 volts. -

2.3.6 tvlodem Board Latched Interface Bits 16.29, 6.301:

ME},IORY D,IAPPED CONTROL REGI STERS

ADDRESS DESCRI PT ION

AOO6H
AOOTH

EOOOH

u4-9 , uI8-11;
U4-7 | UZ2-LLi

u2-L5 | u1-11;

II{ARK SPACE filter 0 select
Plodem control register

Ivlodem board opt ions
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Several static control signals on the modem board are set by the
control board processor to select various filter and operational
modes. For example, these bits select the type of input filter
used, what detector mode is optioned, and the filter O settings.
Each set of control bits are set based on front panel switch
settings, the tt{ARK and SPACE tones, and the data rate. Three
latchei in Figure 6.30 set these operational bits: Ul, U18 r dnd
u22.

2.3.6.I I4ARK/SPACE Filter O Select bits 16.29 , 6.30I :

The Q's of the input and bandpass filters on the modem board are
selected with control bits latched on the control board. The
Ir{ARK and SPACE bandpass filters each require 5 bits while the
input band pass filter uses 2. Summarized below are the control
bit. locations for each filter.

PIARK/SPACE BANDPASS FILTER O

PIN DESCRI PT ION

u18-9
u18-5
uI 8-1 6
UI8-L2
u22-19

ul 8-6
u1 8-2
ul 8-1 9
ur 8-1 5
u22-2

D,IARK Filter
It,lARK Filter
IIARK Filter
II,IARK Filter
tt{ARK Filter

SPACE Filtcr
SPACE FiItCT
SPACE Filter
SPACE Filtcr
SPACE Filter

o
0
0
o
o

Bir 0
BiT I
Bir 2
Bir 3
Bir 4

to J1-15
to J1-I3
to J1-17
to JI-19
to Jl-20

to J2-18
to J2-L6
to J2-L4
to Jz-Lz
to J1-6

i nve r ted
i nve r ted
i nve r ted
inver ted

0
o
o
a
0

Bir 0
Bir 1
Bir 2
Bir 3
Bir 4

inve r ted )
inverted)
inverted )
inver ted )

Bits 0 to 3 of the tr{ARK and SPACE fiIt", O inputs are inverted
sense signals where the all 1's condition selects the lowest A

value ana all 0's selects the highest value. A total of 16 a
steps in each of two ranges selected by bit 4. The low range is
enabled when bit, 4 is fogic 0, and the high range is enabled with
bit 4 set to logic 1. A summary of available values is presented
in the Figure 6.8 and 6.10 tables.

The IIARK O latched bits drive selection circuitry shown in Figure
6.8 and the SPACE O bits are presented in Figure 6.10. A
calculation is performed in the firmware to set the O values to
the proper setting for every combination of II{ARK/SPACE
frequencies and data rate. As these parameters change, the 0
values will change accordingly.
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2.3 .6 .2 CRT Control

Page 35

16.29, 6.301:

CRT CONTROL BIT

PIN DESCRI PT ION

u22-6 CRT Control Bit to J1-5

The CRT control bit, may be used to force the tuning scope output
to the ON condition under firmware control. The tuning scope is
enabled for about 10 seconds each time a front panel control is
changed. A TTL logic 1 on this latched bit will enable the trace
control in Figure 6.16 forcing the CRT trace ON. A TTL logic 0
on this bit is ignored.

2.3.6. 3 Regeneration Control Bit 16 .29 6 .327 z

REGENERATION CONTROL BIT

PIN DESCRI PT ION

u22-L2 RXRGEN Control bit

In any of the regeneration modes, the serial data path between
the modem board and the serial data terminal is interrupted by
the DART U36 shown in Figure 6.32. When RXGEN is TTL logic I
(REGEN OFF), U50-1 selects a bypass mode whereby serial data from
the terminal on U50-3 is connected directly to U50-4 then JL-2
and the modem board transmit signal TXD. In additionr s€rial
data from the modem on RXD, U50 -6 | is connected directly to U50-7
and J2-2 for the RXD signal to the terminal connected to the main
board. When the regeneration function is OFF, U36 takes no
active part in the serial data path.

When regeneration is enabled, RXRGEN and U50-1 is logic 0. In
this mode, serial data from the attached data terminal is read
from U36-L2 at the terminal data rate, but the output to the
modem board is through U35-26 at the modem data rate. Serial
data from U36 -26 is connected to U50-2 and U50-4 which is TxD to
the modem board through JL-z. Receive data from the modem is
received by U36-28 at the modem data rate, and passed to the data
terminal by U36-15 at the terminal data rate. U50 connects the
receive data output on U50-4 to U50-7 and the RXD signal to the
modem board on J2-2.
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2.3.6.4 Normal and Reverse Control Bit

NOR!4ALlnsVnnSe CONTROL

Page 3 6

16.29, 6.301:

BIT

PIN DESCRI PT ION

u22-L6 NORI{/REV to J2-15

The NORIIAL/REVERSE control bit. is used to set the sense of the
ser ial input and output data. When NORI"I/REV is log ic 0 , a I{ARK
input on the data terminal will transmit the MARK tone and a MARK

tone input to the modem will produce a [{ARK condition on the
ser ial RXD output. This is NORI'{AL mode.

In REVERSE mode, the operation of the I4ARK and SPACE tones are
exchanged . Thus , a l,lARK input on the TXD l ine wi 11 pr oduce a
SPACE tone and the SPACE tone input will generate a tt{ARK output
signal on RXD.

The NORIvI/REV signal is found on Figure 6.15 for the modem board.

2.3.6.5 Input Filter Bandwidth 16.29 , 6.30I :

INPUT FILTER BANDWIDTH

PIN DESCRI PT ION

v22-9
u22-5

INPUT Filter bit A to J2-20
INPUT Filter bit B to J2-L9

One of four different input filter bandwidths is selected with
the A/B signals f rom tJ22. A table in Figure 6 .4, where these
signals terminate, summar izes the f,our available options. 00 is
the most narrow f ilter while 11 is the widest -

2.3.6 .6 Selective CaIl Control Bit 15 .29 | 6 - 30 I :

SELECTIVE CALL CONTROL BIT

PIN DESCRI PT ION

u1-1 6 SEL-CAL to J1-7

The operation of the SEL-CAL bit is similar to the CRT control
bit in that this control bit will force the Printer motor control
ON but cannot keep it off. When this signal is L, the ST-8000
motor control output shown on Figure 6.16 will be enabled.
SEI-CAL is TTt logic 0, this control signal is ignored.
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Using ST-8000 Remote Control commands, a user may optionally load
a selective call string that will activate this signal whenever
that string of characters is received by the modem board. This
motor control signal is set to logic 0 when the programmed SEL-
CAL OFF str ing ( def ault = 'TNNNN'! ) is received by the modem board
or if the ST-8000 power is cycled.

2 .3 .6 .7 Detector lvlode Control 16 .29 , 5 . 30 I :

DETECTOR II{ODE CONTROL

PIN DESCRI PTION

u1-1 2
u 1-9
ul- 5

AIvl/fM mode control bit, to J2-7
Detector mode B bit to J2-9
Detector mode A bit, to J2-10

The input limiter on the modem board is controlled by the AIvl/Fl,l
mode control bit. In the FIr{ mode, AIr{/FIvt is TTL logic 0, a hard
limiter is optioned between the input bandpass filter and the
discriminator. The AGC circuit is selected when this control bit
is set to 1og ic I f or AI{ mode. The Al,I/FIr{ signal is set under
firmware control based on the option selected by the front panel
switch. A![/PU terminates in Figure 6.6 at the AII{/FI.{ selection
logic gates.

The ST-8000 permits f our dif f erent detector modes; IvIARK on1y,
SPACE on1y, Ir{ARK/SPACE, and Digital llulti-path correction. Bits
B and A select the modem board detector mode by driving a
selection gate illustrated in Figure 6.14. A table in t.hat same
figure summarizes the mode settings. A and B are set by the
firmware based on the front panel switch setting.

2.3.6.8 Antispace 16 .29 , 6. 301 :

ANTISPACE CONTROL BIT

PIN DESCRI PTION

uI-1 9 Antispace control bit to J2-11

The Antispace control is used to force the terminal output to a
II{ARK state af ter a long spac ing per iod on the modem input. To
enable the antispace feature, ANTISPACE is set to TTL logic 1; to
disable, it is set to logic 0. The antispace circuitry is found
on Figure 5.16 in the modem section. The firmware controls this
signal directly based on the front panel switch setting.
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2.3 .6 .9 Push to Talk Llode Control 16.29, 6.30] :

Page 38

PUSH TO TALK CONTROL

PIN DESCRI PTION

u1-1 5
UI-6

PTT mode bit B to J2-8
PTT mode bit. A to J2-13

The pTT transmitter control on the modem board may be optioned
for one of three modes using the PTT A and B bits. The PTT relay
is 1ocated in Figure 6.20. A table in that same figure
summarizes the avaitante operational modes. The states of the
pTT A/B bits is set under firmware control based on the three
position front panel selection switch-

2.3.6.I0 CTS Control Bit 16 -29 , 6.30I :

CTS CONTROL OUTPUT

PIN DESCRI PT ION

UI-2 CTS Control bit to J1-12 via U65

The CTS control bit directly controls the CTS output on the
serial terminal RS-232C port through the line driver output shown
in figure 6.30 on pin U65-8. Typically, this control signal is
Iogic 0 so that the actual RS-232C output level will be HIGH or
oN: rf regeneration is selected and there is either code or data
rate conv6rsion optioned , a means of flow control is needed to
temporarily halt the serial input data when the internal buffers
begin to fill. The firmware monitors the buffer Ievel, and will
tuin tne CiS control bit to logic I forcing the CTS output to LOW

or OFF to stop the attached terminal transmission of serial data-
CTS is set HfCn or ON when regeneration is turned OFF.
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2.3.7 Regeneration and Control Port Controllers

SERIAL CONTROL REGISTERS

ADDRESS DESCRI PT ION

Page 39

6.31, 6.327 z

I4H
15H
16H
t7H

18H
19H
lAH
lBH

lCH
lDH

UI4-11; CLKA control register
UI4-11; CLKB control register
UI4-I1; NIvII control register
UI4-1I ; tvlode control reg ister

U36-35; Regen Channel A data
U36-35; Regen Channel A control
U36-35; Regen Channel B data
U36-35; Regen Channel B control

U37-11; Control Port data
U37-11; Control Port control

Figure 6.32 illustrates the DART, U36, used for the regeneration
modes andtheUSART, tJ37, connectedtothecontrolport. The
timer, U14, generates the serial data clocks for U36, while the 8
bit counter U25 produces a clock for the control port serial
controller U37. SWI selects the control port data rate by
connecting one of the counter outputs to the clock input on U37.
Note that all of the asynchronous clocks operate at 16 times the
actual data rate.

The regeneration DART U36 is active only when the ST-8000 is
operating in regeneration mode and RXRGEN is logic 0. In
regeneration mode r s€r ial data from the terminal on TXD is loaded
on channel A of the DART at the data rate set by CtKA for
processing by the microprocessor controller. The actual serial
data passed to the modem board for TXD is transmitted from the
channel B side of the DART running at -the CLKB rate. In a
similar fashionr serial data from the modem board on RXD is read
by the channel B side of the DART and passed to the Lerminal from
the channel A TXA output on U36-15.

The regeration DART device operates in an interrupt driven mode
where receive characters on channel A or B cause the INT output
on U36-5 to go to log ic 0 . The microprocessor controller
firmware operates in interrupt mode 2 ( IM2 ) which is a vectored
interrupt mode permitting more efficient response to the received
character. Both TXA and TXB are polled for output 1 t,ather than
inter rupt dr iven.

The Remote Control port is connected through RS-232C line driver
U65 and line receiver U64 to the U37 serial controller. As is
the case with the regeneration controller, the control port USART
is interrupt driven for incoming serial data. The receiver ready
signal, V37 -14, is connected to the CTSA input signal on U36 so
that any change on that signal will generate an interrupt. Since
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this is the only control signal input connected on U35, that
vector location is used to read Lhe ser ial data and process the
character. Any ser ial data that must be transmit.ted by the
control port is handled by polting the internal transmitter ready
status bit.
The clock for the control port is generated by U25r drl 8 bit
binary counter. Exactly one position of SWI must be closed for
the serial port to operate properly.

NIII on U14-I0 is a square wave signal used to initiate a front
panel display refresh cycle. It has a frequency of approximately
250 Hz (4 ms ) . The NI,II signal is gated by the input on U14-16, a
latched bit. from U26-5. During power up, this input is held LOW
so that the NMI clock is disabled. Once all of the refresh
routines are loaded, the NII{I clock is enabled by a wr ite to U26
forcing the G2 input on U14 HIGH. The ST-8000 firmware never
disables the NIt'lI clock; only the RESET signal on U26-L will turn
off the refresh clock.

2.3 .8 Synchronous Data Clocks [ 5. 33 , 5. 34 ] :

Figure 6.34 illustrates the receive data clock RXCLK recoverlr
circuit for ser ial data received by the modem board. Basically,
this circuit synchronizes an internal clock to edges in the
serial receive data from the modem card.

The system clock, CLKS, moves the receive data througkr a 2 bit
shift register, U5t, to locate serial data changes. The *r,rtput
of the XOR gate U55-8 is forced to logic 1 each time U51-5 and
U51-9 differ , indicating a transition in the receive data. Since
U55-8 is connected to the reset input on U72, a 4 bit binary
counterr the output on U72-8 is reset to logic 0 on each daLa bit
transition. U72-8 will change from logic 0 to I on the 8th
falling edge of CLKB, the 16 times modem data rate clock. This
output will change at near the middle of the receive data bit,
where the transition on the RXCLK output clock should occur.
Thus, the internal clock is synchronized with the serial data
stream every time a data transition occurs. The only time that
the clock recover circuit will operate properly is when the
internal modem data rate clock has been set to the received
serial data rate. Unpredictable results occur if Lhe CLKB signal
is not correct. In cases where the alternate phase of the RXCTK
is requiredl d. jumper at J6 is provided to select the NORIT'I or INV
clock sense.

The synchronous transmit clock is generated by the other half of
U72 by simply dividing the CLKA signal by 16. The output on U6-6
is converted to RS-232C levels by U65-6. Since the ser ial
transmit clock may use a loca1 clock reference, there is no
correlation between the transmiL clock and the recovered receive
data clock.
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2.3.9 MARK/SPACE Tone Generator

Page 4L

[6.35, 5.35 ] :

The MARK/SPACE transmit tone generator illustrated in F'igure 5.36
is a 13 bit fuII adder operating as a digital signal synthesizer
with the output frequency set to 10 times the desired transmit
tone. Thro sets of latches store the constants f or the tt{ARK and
SPACE tones. A single control signal, AFSK TXD r selects which
tone frequency is passed to the AFSK TONE output for the modem
board.

This digital synthesizer is a 13 bit fulI adder implemented wit,h
three 4 bit. fuIl adders, U38, U39, and U40, and an XOR from U55
to handle the carry output. On each rising edge of FTONE, the
current 13 bit, sum is latched into U52 and U53. These latched
outputs are then added to the tone constant stored in either the
II{ARK or SPACE tone latch depending on the state of AFSK TXD.
When this signal is a log ic I , the lt{ARK latch U15 and par t of U15
are selected by U27, U28, and U29. If this signal is logic 0,
the SPACE latch U17 and part of U15 are selected. The constant
value is summed with the previous sum latches in U52 and U53 to
form a new sum to be latched on the next rising edge of FTONE.
The cycle is complete. Each falling edge on U53-LZ increments
the decade counter U54 by one, thus the output of the synthesizer
at U53-L2 has a nominal frequency of 100 times the desired tone
frequency " Figure 2.L0 summar izes the digital frequency
synthesizer operation.

The digital synthesizers generate their output frequency through
addition. The frequency is determined by the magnitude of the
constant loaded into the input latches and the clock frequency
driving the adder. For example, if a constant 001 hex is loaded
into the tt{ARK latch, and AFSK TXD is 1og ic I , then the sum at the
output of latches U38, U39, and U40 will be incremented by I on
each rising edge of the 819 1200 Hz FTONE clock. After only 4096
rising edges, the U53-L2 output will go to TTL logic L, and the
total count to 4096 requires l/200 second. After another 4096
rising edges on FTONE, U53-LZ will go to logic 0. Thusr the
per iod of the waveform at U53 -L2 r dssuming an input constant of
001 hex, is L/L00 second or the frequency is 100 Hz. When U54
divides this output by 10, the resulting waveform at U54-9 has a
frequency of 10 Hz. If a constant value of 002 hex is loaded
rather than 001, the resulting waveform at U54-9 has a frequency
of 20 Hz. Using this circuit, we can generate any waveform
frequency in 10 Hz steps starting with 10 Hz. This output
frequency is again divided by 10 in the sine wave synthesizer
(Figure 6.22). Thus the AFSK output freguency mau be set in
increments of 1. 0 Hz.
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For very long counts, or when the constant is an exact divisor of
4096, the output waveform will be a 50t duty cycle square wave.
However, if the constant is not an integer divisor, the
individual per iod of each cycle will vary depending on the
relationship between the constant and FTONE. Any jitter on this
clock will be visible on an oscilloscope connected to U53-L2, but
by the time this output is divided by 10 then 10 again in the
tone output sine wave synthesizer, the jitter causes no problems.
A counter connected to U54-5 or J2-6 will read a value equal to
10 times the constant loaded in either the !,IARK or SPACE input
register , depending on which is active.

Dur ing operation, the I,IARK/SPACE synthesizer generates tones
between 40 r 000 Hz and 400,000 Hz at U54-9 which produce ST-8000
transmit tones between 400 and 4000 Hz. For each tone generated
by the ST-8000, the constant loaded into the !,IARK or SPACE latch
is the output tone in Hertz expressed as a hex number.

tt'IARK TONE CONSTANT = I,IARK TONE FREQUENCY (Hz)
SPACE TONE CONSTANT = SPACE TONE FREQUENCY (Hz )

For example, 1000 Hz output tone is produced by a 3EB hex
constant. The lowest output tone constant is 190 hex (400 Hz)
and the highest is FAO hex (4000 Hzl. Note that the frequency at
U54-9 or J2-6 is 10 times the output tone, and U53-L2 is I00
times the output tone frequency.

The AFSK TXD signal on J1-11 originates on Figure 6.20 while the
AFSK TONE output on J2-5 drives the AFSK output tone sine wave
synthesizer illustrated in Figure 6.22.

2.3.10 I{ARK Filter Synthesizer 15.37r 6.381:

Figure 6.38 illustrates the digital synthesizer that produces the
clock used to set the center frequency of the MARK band pass
filter on the modem board. The operatign of this synthesizer is
identical to the transmit tone synthesizer described in section
2.3.9 except that it has a single latched input constant, there
is no output divider , and the state clock FI{S is 409 r 600 Hz.

The input latches VzL and parq of U19 hold the constant for the
f u1I adders U33 | lJ34 , and U35. On each FII{S r ising edge, the
previous sum is latched into U43 and U44. The output is taken
irom U43 -L2 which goes via J1-18 to the modem board and the
switched capacitor filter ( SCF ) in Figure 6.8.
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In the ST-8000 the switched capacitor D{ARK and SPACE filters
require a 50 times clock to set the center frequency of the
filter. The MARK filter synthesizer provides an output clock
wilh a frequency of between 20 r 000 Hz and 200 ,000 Hz in 50 Hz
increments. For a given PIARK filter center frequency, that
frequency, expressed as a hex constant, is loaded in the constant
latches.

IVTARK FILTER CONSTANT = IIARK FREQUENCY ( H z )

As the I{ARK f requency f or the ST-8000 demodulator is tuned, the
constant loaded in U19 and U2L varies from a low of 190 hex (400
Hzl to FAO hex ( 4000 Hz\ . This output waveform may have a
noticeable amount of jitter at the upper end of this tuning
range, but has a minimal effect on the filter performance due to
the divide by 50 nature of the SCF filter.

2.3.11 SPACE Filter Synthesizer [6.39, 6.40]:

Figure 6.40 illustrates the SPACE filter synthesizer. The input
latches U20 and part of U19 hold the constant for full adders
U30, U31, and U32. The state sums are latches in U4I and U41 otrr

the r ising edge of the FMS state clock. The synthesizer output,
running at 50 times the SPACE demodulator frequency, originates
at U41-LZ and passes via J2-5 to the modem board SCF in Figure
6.10.

The SPACE filter synthesizer is identical in operation
IIARK oscillator descr ibed in Section 2.3.10 .

to the

SPACE F.ILTER CONSTANT = SPACE FREQUENCY (HZ )

The output frequency varies between 20r000 Hz and 200r000 Hz as
the SPACE center frequency moves between 400 tlz and 4000 Hz.

2.3.L2 BAND PASS Filter Synthesizer [6.41, 6.4272

The Band pass filter synthesizer, shown in Figure 6.42, sets the
center frequency for the SCF input filter shown in Figure 6.4.
This synthesizer operates in the same manner as the ones
previously descr ibed except that the adder resolution is
increased from 13 to 16 bits. The constant is latched in U59 and
U60 for the adders U57, U58, U61, and V52. Each state clock sum
is latched in U56 and U63; the output is connected to U56-L2 via
J2-L to the band pass SCF in Figure 6.4.

850610



TECHNICAL DESCRIPTION Page 45

The band pass filter requires a clock set to 54 times the center
frequency. This synthesizer generates clock frequencies between
2l ,600 Hz and 2L6, 000 Hz in 6.25 Hz steps. At each centerfrequency, the constant loaded in the latches is calculated with
the following equation:

BAND PASS TILTER CONSTANT = t 54 x CENTER FREQ ) / 6.25

Thus, a 1000 Hz center frequency uses a latched constant value of
21C0 hex. This contant will vary between D80 hex for 400 Hz and
8700 hex for 4000 Hz.

2. 3. 13 LOW PASS Filter Synthesizer \G.43 | 6.441 z

Figure 6.44 illustrates the low pass filter synthesizer that
controls the corner frequency of the SCF low pass filters shown
in Figure 6.L2. The output of this synthesizer is set to 96
times the selected modem data rate. Just as described in Section
2.3.L2, this synthesizer is 16 bits in length and the output is
set to 6.25 Hz resolution.

U45 and U8 form the input latches for the fu1l adders U6, u7 ,U46, and U47 with state sum latches U5 and U48. The output on
U48-15 is nominally 96 times the data rate and it connecls via
J2-L7 to the low pass filter found in Figure 6.L2.
For a given data rate, the constant is calculated as shown below:

Low PASS FTLTER CONSTANT = [ 128 x BAUD RATE ) / 6.25

This output varies between 960 Hz for 10 bits per second and
115t200 Hz for 1200 BPS. The loaded constant varies between 00CC
hex for 10 BPS and 6000 hex for 1200 BpS o -
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2.4 FRONT PANEL ASSEIT{BLY (A3) 16.47 6.481:

Page 46

The front panel circuitry illustrated in Figure 6.48 is divided
into two sections: the seven segment LED display drivers and the
switch input buffers. Seven additional single LED indicators,
DSI to DS7, are present on the front panel, but they are all
driven directly by control outputs on the modem board. Two
potentiometers on the front panel set the PRINT SQUELCH (RB) and
tfre DIVERSITY (R9 ) leve1s for the modem board circuitry. Only the
component.s controlled or read by the control processor board are
described in the following paragraphs.

2.4.L Front Panel Switches:

A11 of the switches and the softpot tuning control are read by
the microprocessor on the control processor board through buffers
on the front panel. UL2, U13, U17r and UI8 have a single input
bit for each position on the rotary switches or toggle switches.
Note that 10K pullup resistors are included on all switch inputs
for added noise immunity since the common terminal on the rotary
switches is grounded. Each switch position is detected by
searching for the 0 inPut level.

SldllQ , the detector mode switch, is a 5 position rotary switch
that employs only 4 bits on U18. Diodes DI to D4 encode the vL/S

and tha MP positions as two simultaneous 0 bit.s. In addition,
the memory sefect switch, SW9, is converted by U15 from I of B to
a 3 bit. code read by U12.

2.4.2 Front Panel Displays

The ptARK, spAcE, and BAUD RATE displays are composed of
multiplexed 4 digit, seven segment, common cathode LED I s. The
microlrocessor on the control board refreshes these digits
direclty by loading a latch with the segment image then turning
oN the Eigit using a transistor switch. -Each individual display
window has four digits and the common cathode outputs f9t each
display digit are connected together so that one digit in each
displai window will be ON at the same time.

Each display window of four digits has an 8 bit latch to hold the
segment information. For DS9, the latch is U9 and the segment
output signals control the LED segment drivers in Ul and U2. A 1

signal on any latched output will turn the corresponding LED

segment ON when the common cathode connection is grounded. The
calhode transistor switch is selected by loading a 1 in the
common cathode latch UIl which enables an output of UB and
saturates one of the Ql to Q3 cathode driver transistors. Only
one transistor may be turned on at a time.
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During ST-8000 operation 1 d, digit in each window is displayed for
4 ms so that the entire digit window is refreshed each 16 ms or
about 60 times per second. The refresh operation requires three
steps: first, UII is loaded with all 0 to disable the front
panel displays, then u'l , U9, and U10 are loaded with the segment
image for the next display digit in each window, finaIly, a 1 bit
is latched into UIl turning ON only 1 common cathode driver
transistor . Each 4 ffis r the cycle repeats. The digits are
scanned from left to right.

2.5 CRT ASSEI,IBLY (A4) 16.49, 6.501:

The CRT Assembly (A4 ) is composed of the CRT and its shield and
the smaIl circuit board mounted under the CRT. The circuit board
contains high voltage power supplies, deflection amplifiers, the
Spectra-Tune circuit, trace switching circuitry, and controls
for adjustment of the CRT display.

***** CAUTION *****

USE EXTREIT{E CARE WHEN TESTING OR ADJUSTING THE CRT ASSEMBLY.
LETHAL VOLTAGES IN EXCESS OF 15OOVDC ARE EXPOSED ON THE CRT
CIRCUIT BOARD AND ON THE CRT SOCKET CONNECTIONS.

2.5.L CRT POWER SUPPLIES

The CRT (Cathode Ray Tube) operates from -1400 and +135 VDC.
These voltages are obtained from a high-voltage winding on the
power transformer. Both supplies are designed for low-current
output (L.2 ma for -1400V and 5.0 ma - for +135V) . HaIf -wave
rect,ifiers and high capacitance filters &re- used to give a DC
voltage close to the peak value of the transformer AC output.

. ***** CAUTION *****

THE HIGH VOTTAGE SUPPTIES REQUIRE APPROXI!,TATELY 3 O SECONDS TO
DECAY TO SAFE LEVETS AFTER POWER IS TURNED OFF. DO NOT TOUCH ANY
HIGH-VOLTAGE CO!,IPONENT WITHOUT FIRST REII{OVING AC POWER FROI4 THE
sr-8000 AND SHORTTNG BOTH -L400V (Cl NEG. LEAD) AND +135V (C6
POS. LEAD) OUTPUTS TO CHASSIS GROUND.
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Neither the -1400V or the +135V supply is regulated and the exact
voltage will vary with the power line AC voltage. Voltage
readings on the schematic were taken with 120.0 VAC line voltage.
The high-voltages will therefore vary when other AC input
voltages are used. Neither high voltage value is cr itical and
var iations of +/- 15t are permissible. Some re-adj ustment of
INTENSITy, FOCUS, HORI Z , and VERT position controls may be
required for AC line voltages consistently differing from 115-L25
VAC (230-Z5O VAC). ST-8000's supplied for use with 220 VAC, 50Hz
power have been adjusted for this line input. Conversion of
Lhese ST-8000rs to L20 VAC will require adjustment of the above
cRT controls AFTER the power transformer taps have been changed.
A second winding on the power transformer supplies 6.3 VAC for
the filament of Lne CRT itself. The filament is connected to the
CRT cathode and therefore the
of approximately -1400 VDC.

The required +8 and -8 VDC for
obtained via connector J2 from
+5 VDC power supply voltage is

6. 3 VAC winding has a DC Potential

the amplifiers and Spectra-Tune is
the ttloDEl,l circuit board (AI ). The
NOT used in the CRT assemblY.

2.5.2 CRT CONTROTS

The INTENSITY, FOCUS, and ANTISTIG controls make up the high-
voltage CRT divider. Use an insulated screw-dr iver when
adjus[ing these controls. As with all CRT devices, adjustmenL of
pOCUS ana ANTISTIG will vary somewhat with INTENSITY setting,
particularly if very high CRT intensity is used. When adjusting
these controls, firit set a moderate CRT trace INTENSITY ai:d then
balance FOCUS and ANTISTIG for best over-aI1 trace clarity.
Adjustment is easiest when a valid RTTY signa1 is displayed.

2.5.3 DEFLECTION AII{PLIFIERS

The deflection amplifiers are made- up of transistors Q4 and Q5
(Vert,ical ) and Q6 ana Q7 (Horizontal ) . Transistors Q3 and QB are
constant current sources, setting the zero-signal bias point for
each amplifier transistor to a collector current of 0.80 ma.
Controls R31 (Vertical ) and R30 (Horizontal ) provide DC position
information to the deflection amplifiers. Transistor QI is a

switch that forces the vertical position of the trace off-screen
in a negative direction (down) when the CRT trace is turned oFF
by the circuitry on the demodulator and control boards. A logic
low input on J2-11 forces the CRT trace OFF"

Integrated circuit U4 provides impedance isolation to drive the
deflection amplifiers (U4a = Vertical, U4b = Horizontal). The
ver tical and hor izontal dr ive signals may be monit.ored at TP5 and
TP4 r r€spectively.
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2.5.4 TRACE SWITCHING
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Integrated circuit U3 is used as an electronic switch to allow
alternate display of the X-Y tuning ellipses and the Spectra-Tune
output (U3a = Vertical, U3c = Horizontal, U3b = not used ) .
Controls R53 (Y) and R59 (X) allow adjustment of the amplitude of
the vertical and hor izontal tuning el1ipses, respectively.

Integrated circuit Ulb is an oscillator that generates the
switching signal for switches U3a and U3c. The oscillator
operates at a frequency of approximately 100 Hz. The duty cycle
of the switching signal is set so that the X-Y ellipses are
displayed for 708 and the Spectra-Tune for 303 of the cycle to
obtain a perceived balance of intensity between the two modes.

2 .5 .5 SPECTRA-TUNE T.M.

Integrated circuits UIa and U2 make up the Spectra-Tune
circuit. IC U1a is a medium-gain, wide-bandwidth limiter. The
input signal for this limiter is the wide-band receiver audio
output, buffered by IC U50a (Figure 6.4). This signal is NOT
filtered by any of the ST8000rs input or I,IARK/SPACE filters to
preserve the desired fuIl-spectrum receiver output. Control R28
sets limiter balance as observed at TPl.

The output of the limiter (TPI ) drives the input of U2, a
frequency-to-voltage converter. U2 is biased by diode string D8-
DII and adjusted with R29 so that the output at TP2 is zero volts
DC for a 2000 Hz input freguency. This corresponds to the
horizontal center of the CRT screen. Control R54 then adjusts
the amplitude and therefore CRT horizontal deflection from center
screen for frequencies differ ing from 2000 Hz. These controls
should always be adj usted in the order of R29 first ( center
screen at 2000 Hz) and then R54 (3000 Hz graticule mark with 3000
Hz input frequency).

The output of the limiter (TPl ) also dri.ves the divider R41 /FIAO
and Spectra-Tune position control R32 ( FREQ V. POS ) . This
produces the smaI1 vertical lines, positioned above the Spectra-
Tune frequency scale on the CRT.

2.5 .6 TRACE ROTATION

Transistor QZ is an adjustable current source to drive the trace
rotation coil inside the CRT shield. Control R22 is adjusted so
that the X-Y ellipses line-up with the CRT graticule lines. This
adjustment is necessary to compensate for production variations
in mechanical alignment of the deflection plates in the CRT
itself. Either direction of trace rotation may be compensated
for by reversing plug J3.
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2.6 CABTNET ASSE!,IBLY (A5) [6.51 6.54]:

Page 50

The ST-8000 cabinet uses aluminum extrusions for maximum
strength. Iridite plating is used on the cabinet parts to assure
good electr ical shielding proper ties. In addition, all T/O
connections are filtered to further reduce susceptibility to
radio frequency interference. The result,ing ST8000 package is
very RFI quiet and tests show that it exceeds FCC Part 15,
Subpart J I Type B emissions by more than L7 dB.

The majority of the ST8000 circuitry is contained on four circuit
boards, described in detail in the previous sections. The power
transformer, AC line filter, AC fuse, +5V regulator and heat
sink, and ttain-tuning control are mounted on or in the cabinet
and connected to the proper circuit boards. Careful
consideration has been given to the placement and mounting of the
circuit boards to assure ready access for service and alignmenL.
All circuit boards and cabinet-mounted parts are interconnected
with cables as shown in Figure 5.53 and 5.54. When reconnecting
the z0-conductor ribbon cables, be sure that the plug and socket
pins are properly aligned and are not displaced by one pin or one
row.

2. 6 .I ELECTROSTATIC PRECAUTIONS

ADVANCED CII{OS AND I'{OS CIRCUITRY IS USED THROUGHOUT THE ST8000.
USE OF AN ELECTROSTATICALLY PROTECTED WORK STATION IS HIGHLY
RECO!4I,TENDED I F ANY OF THE CIRCUIT BOARDS ARE REII{OVED FROtt{ TTIE

STEOOO. A PROPER ELECTROSTATICALLY PROTECTED WORK STATION
INCLUDES GROUNDED TABLE AND FLOOR II{ATS AS WELL AS A GROUNDED
WRIST BRACELET.

IF' A CIRCUIT BOARD IS REMOVED FOR SHIP}IENT BACK TO HAL, IT SHOULD
BE PLACED INSIDE A BLACK CONDUCTIVE PLASTIC ENVELOPE WHILE AT THE
GROUNDED WORK STATION. THE BOARD }lAY THEN BE HANDLED FOR FURTHER
PACKAGING AT AN UNGROUNDED WORK STATION (BOX REQUIRED ) . FAILURE
TO FOLTOW THESE PROCEDURES II{AY CAUSE DAI,TAGE TO THE STSOOO
CIRCUITRY AND VOIDS ALL HAL WARRANTIES. UNLESS THE TECHNICIAN
HAS BOTH AN ELECTROSTATIC WORK STATION AND TRAINING IN ITS PROPER
USE, IT IS HIGHLY RECOI,II,IENDED THAT THE ENTIRE STSOOO BE RETURNED
TO THE FACTORY FOR ALL BOARD-LEVEL REPAIRS.

WHEN THE CIRCUIT BOARDS ARE II{OUNTED IN THE CABINET, THE STSOOO IS
NO I'{ORE SUSCEPTIBLE TO ETECTROSTATIC DISCHARGE DAMAGE THAN ANY
OTHER PI ECE OF ELECTRONIC EQUIPIT{ENT . IT II{AY BE OPERATED AND
TESTED WITHOUT REQUIRED{ENT FOR ANY ELECTROSTATIC WORK STATION
PROTECTION. HOWEVER, SUCH FACILITIES DO PROVIDE ADDITIONAL
PERSONNEL AND EQUrptr{ENT PROTECTION AND ARE THEREFORE RECOIT{II{ENDED
FOR ALL TEST AND REPAIR SITUATIONS.
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2.6.2 CABINET FINISH PROTECTION

Page 51

The iridite cabinet finish aIlows limited finish protection while
still affording electrically conductive surfaces. Under normal
careful equipment handling procedures, the cabinet should remain
mar-free for many years of use. However , ir idite surfaces
scratch more easily than similarly appear ing anodized sur faces
which are not electrically conductive. Therefore, use extra care
to avoid scratching the cabinet surfaces of your ST-8000.
Fingerprints and minor marks are easily cleaned with a good
qual ity, non-abrasive window cleaner .

The polycarbonate front panel of the ST8000 is specially treated
to be mar-resistant. However, the smooth finish required for the
CRT and freguency display windows may be easily scratched by
abrasive cleaners. Use a good quality, non-abrasive and plastic
rated window cleaner if these front panel areas require cleaning.

2.6.3 CABINET VENTILATION

The ST8000 consumes only 36 Watts of power and all major heat
produc ing components are mounted di rectly to the cabinet
(transfoimer and power supply regulators). In addition, top and
bottom cover ventilation holes are provided that use transformer
heat to establish convection currents to cool all circuitry of
the ST8000. Arrange the ST8000 so that both the bottom and top
ventilation holes are unobstructed. When placed on a tabIe, the
supplied feet provide the required bottom clearance. Do not
cover the top ventilation holes. When rack mountingr P1ace the
ST8000 above and below equipment that is physically less deep
than the the ST8000 cabinet, allowing free-air access to the
ventilation holes. Forced air cooling should not be necessary
unless the installation results in restr icted air flow or
unusually high ambient temperatures. Consult the factory for
recommendations about operation in high ambient temperature or
humidity environments. <
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CHAPTER 3. TEST AND ALIGN!,IENT

The following pages provide complete data for test and alignment
of the ST8000 HF lvlodem. Under normal use, the ST8000 should not
require re-alignment. Periodic test or alignment is neither
required nor recommended. However, if it should become
necessary, the following steps must be followed in detail to
assure top per formance. Chapter 4 notes those cr itical
components whose replacement requires at least par tial re-
aI ignment.

3.1 PREPARATION

3.1. I Test Equipment

The following test instruments or their equivalents are essential
to proper completion of the described tests:

HP400FL AC VOLTTT{ETER ( +30 to -90 dBm e 600 0hms )
HP3311 FUNCTION GENERATOR (20 to 20,000 Hz, +I0 to -30 dBm)
HP5381A FREQUENCY COUNTER (20 Hz to 10 mHz )
HP122A OSCITLOSCOPE (DC to 10 mHz)
FLUKE 77 II{ULTIII,IETER (AC & DC VOLTS 20 MV IO 15OO V )
FLUKE 80K-6 HV PROBE ( 6kV AC/DC probe )
600 Ohm Step Attenuator (0 to -70 dB in 1 dB steps)
Source of RS232C Digital Data (DS3100 ASR Terminal)
Source of Audio RTTY Signals (Radio Receiver or Audio Tape)
Electrostatic Work Station with Grounded Floor and TabIe

It{ats, Grounded Wrist Bracket ( 3t{ #8031 kit) .

3.L.2 Access to tr{ODEl,t Board

Refer to Section 2.L of the STB000 OPERATORTS MANUAL and remove
the top cover of the cabinet and pivot the top board (CONTROt
assembly A1 ) to vertical position. Use an insulated rod ( 10 "
long) to hold the control circuit board in a vertical position.

*************************************************************

CAUTION: HIGH VOLTAGES ARE EXPOSED WHEN TESTING THE STSOOO.
USE EXTREI,TE CARE ViIHEN II{AKING THE FOLLOWING ADJUST-
II{ENTS AND II{EASUREII{ENTS .

*************************************************************
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3. I.3 Remote Terminal Connection

The REIIOTE CONTROL port will be used to set-up test conditions.
Theref ore, temporar ily remove the REI.{OTE connector f rom the
ST8000 rear panel and plug it back into it I s mating connector
( J7 ) on the CONTROL board ( See F igure 3 .2) . The REI,IOTE control
terminal (DS3100 ) should be connected to the REITIOTE DB25
connector and set for 1200 baud ASCII, FDX operation.

3.2 VOLTAGE TESTS

Remove all external connectors from the ST8000 rear panel except
for the AC power cord. With AC power applied and the front panel
POWER switch turned ON, make the following voltage measurements
at the points indicated in Figure 3.1. lvleasured voltages should
agree with those in Tab1e 3.1 within a tolerance of +/- 15t with
a L20 VAC, 60 Hz power line input.

I 324
MODEM ASBLY
AI

r----
,' rl{)i,lTFlOL. AIrBL'i
tA2//

II///
I

////.-r riS

/' tf==t'{

*-- I

cl -l__t-. Jl'lffil

n ..t:

FRONT PANEL ASBLY
A3 (REAR VIEW)

iB ,'

(TOP)
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TABLE 3.1

ST8000 VOLTAGE D{EASUREI'{ENTS

PARA!,TETER CONNECTION VOLTAGE COII{},TENTS

LINE T3-1 to T3-2 120 VAC SAME FOR 120 /240 LINE

AC IVIEASUREII{ENTS DEI,TODULATOR CIRCUIT BOARD (A1 )
+5 ACI J7-1 to GND 9.0 VAC +/- 1.0 VAC
+5 ACZ J7-2 to GND 9.0 VAC +/- 1.0 VAC
+/-v Acl J7-4 to GND 10.5 VAC +/- 1.5 VAC
+/-v Ac2 J7-6 to GND 10.5 VAC +/- 1.5 VAC

AC I"IEASUREI,IENTS CRT CIRCUIT BOARD ( A4 ) CAUTION !
CRT E IL J1-1 to JL-2 6. 3 VAC +/-0 .5 VAC
+150 AC J1-3 to GND 115 VAC +/-5.0 VAC
HV AC J1-5 to GND 1100 vAC +/- 50 VAC

DC II{EASUREII{ENTS DE}IODULATOR CIRCUIT BOARD (A1 )
+5 UNREG J8-2 to cND + 9.5 VDC +/- 1.0 VDC
+5 REG J8-3 to GND + 5.0 VDC 4.90 to 5.10 VDC
+V UNREG U57-1 to GND +12. 5 VDC +/- 1. 5 VDC
+V REG V67-3 to GND + 8.0 VDC 7.90 to 8.25 VDC

-V UNREG V66-2 to GND -L2.5 VDC +/- 1.5 VDC

-V REG U65-3 to GND 8.0 VDC -7 .90 to -8.25 VDC

DC IIEASURE!,IENTS CRT CTRCUTT BOARD (A4 ) CAUTTON ! --
+135V C5(+) to GND + 135 VDC +/- 5 vDC
-L400V C1(-) to GND -1400 VDC +/- 50 VDC
+V REG U4-8 to GND + 8.0 VDC 7.90 to 8.25 VDC

-V REG U4-4 to GND 8.0 VDC -7 .90 to -8.25 VDC

DC II{EASUREII{ENTS DIGITAL CONTROi CIRGUIT BOARD (A2)
+5 REG J5-3/4 to GND + 5.0 VDC 4.85 to 5.10 VDC
+V REG J5-1 to GND + 8.0 VDC 7.90 to 8.25 VDC

-V REG J5-2 to GND 8.0 VDC -7 .90 to -8.25 VDC

DC II{EASUREI'TENTS FRONT PANEL C I RCU I T BOARD ( A3 )
+5 REG J1-L/2 to GND + 5.0 VDC 4.85 to 5. I0 VDC
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3. 3 PIODEII{ TESTS

3.3.1 Initial Set-Up

(1) Set the DIP switches as follows:

Page 55

Ivlodem Assembly A1 :

S1: 2 t3 15 = ON; L,4 = OFF
S2z Lr2t4 = ON; 3r5 = OFF
53: 1r5 = ON; 2r3r4 = OFF
54: 2r3r5 = ON; Lr4 = OFF

Control Assembly A2:

SWl: 2 = ON, 1r3,4,5 = OFF (1200 baud)

(2) Refer to Figure 3.2 and connect the test equipment as shown.
Set the test oscillator for:

Frequency = 2000.0 Hz
Waveform = Sinewave

Input Amplitude to ST8000 = -10 dBm

(3) Set the ST8000 front panel switches as follows:

POWER = ON
POLARITY = NORIT{AL

ANTISPACE = OFF
PTT = RX

DETECTOR !,IODE = AIt{ VL/S
REGEN = OFF

II{EII{ORY = 3
VAR RX/TX = VAR ( left position)

FIARK/f o = !'!ARK
SPACE/SHIFT = SPACE

INPUT/OUTPUT = INPUT
TUNING l,tODE = BAUD
TUNING KNOB = Any POSiIiON
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( 4 ) Use the Remote terminal to enter the following command
stream EXACTTY as follows (one continuous line):

DC, TR OFF;TXL OFE it42000 ; SP4000 ; C2000 ;XI{2000 ;XSP4000 ;
QI 1, Q1"140 ; QS40 ; DIvI AM ICR]

tcnl = Carriage Return, New Line, Enter, etc.

The Remote control feature will be used for testing the STB000.
It is important that you NOT change any of the front panel switch
settings while the test is under way. If any switches are
changed during the test, the ST8000 will automatically exit
Remote control mode and the above command stream must be re-
enter ed .

(5) A sample of the factory alignment form is shown in Figures
3.3 and 3.4. The measurements should recorded on Lhis form. The
same format used in Chapter 2 will be used to refer to the
pertinent schematic and pictorial diagrams( [x.y] = Figure No. ).

st8000 iooEr ASSEnBLY (A1) TEST LOG
(nEv t7 APRIL 19A6)

BoAnD s/. ---!3J-------
o^ts ?-9--II--!!-- ttt.t! sr^Rr Jo-'99-@ stor -.!.l-:J-o--@
rxtrIAL PouEn rEsr: ."u i1-1-f- ., tl:o-!- -v -:-e-'l]--

LEVEL AXD SAIIDPASS tESTS

ter: -]-5;-O-- ae. (vln . -1o d3r, 2ooo fiz)

sET Or . 1.o (olDE)

tp", -t-19:1- a",, Ltr THREsHoLDT ----l-5-1------ dBr (vtn)

"r", i-l-B-I- dBr (vrn . -ro dB.)

5T8@O 
'IODEX 

ASSETELY (Ar,' TES? LO6

TANX 3 SPACE FILTSE TESTS:
llART FILTER:

VLn . -1O dBr. 2OOO llz, 5OO oh..
Staooo: I . 2000, sP, .ooo, c . 2000.

Oll . q:t r 32.3r OI i l.O. Dlt. ill tls

tpre -i--l:4-- os. ",rs -i-]:!-- aa. ,".. -1-!:-8-- or.

' sPAcE FTLTER:
Vtn . -1O dB\ 2OOO Hz, 600 ohE
3TAOOO: ll . aOOO, SP . 2000, C r 2000,

Oll . O:t t 32.3t OI .1.O, Dll. All ll3
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(.1B. )
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o d..q

-10 4.{o

-20 3.83
-30 3ZS
-{o z. L5
-30 L rtS

-60 l. 03

-63 0.18S

-70 o.66 0
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r" -j-t3:9-! o".

AFSI( TESt:
ltlRK D.t. Input, PT? . U, Ii . 2123, ISP . 2971
Srt R293 (AFSr LEvELt to O dBr .t. output (600 ohr lo.d,

Jllr. p!.n t: 600 ohr. . o.o d8r (..t) Lor-z:.ll:l!- as.

tnza: --l-1---o-- as, tpzg, l('-z- o".

"'ffil;: ----t-l-- .*. "", ----f- .*. ** ---l!-- ....
pouEn suppLtEs: .., -]l:3-"-- ., -l-!.9-l -, -:-l-l!

ol
TP{

(d8.,
tP!

(dB. )
Fh
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FI

(llz )
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Fc

(tlz) Oraaa

a.s -9. I -9. I 22lz I'I6B ++q \9 \o 4,4 s
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1.5 - s-a -s.? Zr 4lo 14t4 ljiz zolo r.eL
1.O -5.t -!. t + roo {10 iL \0 2z1S 0. t+
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tPa6

(dBr )
Fh

(Hrl
rl

(82)
B9
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( llz, Orata
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3.9 +1.3 225 I rr rl5 tol z.ooo i.t5

I s.6 Ltl .l zt f, I t f21 34?' \ "t 18 1 5.84
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3.3.2 rNpur FTLTER STAGES [6.3, 6.4 ] :

Page 59

( I ) Connect the oscilloscope and ACVIT{ to TPl. This signal
should be a 2000 Hz sine-wave with -4.5 to -5.5 dBm amplitude.
Record the voltage measured. If the waveform is distorted or has
an improper amplitude, check:

Er. Sl settings
b. Cable to oscillator
c. Oscillator output itself
d. U50 and its associated components

(2) Connect the counter and oscilloscope to TP2. A 108 r 000 Hz
square wave should be observed with TTL compatible amplitude.
This is the clock signal for filter stages U41 , U42, and U43.
I ts frequency should always be 54 times the chosen center
frequency (2000 Hz for this test). If this signal is not present
or has the wrong frequency3

d. Re-enter the command stream from the Remote terminal
b. Check for loose connector at Jl or J2.
c. A problem exists on the control board. Discontinue

this test and skip to sections 3.4 and 4.5 to fix the
pr ob1 em .

( 3 ) Connect the oscilloscope and ACVI.{ to TP4 ( reconnect counter
to oscillator output and re-affirm that it is still set to 2000.0
Hzl . I'teasure and record the observed signal amplitude for each
of the following input filter Q's:

REMOTE COI{I,IAND QT TP4

Qr 1 [CR]
Qr+ tcRl or + [cR]
QI+ [CR] Or + [CR]
QI+ [CR] Or + [CR]

measure and record
measure and record
measure and record
measure and record

1.0
1.5
3.0
4.5

The voltage at TP4 should be approximately -5 dBm for aII filter
bandwidths. A variation of as much as 0.5 dB between filters is
acceptable. The signal waveform will appear dotted for the three
higher O tests (Qf of 1.5, 3.0 and 4.5\ , showing the affect of
the sampling filters.
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( 4 ) Flove the oscilloscope and ACV!{ to TP5. The wavef orms will
no longer show the dotted sinewave it, has been smoothed by LP
filter V32. Check that the oscillator frequency is still 2000 Hz
and record the amplitude for all four bandwidths as above.
Again, the ampliLudes should be approximately -5.5 dBm and the
variation between filters should be less than 0.5 dB.

REII{OTE COT4I,TAND QI TP5

QI4.5 [cR] or Qr+++ tCRl
Qr- [CR] or - [CR]
QI- [cn1 or - [cR]
Qr- [cn1 or - [CR]

measure and record
measure and record
measure and record
measure and record

4.5
3.0
1.5
1.0

( 5 ) With the oscilloscope and AVCM stil1 connected to TP5, note
the amplitude reading and then change t,he oscillator freguency
above and below 2000 Hz to determine the -3 dB response
frequencies. Record the -3 dB F ( high ) ( high frequency ) and
F( low) ( low frequency) for each of the four filters. Use the
Remote terminal to step through the four filters, recording the
3 dB freguencies for each filter.
(6) Compute the bandwidth (BW)r c€nter frequency (Fc) and O
(Qmeas) for each using the following formulas:

Bw = r(high) - F(low)
Fc = (Bw/2)+ F(low)

Qmeas = (FclBfil)

The computed Q's for QI=4.5, 3.0, and 1.5 should be within +/-0.5
of the selected value. The qenter frequencies will not
necessarily be exactly 2000 Hz. The narrow filter (QI=4.5 )

center frequency is typically 1980 Hz, +/-10 Hzi the medium
filter (QI=3.0 ) = 2000 Hz +/-L0 Hz, and the wide filter (QI=l.5 )

= 2080 Hz, +/- 50 Hz. The low-Q input filter is fixed tuned and
neither its center frequency or O is critical, but the -3dB
frequencies should be approximately 4100 Hz and 390 Hz, +/- 100
Hz. Any further variations in filter amplitude or bandpass is
generally indicative of a defective IC (U41, U42t U43r or U52).
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3.3.3 Limiter and AGC

(1) Use the REI{OTE
f ilter:

Alignment [6.5,

control terminal

Page 51

5.61:

to select the wide input

QI 1 [CR] or QI--- [Cn1

(2\ Check to be sure that the oscillator frequency is
2000 Hz.

( 3 ) Connect the oscilloscope and ACVl,l to TP8. Observe a 2000 Hz
square wave with an amplitude of approximately +18 dBm (+/- 0.5
dB). Record this amplitude.

( 4 ) Change the input level to the ST8000 to -52 dBm and observe
the waveform at TP8. Adjust. Rl83 (LIII{ITER BATANCE) for
symmetr ical positive and negative peak clipping. Further reduce
the input level to the ST8000 until the waveform is at the
clipping threshold. Fleasure and record this input level. I t
should be -53 dBm +/- 2 dB.

Failure to obtain this value of limiter threshold or
LII'{ITER BATANCE is indicative of :

set to

lack of

Def ective U31 ( L1,170 9 ) or U23 ( tt"l741 )

Def ective R812 potentiometer ( LIII{ITER BATANCE )

Defective D36 or D37 ( 1N4733 )

(5) Increase the input to the ST8000 back to -10 dBm and recheck
to be sure that the oscillator frequency is 2000.0 Hz.

( 6 ) Move the oscilloscope and ACVN{ inputs to TP9. Observe a

2000 Hz sine-wave of appioximately +10 dBm dmplitude (+/- 1 dB).
Record this amplitude.

( 7 ) Connect the DCVl,l to pin 3 of U3a. The voltage should be set
to 0.560 VDC using control R4 (+/- 0.02 VDC).

( 8 ) Connect the DCVM to TP12 and increase the audio input to the
ST8000 to O dBm (+/- 0.0 dB ) . Set the voltage at TP12 to 5.00
VDC (+/- 0.05 VDC ) with control R103. This is the AGC voltage
output of the ST8000.

( 9 ) lteasure and record the TP12 DC voltage for input Ievels of
10, 0, -20, -30, -40, -50, -60 , -65, and -70 dBm. The voltages
should be similar to those shown in Figure 3.3.

Cfo

b.
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(10) Set the input level to the ST8000 to -50 dBm and change the
input frequency from 100 Hz Lo 10r000 Hz while observing the
oscilloscope waveform at TP9. The waveform amplitude should
remain fairly constant from 400 to 4000 Hz and decrease gradually
beyond these boundaries. The output should not exhibit signs of
a pulsed low frequency oscillation ( squegging ) at any frequency
in this range. If sor replacement of U30 (MC3340 ) is indicated.
Failure of this or of test (6) through (10) may be caused by:

d. Def ective U30 , [J22, U21, U13, or U3.
b. Incorrect settings of R4 or R103.
c. Failure of D2-D5.
d. Failure of C46 or C89.

( 11 ) Reset the input to the ST8000
Connect the osc i l loscope and ACVtr{ to

( 12 ) Enter REMOTE command DI,t AI{ [CR]
with an amplitude of 10 dBm (+/- 0.5
AIr{ mode.

to 2000.0 Hz and -10 dBm.
TPlO.

and observe a sine waveform
dB ) . Record this value for

( 13 ) Enter REI,IOTE command DIt{ FI,{ [CR] and observe a sguare
wavefrom with an amplitude of 10 dBm (+/- 0.5 dB). Record this
vaule f or FI.{ mode. Failure of steps ( 12 ) or ( 13 ) is indicative
of:

Defective U14
No control signal from the control board via J2-7

( 14 ) Enter REII{OTE command DM AI.{ [CR] .

d.
b.
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3.3.4 Flarkr/Space Filter Alignment 16.7 6.101

Page 63

This section describes how to adjust the llark and Space filter
center frequency. These adj ustments determine the ultimate
accuracy and performance of the ST8000 receive demodulator. It
is extremely important that the oscillator frequency be set to
exactly 2000.0 Hz and that it. not be allowed to drift. A
frequency error of only 2 Hz will seriously affect the ST8000rs
performance at narrow bandwidths ( low baud rates ) . It is
therefore highly recommend that the test oscillator be allowed to
warm up for at least 4 hours before starting these tests and that
its frequency be monitored continuously and corrected if
necessary. Do NOT attempt these adjustments if a stable and
easily set oscillator is not available. Experience has shown
that the ST8000 adjustments do not drift and will need changing
only if filter components shown in Figures 6.8 and 6.10 are
changed.

3.3.4.1 lvlark Filter Alignment 16.7, 6.81

( I ) Re-enter the REI'{OTE command sequence:

Dc ; rRo?l:iilxt, 
8lx6T3fl'li?:i?00 

; c2000 ; XIv12000 ; xsP4000 ;

(21 Connect the oscilloscope and counter to TP14. Observe a TTL
level square wave signal at 100 r 000. 0 Hz. This is the lv1ark
filter clock signal. It should always have a frequency that is
50 times the selected ttlark center frequency. If this signal is
NOT observed, discontinue further tests, skip to section 3.4, and
fix the problem.

( 3 ) Connect the oscilloscope and ACVI{ to TP46. Check to
that the input to the ST8000 is 2000.0 *lz and -10 dBm.

(4) Obse rve a sine wave at TP46 with an amplitude of
7.3 dBm +/- 1.0 dB. There should be NO DC level

sine wave.

see

I t should

(5) Recheck that the oscillator frequency is exactly 2000 Hz and
adjust controls R85 and R86 for maximum output at TP46. Unless a
component has been changed in the tlark f ilter circuit, these
settings should be the same as before adjustment. The two
controls will interact slightly do repeated adjustment of both
to assure that the absolute maximum is obtained.

app r ox ima te Iy
offset of the

( 6 ) Move the ACVIT{ to TP13
be +8.9 dBm (+/- 0.5 dB).

(7 ) I'love the ACVtr{ to TP I 5
be +7.8 dBm (+/- 1.0 dB).

and measure the amplitude.
Record this value.

and measure the amplitude.
Record this value.
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( I ) Reconnect the ACVI{ to TP46 and measure the amplitude. I t
should be +7.3 dBm (+/- 1.0 dB). Record this value (two places
on form).

( 9 ) Enter REIr{OTE command QD{ [CR] and conf irm that the response is
Qtrt = 32.7 . I f not, enter QM33 [CR] .

(10) Note the amplitude value at TP46 at 2000.0 Hz (value of
step ( I ) ) . Change the oscillator freguency above and below 2000
Hz to determine the -3 dB response frequencies F ( high ) and
F ( low ) . Record these frequencies.

(1I) Compute and record the bandwidth (BW) r center
1rc), and A (Qmeas) using the following formulas:

f r equency

BIil = F(high) - E(low)
Fc = (Bw/21 + F(low)

Qmeas = (fclBW)

The 0 value obtained should be 32.7 (+/- 1. 5 ) . The center
frequency should be 2000 Hz (+/- I.0 Hz).

(12) Reset the oscillator to exactly 2000.0 Hz and recheck that
the amplitude at TP46 is the same as measured in step (8). The
REI{OTE input wi 11 now be used to dec r ease the O ( inc r ease
bandwidth) in the increments shown in Figure 6.8. The amplitude
at TP46 will increase as the O is decreased. Each step change in
O should show a slight increase in TP46 amplitude. The amplit,ide
will increase by approximately 2 dB over the total O range.
Since there are two, L6-step O ranges available, the bandwidth of
only 4 filter Q's are measured the maximum and minimum values
of each range. If a wide change in amplitude is noted while
stepping through the O range , a problem needs to be fixed in the
Q-selection circuitry (U5, U6, u7r*U15, UIa, UIb, U2c, or U2d).
The user may also elect to check the -3 dB bandwith of all 32 0
steps if time and patience permit.

( 13 ) Note the amplitude at TP46 with O = 32.7. Use the REIyIOTE

command Qt'l- [Cn] to decrement O to Q!,1 = 31.3. Note that the
amplitude increases slightly, the sine wave form continues, and
that there is no change in the DC level of the sine wave.
Continue decrementing QIt{ one step at a time with the Qm- [CR]
command until QU = 5.1 and then Qttl = 3.9 is obtained. The
amplitude should continuously increase to a value of +9.5 dBm
(+/- 0.5 dB) at e!,I = 3.9. This is the minimum value of the high-
O range. (NOTE the next decrement value of Qt'l is 5.8,
indicating a switch to the low-Q range. I f this is noted,
increase QI{ with the Q}I+[CR] command to get QM = 3.9). Record
the TP46 amplitude for QI{ = 3.9.
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( 14 ) Use the techniques of steps ( 10 ) and ( 1I ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
Qmeas values for QU = 3.9. It is normal for the center frequency
(Fc) to be greater than 2000 Hz 2005 to 2010 Hz are typical
values. Because of the extremely wide bandwidth of the filters
at 1ow-Qrs, this is NOT a detrimental effect. However, the Qmeas
should be 3.9 (+/- 0.25 ) .

( 15 ) Decrement QIt{ again with QI.{- [CR] to get QIt{ = 5.8. This is
the maximum O value for the 1ow-Q range. The amplitude at TP46
will decrease by approximately 0.2 dB from the value found in
step (13). Observe that the sine wave with no DC offset is still
present at TP45. Record the amplitude value f or Ql,I = 5.8.

( 15 ) Use the techniques of steps ( 10 ) and ( 11 ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
Qmeas values for Ql,l = 5.8. Again, it is normal for the center
frequency to be slightly different from 2000 Hz. The Qmeas
should be 5.8 (+/- 0.25 ) .

( 17 ) Decrement QIt{ again in 15 steps with QIvl- [CR] to f inally get
QItt = 1.9. As in step ( 13 ) , the amplitude will gradually increase
as the 0 is decreased. Qtt{ = 1. 9 is the minimum 0 value f or the

The ampl itude at TP46 will increase by
dB from the value found in step (15). Obse r ve

at TP46.that the sine wave with no DC offset is still present
Record the amplitude value for Q!,I = 5.8.

( 18 ) Use the techniques of steps ( 10 ) and ( 11 ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
Qmeas values f or QI{ = 1. 9. As bef ore, it is normal f or the
center frequency to differ from 2000 Hz (typically as high as
2040 Hz, +/- 15 Hz) . Because of the very wide bandwidth of the
filter, the percentage error and therefore effect on performance
is very smaII. The QIvl value should be 1.9 (+/- 0.1).

( 19 ) Ente r the RED,IOTE command Qt13 3 [CR] and obse r ve that the same
amplitude of step (8) is measured (+/- 0.2 dB).

(20) Enter the REII{OTE command EX[CR] to exchange llark and
Space filter frequencies. Increase the oscilloscope gain and
check the scope t s zero volt DC reference. Adjust control R132
(DC BAL) to obtain zero volts DC at TP46.

( 21 ) ltlove the oscilloscope to TP45 ( Figures 6. 11 and 6 .L2\ .
Adjust control R65 (LP OFFSET) for zero volts DC at TP45.

This completes alignment of the ttlark f ilter.
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3.3.4.2 Space Filter Alignment [6.9, 6.10]

Page 66

The steps of t.his section are identical to those performed above
for the Mark filter. They are repeated below with appropriate
changes in TP and component references.

( I ) Enter the REI4OTE command sequence:

DC; TR OFF;TXL OFF ;t'14000 ; SP2000 ;C2000 ; Xt[2000 ; XSP4000 ;
QI 1, QI'140 ; QS40 ; DlI AI'{ [CR]

Note that the llark and Space
interchanged from those used in
need not be entered if the final

filter frequencies have been
section 3. 3.4.1. This command

alignment remain in place.
stream.

I f in
settings used for tlark filter
doubt, enter the above command

(2\ Connect the oscilloscope and counter to TP18. Observe a TTL
leve1 square wave signal at 100 r 000. 0 Hz. This is the Space
filter clock signal. It should always have a frequency that is
50 times the selected Space center frequency. If this signal is
NOT observed, discontinue f urther tests, skip t,o section 3. 4 , and
fix the problem.

(3) Connect the oscilloscoPe and ACVM to TP41. Check
that the input to the ST8000 is 2000.0 Hz and -10 dBm.

to see

( 4 ) Observe a sine wave aL TP41 with an amplitude of
approximately 7.3 dBm +/- 1.0 dB. There should be NO DC level
offset of the sine wave.

( 5 ) Recheck that the oscillator frequency is exactly 2000 Hz and
adjust controls R123 and R124 for maximum output at TP41. Unless
a component has been changed in the Spao.e f ilter circuit, these
settings should be the same as before adjustment. The two
controls will interact slightly do repeated adjustment of both
to assure that the absolute maximum is obtained.

( 5 ) t"love the ACVM to TP16 and measure the ampl itude . I t should
be +8.9 dBm (+/- 0. 5 dB ) . Record this value.

( 7 ) tvlove the ACVI{ to TP17 and measure the ampl itude. I t should
be +7.8 dBm (+/- 1.0 dB ) . Record this value.

( 8 ) Reconnect the ACVIr{ to TP41 and measure the amplitude. I t
should be +7.3 dBm (+/- 1.0 dB). Record this value (two places
on form).
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( 9 ) Enter RE!,!OTE command QS [CR] and conf irm that the response is
QS = 32.7. If not, enter QS33 [CR].

(10) Note the amplitude value at TP41 at 2000.0 Hz (value of
step ( 8 ) ) . Change the oscillator frequency above and below 2000
Hz to determine the -3 dB response frequencies F ( high ) and
F ( Iow) . Record Lhese frequencies.

( 11 ) Compute and record the bandwidt,h ( BW) , center f requency
1rc), and O (Qmeas) using the following formulas:

Bw = F(high) - F(Iow)
Fc = (Bw/2\ + r(Iow)

Qmeas = (fclsW)

The O value obtained should be 32.7 (+/- 1. 5 ) . The center
f requency should be 2000 Hz (+/- I.0 Hz') .

(12) Reset the oscillator to exactly 2000.0 Hz and recheck that
the amplitude at TP41 is the same as measured in step (8). The
REI'{OTE input will now be used to decrease the O (increase
bandwidt,h) in the increments shown in Figure 6.10. The amplitude
at TP41 will increase as the O is decreased. Each step change in
O should show a slight increase in TP41 amplitude. The amplitude
will increase by approximately 2 dB over the total O range.
Since there are two, L6-step O ranges available, the bandwidth of
only 4 filter Q 

t s are measured the maximum and minimum values
of each range. If a wide change in amplitude is noted while
stepping through the O range, a problem needs to be fixed in the
Q-selection circuitry (Ul6 , U25 , V24, U33, Ulb, Ulc, U2ar of
U2b). The user mat also elect to check the -3 dB bandwidth of
all 32 O steps if time and patience permit.

(13) Note the amplitude at TP41 with O = 32.7. Use the REII{OTE

command QS- tCRl to decrement O to QS iF 31.3. Note that the
amplitude increases s1ightly, the sine wave'form continues, and
tnlt there is no change in the DC leve1 of the sine wave.
Continue decrementing Qt{ one step at a time with the QS- [CR]
command until QS = 6.I and then QS = 3.9 is obtained. The
amplitude should continuously increase to a value of +9.5 dBm

F7- 0.5 dB ) at eS = 3.9. This is the minimum value of the high-
0 range. (NOTE the next decrement value of QS is 5. 8,
indicaling a switch to the low-Q range. If this is noted,
increase QS with the QS+ tCRl command to get QS = 3.9 ) . Record
the TP41 amplitude for QS = 3.9.

( 14 ) Use the techniques of steps ( 10 ) and ( 11 ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
emeas values for QS = 3.9. It is normal for the center frequency
(Fc ) to be greater than 2000 Hz 2005 to 2010 Hz are tyPical
values. Beciuse of the extremely wide bandwidth of the filters
at low-Qts, this is NOT a detrimental effect. However, the Qmeas
should be 3.9 (+/- 0.25).
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(15) Decrement QS again with QS-[CR] to get QS = 5.8. This is
the maximum 0 value for the low-Q range. The amplitude at TP41
will decrease by approximately A.2 dB from the value found in
step (1f1. Observe that the sine wave with no DC offset is still
present at TP41. Record the amplitude value for QS = 5.8.

( 16 ) Use the techniques of steps ( 10 ) and ( 11 ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
Qmeas values for QS = 5.8. A9ain, it is normal for the center
frequency to be slightly different from 2000 Hz. The Qmeas
should be 5.8 (+/- 0.25).
(17) Decrement eS again in 15 steps with es-[cn] to finally get
QS = 1.9. As in step (13), the amplitude will gradually increase
as the 0 is decreased. QS = 1.9 is the minimum O value for the
low-Q range. The amplitude at TP41 will increase by
approximately 0.3 dB from the value found in step (15). Observe
that the sine wave with no DC offset is still present at fP41.
Record the amplitude value for QS = 5.8.

( 18 ) Use the techniques of steps ( 10 ) and ( 11 ) to measure and
record the -3 dB frequencies. Compute and record the BW, Fc, and
Qmeas values for QS = 1.9. As before, it is normal for the
center frequency to differ from 2000 Hz (typically as high as
2040 Hz, +/- 15 Hzl . Because of the very wide bandwidth of the
filter, the percentage error and therefore effect on performance
is very smalI. The QS value should be 1.9 (+/- 0.1).
( 19 ) Enter the REIIOTE command QS33 [CR] and observe that the same
amplitude of step (8) is measured (+/- 0.2 dB).

( 20 ) Enter the RE[{OTE command EX [CR] to exchange I'lark and Space
filter frequencies. Increase the oscilloscope gain and check the
scopes's zero volt DC reference. Adjust control R131 (DC BAL) to
obtain zero volts DC at TP41.

( 21 ) tvlove the oscilloscope to fP37 ( Figures 6.11 and 6 .L2') .
Adjust control R68 (LP OFFSET) for zero volts DC at TP41.

This completes alignment of the Space filter. The AFSK generator
and transmit data circuitry will now be checked so that the
ST8000 AFSK output may be used as the test signal source.
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3. 3. 5 AFSK Generator Tests 16.2L , 6 .22i 6. 35, 6. 36 l

Page 69

The AFSK generator circuit is split betvreen the control circuitboard [Figures 6.35 and 6.36] and the demodulator circuit board
16.21 and 5.221 . The generation of the AFSK signal and its
frequency change from !,[ark to Space is controlled by thesynthesizer on the control circuit boarcl. For this series oftests, it is assumed that this synthesizer and lrtark/Spaceselection circuitry is functioning correctly. If not, skip to
section 3.4 anil fix the problen before continuing.
The AFSK signal from the control circuit. board is a digital
waveform at 10 times the desired output frequency. A ten-step
sinusoidal waveform is synthesized in U6I and its associated
resistor ladder (R268 through R2771, filtered in stage U65a, and
anplified in stage U65b on the demodulator circuit board. The
following steps test the operation of this circuitry.
(1) Use the ST8000 front panel controls to set the following
conditions (Frequencies stored in lilemory Channel 3 of factory
prepared units ) :

II{ARK = 2L25 Hz
SPACE = 2975 Hz

VAR RX/TX = VAR (left position)
TUNING IVIODE = BAUD

Ir{El,lORY = any channel
INPUT/OUTPUT = 075 Baud

DETECTOR = F'lr{ tL/S
REGEN = OFF

PRINT SQUETCH = '9 Orclock"
DIVERSITY = Full CCW
ANTISPACE = OFF

POLARITY = NOR}IAL
PTT = TX (TX LED ON )

POWER = ON

In addition, be sure that the DIP switches are set as shown in
section 3.3. I and that there is no connection to the TERMINAL T/O
connector on the ST8000 rear paneI. The terminal should remain
connected to the REII{OTE CONTROL connector.

(2) Refer to Figure 3.5 and connect the AFSK output to the
ST8000 audio input through a step attenuator set to -10 dB.
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FIGURE 3.5 AFSK TEST GENERATOR CONNECTIONS

( 3 ) Connect the oscilloscope and ACVII{ to TP28. Observe a
synthesized sinusoidal waveform with the positive peak slightly
less than zero volts (waveform displaced negatively). Use- Lha
counter to measure the output frequency. It should be 2L25.0 Hz(+/- 0.5 Hz\ .

( 4 ) lvleasure and record the amplitude at TP28 . I t should be +1 . 0
dBm (+/- 0. 5 dB ) .

( 5 ) Change the POLARITY switch to REVERSE and measure the output
freguency. It should be 2975.0 Hz (+/- 0.5 Hz\.

(6) Return the POLARITY switch to NORMAL. Connect the ACV}I inparalle1 with the audio input to the ST8000. Adjust control R295
( AFSK LEVEL rear panel hole near XI4IT connector ) so that aIevel of -10 dBm is set at the ST8000 input. tleasure and recordthe amplitude of the signal at JLL-} (xtt{IT connector). It should
be 0 dBm (+/- I.0 dB).

(7) Change DIP switch 32 so that S2-1 | S2-3, and S2-4 are ON andS2'2 and S2-5 are OFF. lvleasure and record the amplitude at J11-2
( Xl,lIT connector ) . I t should be -16 dBm (+/- 1. 0 dg ) .

(B) Change DIP switch 32 back to:
S2-5 = OFF.
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( 9 ) Connect the oscilloscope and ACVIT{ to TP29. A smooth
sinewave with zero DC of f set should be observed. ltleasure and
record the amplitude at TP29. It should be +3.5 dBm (+/- 1.0
dB).

This completes test and adjustment of the AFSK output circuitry.

3.3.6 Transmit Data Input Circuitry [6.19, 6.201

These tests will be concerned with testing only the signal path
of transmit data f rom the TERIT{INAL T/O connector (J9 ) to the AFSK
generator. Other features shown in Figures 5.19 and 6.20 will be
Lested in a later section. It is assumed that all of the
connections and adjustments remain as set at step (9) of section
3.3. 5.

( I ) Set the test oscillator for square wave output at a
frequency of 50.0 Hz (+/- 1.0 Hz\. Adjust the amplitude to be
symmetrical about zero volts DC with peak amplitude of +5 to -5V
or greater (+/- 20V maximum). Connect the oscillator output to
pin 2 of the TERIr{INAt \/O connector (J9 RS232C TXD input).
Connect the oscilloscope external sweep trigger to the oscillator
output and adjust the controls for Proper triggering.

NOTE: jumper JP3 I{UST NOT be installed f or proper operation of
the ST8000. This jumper is ONLY used when the demodulator
circuit board must be tested independently of the control circuit
board.

(2\ Connect the oscilloscope probe to pin 2 of jumper JP3 or pin
3 of U63 and observe a TTL-level signalr syDchronized with the
oscillator 50Hz square $rave. If this signal is NOT observed,
connect the oscitfoscope to pin 1 of JP3 or pin 3 of U54.
Presence of the signal at U54-3 and not at U63-3 indicates that
either REGEN is not OFF or that there is a problem on the control
board. If sor fix the problem before continuing.

( 3 ) Change the oscillator connection iro* Pin 2 to Pin 9 of J9
(TERII{INAt I/O connector ) . Observe the same TTL-leveI signal at
JP3-2 as in step (2), but reversed in polarity.

(4) Readjust the oscillator output to a TTL-IeveI signaI (0 to
+5V) and change its connection to pin 14 of J9. Again observe
the TTL-leveI signal at JP3-2 with polarity reversed from step
(2) but the same as step ( 3 ) .

(5) Reconnect the oscillator to J9-2 and reset its output to +/-
5V peak-to-peak.

( 6 ) Check that DIP switch S3-1 is ON and S3-2 is OF'F.
the oscilloscoPe to TP27 and observe the presence of a
signal, synchronized with the oscillator output.

( 7 ) Change the POLARITY switch to REVERSE and note a
reversal in the signal at TP27.
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( 8 ) Reset the POLARITY swi tch to NORIT{AL.

Page 7 2

This completes the test of transmit data input circuits. Retain
these settings and connections for the following tests.

3.3.7 Detector and LP Filter Tests [5.11, 6.L21

The following tests assume continuation of parameters set-uP in
sections 3.3.5 and 3.3.6. Before continuing, confirm that these
parameters have been so set.

( 1 ) Set the oscillator frequency to 37.5 Hz (+/- 0.5 Hz) and
confirm that it, is connected to J9-2 and has a square wave output
with a minimum peak-to-peak amplitude of +/- 5V. Also confirm
that the ST8000 PTT switch is in TX position and that receive and
transmit t*lark = 2125, Space = 2975, and INPUT BAUD = 075.

(2t Connect the oscilloscope and counter to TP50, use internal
sweep trigger, and observe a TTL-IeveI 7200 Hz sguare wave. This
is the LP Filter clock signal. It should always have a frequency
that is 96 times the indicated INPUT Baud rate. If this signal
is NOT observed or is at the wrong frequency , recheck the above
settings and then skip to sections 3.4 and 4. 5 to fix the
problem. Do not continue if this step does not check.

( 3 ) Trigger the oscilloscope on the test oscillator oqtPut and
connect the vertical input to TP45. Observe a rounded pulse
between 0 and -3 . 5Vr synchroni zed with the oscillator output.
The negative def lection per iod is the "tt{ARK" condition of the
input waveform.

( 4 ) Connect the second vertical input of the oscilloscope to
TP37 and observe a rounded positive pulse between 0 and +3. 5V.
The positive deflection period is the "SPACE" condition of the
input waveform. The positive deflection should occur at the same
time as the negative def lection of the t-lark signal at TP45.

(5) Set the two oscilloscope input'amplifiers Lo the same gain
and adjust vertical posit.ioning so that the two traces over-lap.
Adjust control R63 (SPACE BAt) for close match between the two
waveforms. This control is typically set at or near its maximum
position (CCW). A match within 0.3V should be achievable.

( 6 ) Ad j ust t,he oscilloscope trace positions so that the tvlark
(TP45 ) and Space (TP37 ) signals are separated on the screen. Set
the TUN ING l,tOOe f r ont panel sw i tch to BAUD and the INPUT/OUTPUT
swi tch to INPUT. Ad j ust the INPUT BAUD rate with the l'lAIN TUNING
control and note that the waveforms become sinusoidal with
increasing DC offset as INPUT BAUD is decreased and become more
squared as the BAUD rate is increased. Both the tvlark (TP45 ) and
Space (TP37 ) waveforms should have the same shape as the INPUT
BAUD parameter is changed. This tests the oPeration of the LP
F iIter stages (U11 and U27 |.
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( 7 ) Increase the oscillator frequency
INPUT Baud setting of the ST8000 to 600
waveforms to those for 75 Baud, except
Return the oscillator to 3'7.5 Hz and the
when done.

to 300
Baud.
ata
sT8000

Page 7 3

Hz and change the
Observe similar

higher frequency.
INPUT Baud to 075

This completes tests of the detectors and low-pass filters.
not change the ST8000 and oscillator settings as they will
used in the following sections.

3.3.8 [1O, SO, tl/S, DIr{PC, and Print Squelch Tests [6.13, 5.14]

This section continues the tests of sections 3. 3. 5, 3.3.6, and
3.3.7. It is assumed that the previously used connections and
parameters remain set. If not, review these sections and set the
equipment accordingly.
(1) Connect one channel of the oscilloscope to TP45 and trigger
the sweep from either this signal or directly from the test
oscillator output. Use the second channel vertical input to make
the following measurements. NOTE: Negative deflection of the
TP45 signal corresponds to a !{ark signal condition.

(2) Connect the second channel of the oscilloscope to TP44 and
observe a +/- 7.5V signal that is positive during t'tark signal
condition at TP45. Change the input to the ST8000 from 0 dBm to
-60 dBm and observe that the signal is always present. Return to
-10 dBm input when done. This tests the MO (l,Iark OnIy ) detector
output.

( 3 ) Connect the second channel input to TP40 and observe a +/-
7.5V signal that is positive during Space signal condition.
Change the input level to the ST8000 from 0 dBm t.o -60 dBm and
observe that the signal is always present. Return to -10 dBm
input when done. This tests the SO (Space Only) detector output.

(4) Connect the second channel input to TP42 and observe a +/-
7. 5V signal that is positive dur ing tvlark signal condiLion.
Change the input leve1 to the ST8000 from 0 dBm to -60 dBm and
observe that the signal is always present. Return to -10 dBm
input when done. This tests the yL/S (tvlark/Space) ATC detector
output.

( 5 ) Connect the second channel input to TP49 and observe a TTL-
leveI signal that is positive during Space signal condition.
Change the input level to the ST8000 from 0 dBm to -60 dBm and
observe that the signal is always present. Return to -10 dBm
input when done. This tests the DI{PC (Digital t-lultipath
Correction) detector output.

Do
be
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( 6 ) Connect the second channel input to TP34 and observe a TTL-
1eve1 signal that is positive during Ftark signal condition.
Change the DETECTOR I.{ODE f ront panel switch f or var ious input
Ieve1s between 0 dBm and -60 dBm and observe that the signal is
always present. Return to -10 dBm input and FI{ t{L/S lvlode when
done. This tesLs the Detector and A!,!/FI.{ mode selection
circuitry. It is normal for the oscilloscope ellipses to show
greater def lection f or All compared to FDll modes.

(7 ) Connect the second channel input to TP39 and slow1y rotate
the PRINT SQUETCH front panel control clockwise. The voltage at
TP39 should change from approximately +7.5V to -7.5V as the
control is changed. This tests the PRINT SQUETCH (+/+) detector
and control. Reset PRINT SQUELCH to the o9 Orclock" position
when done.

This completes the tests for the detectors and
circuitry. Leave these settings for tests in
sections.

PRINT SQUELCH
the foI lowing

3.3.9 RX Data Control [6.15, 6.15]

The tests described in this section assume continuation of tests
and equipment connections of sections 3.3. 5 through 3. 3.8.
Review these sections if you have skipped to these steps.

NOTE: Jumper JP4 NIUST NOT be installed f or normal operation of
the ST8000. This jumper is used only when the demodulator
circuit board must be tested independently of the control circuit
board. Be sure that JP4 is NOT installed for the following
tests.
( 1 ) Connect the second
JP4 ( or U48-11 or U49-7 )
synchronized with the
observed, connect to pin
signal at U39-4 and not
having REGEN set OFF or
circuit board. If the
board, discontinue these

oscilloscope vertical input to pin 2 of
and observe a TTL-leve1 digital signal,
signal at TP45. If the signal is not
I of JP4 ( or U39-4 ) . Presence of the
at U48-11 is indicative of either not
a more sefious problem on the control
problem appears to be on the control
tests and skip to section 3.4.

(2) Observe JP4-2 and change the POLARITY switch from NORIIAL to
REVERSE. The polarity of the TP45 signal will change, but the
signal polarity at JP4-2 should not change (except for a short
switching transient that may not be observable). Reset POLARITY
to NORMAL when done.

( 3 ) Connect the oscilloscope input to TP32 and observe a TTL-
level signal , synchroni zed with that f rom TP45 with l"lark having
the positive polarity. If no signal is observed, set PRINT
SQUELCH to minimum ( fuIl CCW) and check that DIVERSITY is also at
the fuIl CCW position. If the signal is stilI not observed, test
that both U48-8 and U58-9 have a "high'r (+4V) logic level. If
both of these signals are not "higho, skip to section 3.3.10
( next section) and test the diversity circuit.
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clockwise direction
stop with a positive

PRINT SQUELCH ( CCW )
ReSet PRINT SQUELCH

Return the

front panel

(4) Slowly increase the PRINT SQUETCH in a
until the signal at TP32 stops. It should
polarity ( approximately +4V) . Decreasing
should allow the signal to resume at TP32.
to '9 O I Clock n when done.

circuitry before returning to the next step.
DIVERSITY control to full CCW position when done.

(6) Observe that the rr!{rr (tlark) and rSn (Space)
lamps flash with the data signal.

( 5 ) Slowly increase the DIVERSITY control in a clockwise
direction while observing TP32. At approximately the *3 O r Clock"
positiorr the signal at TP32 will go to a continuous "high" logic
Ievel. The time constant of the diversity and AGC squelch
circuit is quite long and therefore this condition may take
several seconds to be noted. If a shut-off of data at TP32
cannot be obtained for full CW rotation of the DIVERSITY control,
skip to section 3.3.10 and fix the problem in the Diversity

( 7 ) Connect the oscilloscope to TP3I and check to see that the
TTL-level signal has a tvlark positive polarity and is also
controlled by the PRINT SQUELCH and DIVERSITY controls as
described above in steps (4) and (5). If the signal is observed
at TP32 but not at TP31, DIP switch 53 may be set incorrectly
(S3-5 = ON; S3-3, S3-4 = OFF).

( I ) Connect the oscilloscope to pin 3 of
RS232C RXD) and observe a +/- 7.5V signal
polarity.

the oscilloscope to pin 10 of
and observe a +/- 7.5V signal

J9 (TERIT{INAL r/O
with negative I'lark

J9 (TERIT{INAL T/O
with positive tlark

( 9 ) Connect
II,II Ll 8 8C RXD )
polarity.
( 10 ) Connect the oscilloscope to pin 16 of J9 (TERII{INAL T/O
TTL RXD ) and observe a TTL-Ieve1 signal with positive tvlark
polarity. Change Jumper JP2 from the "N'- to rrRrr position and
observe that the TTL RXD signal now has positive Space polarity.
Reset JPz to rrN rr when done .

(1I) Connect the oscilloscope to pin I of J9 (TERMINAL T/O CD)
and observe a continuous positive output. Reset BOTH PRINT
SQUETCH and DIVERSITY controls to maximum CW ( clockwise )
positions. After a short delay note that: (a) J9-8 goes to a
negative voltage, (b) the front panel LOS lamp is turned ON, (c)
the PRINT, "A' , and 'rBrr lamps are all OFF, and ( d ) only the rrl,lrr

(t{ark) lamp is on.

(12) Change the PRINT SQUETCH control only back to fuII CCW
position and observe that: (a) J9-8 goes to a positive voltage,
(b) the tOS lamp turns OFF, (c) neither the PRINT, At ot B lamps
turn ON, and (d) only the trli{rt (t'lark) lamp is on.
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( 13 ) Reset PRINT SQUELCH TO maximum CW and then decrease
DIVERSITY to fulI CCW position. Observe that: (a) J9-8 goes
negative and then back positive, (b) LOS comes ON and then turns
OFF, (c) the rArr diversity lamp turns ON, (d) the PRINT lamp does
NOT turn ON, and (e) only the rrMrr (tvlark) lamp is on.

(14) Wit,h DIVERSITY at fuII CCW position, change PRINT SQUELCH
to also be in fuII CCW position. Observes (a) J9-8 stays
positive, (b) LOS is OFF, (c) "Au lamp is ON, (d) the PRINT lamp
turns ON, and (e) the rrl{rt (tlark) and ''S'r (Space) lamps again
flash with the data.

( 15 ) Connect a 12VDC relay coil ( 100 ohms minimum) between pin
L2 of J9 (TERII{INAL T/O) and a +12VDC power supply. The relay
should be activated (contacts pulIed-in). Change both the PRINT
SQUETCH and DIVERSITY controls to fuIl CW position. Start a
timer when the controls are advanced. After a 15-20 second
delay, the relay should de-energlze (contacts open). Record the
time delay on the test 1og. Disconnect the relay and reset both
PRINT SQUELCH and DIVERSITY to fuII CCW positions when done.

(16) Observe the CRT display. ttark,/Space ellipses and the
Spectra-Tune bars should be seen. If not, check to see that
connector J6 is correctly attached and then skip to section 3.6
to repair the CRT circuitry before continuing.

( 17 ) Observe the CRT and increase PRINT SQUETCH to full CW

position, starting a timer at this time. After an 8-11 second
delay, the scope trace should turn OFF. Record this CRT time
delay on the test 1og. Reset PRINT SQUELCH to fuIl CCW when
doner r€sLoring the CRT trace.

(18) Observe the CRT trace and disconnect the test oscillator
input to the TERI.{INAL l/O connector. Af ter an approximate 10
second delay, the CRT trace will turn OFF. Record this "long
Mark" delay time on the test 1og. Leave the test oscillator
disconnected for the following stept

( 19 ) Use the terminal connected to the REII{OTE CONTROT input to
send the following command stream:

FP; CRT ON [CR]

The CRT trace should imrnediately turn on as the command is
executed. I t will stay ON f or as long as the REII{OTE command
'|CRT=ON 

rr is active . Reset the REI,IOTE CRT control with the
following command stream:

FP;CRt AUTO [Cn1

The CRT trace will now turn OFF. Reactivate the CRT by returning
PRINT SQUELCH to fuII CCW position.
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( 20 ) Set PRINT SQUELCH to fulI CW position and wait until the
CRT trace turns OFF. Change any front panel switch ( except
POWER) or control (except PRINT SQUETCH and DMRSITY) and note
that the CRT trace is turned ON. After 10 seconds, the trace
will again turn OFF. This tests microprocessor CRT trace
restoration when any tuning adjustments are made (control via JI-
5 to U59-L2\.

(21) Let the CRT trace turn OFF again and then temporarily
ground pin 18 of J9 (TERFIINAL T/O connector ). The CRT trace
ihoutd Lurn ON and remain ON when this pin is grounded. Reset
PRINT SQUELCH to ful] CCW position when done.

(22\ With the test oscillator still disconnected from J9, set
the ANTISPACE front panel switch oN. connect the oscilloscope to
Tp30 and observe a ltark condition (TTL high level). Temporarily
short pin 14 of J9 (TERIT{INAL I/O) to ground and observe that the
Tp30 signal changes to Space and then back to tlark condition
after a short deIay. The same effect should be noticed on the
,M' (t'lark) and rrs[ Space lamps. Turn ANTISPACE OFF and note that
the Tp30 signal remains in Space condition for as long as J9-14
is shorted to ground. Remove the jumper from J9-14 and reconnect
the test oscillator to J9-2 when done.

(23') With the test oscillator reconnected, check to see that the
CRT trace again shows the normal signal patterns and that PRINT
SQUEtCH and DrvERsITy controls are set to fuIl CCW positions.
remporarily short pin 25 of J9 (Terminal T/O connector) to ground
and observe that the CRT trace turns OFE whenever this pin is
grounded. This is the external CRT trace-OFF control connection.
Remove the ground lead when done.

(24) Set PRINT SQUELCH to full CW position and observe the
signal at TP31 with the oscilloscope. TP31 should remain in a

r,taik-high state. Using the REI'{OTE terninal r enter the following
command stream:

FP; PRINT ON ICR]

The data output to TP31 should resume when this command is
executed, indLpendent of the setting of PRINT SQUELCH. This
tests the Selective CaIl and REIr{OTE Print Squelch ovet-ride
f eatures. hlhen done, enter the f ollowing command stream:

FP; PRINT AUTO [Cn1

This completes testing of the RX Data Control CircuittY. Leave
the connections and test set-up as they will be used in the
following sections. Set PRINT SQUELCH to full CCW Position.
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3. 3.10 Diversity and AGC Squelch Tests 15 .L7 | 5.18 l

3.3.10.1 Non-diversity AGC Squelch Tests 16"L7, 5.181

Page 7 8

The non-diversit,y squelch feature of the ST8000 may be tested
without the reguirement for simulation of Lhe connection of a
second STB000 demodulator. NO CONNECTION should be made to the
DIVERSITY rear panel connector for the following tests.
( 1) Check that a digital llark,/Space signal is observed at TP31
and that the CRT display is normal for a received signal. If not,
review the previous section and make the required adjustments.

(2) Be sure that jumper JPI is installed. The ST8000 will not
funct.ion properly if this jumper is removed. This jumper should
ONLY be removed if it. is desired to use receiver AGC rather than
STB000 AGC to drive the AGC Squelch and Diversity circuitry.
( 3 ) Connect the DCVI4 to TP47 and conf irm that the AGC voltage
from TP12 is also at TP47.

(4) Connect the oscilloscope to TP33 and confirm this signal is
at a positive level (+7.5V +/- 0.5V) .

(5) Connect the DCV!4 to TP35 and confirm that it, is at
approximately -1. 5 VDC.

( 6 ) Connect Lhe DCVI'{ to TP23 and observe the voltage while
rotating the DIVERSITY control through its fulI range. TP23
should be at the same potential as TP47 at the fu1l CCW position
of the DIVERSITY control and at the potential of TP35 at the fuII
CW position.

(7 I Connect the oscilloscope to TP21 and observe the signal
while STOWLY rotating the DIVERSITY control from CCW to CW
positions. At approximately the '9 O rClock" positiorlr TP21
changes from a negative (A signal p(esent) to a positive voltage
( LOS ) . Set the DMRSITY control untiJ TPZI- has j ust changed
from positive (no signal) to negative (signal present) state.
Add 10 dB of attenuation to the input to the ST8000 (-20 dBm
level ) and note that TP21 returns to the no-signal state
(positive). Reset the DIVERSITY control for the signal-on state
(negative) and add another 10 dB of attenuation (-30 dBm input).
TP21 should again change to the positive ( no-signal ) state.
Continue adjusting the DIVERSITY control and the input signal
level down to -60 dBm signal input. It should be possible to set
a signal /no-signal threshold at each IeveI. Return the input
signal to -I0 dBm when done.

(8) With -10dBm input signal IeveI, adjust the DIVERSITY control
through the threshold point as shown at TP21 while observing thelrArr channel LED indicator. The 'Au indicator should turn OFF
when the no-signal state is set and ON when in the signal-on
state. The rrBrr channel LED should NOT turn ON at any time dur ing
these tests.
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( 9 ) Connect the oscilloscope to TP30
data stream. The data should stop in
high) whenever the rrArt channel LED
signal condition. Signal flow should
in ON.

AGC B

GND

DATA B

(2) Set the potentiometer so that zero volts
pin 9 of J10 (DIVERSITY connector). Repeat
previous section to assure that t,he ST8000
diversity mode of operation.

( 3 ) Increase the potentiometer until +1.0 VDC
9. Observe TP33 with the oscilloscope and
signal is negative (DIV mode).

860610
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and observe the l,tar krlSpace
a t'lark condition (TTt logic

is OFF , indicating the no-
resume whenever the rrArr LED

DIVERSITY
CONNECTOR

DC is applied to
the tests of the
is in the non-

is applied to J10-
conf i rm that the

This completes testing of the non-diversity AGC squelch feature.

3. 3 .L0.2 Diversity Selection Testing 16.L7 , 6.18l

Testing of the diversity section of t.he ST8000 will require a
second digital signal source simulation of the AGC voltage of the
second ST8000 normally used in a diversity system. In
particular, a 5K linear taper potentiometer and a test oscillator
capable of generating a TTL-leveI square wave at 100 Hz will be
required in addition to the equipment 1 isted in section 3 . 1 . 1.
The test connection for testing the diversity equipment is shown
in Figure 3.6 below.

TO J8 PIN 3
(+5V)

FIGURE 3.6 DIVERSITY TEST CONNECTIONS

(1) Connect the second test oscillator and 5K potentiometer as
shown in Figure 3.6. The +5 VDC required for the potentiometer
may be obtained by a temporary clip connection to pin 3 of J8.
Be very careful to avoid shorting out this connection to adjacent
pins of J3 or to any other components. The potentiometer is used
to simulate the AGC voltage of a second ST8000 in a diversity
system and the additional test oscillator simulates the data
stream of that demodulator.

TEST OSC.
HP33il

IOOHz SQ. WAVE
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(4) Increase the potentiometer to +5V at J10-9 and adjust the
DIVERSITY control until a negative voltage is observed at TP23.
The trg rr channel LED should now be oN and the rtA'r LED oFF.

(5) Connect the oscilloscope to TP31 and observe that the output
of the second test oscillator is now available, rather than that
from the or iginal test oscillator. This will be easy to see
since the frequencies of the two sources are different and the
oscilloscope sweep is triggered from the first rather than the
second test oscillator.
( 6 ) tlove the DIVERS ITY contr oI in
until the rrA, LED turns ON and the
of the original test oscillator.
NOT be both ON at the same time.

a CCW direction ( toward *A* 
)

signal at TP31 is again that
The rArr and rr B rr LED I s shou Id

( 7 ) Set the DIVERSITY control so that it is just barely on the
'A* side of the switch point. Decrease the signal level into the
ST8000 by 10 dB ( to -20 dBm) and observe that the ST8000 switches
to Channel B. Reset the input level to -10 dBm when done.

(8) Set the DIVERSITY control so that it is just barely on therrBrr side of the switch point. Decrease the external
potentiometer setting and observe that the ST8000 switches back
to channel A. Repeat this procedure for several levels of input
to the ST8000 (-10 to -50 dBm). Reset the input level to -10 dBm
when done.

This completes testing of the diversity circuit. Disconnect the
external potentiometer and second test oscillator. Leave the
other test equipment connected for the following tests.

3.3.11 TX Control and Echo Circuits [6. 19, 6.201

( 1 ) Connect an RS232C data source to J9-2 (TERMINAL DATA
connector ) and monitor pin 3 of Jlla (XII'ITR connector ) with a
continuity tester to ground. Continuity indicates that the
ST8000 is in transmit-oN condition.

(2) Set the front panel TXIKOS/RX switch to RX. The ST8000
should be in RECEIVE mode ( no continuity ) . The front panel TX
LED should be OFF.

(3) Set the front panel TXIKOS/RX switch to TX. The ST8000
should be in TRANS!,IIT mode (continuity). The front panel TX LED
should be ON.

(4) Set the front panel TXIKOS/XX switch to KOS. If the RS232
data source is generating I{ARK,/SPACE data, the ST8000 should be
in TRANSI,TIT mode ( continuity and TX LED ON ) .
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( 5 ) Set the RS232 data source to continuous IvIARK condition.
After a short delay, the ST8000 should change from TRANSI,IIT
( continuity and TX LED ON ) to RECEM ( no continuity and TX LED
OFF). The length of this delay is controlled by R226, KOS DELAY.
Adjust R226 to the desired delay time (minimum setting is
recommended for most operation).

( 6 ) Br ief Iy change the state of the R5232 data source f rom I,IARK
to SPACE and then back to MARK condition (SPACE time between 5
and 250 ms ) . The ST8000 should change to TRANSIT{IT mode and then
back to RECEIVE after the KOS delay. This tests the SPACE turn-
ON section of the KOS circuit ( U63c, U63d ) .

(7) Set the RS232 data source to send MARK/SPACE data. The
STB000 should return to TRANSITIIT state. Interrupt the data input
with a period of continuous SPACE condition lasting several
seconds ( 0.5 second minimum) . The ST8000 should change to
RECEM mode approximately 0.5 second after the change to
constant SPACE condition. This tests the SPACE turn-OFF
circuitry (U63a, U63b, U56a). The ST8000 should resume transmit
mode when the continuous SPACE condition is over.

( 8 ) Set the RS232 data source f or I,IARK/SPACE data and the f ront
panel TX/KOS/RX switch to RX. Use a ground clip to ground J9-19
( Terminal KOS input to TERIvIINAL DATA connector ) . The ST8 0 0 0
should be in TRANS[I'IIT mode whenever J9-19 is grounded.

(9) Remove the ground clip from J9-19 and connect a clip between
J9-4 ( RTS ) and J9-6 ( DTR = +5V ) . The ST8000 should be in
TRANSMIT mode whenever J9-4 is held at a positive voltage
(v > 3.6v).

( 10 ) Remove the clip from J9-4 and J9-6. Observe the AFSK tone
or:tput at TP29 with the oscilloscope. When option switch S4-5 is
ON, the tones should be present ONLY when the ST8000 is in
TRANSMIT mode. If S4-5 is OFF, the tones should be present for
EITHER TRANSIIIT or RECEIVE modes. The €actory setting is f or 54-
5 ON ( tones ON when transmitting but not recsiving ) .

This completes the tests of the ST8000 PTT Circuit.
(11) With the RS232 data source still connected to J9'2 and
generating IIIARK/SPACE data, observe TP27 with the oscilloscope.
Set option switch S3-1 ON and S3-2 OFF. The data pulses should
be at TP27 for either TRANSIT{IT or RECEIVE modes of the ST8000
(test using front panel TX/KOS/RX switch.

(12) Change the option switch setting to S3-I OFF and S3-2 ON.
Data should now be observed at TP27 only when in TRANSIT{IT mode.

(13) Set the TXIKOS/RX switch to RX and insert a TTY signal into
the AF INPUT of the ST8000 (radio receiver RTTY output, etc).
With S3-1 OFF and S3-2 ON, the received data signal should be
observed at TP27 when in RECEIVE mode.
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(14) Change to TRANS!,IIT mode (TX switch position) and note that
TP27 now reflects the RS232 input data to J9-2. When S3-1 is OFF
and S3-2 is ON, the data at TP27 (FSK and AFSK data source) is
the input transmit data in TRANSI,IIT mode and demodulated receive
data in RECEIVE mode. This mode can be used when terminal echo
of TXD is required or when it is desired to record regenerated
AFSK tone data from the demodulated receive signal. The factory
setting is with S3-1 ON and S3-2 OFF, the normal FDXr Do-echo
condition for the DS3100 terminal.

( f5 ) The receive echo control operates in a similar manner.
Ivlonitor the output receive data at TP31. Set S3-5 ON and S3-3
and S3-4 OFF. In this condition, ONLY the demodulated data will
appear at TP3I, regardless of TX/RX state of the ST8000.

(16) Set S3-4 ON and S3-3 and S3-5 OFF. In this case, RXD is
output to the terminal from demodulated data ONLY when in RX
state.
( 17 ) Set S3-3 ON and S3-4 and S3-5 OF'F. This is the echo
condition. The terminal RXD output reflects demodulated data
when the ST8000 is in receive mode and transmit data when in
transmit mode. The factory setting is with S3-5 ON and both S3-3
and S3-4 OFF no echo and no TX/RX control of RXD.

This completes the tests of the ST8000 echo circuits.

3 . 3 . 12 Power Supply 16 .23 , 6 .241

After completing ALL of the above tests, review section 3.3 and
remeasure the *5, -8, and +8V power supply output voltages. Log
these measurements. Compare the measurements with those of
section 3.2. There should be no more than a +/- 0. I VDC
difference.
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3.4 CONTROL BOARD TEST 16.27 6.467 z

Page 83

The ST-8000 Control Assembly (A2 ) is the microprocessor based
controller for the enLire modem. All of the SCF filters on the
modem board use clocks generated by the control assembly
synthesizers and most front panel displays and controls are
hindled by this controller. As is the nature of digital
circuitry, there are no adjustments required on the controller
board; it will either work correctly or not. Testing of the
control board is only required if a failure has occured.

In this section a series of steps are outlined to insure that the
on board synthesizers are working properly and are on the correct
frequency. The testing of front panel switches and LED displays
is contained in Section 3.5; those items will not be covered in
thi s section. The tests requi r e the fol lowing pieces of test
equipment t ot equivalent:

FLUKE Digital Voltmeter
HP5381 Frequency Counter
TEKTRONIX 465 OscilloscoPe

Before starting to measure oscillator frequencies, confirm that
the +5 VDC supply is correct by connecting the digital volt meter
between one of the ground pins on the board and the + end of the
100 uF capacitor near the 6 position power connector. The
reading should be within +/- 0.25 volts of +SVDC. If the power
connector is loose or improperly installed, the supply voltage
may be too low for proper operation of the control board.

3.4. 1 System Clock:

The system clock shown in Figures 6.33 and 6.34 controls the
operation of the entire ST-8000. Both the microprocessor and the
synthe sLzers use the same 4.9L52 tIHz crystal ref erence. To check
the crystal oscillator for correct frequencyf connect the
f requency counter to U66-8 and measure about 4.9L52 t*tHz. The
actual piocessor clock is one-haIf this value or 2.4576 MHz which
can be measured at U23-6 (Figures 6.27 and 6.28).

The transmit tone synthesizer reference clock is FTONE ( q19 ,200
Hz) f rom tJ67-9. As shown in Figures 6.33 and 6.36, the
frequency counter should measure 819 ,200 Hz when connected to
U53-1I and U52-11, the inputs to the summing latches.

All of the other synthe sizer s use the ref er ence clock FIt'lS

( 409 r 600 Hz) from V26-9 in Figure 6.34. Using the counter,
confirm that the reference clock is present on U5-11, U41-11,
U42-11, U43-11, U44-11 , IJ48-11, U56-11, and U63-11. This state
clock is required for the synthesLzers to oPerate properly.
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3 .4.2 Synthesizer Tests:

If the synthesizer reference clocks are correct and the
controller board processor is working, that is, the front panel
display is correct and switch changes are recognized, the front
panel may be used to set the synthesizer test values.

Each synthesizer has an input latch 1 d 13 or 16 bit full adder,
and output state latches. The synthesizer works by continually
adding the input latch value to the previous state sum to form a
new sum to be latched in the output latch on the next reference
clock rising edge. If a latch or an adder fails, the correct
frequency will not be read on the output of the synthesizer. To
test the synthesizers, two alternating bit patterns are loaded
into the input latch, and the output frequency is measured.

Listed below are the counter locations, and the front panel
or control port settings for each test.

IvIARK/SPACE Tone Generator ( Fig 5.36 ) : counter on u54-9

I,IARK = 27 30
II{ARK = 1355

I',IARK FiIter (Fig

II{ARK = 27 30
!,IARK = 1365

SPACE Filter ( Fig 6. 40 )

SPACE = 2730
SPACE = 1365

6. 38 ) : Counter on U43 -L2

lrleasure: 27r300 Hz
tleasure: 13r550 Hz

lvleasure: 136r500 Hz
ltleasurez 68r250 Hz

: Counter on U41 -L2

lvleasure: 136r500 Hz
Dleasure: 681250 Hz

BAND PASS Filter (Fig 6.42)z Counter on U56-L2

LOW PASS Filter ( fig 6.44) z Counter on U48-15

CENTER = 2525
CENTER = L264

IBAUD = 1066
IBAUD = 533

Measure: 136r350 Hz
Fleasure: 68 ,232 Hz

tleasure: 102,200 Hz
Ivleasure: 51r 000 Hz

If the synthesizer output frequencies are measured as abover the
synthesizers are working correctly and do not have any stuck or
shorted bits. Even a single bit error will disturb the output
frequency at either the upper or the lower measurement depending
on which bit is stuck.
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3.4.3 Latched Control Bits:

Figure 6. 30 shows all of the latched control bits set by the
microprocessor on the control assembly board. tlost of these bits
are indirectly controlled by front panel switches, thus they may
be tested with a logic probe or oscilloscope on a selected bit
while the front panel switch is operated.

In the following table, the location for the logic probe or
oscilloscope is listed with the corresponding switch that
controls the bit state. Each bit may be tested in turn.

SIGNAL PROBE TEST STATE

CRT CTRI

RXRGEN

NORIT{/REV

AI,{/FIt{

DET I{ODE B

DET TI,IODE A

ANTI SPACE

PTT A

PTT B

CTS

v22-6

u22-L2

u22-L6

UI-I 2

u1-9

ul- 5

u1-1 9

UI.I 5

ul- 5

UL-2

Initially LOW. Change any
switch to force HIGH for 10
CRT should turn ON.

front panel
seconds .

HIGH when REGEN=OFF
LOW when REGEN not OFF.

LOW whCN POLARITY=NORIVIAL
HIGH WhCN POLARITY=REVERSE

HIGH whEN DETECTOR TIIODE=A}I
LOW whEN DETECTOR II{ODE=F}I

HIGH whEN DETECTOR tt{ODE=IVlP OT VI/S
LOW when DETECTOR II{ODE=[v1O or SO

HIGH when DETECTOR IVIODE=IVIO OT I,I/S
LOW when DETECTOR [I{ODE=SO or l'IP

HIGH WhCN ANTISPACE=ON
LOW when ANTISPACE=OFF

HIGH when KOSJTX .
LOW when KOS=RX or OFF

HIGH when KOS=RX
tOW when KOS=TX or OFF

LOW always
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3 .4.4 Latched 0 Control Bits:

The modem board filter Q's are
control board as shown in Figure
bits it is necessary to connect
control port so that the Q's may
attempting to set them using the
command prompt, enter DC for the
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*** HAL ST-8000 V?. ?
AT YOUR COII{MAND >> DC

set using bits latched on the
6.30. To test the O control

an asynchronous terminal to the
be directly entered, rather than
front panel controls. At the

direct control mode.

***

*** Direct Control lvlode ***

In the table below, the O signalr probe location, and commands
are listed. Eor each setting, one value sets the bit HIGH and
the other will set the bit tOW. If you inadvertently change a
front panel control, you will immediately be returned to monitor
mode, and will have to re-enter direct control mode.

S IGNAL PROBE TEST SETTING

QI5 QI1

INPUT B

INPUT A

QI4KHL

QSPHL

QSPACE
QSPACE
QSPACE
QSPACE

QI4ARK 3
Q}IARK 2

QIr{ARK I
QII{ARK 0

860610

u22-5

tJ22-9

v22-1 9

u22-2

uI 8-1 5
u18-19
u18-2
u18-5

u1 8 -L2
ul8-16
uI8-5
uI 8-9

HIGH

QI3

LOW

Qr1.5

LOW

QI,t3 3

HIGH

QI',I1

tow

QS3 3

HIGH

.QS 1

tow

QS25

HIGH

QS 15

3
2
1
0

LOW
HIGH
LOW
H IGH

QD,l2 5

HIGH
LOW
HIGH
tow

QI'{I5

LOV[
H IGH
LOW
HIGH

HIGH
row
H IGH
LOW
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3 . 5 FRONT PANEL TEST 16 .47 | 6.48 I :
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Testing the front panel involves checking all the front panel
controls for correct operation and insuring that the LED displays
are functioning properly. While many front panel switches and
lamps may be exercised during normal use, a better method for
testing front panel switches requires an asynchronous terminal
connected to the control port on the rear of the ST-8000.

To perform the following tests, connect an asynchronous terminal
set for 1200 bps to the control port on the ST-8000. Set the
IvlARK,/f c, SPACE/SHIFT, and INPUT/OUTPUT switches in the UP
position. Press a RETURN key to confirm that the ST-8000 is
properly connected.

*** HAL ST-8000 V?.? ***

3. 5.1 Display Tests:

It should be obvious whether the three frequency displays are
operating correctly. However, several simple commands will show
missing display segments. To turn all significant front panel
segments ON, enter the following commands:

*** HAL ST-8000 V?.? ***
AT YOUR COII{I'TAND >> FP

*** FrOnt Panel tvlOde ***

FP: t I >> SH1000 itrr2888; IB888(CR>
FP: IIBAUD=0888] >>

Now, check for any segments that are npt Iit.
bad segments, the front panel display digits
following frequencies:

It{ARK SPACE BAUD RATE

2888 3888

If there are no
should show the

Enter the exchange command to
the II{ARK display is operating

FP: IIBAUD=0888] >>
FP: IIBAUD=0888] >>

0 888

confirm that the
cor r ectly:

EX

left most digit, in
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The front panel should display:

I.{ARK SPACE BAUD RATE

3B8B 2888 0 888

If the front panel digits display these values correctly, there
are no dead segments in the three display windows. To test other
digits I frequencies may be entered on the terminal for immediate
display on the front pane1.

3.5.2 Front Panel Switches:

The operation of several front panel switches may be tested using
the control terminal. Return the control terminal to monitor
mode by changing some front panel switch. If the control port
was in Front Panel mode, it will return to monitor mode with the
message 3

*** Leaving Console Control lttode * **

To see the current front panel switch settings, enter the status
command:

*** HAL ST-8000 V?.? ***
AT YOUR COII,TI,IAND >> STC

A summary of all front panel rotary and toggle switches is
presented in response to this command. Each switch, in turn, may
be changed and that change should be reflected the next time the
STC command is issued. For example, if the current status shows
that the ANTISPACE switch is OFF, press the swiLch ON and enter
the STC command. The 'TANTISP=ON" l isting will appear in the
summary if the switch is working properly. Should some switch
changes not cause status summary changes, it is possible that the
switch or buffer has failed.
The display selection mode switches may be tested by operating
the switch and observing a change in the corresponding display.
For example, if the t"lARK/f c switch is moved f rom UP to DOWN, the
l,lARK display should change from the MARK frequency to the center
frequency. If no change occurs, the switch may have failed.

The tuning mode switch may be tested by actually changing the
II'IARK, SPACE, and BAUD RATE displays using the f ront panel tuning
knob. When the ST-8000 is in the VAR tuning mode, some display
should change when the tuning mode control is in each position.
The correct display is shown on the front panel legend.

The memory selection switch may be tested by selecting the fixed
memory mode, then changing the memory selection. The front panel
should change to the setup parameters stored in each of the 10
memories. After selecting one of the memories, press the STORE
button to confirm that the front panel displays flash indicating
that the STORE button is working.
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3. 6 CRT ALTGNI4ENT AND TEST 16.49 , 5. 50I :
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Test and alignment of the CRT Assembly (A4) should be done only
if the IIODEIT{ (A1 ), CONTROL (A2 ) , and FRONT PANEL (A3 ) assemblies
are in proper operating condition. If any of these assemblies
are suspect, refer to the previous sections of this chapter and
fix the problems before attempting alignment of the CRT assembly.

***** CAUTIoN *****

USE EXTREI.{E CARE WHEN TESTING OR ADJUSTING THE CRT ASSEIT{BLY.
LETHAL VOLTAGES IN EXCESS OF 14OO VDC ARE EXPOSED ON THE CRT

CIRCUIT BOARD AND ON THE CRT SOCKET CONNECTIONS. THE HIGH
VOLTAGE POWER SUPPLIES REQUIRE APPROXIIT{ATELY 30 SECONDS TO DECAY

TO SAFE LEVELS AFTER AC POWER IS TURNED OFF. DO NOT TOUCH ANY

HIGH-VOtTAGE COIr{PONENTS WITHOUT FIRST TURNING AC POWER OFF AND

SHoRTING BOTH -1400V (Cl NEG. LEAD) AND +135V (C5 POS. LEAD)
OUTPUTS TO CHASSIS GROUND.

3.5.1 Initial Set-up:

Review section 3.3.5 of this chapter and confirm that the ST8000
switches and parameters are set as described. Connect the test
equipment as shown in Figure 3.5. The ST8000 AFSK generator will
5j uied as the signal source for these tests. Set the data input
test oscillator Lo a frequency of 50 Hz with peak amplitudes of
+5 and -5 V.

3.6.2 CRT Trace Control Adjustments:

(1) Observe the CRT trace. It should show a crossed ellipse
with Spectra-Tune disPIaY line.

NOTE: The INTENSITY, FOCUS, and ASTIG control settings will
interact to some degree. In the following sLeps, choose the
desired setting of INTENSITY and then adjust FOCUS and ASTIG as
required. Repeat the following 3 steps until optimum balance is
ach i eved .

(2) Adjust the INTENSITY control (R7 ) for your Preferred t.race
br ightness.

( 3 ) Adj ust the FOCUS control ( R9 ) for best focus of the CRT

trace. For a first setting, adjust for best trace clarity at
center screen and then re-adjust after setting ASTIG (following
step ) .

(4) Adjust the ASTIG control (R10) to improve trace focus over
the whole screen. This control will interact with the setting of
the FOCUS control. The effect of the ASTIG control is best seen
at the ends of the ellipses and in the Spectra-Tune section of
the trace.
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Repeat steps (2), (3),
presentation.
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and (4) as required to get best trace

(5) Observe the X-Y ellipses on the CRT screen. They should be
centered on the crossed graticule lines at the center of the
screen. I f not, ddj ust the HORI Z ( R30 ) and VERT (R31 ) position
controls so that the ellipses are centered.

(6) The X-Y ellipses should be aligned with the graticule lines
in vertical and horizontal directions. The TRACE ROT control
(r.22) should be adjusted to rotate the trace for best X-Y
aI ignment. I f adj usting F.22 rotates the trace in the wrong
directionr utrp1ug connector J3 from the CRT board, reverse the
plug, and reconnect it, to the circuit board. Adjust TRACE ROT

for best x-Y alignment.

( 7 ) Be sure that the ST8000 DETECTOR MODE switch is set to Fl'I-
yt/S mode and observe the length of the horizontal and vertical
ellipses on the CRT. Adjust rtxtr (R52) and rrYrr (R53) controls so
that both ellipses have a length of 4 graticule marks (+/- 2

marks about center).

3. 6. 3 CRT Spect,ra-Tune Adj ustments

(1) Disconnect the data test generator from the TERMINAL DATA

connector (J9 ) . The AFSK generator should be in the MARK state
at 2L25 Hz as indicated by a horizontal ellipse on the CRT X-Y
display.
(2) Connect the oscilloscope vertical input to TPI on the CRT

circuit board. A square wave form at 2L25 Hz should be observed.
Decrease the input leve1 to the ST8000 until the waveform is
sinusoidal with slight. clipping of the peaks. Adjust the BAt
control (R28) to obtain symmetrical clipping of the sine wave.
It may be necessary to readjust the input level slightly to
maintain clipping of both the positive and negative peaks. The
limiting t,krrLinold typically occur3 at an input level of -40 to
-30 dBm and is not critical.
( 3 ) Connect the oscilloscope to TP5 and observe a 90-L20 Hz

rectangular waveform. The duty cycle of this waveform is
approximately 30t. This is the chopper oscillator output that
controls the switching of the CRT trace between the crossed-
ellipse and Spectra-Tune displays. If this waveform is NOT

present , refer to section 3.8 and fix the problem before
continuing the following steps.

(4) Observe the vertical position of the Spectra-Tune bar at the
bottom of the CRT display. Adjust the FREQ V. ADJ control (R32)
so that this bar is positioned above the horizontal frequency
graticule 1 ine.
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(5) Set the ST8000 VAR-RX/TX switch to the left hand position
and the TUNING MODE switch to TRACK. Use the [{AIN TUNING knob to
reduce the indicated !,!ARK f requency to 2000 Hz. Observe the
horizontal position of the Spectra-Tune bar and adjust the CENTER
SCATE control (R29) so that the bar is positioned at the 2 klcz
graticule calibration mark.

( 5 ) Use the tt{AIN TUNING knob to set the indicated MARK f requency
to 3000 Hz. Observe the horizontal position of the Spectra-
Tune bar and adjust the SCALE CAL control (R54) so that the bar
is positioned at the 3 kHz graticule calibration mark. NOTE:
ATWAYS make the adjustment of step (5) before setting the SCALE
CAL control.
(7) Check the freguency scale calibration by retuning the ST8000
to 1000 Hz (MARK frequency). The Spectra-Tune bar should be
positioned at the 1 kHz graticule calibration mark.

This completes the alignment of the CRT assembly (A4).

3 .'7 OTHER ST80 0 0 TESTS AND I.{EASUREII{ENTS

The previous six sections have described all of the standard
alignment tests required for the ST8000 HF l,lODE!,I. Successful
completion of the steps should assure that the ST8000 is
operating at factory specification. A number of additional tests
have been performed at the factory to confirm ST8000 performance.
It should not be necessary for the user to conduct these tests,
but their results are included in this section.

3.7.1- Receive Data Processing Delay

Whenever signals pass through filter and processing stages, a
time delay is added to the signal. If the time delay is uniform
between tr{ARK and SPACE pulses and does not vary with signal
amplitude, the delay does not contribute distortion and has no
net effect on the data printed. GreaL care has been taken in the
design of the ST8000 to assure that the MARK and SPACE signals
are processed through circuits with equal bandwidt,h and equal
time de1ay.

The major contributors to time delay in the ST8000 are the filter
stages, in particular the MARK and SPACE tone filters and post-
detection low-pass filters. The total time delay is therefore
controlled primarily by the setting of the INPUT BAUD control
which controls the bandwidth of the tone and low-pass filters.
When the front panel controls of the FP mode of REMOTE control is
used, the time delay is approximately equal to the width of the
select pulse of the chosen data rate. Using a lower indicated
INPUT BAUD setting increases the delay and a higher setting
reduces the deIay. Typical time delays measured on the ST8000
demodulator circuitry are shown in Table 3.2.
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DATA RATE
( Baud )

INPUT BAUD
SETT ING
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TABLE 3.2
TYPICAT STSOOO DEII{ODULATOR TIII{E DELAYS

DELAY (msec )
2L2s /229s 2L2s /297 s

45
45
45
s0
75

100
150
200
300
300
300
450
600
900

I200
1200

45
75

100
50
75

100
150
200
300
300
300
450
600
900

120 0
120 0

19.6
L2.4
10.0
19.1
12.4
10.0

7 .5
6.2
4.5

12225/202s1
1L270/L0701

[1200/2200]

17 .6
11. 6
g.'l

16.1
11.6
8.7
5.2
4.9
3.6
4.6
4.6
2.9
2.L
1.70
r. 55
1.70

A difference in the demodulation delay between tt{ARK and SPACE
conditions appears in the data output as bias distortion.
Measurements of the ST8000 have shown that such bias distortion
is of the order of 1.5 to 2.0 I SPACE bias.

The delay associated with II{ARK/SPACE switching of Lhe AFSK
transmit tones is very minor since the tone freguency is divided
by 100 after M/S switching. The worst case AFSK tone delay is
equal to 0.01 times the period of the lower of the two tone
frequencies (4.7 usec for 2L25/2295 lz tones, for example). This
corresponds to less than 0.02t tt{ARK bias distortion at 45 baud
and 1.08 for 1200 baud and L200/2200 Hz tones.

3.7 .2 BIT ERROR RATE TESTS

The measurement of demodulator bit error rate (BER) for various
signal-to-noise ratios ( S/N ) is a common cr iter ia for judgment of
demodulator performance. In this test, a known amplitude of RTTY
signal is mixed with a controlled amount of random noise. The
demodulated output data stream is then compared with that sent
and the number of bit, errors counted in a Bit, Error Rate Tester
(BERT). Typically, the test is run for a total of 101000 to
Ir000r000 bits and the result is expressed graphically on plots
of BER vs S/N. Several different measurement standards are used,
particularly when expressing the bandwidth of the data and noise
s ignal s .
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Bit, Error Rate test have been conducted on the STB000 under the
following conditions:

Number of samples = 185 or 185 ( 100 ,000 or 1 r 000 r 000 )
Data Format = 2047 random bit pattern,

synchronous data
Data Rate = as indicated

Signa1 Bandwidth = determined by the ST8000
INPUT BAUD cONTrOl

Noise Bandwidth = 2L00 .Hz ( standard HF radio
receiver bandwidth )

Signal input Ievel = -10 dBm
AFSK Signal Source = ST8000 AFSK generator
Noise input leve1 = -10 dBm = 0 dB S/N,

var ied for other S/N values.

Figure 3.'7 shows typical measured Bit Error Rates for various
data rates. These are typical values and may vary from unit-to-
unit by +/- 0.5 dB. These curves are within 1.0 dB of the
theoretical optimum values for incoherent FSK demodulation. It
is informative to note the following general rules:

1. For each doubling of the data rate, the reguired S/N is
increased by 3 dB to maintain a constant Bit Error Rate.

2. The slope of the BER curves at error rates of 1E-5 to 1E-4
is approximately I dB for each octave of BER i a I dB
decrease in S/N will approximately double the number of
er rors pr inted.

3. Decreasing the demodulator bandwidth with the INPUT BAUD
control will decrease the BER, buj, ONLY at the expense of
increased inter-symbol distortion ( not- apparent from BER
curves). The ST8000 bandwidth at 0.75 the data rate is
a proven compromise between minimum BER at 0.5 the data
rate and minimum inter-symbol errors at a higher bandwidth.
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The reader is cautioned that, dlthough Bit Error Rate
measurements are a recognized indicator of modem Performanc€r the
results obtained may not give a true indication of the actual
modem capabilities on typical high-frequency data . signals.
Received radio FSK signals experience fading, distortionr dnd
burst noise phenomena which is not simulated by use of a constant
output random noise source. Observation of actual off-the-air
signals must remain an important test of modem Per f or_mance.
Comparative tests of modems with similar BER curves on off-the-
air-signals have shown a considerable difference in printed error
rates between the otherwise similar units. Several tests run at
HAL on the ST8000 and other modems of comParable performance and
price have shown the ST8000 to have a consistently lower rate on
off-the-air signals. The performance difference varies between a
f actor of ZzL for a t{PC1000 and 100:1 for a 1280 demodulator.
These tests are, by nature, subjective and the user is encouraged
to make his own comparative tests.

I t is the observation of HAL and HAt I s customers that HF I'lodem
performance is related to BOTH low distortion (low Bit Error
i,ate) and a high dynamic range. As shown in Figures 2.2 and 2.3,
the ST-8000 has a very wide dynamic range achieved by close
attention to receivei design practices. The depth of
high f requency dif f erential ttark,/Space f ades of ten exceeds 50 dB -

Th; noisd floor of current heterodyne-tyPe HF demodulators is -30
or -40 dBm at best, giving poor recovery of deep selective fading
signals . The -7 0 agm noise f loor of t,he ST800 0 Provides 30 to
40 dB of additional dynamic ranger Essuring improved signal
recovery. The ST-8000 therefore exhibits a low Bit Error Rate
over this very wide dynamic range.
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CHAPTER 4. I,IAINTENANCE AND REPAIR

Typical repair and trouble-shooting techniques are presented in
this Chapter. Frequent references will be made to sections of
Chapter 2 (Technical Description), Chapter 3 (Test and
Alignment), and to the diagrams in Chapter 6. A thorough study
of Chapters 2 and 3 is recommended before attempting repair of
the ST8000 HF Ir{ODEItl.

4. I ESD PRECAUTIONS

As noted earlier, the ST8000 uses CII{OS and other Electrostatic
Discharge Sensitive ( ESDS ) devices. The following precautions
must be observed when repairing the ST8000.

ADVANCED CIvIOS AND II,IOS CIRCUITRY IS USED THROUGHOUT THE STSOOO.
USE OF AN ELECTROSTATICALLY PROTECTED WORK STATION IS HIGHLY
RECO},III{ENDED I F ANY OF THE CIRCUIT BOARDS ARE REIT,IOVED FROI4 THE
STSOOO CABINET. AN ELECTROSTATIC PROTECTED WORK STATION INCLUDES
GROUNDED TABLE AND FLOOR II{ATS AS WELL AS A GROUNDED WRIST
BRACELET.

IF A CIRCUIT BOARD IS REII{OVED FOR SHIPIT{ENT TO HAL, IT SHOULD BE
PLACED IN A BLACK CONDUCTIVE PLASTIC ENVETOPE WHILE AT THE ESD
WORK STATION. THE BOARD II{AY THEN BE HANDLED FOR FURTHER
PACKAGING AT AN UNGROUNDED WORK STATION (BOX REQUIRED). F'AILURE
TO FOLLOW THESE PROCEDURES l,lAY CAUSE DAMAGE TO THE ST800 0
CIRCUITRY AND VOIDS ALL HAL WARRANTIES. UNLESS THE TECHNICIAN
HAS BOTH AN ELECTROSTATIC WORK STATION AND TRAINING IN ITS PROPER
USE, IT IS HIGHLY RECOMI',IENDED THAT TTIE ENTIRE STEOOO BE RETURNED
TO THE HAL FACTORY FOR ALL BOARD-LEVEL REPAIRS.

WHEN THE CIRCUIT BOARDS ARE MOUNTED IN THE CABINET, THE STSOOO IS
NO tt{ORE SUSCEPTIBLE TO ESD THAN OTHER ELECTRONIC EQUIPIT{ENT. IT
II{AY BE OPERATED AND TESTED WITHOUT REQUIREIT{ENT FOR AN ESD WORK
STATION. HOWEVER, THE ST8000 CABINET ANq AtL TEST EQUIPI,IENT l,lUST
HAVE THEIR CABINETS INTERCONNECTED THROUGH A COI.{},ION GROUND SYSTEII,I
(AC GROUND PLUG IS ACCEPTABLE ) . FURTHERI'{ORE, THE ADDITIONAT
PROTECTION OFFERED BY AN ESD WORK STATION IS HIGHTY RECOII{II{ENDED
FOR ALL SERVICE AND II{AINTENANCE PROCEDURES.

PARTICULAR CARE IS REQUIRED WHEN REII{OVING AND INSERTING KNOWN
ESDS DEVICES . IN THI S CASE , THE TECHNICIAN II{UST USE AN ESD WORK
STATION, WEAR THE GROUNDED WRIST BRACELET, AND USE ACCEPTED
HANDLING TECHNIQUES FOR ESDS DEVICES. IN PARTICULAR, THE
COI,IPONENTS TISTED IN TABLE 4.1 ARE RECOGNI ZED ESDS DEVICES AND
REQUIRE SPECIAL HANDLING:
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TABLE 4.1
ELECTROSTATIC SENSITIVE DEVICES

PART DESIGNATOR ( S ) SCHEIT{ATIC ASSETT{BLY

Page 97

z80A u23 6.28
27 64 u10 , ulI 6 .28
Lvt29L7 U2 5.50
4001 u50 5.15

u55 6.20
4002 u54 6.20
4011 U40 6.14

u58 6 .16
u34 6.18
u54, u55 6.20

4017 u61 6.22
4023 u48 6.16
4025 U59 6.15
4030 u39 5.14

u39 6.16
u62 6.204o4e 333,tr4s 8:il
u35 6.18
u63 6.20

4052 U51 , rJ44 6.4
4053 U14 6.6

u3 6. 50
4066 u2, U5, U6 6. 8

u2, u16 , u25 6.10
R5613 UII I U27 6.L2
R5614 U41 6.4
R5615 U42 6.4
R5516 U43 6.4
R5621 U17 5.8

u26 5.10
74HC151 U38 6;14
74HCT37 4 Ul, U18 , U22 6.30

u15, u15, u17 6.36
u19 , uz]- 5.38
u19 , v20 5.40
u59, U50 6.42
u8, u45 6.44
u7, u9, u10, UlI 6.48

8251 U37 6.32
8253 U14 6.32
8470A U35 6.32
9L2B UL2, (U13 ) 5.28

A2 ( CONTROL )
A2 (CONTROL )
A4 (Cnr 1

A1 ( I.lODEl,l )
A1 ( !,lODEIr{ )
Al ( tt{ODEI.{ )
AI ( MODEI.{ )
A1 ( I{ODEl,l )
A1 ( MODEM )
A1 ( l,tODEl,l )
AI ( I.{ODEII{ )
Al ( MODEtt{ )
AI ( !,IODEI.{ )
A1 ( MODEI.{ )
AI ( l,lODEI{ )
Al ( MODEI,{ )
A1 ( MODEtt{ )
A1 ( MODEIT{ )

A1 ( MODEIT{ )
A1 ( ['{ODEI.{ )
AI ( [{ODE!,!)
A1 (MODEM)
A4 (CRT)
A1 ( ttoDEM )
A1 ( I'{ODEM )
Al ( t{ODEl,l )
AI ( tlODE!,!)
A1 ( MODEM )
AI ( !,tODEIt{ )
A1 ( tr{ODE}t )

AI ( MODEI,{ )
AI ( I.{ODEIv1 )
A2 ( CONTROT )
A2 (CONTROL )
A2 (CONTROT )
A2 (CONTROT )
A2 (CONTROL )
A2 (CONTROT )
A3 (E.PANEL)
A2 (CONTROL )
A2 (CONTROI )
A2 (CONTROT )
A2 ( CONTROL )
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4.2 FACTORY RETURN PROCEDURES

In the event that the ST8000 must be returned to the HAL factory
for repair, the following procedures must be followed:

1. Write or phone the HAL factory (2L7-367-7373 ) and discuss the
problem with our staff. We may be able to fix some obvious
problems without returning the ST8000 to the factory.

2. If return is required, HAL will issue return authorlzation
( verbally or in wr iting ) . HAL will need the following
information before authorizing return of any equipment:

NAtt{E of firm or individual
SHIPPING ADDRESS for UPS return shipping
(NO P.O. BOX numbers, Please)

( c ) t'Iodel and ser ia1 number of unit to be returned.
(d) When and where the unit was Purchased.
(e) A brief description of the problem.
( f ) An acceptable means of payment for the repair.

(Check or Charge Card No. for individuals, check
or P.O. number for credit approved firms. )

(3) The payment policy for HAL factory repairs are as follows:

( a) The is NO charge for repairs covered under the
HAL LIII{ITED WARRANTY ( see laSt PA9C Of STSOOO

oPERAToRTS pIANUAL).

(b) If an otherwise in-warranty piece of equipment
is returned to HAL and our personnel can discover
NO problems with the unit, lhere $IILL BE a charge
for the time required to test the equipment.

( c ) Non-warranty repairs or rePairs necessitated by
non-warranty appl ications ( improper treatment,
lightning, etc. ) will be billed at the prevait ing
HAi laboi plus materials rates. Arrangements for
payment of this bill [{UST be made before the equipment
will be shiPPed to the customer -

(d) Shipping charges for shipment of the equipment to
HAL musl be piia by you, the customer. This policy
is the same ior in-warranty or non-warranty equipment.

(a)
(b)
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(e) Shipping charges for return of valid warranty repaired
equipment to the customer will be paid by HAL. This
policy is limited to shipment to addresses within
the 48 continental United States for'Brown" UPS or
equivalent shipping. Express shipping is available at
customer expense.

( f ) Shipping charges for return of non-warrant repaired
equipment to the customer are to be paid by the customer.
Shipping charges will be added to the customer I s repair
bill. Please specify the preferred method of shipment.

(g) HAt cannot give estimates of repair costs. The
true costs are not known until the repair is complete.
If requested, HAL will visually inspect the equipment
upon receipt and contact the customer if extensive
repair costs are anticipated.

4. Carefully package the ST8000 in the original carton or
equivalent. Be sure to REII{OVE the spinner knob f rom the MAIN
TUNING control on the ST8000. Do NOT return any accessories
unless you suspect that they are related to the problem. Include
INSIDE the carton a written copy of the information listed above
in item number 2. Be sure to put your or your firmrs name and
address on BOTH the internal note and on the OUTSIDE of the
shipping carton. Insure the complete Package for the fuI1
purchase price with your shipping carrier.
U.S. use UPS shipping if at all possible.

5. The factory shipping address is as follows:

HAL COII{I,{UN ICATIONS CORP .
1201 W. KENYON RD.
URBANA, rt 61801

ATTN: REPAIR DEPARTMENT 
.

DO NOT USE THE P. O. BOX NUII{BER
FOR A RETURN SHIPPING ADDRESS !

6. The time required
availability of parts and
HAL will do all in its
repaired equipment.

In the continental

for repairs var ies greatly with
current repair personnel work-Ioad.

power to assure a timelY return of
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4. 3 TEST EQUIPIvIENT

The following test instruments or their equivalents are essential
to proper test and repair of the ST8000 HF DIODEIv1:

HP400FL AC VOLTI',IETER (+30 to -80 dBm G 600 ohms
HP331I FUNCTION GENERATOR (20 to 20,000 Hz, +I0 to -30 dBm)
HP538IA FREQUENCY COUNTER (20 Hz to 10 mHz)
HP122A OSCILLOSCOPE (DC to 10 mHz)
FLUKE 77 MULTII,IETER (AC, DC VOLTS , 20 MV IO 15OO V )
FLUKE 80K-6 HV PROBE ( 6 kV AC/DC probe )
600 Ohm Step Attenuator (0 to -70 dB in I dB steps)
Source of RS232C Digital Data (DS3100 ASR Terminal)
Source of Audio RTTY Signals (Radio Receiver or Tape)
Electrostatic Work Station ( 3t'1 8031 Kit, )

4 .4 MODEII,I ASSE}IBLY I',IAINTENANCE

Repair of any electronic device requires two steps: ( 1 ) the
problem must first be isolated to a general area of the
circuitry, and then (2\ the defective part(s) must be located and
replaced. Execution of all the alignment and test instructions
in Chapter 3 will lead to a logical isolation of the problem
area. However, a careful study of the block diagram coupled with
a working knowledge of information in Chapters 2 and 3 will often
produce a more rapid isolation of the problem area. This section
presents some typical failure modes and obvious areas Lo be
checked.

4.4.L Power Supp1y

Problems in the ST8000 power supply section will generally be
quite obviousr evidenced by failure of front panel lamps, CRT
trace r or totally improper ST8000 operation. Consider the
following suggestions 3 -

(a) Check the power cord, fuse, AC power switch, and transformer
pr imary connections.

( b) Check for loose connectors and other obvious physical
problems.

(c) Refer to section 3.2 and check the voltages. A high, Iow,
or zero voltage output is indicative of a failure of the power
transf ormer , rect.if iers, f ilter capacitors, regulator IC I s r ot a
short-circuit on the power supply bus. Shorts on the +5V and +/-
8V power buses can be isolated to a given circuit board assembly
by selectively disconnecting power connectors on the ![ODEI.{ board
(AI). The appropriate connectors and cables are shown in Figures
6.52 and 6.53.
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( d ) The three-terminal regulator IC I s in the ST8000 have
internal high-current protection. In the case of a current
overload, their output voltage will reduce to a low value (1.0
volt or less) without damage to the regulator IC itself. If very
Iow output voltages are measured , first test for a current
overload BEFORE replacing the IC. However, an output voltage
more than IOt greater than the nominal value is usually
indicative of a defective regulator IC, particularly if the AC
ripple on the regulated output is the same as that on the
unregulated input to the IC.

(e) A failure of the tantalum capacitors on the unregulated
input of any of the regulator IC I s ( 1.0 uF for +5V and 0.33 uF
for +8V and -8V regulators) may cause the regulator ICrs to
oscillate. The oscillation may cause an abnormal output voltage
(Iow or high) as well as a high frequency signal superimposed on
the DC output. Some defective regulator ICrs may also oscillate,
even with a good input capacitor.
( f ) A failure of the -1400V or +135V high voltage power supplies
on the CRT assembly (A4 Figures 5 .49 and 6. 50 ) is generally
caused by failure of a filter capacitor (CI through C5), although
it may also be caused by a defective power transformer,
rectifier ( s ) , or arcing on the CRT board or socket.

4.4.2 Receive Data Filters
Refer to the block diagram of Figure 6.2 and note the flow of the
signal f rom the AUDIO INPUT j ack to the [{ARK and SPACE detectors.
I f proper tvlARK and SPACE ell ipses are shown on the CRT , the input
signal has been passed by the intermediate stages. If proper
II'IARK and SPACE ellipse are NOT observed, the following
suggestions are offered.
(a) Check that the cable between the receiver or other audio
RTTY source is properly connected and plugged into the ST8000
AUDIO INPUT jack.

(b) Check that the proper settings are madJ on option switch 51
(see section 2.2 of the ST8000 OPERATORTS MANUAL).

( c ) Refer to section 3.3.2 and perform the indicated tests.
Tracing of the signal through TPI, TP4, TP5, TP8, TP9, and TPI0
will help isolate the problem to one stage. If the signal is
traced through TP10 (both AIt{ and F!4 modes) and no X-Y ellipses
are observed on the CRT, be sure that PRINT SQUETCH and DMRSITY
are set at full CCW (counter clock-wise) positions and then skip
to sections 3.6 and 4.7 to fix the CRT assembly (A4 ) .
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(d) Failure of the signal to pass through any of the Switched
Capacitor Filters ( SCF U41 , V42 , U43 , IJLT , or V26 ) indicates
eilher lack of clock signal (TP2 f or U41 | tJ42 , and U43; TP14 f or
U17; TP18 for V26) or failure of the IC itself. If the clock
signal(s) is not found, skip to sections 3.4 and 4.5 to fix the
appropr iate synthesizer on the CONTROL assembly (A2 ) .
Raplacement of U41 | tJ42t or U44 does not require re-alignment,
bul it is desirable to re-check the filter bandwidths as
explained in section 3.3.2. Replacement of any component in the
lvtARK or SPACE f ilter s requires real ignment as descr ibed in
section 3. 3.4.

( e ) Problems in the LII4ITER stage ( U31 ) are generally related
to a failure of U31 | a type 709 operational amplifier. If U31 is
replaced, the LIItIITER must be re-aligned (section 3.3.3).

(f) AGC amplifier problems are generally related to U30 or U22l
type MC334O IC's. In particular, a defective U30 device may
pioduce 1ow-frequency oscillation of the AGC-regulated output at
Tp9. If U30 or U22 are replaced, the AGC amplifier must be re-
aligned and calibrated (section 3.3.3).

(g) Receive a valid RTTY signal (2L25/2975, 50-100 baud) and
observe the crossed etlipses on the CRT while changing the rNPUT
BAUD setting from a 1ow to a high data rate. The ellipses should
gradually become wider at the higher data rates, increasing in
imal1 inlrements. Lack of change in the ellipse size or drastic
changes are indicative of either a problem in the O selection
circuits (1J2, U5, and U6 f or l,/tARK at TP45; lJZ, U16 and V25 f or
SpACE at TP41 ) or in the control signals from the CONTROL board
(A2). Replacement of any component in the MARK or SPACE filters
[6.8 to 5:10] requires complete re-alignment and calibration of
the affected filter ( section 3.3.4 ) .

4.4.3 Receive Data Processing

A f ailure of the tests descr ibed in *sections 3. 3. 7 will generally
be related to a defective IC (Figure 6.L2) or to lack of the LP

FILTER clock signal at TP50. If any of these ICrs are replaced,
the alignment procedures of section 3.3.7 must be repeated-
Refer to sections 3.4 and 4.5 if a clock signal is not observed
at TP50.

Performance of the tests described in section 3.3.8 will isolate
any detector problems to the affected stage. Any of the ICrs
shown in Figure 6.14 may be replaced without realignment. If the
pRINT SqUEiCH circuit fails, be sure to check that the control
voltage from the front panel control is actually Present at U29 |
pin 6.
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t'lany control signals interact in the Rx DATA coNTRoL circuitry
shown in Figure 6.15. Fol1ow the tests of section 3. 3.9 and notecarefully the point at which proper signal flow ceases. Faultsin these circuits will be due to either a failure of an IC shownin the diagram or failure of a signal from another circuit (Drv,
SQAT €tc.). Correct signal polarities are shown on Figure O.16to assist to tracing data and control signals. No re-itignmentis required for. replacement of any parts shown in Figure 6.16.Because of their direct connection to a potentially-,'hostiIe"
outside environment through the TERIr{INAL DATA connector (J9 ) , theICrs on tl,u right-hand side of Figure 6.16 should be givencareful evaluation. This is especially important if Iightning orpower-line transients are suspected to be the cause of in 516000failure.
4.4.4 Diversity Circuitry
Refer to section 3.3.10 and perform the tests indicated. Be SUREthat jumper JPl is installed. The diversity circuit wi1l NOT
work without this jumper in place! Failure of the non-diversity
mode of operation may be due to a defect in U46b, U45b, U53b;U47a, U53f, U35t tJ34, or C100 (see Figure 6.18). Failure of thedlY"rsity mode of operation may be caused by a def ect in tJ46a,
u45a, u47a, u53a, u53f, u35, u34 cTzr ot c13 (see Figure 6.19):Failure of BOIH modes may be caused by lack of a jumper at JpI ora failure in stages U36 , tJ47 , U53 r oE U34. No- relalignment is
necessary when components of the diversity stage are replaced.

4.4.5 TXD Control

Failures associated with transmit data (TXD ) input are most
1ikely associated with failures of transistors Q5 or e5 due to
application of improper input voltages or transients. Also,
check that JP3 is NOT installed (not used for normal operation)
and that pulses pass through the REGEN circuit on the CONTROL
assembly (A1 ) .

Check to see that the TxD pulses are observed-at Tp27. If not,
check the setting of option switches S3-1, S3-2 and S3-3. OnIy
ONE of these switches should be ON at a time (S3-1 = ON i;
normal ) . Review section 2.3 of the ST8000 OPERATOR t S DTANUAL f oroption choices. If TxD pulses are stil1 not observed at Tp27,
TC62 may be defective.

Observe the FSK output pulses at J9-11. Be sure that either S4-3or S4-4 are ON (NOT both) and that S4-1 or S4-2 is ON (NOT both).Failure of this output is probably due to failure of transistor
Q'7 . Review switch settiirg instiuctions in section 2.3 of the
ST80 0 0 OPERATOR I S IvIANUAL f or proper option swi tch settings .
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4.4.6 AFSK Generator

The AFSK generator (Figure 6.2L) synthesizes a sine wave from a
signal provided by the synthesizer on the CONTROT assembly (A2 ) .
Perform the tests described in section 3.3.5 and note deviations
from the specified values. Be SURE that the front panel
TX/KOS /XX switch is in the TX position. Also, recheck the
settings of option switch 32 as described in section 2.3 of the
ST8000 OPERATOR'S MANUAI. In particular, switches S2-2 and S2-3
must not both be ON and switch S2-5 should be OFF when AFSK
output is tested. If S2-5 is ON (FSK outPut), BOTH S2-2 and S2'3
must be OFF and S2-4 ON. Lack of AFSK output may be caused by
def ective components U51 | tJ65 | T2, or by no input AFSK signal at
Tp26 from the CONTROL assembly (A2 ) . No output may also be
caused by incorrect setting of the AFSK LEVEL control (R295) or
by improper settings of options switch 52. Replacement of
components in the AFSK section (Figure 6.36) does not require re-
alignment although you may wish to re-set the AFSK LEVEL control
(R295) to the desired leveI.

4 . 4 .'7 Tr ansmi tter PTT Control

Refer to section 3.3. 11 and perform the indicated tests. Failure
of the TX/RX switching circuitry is most probably due to a

defective PTT relay (KYI) or to a failure of stage U56b (no front
panel TX/RX control) or to stage U54b (no switch, KOS or RTS

control). Failure of the KOS circuit is probably due to improper
setting of control R226 (KOS delay), but may also be due to a
failure in stages U63, U56a, and U64a. AIso, check capacitors
C140 and C106 in case of KOS circuit failure.

4 .5 CONTROL ASSE!,IBLY }4AINTENANCE

The ST-8000 control board is a microprocessor based controller
for the HF modem board and the front panel. Since most of the
front panel displays and switches are under the direct control of
this piocessor, many failures on the control board will result in
readiiy apparent op"rational probiems. - I t is important to
analyze tha- f ailure Lfraracter istics bef ore attempting to isolate
the lrobIem. Spending additional time examining the problem will
hasten unit repair.

Generally, the control assembly problems faII in one of two
classes: component failure or hardware interconnection failure.
This section will deal with both areas. Since there are no analog
adjustments on the control board, it is not possible for any
circuit to falI out of alignment. As is the nature of digital
circuits, the control board should provide trouble free operation
for the lifetime of the product.

In this section, only the control assembly is consideredi see
Section 4.6 for a discussion of front panel problems.
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4. 5.1 Component Failure

Component failure where a component is destroyed ful1y or
partially may be due to natural aging and heat, line voltage
transients, static discharger or vibration. CIearIy 1 d. destroyed
component may cause operational problems. However, not all
failures are necessarily due to a component failing, it may
simply cease to function properly in the circuit. Usua11y, the
later problem is caused by the unintentional bending under of a
pin on an integrated circuit when it is installed. During all
the production tests and burn-in, the unit per forms to
specifications, but over a period of time; vibration or
temperature cycling may cause the bent pin to puII away from the
socket connection. When attempting to isolate board failures,
examine suspect integrated circuits for bent pins.

The control board is des igned with LS , HCT , and NFIOS components .
All of these parts are relatively immune to normal power supply
variations and handling, however when removing any circuit from
the control board, be certain that you are well grounded to avoid
introducing a static discharge on the board. Since all of the
integrated circuits are socket mounted, replacement is straight
forward. A11 HCT components should be replaced with HCT not tS
to avoid internal bus loading problems.

4.5. 1.1 Clock/Reset Failures

Since the control board is microprocessor based 1 d. crystal
oscillator operating at 4.9L52 tlllz is provided to control both
the microprocessor and the synthesizer clocks. Without this
oscillator, shown in Figure 6.34, the entire ST-8000 will appear
to be dead, the front panel flashing colons will not be
functioning, and one or more display digits will be OFF.

To test the clock, measure the clock freguency at U66-8 and
conf irm that it is near 4.9L52 trlHz. Either the crystal or U66
may have failed if this clock is not present.

If the crystal is oscillating, measure the frlqueney at U58-5 and
confirm that it is near 2.4576 ttlHz. If this clock is present,
but the unit is not working, the microprocessor U23 may have
failed. If the clock is not present, replace U68.

The ST-8000 uses a Sanity Timer/Reset circuit to reset the unit
should a glitch cause the microprocessor to be confused. The
sanity timer/reset circuit, shown in Figure 6.30, is composed of
a astable multivibrator, U69, and a decade counter, U70. If the
ST-8000 does not operater use a logic probe or oscilloscope to
measure the level at U41-1. This point should be LOW or 0 or
should be oscillating very slowly. When the processor is running
properly, this output will be LOW at all times except when the
power is first turned ON.
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If U69 fails, the processor will never leave the reset condition.
Whenever po$rer is appl ied, there should be square wave on U69-3
with a very long period. In normal operation, U70-2 should be
LOW to allow the counter to operate. If U71 or C26 has failed
the counter will not be able to function. In addition, if the
counter itself fails, the unit may stay in the reset state or
continually show the reset front panel display. Replacing U70
may fix the problem.

4.5.L.2 Synthesizer Failure

A11 of the SCF filters on the modem board are controlled by
clocks generated in the control assembly. Problems in this area
are characterized by filters failing to function or failing to be
on the correct frequency. All of the synthesizers use the
microprocessor crystal clock as a time base, thus if the
processor is working, that oscillator is working.

Two clock frequencies are connected to the synthesizersr ES shown
in Figure 6.34. The transmit tone synthesizer uses a 819 ,200 Hz
clock but all the other syntheslzers use a 4091600 Hz reference.
Both of these clocks must be present for the synthesizers to
function properly.

The testing of the individual synthe slzers is descr ibed in
Section 3.4 under the control assembly tests. Without going into
that detail again, there are several simple tests that may be
per formed.

If you connect a frequency counter to U54-6, the transmit tone
output, and set the f ront panel to change the tt{ARK tone, You
directly control Lhis oscillator. Increasing the tt{ARK tone will
produce a higher frequency at this output and it will always be
10 times the f ront panel II{ARK tone setting. The other
oscillators may be checked in the same manner. In no case should
an increasing frequency cause the synthesizer frequency to go
down or jump drastically. Typical-problems in the synthesizers
involve failures with the input latchesr - full adders, or output
latches. After checking for bent pins, the suspect part may be
exchanged with a known good part and the test performed again.

Note that the synthesizer should be tested before the SCF on the
modem board is tested. The SCF filter will not function without
the synthesizer clock input.

4.5.1.3 Other Components

Other component failures may be more difficult to locate. If one
of the latched bits fails, that function may not perform as
expected. The simpliest way to deal with these latches is to
replace the suspect component and determine whether the problem
has been fixed.
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4.5.2 Interconnection Problems

A number of problems may be caused by incorrect re-installation
of flat ribbon jumper cables after they have been removed for
testing. Front panel difficulties result if the jumper cable is
not correctly - installed on the headers at both ends.
Unpredictable results occur when the cable to the modem is not
correctly installed.

Before looking deeper into any functional problem, confirm that
all of the flat ribbon cables are correctly installed and are not
frayed or other wise damaged. In additionr coofirm that the
power connection on the left front of the control board is
Lorrectly installed. Loose connectors or damaged cables may
cause operational problems.

4 .6 FRONT PANEL II{AINTENANCE

Front panel circuit board failures will generally faI1 into one
of foui areas 3 display failure, switch failure, integrated
circuit failure, or mechanical connection failure. Observing the
failure symptoms will speed repair.

4.6. I Display Failure

The front panel of the ST-8000 has three 4-digit LED display
devices and- I discrete LED' s. The first indication that there
may be a discrete LED failure is when an indicator does not turn
ON when it should or when it used to turn ON. For example, a

f ailure in either the !,IARK or SPACE tED is apparent when a val id
RTTY signal is being received yet only one of the LEDrs is
flashing. ff LOS fails to light when no signal is present and
the unit print squelch is activated, the LED indicator may be
bad.

Replacing the individual LED's requires disassembly of the front
panel to gain access to the f ront panel i-ndicators. Irflhen
-replac ing tfie indicator , be cer tain to ad j usL the lead length to
tha ciriuit board so that the LED fits close to the front panel
face p1ate.

The ST-8000 MARK, SPACE, and BAUD RATE displays are multiplexed
such that one digit in each display is active at any given
moment. The most common failure here may be a single digit
segment going bad and remaining OFF always. If segments in only
one digit on the front panel are bad, that 4-digit, display
package must be replaced. If the same segment is off in all four
aigit; in one display window, Lhe segment driver circuitry for
tfrit segment may be bad and it must be replaced: I f the same
digit i; always Off or always ON in all three display windows,
there may have been a failure in the common cathode driver
transistois. If the same digit is always OFF, the corresponding
transistor may be an open circuit. If, however, the driver has
shorted, thal display digit will appear to be the sum of all the
active segments in the other three displays.
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The 4-digit displays are mounted in sockets on the front panel
display card. To replace a display, the front panel circuit
board must be removed from the front panel to gain access to the
front of the printed circuit board. When installing the new
display device, remember to adjust the height of the device so
that it matches the height, of the other two front panel displays.

4.6 .2 Front Pane1 Switches

The ST-8000 uses toggle, push button, and rotary switches on the
front panel. For the most, switch failures will be mechanical
and not due to failures in the buffer devices. With the toggle
switches, a failure is indicated when operating the switch does
not result in the expected change or when the toggle handle feels
loose or sloppy. The single push button switch failure is
suggested when pressing the button to store setup parameters does
not cause the front panel display to momentarily flash. To
replace- the toggle switches or push button switch, the front
panel circuit board must be removed to gain access to the front
of the circuit board. The switches are soldered to the board, so
the existing defective switch must be removed so that another may
be installed. Note that the front panel mounting depends on all
of the switches being the correct length and in the correct
mounting position so that they fit easily through the
corresponding holes in the front panel faceplace.

The rotary switches control many operational functions on the
front paneI. A switch failure is generally indicated when one or
more switch positions fail to work as expected or when the switch
operation itself seems to feel sloppy compared to the other front
panel switches. To replace the front panel rotary switches, the
front panel circuit board must be removed to gain access to the
front of the board. A11 pins on the existing switch must be
unsoldered before removing the o1d switch. When installing the
new switch, carefully note the switch orientation and be certain
Lhat the switch stop is in the same place on the new switch.

4.6.3 Front Panel Integrated Circuits -

There is always the possibility that a latch or display digit
driver on the front panel wilL faiI. While it is difficult to
predict the symptoms of such a failure, observing what does and
does not work will help isolate the problem.

If several of the switches fail to work, but others do function,
the problem might be the buffer device connected to the switches.
Since the front panel uses sockets, substituting another device
for the suspect buffer is the simplest repair technique. If some
or all of the display digits fail, test segment driver circuits
and the common cathode transistor driver circuits. An
oscilloscope may prove valuable in locating this type of failure.

4 .6 .4 Ivlechanical Failure
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The front panel is connected to the modem board and the control
board with flat ribbon jumper cables. If no LEDrs on the front
panel light, check the power connection to the front panel near
the softpot. If this connector is not correctly installed r or
has been removed, none of the front panel LED!s are powered. If
the three display windows function correctly, but the individual
LED indicators are not lit, check the modem board connection
cabIe. Be certain that the cable is installed correctly on both
the modem board header and the front panel header. If the
individual LEDrs seem to be working but the digits are not, check
the cable to the control board for proper connection at both
ends. If this cable is not correctly installed, the front panel
displays and switches will exhibit, operational problems.

A failure of the tuning knob may be either a component failure or
a loose cab1e. If the tuning knob does not seem to work, first
be certain that the ST-8000 is not in the fixed TXIRX mode since
the tuning knob is locked out in that mode. Next, check the
cable between the softpot on the front panel and the display
board. If this cable is loose t ot incorrectly installed, the
tuning may be erratic.

4.7 CRT ASSEII{BLY II{AINTENANCE

Section 3.6 of this manual gives step-by-step alignment and test
procedures for the CRT assembly (A4 ) . Follow these steps to
isolate CRT problems.

***** CAUTION *****

POTENTIALLY LETHAL VOLTAGES ARE PRESENT ON THE CRT CIRCUIT BOARD
AND CRT SOCKET. USE EXTREIT{E CARE TO AVOID ELECTRICAL SHOCK OR
ACCIDENTAT CONNECTION OF A HIGH VOLTAGE POINT TO OTHER STSOOO
CIRCUITRY.

4 .'7 . L CRT Replacement

Since the CRT itself is a vacuum-tube, it is by nature fragile
and has a limited life time. The automatic trace ON/OFF control
will prolong tube lifetime, but replacement may be necessary
after several years of continuous service. Before replacing the
CRT, be sure that all voltages and other alignment instructions
match those shown in E'igure 6. 50 and discussed in section 3.6.
Symptoms of a defective CRT are:

(a) Open CRT filament (no trace and no continuity between pins 1
and 2 of the CRT with the socket removed ) . TURN OFF POWER AND
GROUND HIGH VOLTAGES BEFORE DISCONNECTING THE CRT SOCKET.
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(b) Burned screen phosphor. This will be noticeable as lines or
dark areas on the CRT facer ev€D when the ST8000 is turned OFF.
Some amount of phosphor deterioration is normal as the CRT ages
and the CRT will provide useful tuning indications long after the
first phosphor burn is noticed.
( c ) Inability to focus at higher intensity settings. The
intensity of the CRT trace fades as the tube ages. It is normal
for both focus and intensity adjustments to change over the life
of the tube. At the time when satisfactory focus can not be
achieved at the desired intensity, Lhe CRT must be replaced.
NOTE: defects in the high voltage power supply may also cause
these symptoms. Be sure that the voltages on the CRT socket are
correct BEFORE replacing the CRT.

( d ) t*Iechanical damage to the CRT. The tube has a blown glass
envelope and is therefore susceptible to cracks or breakage due
to mechanical or thermal stress. Be particularly careful when
removing or installing the CRT socket as stress on the tube pins
may crack the glass-to-metal seals. The ST8000 CRT is shock-
mounted in its magnetic shield and therefore should not be
damaged in the course of normal handling of the ST8000. However,
sudden shocks such as dropping the ST8000 should definitely be
avo ided .

The following steps should be followed EXACTLY when replacing the
Cathode Ray Tube (CRT). Use extreme care when handling the
fragile tube to avoid cuts.
(a) Disconnect ALL cables from the ST8000.

(b) Wait 5 minutes to be sure that ALL power supply voltages
have decayed to zero voIts. Confirm this fact by measuring the
1400V and +I35V test points (see Figure 3.1). Connect a ground
clip to both the -1400V and +135V test points.
(c) Remove the top and bottom covers of the ST8000 cabinet (L2
4-40 screws on each cover ) .

(d) Remove the rack mounting adapter on the LEFT side of
ST8000 cabinet, if installed (2 10-32 screws).

(e) Remove the left side of the ST8000 cabinet itself (4
screws ) .

( f ) Unp1ug the socket from the rear of the Cathode Ray
Use extreme care to avoid bending the pins or breaking the
glass envelope.

(g) Unplug the TRACE ROT connector (J3) from the CRT
boa rd .

the

6-32

Tube.
CRT

86 0 510

circuit
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(h) Remove the CRT and its shield from the ST8000 front panel (3
6-32 nuts). The front face of the face may have attached itself
to the ST8000 front panel surface. GENTLY pull the CRT away from
the polycarbonate panel surface.

( i ) Press the CRT out of the shield assembly by applying GENTLE
pressure against the rear of the tube. Use care to avoid bending
the pins or breaking the CRT envelope.

( j ) Set the defective CRT aside in a protected location so that
it, will not be accidentally broken. The defective tube may be
discarded at your convenience. NOTE: There is NO trade- in
allowance for small CRT devices and please do NOT return the
defective CRT to HAL unless specifically requested to do so.

( k ) Locate the replacement CRT and note the gap in the pin
circle. This gap must face UP when the CRT and shield are
installed in the cabinet. Also note that the TRACE ROT lead must
be on the RIGHT side of the shield when installed. Orient the
CRT and shield correctly and GENTLY press the tube into the
shield. Be very careful to avoid breaking the tube or catching
(and breaking) the fine wires of the TRACE ROT coil with the CRT
pins. The face of the CRT should extend approximately L/L6"
beyond the front edge of the shield.
( I ) Fasten the CRT and shield assembly to the ST8000 front panel
( 3 6-32 nuts ) . Check that the gap in the tube pin circle is UP
and that the TRACE ROT connector is on the RIGHT side of the
shield. Correct the orientation if necessary before proceeding.

(m) GENTLY press on the rear of the CRT until the face is flush
with the front panel viewing area ( sense front panel with
f ingers ) .

(n) Reconnect the TRACE ROT connector to the CRT circuit board.
Either polarity may be used as this will be set when re-aligning
the CRT controls.
(o) Reconnect the CRT socket. Use EXTREIvIE "it" to avoid bending
the tube pins or breaking the glass-to-metal seals

(p) Fasten the side panel to the ST8000 cabinet (4 6'32
screws). Either orientation of the side panel may be used.

the bottom cover on the ST8000 cabinet (LZ 4-40( q ) Fasten
screws ) .

( r ) Remove
points.

( s ) Refer
normal for
tube. This
3.6.2. The
changed, but
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the ground clips from the -L400V and +135V test

to section 3.6 and re-align the CRT assembly. It is
all adjustments to be slightly different for each
is particularly true for all adjustments in section
Spectra-Tune adjustments ( 3.6.3 ) have probably not

should be checked as weIl.
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(t) Fasten the rack mounting adapter to the left side of
ST8000 cabinet, if desired (2 10-32 screws).

the

( u ) Fasten the top cover on the ST8000 cabinet (L2 4-40 screws ) .

4.7 .2 Other CRT Repairs

Problems other than a defective CRT will generally be due tofailures of a high-voltage component or of an integiated circuit.A11 integrated circuits are installed in sockets and may
therefore be replaced without removal of the CRT circuit board
from the cabinet. Note, however, that ICts U3 and U4 are under
the CRT shield. Follow steps (a) through (h) of section 4.7.\ to
remove the cRT and shield to gain access to u3 and u4.

If other components must be changed, the CRT circuit board mustbe removed. Follow steps (a) through (h) of section 4.'l .L,disconnect plugs f rom Jl ( transformer ) and J2 ( cable to MoDEI,l
assembly), and then remove the four screws at the corners of theCRT board. When resolder ing any high-voltage component(capacitors, diodes, etc) be very careful to make very imooth
solder joints that do not have sharp protrusions that might
become corona discharge points. Be sure to make fuII use of iffof the test points shown in Figures 6.49 and 6.50 to isolate the
problem BEFORE removing the circuit board.

In any failure in which the CRT intensity, focus, or trace
distortion is noted, always first check the high voltage power
supplies first. As with the CRT itself, high - voltage
electrolytic capacitors have a limited lifetime. A lower thinnormal high voltage magnitude may be caused by (1) bad filter
capacitors (Cf through C6 ) or (2\ high current drain ( short to
ground or defective Q4, Q5, Q6 , or Q7 ) . zero output volts from
either high voltage supply may be caused by the above or by afailure of the transformer windings or in tfre rectifier diodes(Dl through D5). <

Distorted CRT traces ( ellipses in particufar ) is generally caused
by problems in the +I35V supply or in the deflection amplifier
circuits (U3, Q3 through Q8, and associated components ) .Improper or missing Spectra-Tune output is caused by either mis-
adjustment of R32 or by failures of UI, u2, or U4 and the
associated circuitry. Be sure to check TP5 and confirm that thetrace switching signal is indeed present before assuming furtherproblems with the Spectra-Tune circuit. Lack of Cnt ON/OFF
control may be caused by either a failure of Ql or lack of acontrol s ignal f rom the MODEIT{ assembly via J2-11 .
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CHAPTER 5. PARTS LISTS

The following pages llst the parts used in the ST8000, organized by
assemblies. When appropriate, acceptable commercial part number
equivalents are specified. However, some components are custom to HAL
Communications and the ST8000 HF MODEM. These parts must be obtained
frorn the HAL faetory. A cross-reference of the listed FSCM (Federal
Supp1y Code for Manufacturers) is given at the end of this chapter. The
following is a list of the assemblies used in the ST8000. Separate
parts lists for each assembly folIow on subsequent pages.

PARTS LIST PLOSOOO

10 JUNE 1986

HAL COMMUNICATIONS CORP.
URBANA, ILLINOIS
FSCM N0. 63256

REV DATE 86O31O
REV NO. 1A
PAGE 1 of 26

5.1 STBOOO HF MoDEM P/N 900-08000

ASSEMBLIES PARTS LIST

REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION

A1
A2
A3
A4
A5
A6

A5-REG
A5-W1
A5-W2
A5-W3
A5-W4
A5-W5

A5-W6, A5-W7
A5-W8
A5-Wg
A5-W10

SPARE PARTS KIT

63256 C1112
63256 C1112
63256 C1112
63256 C1112
63256 Cl112
63256

63256 A1578
63256 A1 578
63256 A1578
63256 A1 578
63256 A1578
63256 A1578
63256 A1578
63256 A1578
63256 A1578
63356 A1578

63256

934-08000
932-08000
920-08000
91 5-oBooo
91 0-08000
970-08000

960:o830B
960-08302
960-o8303
960-08304
960-08305
g60-08305
960-08306
g60-o83o7
g6o-08309
960-0831 0

980-08001

1

1

1

1

1

1

MODEM Assembly
CONTROL Assembly
FRONT PANEL Asbly
CRT Assembly
Cabinet Assembly
STB000 Accessories

5V Regulator Asbly
A1 bo A3 Power Cab1e
A1 to AZ Power Cable
A3 to SOFTPOT Cable
A1 to A3 Data Cable
AZ to A3 Data Cab1e
A1 to A2 Data Cab1e
A2 to JTa Data Cable
A1 to J1la Data Cble
A1 to A4 Data Cab1e

Spare Parts Kit

1

1

1

1

1

1

2
1

1

1

86061 0
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5.2 MoDEM ASSEMBLY A1 p/N 934-08000

REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION

Page 115

A 1CB 1 63256 D1093 050-11930 MODEM Circuit Board

C 1 ' C2, c3, C5, 55 04222 1 1 1 -1 O45O 0, 1uF/50V Mono-
c6, cg, c1o, c11,
c28, Czg, C33,
c34, C35, C36,
c37, C3g, C40,
c42, c43, C44,
c\T, c4g, c52,
c53, C56, C5T ,
c5g, c6g, c7o,
cT5 , C78, CTg,
cg4, cg5, cgg,
c90, cgl , cg7,
cg3, cg4, cg5,
c96, cgT, c109,
c110, c113, C114,
c116, C117, C119,
c121, C139, C165,
c166, c16T

lythic Capacitor

C4, C31 , c74, 4 1 5450 1 1 o-1 2211 o. oo1 2uF Ceramic
c1 30 Capacitor

C7, C27, C76 3 15450 , 110-33ttt 330 pF Ceramic

cg, c65

Capacitor

2 56289 1 1 0-5021 1 0.005uF Ceramlc
Capac ibor

C12, Cl 3, C1 4, Z0 56289 1 60-01 035 1uF/35y Tantalum
c17 , C23, C25,
c26, c30, c32,
c61 , c62, c63 ,
c64, c67, c6B,
c71, CB1, Cg2,
c101 , c102

c15, C24

c16, c22

c1 B, Cgg

Capacitor

2 15450 110-56201 0.0056uF Ceramic
Capacitor

2 15450 1 10-1 5211 0.0015uF Ceramic
Capacitor

2 74840 152-10135 100uF/35V Electro-
lytic Capaeitor

c19, c20, c100, 4 74840 152-10035 10uF/35v Electro-
c 106

86061 0
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REFERENCE NO. QUAN FSCM D}IG NO PART NO DESCRIPTION
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c21, c6o, c72,
c73, C104

c38, c5o, c54,
c66, C83, C87,
cg8, c99, C1 1 1 ,
c112, C119, C125,
c126, C127, C128,
c12g, c1 31 , C132,
c133, C134, C135,
c136, C137, C138,
cl42, C143, C144,
c145, C146, C147,
c148, C149, C150,
c151 , C152, C153 ,
c154, c155, C156,
c157, C158, C164

c41, C45, C49

c46

c51, cB6, C14o

c55, c10g

c5B

c77

c8o, c141

c103, c120

c105, c162, C163

c 107

c115

42

74840

56289

56289

56289

74840

1 5450

1 5450

56289

56289

56289

56289

56289

1 5450

152-22035

1 1 0-1 A211

ztuF /35V El ectro-
Iytic Capacitor

0. 001uF/ 1kV Ceramic
Capacitor

110-22111

151-tt7 916

152-22950

110-68111

110-18111

1 10--0301 1-

1 1 0-4701 1

1 60-47835

1 60-33835

1 1 0-50350

110-25111

220pF Ceramie
Capacitor

4.7uFl16V Tantalurn
Capacitor

z.A)F /50Y Electro-
lytic Capacitor

680pF Ceramic
Capacitor

180pF Ceramic
Capacltor

3pF Ceramic
Capacitor

47pF Ceramic
Capacitor

0.47uF/35V Tantalurn
Capacitor

0.33uF/35V Tantalum
Capacitor

0.05uF Ceramie
Capacitor

250pF Ceramic
Capacitor
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REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION
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c122, C123, C124

c159, c160

c1 61

Dl, D2, D3, D4,
D5, D6, D7, Dg,
Dg, D10, D12,
D14, D15, D16,
D1 I, D1 g, D20,
D21, D22, D23,
D24, D25, D26,
D2T, DzB, D3o,
D31, D32, D33,
D34, D35, D3g,
D40, D41, D42,
D43, D44, D45,
D46, D47, D4B
D49, D50, D51,
D52, D53, D54,
D61 , D62, D64,
D65, D66, D6T,
D68, D6g, D70,
D71, DTZ

D11, D13, D36,
D37, D61

D38, D57, D5g,
D5g, D60, D63

D55, D56

J1, J2, J3, J6

J4

J5, JT

JB

58

56289

74840

74840

1 4433

1 4433

0471 3

0471 3

007T g

06383

06383

06383

130-272O1

1 51 -1 A225

1 51 -47225

61 5-041 48

0.0027uF Mylar
Capacitor

1000uF/25V Electro-
lyt,ie Capacitor

4T00uF/25Y Electro-
lytic Capacitor

1N4148 Silicon
Signa1 Diode

61 8-04733

61 5-04005

-
61 5-031 05

332-20000

327-04001

330-06000

330-03OOO

1N4733 5.1V Zener
Diode

1N4005 1A, 500 PrV
Rectifier Diode

33105 3A, 50 PrV
Rectifier Diode

2x10x0.1 Straight
Header Connector

1 x4x0. 1 Right Angle
Connector

1x6x0.156 Right
Ang1e Conneetor

1x3x0.156 Right
Angle Connector
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REFERENCE NO.

MODEM ASSEMBLY A1

QUAN FSCM DUG NO PART NO DESCRIPTION
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J9

J10

J11

J12

JP1, JP3, JP4

JP2

KY1

Q1, Q2, Q4,
Q5, Q6

Q3, a7

Q8

R1

R2, Rg8, R101, 16
R108, R145, R161,
R1 62, R206, R2o7 ,
R214, R239, R266,
R272, R274, R281,
R28B

R3, R4, R6, R33, 27
R36, R47A, R60, R66,
R67, R84, R135,
R157, R163, R176,
R1g1 , R1BB, R1gg,
R193, R194, R197,
R198, R238, R241,
R244A, R247, R262,
R246

1 59422

1 59422

1 06383

83289

00779

0077 9

94696

0471 3

0471 3

0471 3

57668

57668

57668

332-030oo

751 -01 91 1

62143395

62140521

6214651 8

51 0-33020

51 0-1 0030

333-1 0256 DB25S Right Angle
Shielded Connector

333-10095 DE95 Right Angle
Shielded Connector

327-o4ooo'llXl;Jr::"'ighb

310-04e12 t:"}[tu sLereo

332-o1ooo'l3Xl;Jr::""ieht

1

5

1 x3x0. 1 Straight
Connector

SPST 5V DIP RELAY

MPS3395 NPN Small
Signal Transistor

l4JE521 NPN Power
Transi stor

MPS651 B PNP Small
Signal Transistor

33K, 1 / [Vt, 5% R25X
FiIm Resistor

1 00K, 1 / UW, 5% R25X
Film Resistor

510-47010 4.7K, 1/4W, 5% R25X
Film Resistor
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REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION
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R1 80

R5, R7, Rg, R1 6,
R17, R32, R47,
R57, R75, Rl09,
R144, R149, R153,
R158, R159, R160,
R187, R190, R1gg,
R200, R203, R209,
R209, R210, R213,
R215, R21 6, R217 ,
R218, R229, R229,
R232, R235, R240,
R279, R292, R293,
R285, R2g6

Rg, R10, R11,
R12, R22, R23,
R24, R27 , Rzg,
R34, R35, R70,
R73, R74, Rg1,
Rgz, Rg3, Rg7,
R100, R105, R107,
R110, R112, R114,
R115, R118, R133,
R134, R151, R152,
R169, R170, R171 ,
R174, R1Tg, R193,
R185, R196, R191,
R192, R196, R249,
R250, R251, R254,
R254A, R257, R259,
R263

R13, Rg4, Rg5,
R1 65

R14, R15, R21 1

R1 8, R1 g, R30,
R3t

39

57668

57 668

57668

8003 1

57668

80031

51 0-1 501 0

51 0-1 0020

1 . 5K, 1 / 4W, 5% R25X
Film Resistor

1 0K, 1 / 4W, 5r R25X
Film Resistor

49 51 0-1 0000

sts-llzzo

51 0-3301 0

515-24920

1 00 Ohm, 1/4W, 5%

R25X Film Resistor

33.X, 1/4W, 1%

RN55 Resistor

3.3K, 1/4W, 51 R25X
Film Resistor

24.9K, 1/4W, 1%

RN55 Resistor
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REFERENCE NO.

MODEM ASSEMBLY A 1

QUAN FSCM D}TG NO PART NO DESCRIPTION
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R20, R25, R2B, 21
R37, R6g, R7T,
R87, R8g, R117,
R120, R122, R136,
R150, R156, R167,
R172, R173, R212,
R255, R259, Rzgo

R21, R38, R76, 7
R113, R137, R168,
R260

R26, R71 , R72, 7
R149, R154, R155
R253

R3a, R42, R147, 4
R293

R3g, R13B 2

R4o, R45, R46, 12
R62, R116, R139,
R140, R177, R1 84,
R221 , R224, R227

R41, R164, R201, B

R202, R204, R205,
R219, R222

R43, R44, R58, 11

R5g, R64, R1 66,
R233 , R242, R244,
R245, R2g7

R4B, R4g, R50, g

R51, R55, R56,
R 1 41 , R1 42, R22A

R52, R99, R1 1 1 3

R53, R261

R61, R146, R223, 4

R2BO

57668

57668

57668

57668

57668

57668

57668

57668

57668

57668

57668

5T 668

5 1 0-47000

5 1 0-5 6020

51 0-1 001 0

510-47020 ulfi,'#k"f3"*'u*

51 0-24020 24K, 1/4W, 5% R25X
Film Resistor

2oK, 1 /4W, 5% R25X
Film Resistor

470ohm, 1/4W, 5%

R25X Film Resistor

56K, 1/4W, 5% R25X
Film Resistor

1K, 1 / [Vl, 5% R25K
FlIm Resisbor

51 0-20020

5 1 0-1 0040 1 meg, 1/4W, 5%

Film Resistor

2. ?N , 1/4W , 5% R25X
Film Resistor

51 0-2201 0

51 0-22020

5 1 0-7501 0

51 0-1 1 020

51 0-22030

22K, 1/4W, sfi R25X
Film Resistor

7.5K, 1/4W, 5% R25X
Film Resistor

1 1K, 1 / 4W, 5% R25X
Film Resistor

220K, 1 / 4W , 5fi R2 5X
Film Resistor
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REFERENCE N0. QUAN FSCM Dl,lG NO PART N0 DESCRI PTION

R63, R85, R86, 5 80294 563-05020 5K, 1 /2W Horizontal
R123, R124 Trim PotenLiometer

R65' R68, R182 3 80294 563-01030 10K' 1/2W Horiz.
Trim Pobentiometer

R78, R79, R129, 6 57668 510-04700 47ohm, 1/4Y1, 5%

R130, R175, RlgS R25X Film Resistor

RBo, R81, RBz, 8 80031 515-10030 100K, 1/4W, 1%

R83, R125, R126, RN55 Reslstor
R127, R1 2g

RBB, R90, R119, 4 57668 510-1 2020 1?j(, 1/41il, 5r R25X
R1 21 Fl1m Resistor

Rg0 1 57668 510-68000 680ohm,1/4W,5%
R25X Film Resistor

R102, R131, Rt 3Z 3 8029q 563-05010 500ohm , 1/2W, Horiz
Trim Potentiometer

R1 03 1 80294 563-02530 25K, 1 /2w, Horiz.
Trim Potentiometer

R 1 04 1 57668 51 0-27030 270K, 1 / 4W, 5% R25X
Film Resistor

R106 1 57668 510-56010 5.6K, 1/4N, 5% R25X
Film Resistor

R143, R230 2 57668 510-15020 15K, 1/4W,5% R25X
Film Resistor

R17g, R231, R234, 8 57668 ilO-Zle.O zTK, 1/4W, 5r R25X
R237, R243, R278, Film Resistor
R284, R2g1

R225, R289 ? 57668 510-47030 470r, 1/4W, 5% R25X
Film Resistor

R226 1 80294 563-01050 lmeg , 1/2W Horiz.
Trim Potentiometer

R236 1 57669 510-12030 1?OK, 1 /4W, 5% R25X
Film Resistor

R248, R26q 2 57668 510-39020 39K, 1/4 W 5r R25X
Film Resistor
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REFERENCE NO. QUAN FSCM DT{G NO PART NO DESCRI PTION
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R252, R267 2 57668 51 0-1 5030 1 50K, 1 / 4W, 5% R25X
Film Resistor

R256 1 57668 510-43010 4.3K, 1/4W, 5% R25X
Film Resistor

R265 1 57668 510-36010 3.6K, 1/4W, 5% R25X
FiIm Resistor

R268, R276 2 57668 510-24030 240K, 1/4W, 5% R25X
Film Resistor

R26g, R271 2 57668 51 0-20040 2meg , 1 / 4W, 5% R25X
Film Resistor

R270,R275 ? 57668 510-51020 51K,1/4W,5% R25X
Film Resistor

R273, R27T 2 57668 510-62020 62K, 1 / 4W , 5l' R25X
Film Resistor

R287 , R2g2 2 57668 51 0-1 201 0 1 .2K, 1 / 4W, 5% R25X
Film Resistor

R294, R296 2 57668 520-62000 620ohm, 1/2W, 5%

R50X Film Resistor

R2g5 1 80294 564-01030 10K, 1/2W Vertical
Trim Potentiometer

RN1, RN2, RN4, 4 80294 525-47209 4.7KxB, 1/4W SIP

RN5 Resistor Pack

RN3, RN6 2 80294 525-10309 10Kx8, 1/4W SIP

- Resistor Pack

51, 52, 53, 54 4 71450 725-07604 5xSPST DIP Switch

T 1 , TZ Z 63256 A1 539 8oo-O 1539 600 : 600: 8 ohm Audio
Transformer.

TP1 - TP5O, 53 91505 355-0001 1 Test Point Pin
TP (GND )

U 1 , t)12, U28 3 04713 630-04741 4741 Quad OP-Amp
Integrated Circuit

u2, U5, U6, 5 02735 650-04066 4066 CMoS 4xSPST

U16, U25 Integrated Circuit

86061 0



PARTS LIST MODEM ASSEMBLY A1

REFERENCE NO. QUAN FSCM DTilG NO PART NO DESCRI PTION
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u3, u10, u13,
u20, u21, uzg,
u36, U37, U45,
u46, u47, u5o,
u52, U65

u4, uB, u57

uT, u1 5, U24,
u33

ug, u1 B, u23,
u3z

u1 1, U27

u14

u17, U26

u1 g, u53

u22, U3O

u3t

u34, U4o, u54,
u54, u5B

u35, U4g, U63

u38

u3 g, u62

u41

u42

14 04713

3 0471 3

4 90294

4 04713

2 34314

1 02735

2 34314

2 02735

2 04713

1 27014

5 02735

3 02735

1 02735

2 02735

1 343.|tl

1 34314

630-01 488

525-33301

630-00741

630-0561 3

650-04053

630-05621

630-03081

630-03340

630-oo70g

650-0401 1

650-o404g

644-741 51

650-04030

630-0561 4

630-0561 5

630-01458 1458 DuaI Op-Amp
Integrated Circuit

14BB 4xRS232 Driver
Integrated Circuit

16x33.2K, 1% DIP
Resistor IC

741 Op-Amplifier
Integrated Circuit

R561 3 LP Filter
Integrated Circuit

4053 3xDPDT CMOS S!'t

Integrated Circuit

R5621 Adj BP Filter
Integrated Circuit

CA3081 6xNPN Array
Integrated Cireuit

MCa340P AGC Amp.
Integrated Circuit

709 0p-Amplifier
Integrated Circuit

401 1 4x2-NAND CMOS

Integrated Circuit

4049 6xINV CMOS

Integrated Circuit

74HC151 BIN SeIect
Integrated Circuit

4030 4xX-0R CMOS

Integrated Circuit

R5614 1/3 Oet, BPF
Integrated Circuit

R5615 1/2 Oct BPF
Integrated CircuiL
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PARTS LIST

REFERENCE NO.

MODEM ASSEMBLY A 1

QUAN FSCM DI'IG NO PART NO DESCRI PTION
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u43

u44, U51

u4g

u56, u6o

u59

u61

u64

u66

u67

xu 1 , xu2, xu4, 27
xu5, xu6, xug,
xu1 2, xu1 6, xu1 7,
xu25, xu26, xuzg
xu31, xu34, xrJ3g,
xu4o, xu48, xu54,
xt 55, xu5 6, frJ57 ,
xu58, xu5g, xu6o,
xt 62, xu64, xK1

xu3, xug, xu10, 25
xu1 1, xu1 3, xu1 g,
xu20, xu21 , xJ22,
xt 23, YUZT, XU2g,
xu3o, xu32, xtJ36,
xu37, xu41, xu42,
xu43, xu45, xu46,
xJ47, XU50 , NU52,
xu 65

xu7, xu14, xu15, 14
xtr1g, xu24, xu33,
xu 3s, xu 38, xu44 ,
xu4g, xlJ51, xu53,
xu61 , xu63

630-05616 R5616 1.0 Oct BPF
Integrated Circuit

630-04052 4052 2P4T CMoS SW

Integrated Circuit

650-04023 4023 3x3 NAND CMOS

Integrated Circuit

650-04001 4001 4x2 NOR CM0S

Integrated Circuit

650-04025 4025 3x3 NOR CMOS

Integrated Circuit

650-04017 4017 Decade Counter
Integrated Cireuit,

650-04002 4002 2x4 NOR cMoS
Infegrated Circuit

635-07908 7908 -8V Regulator
Integrated Circuit

635-07808 7808 +8V Regulator
Integrated Circuit

340-01402 14 pin 8005 Socket

340-00802 B Pin 8005 Socket

3431 4

02735

02735

02735

02735

02735

02735

07263

o7263

91 506

91 506

86061 0
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PARTS LIST

5.3 CONTROL ASSEMBLY

REFERENCE NO. QUAN

CONTROL ASSEMBLY A2

A2 P/N 932-o8ooo

FSCM DI{G NO PART NO

Page 125

DESCRIPTION

A2CB

c1, c2, c5,
c6, c7, c8,
cg, c1 0, c1 1,
c12, C13, C14,
c15, C16, C17,
c1B, c1g, c20,
c22, C23, C25,
cao

ca

c4, cZT, czg,
c29

c21

c24

c26

D1

J 1, J2, J3

J4

J5

1 63256

22 04222

D1194 050-1 1 940

111-10450

CONTROL Circuit Bd.

0,1uF/50V Mono-
lythic Capacitor

1 74840

4 56289

1 56289

1 56289

1 74840

1 4433

00779

151-10135

1 1 0-1 0211

1 1 0-3001 1

110-10311

1 51 -1 0035

61 5-041 48

332-20000

100uF/35V Electro-
Iytic Capacitor

0. 001uF/ 1kV Ceramic
Capacitor

30pF Ceramic
Capacitor

0.01uF Ceramie
Capacitor

1OuF/35V Electro-
lytic Capaeitor

1N4148 Silicon
Signa1 Diode

2x'10x0. 1 Straight
Header Connector

NOT USED

1x6x0.156 Right
Angle Connector

NOT USED

2x8x0.1 Straight
Header Connector

06383 330-06000

J6

J7 0077 9 332-1 6000
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PARTS LIST CONTROL ASSEMBLY A2

REFERENCE NO. QUAN FSCM D}JG NO PART NO DESCRI PTION

Page 126

R1

R2

R3, R4

R5, R6

1 57668 51 0-33999 330ohm , 1 / 4W, 5%
R25X Film Resistor

1 57668 510-33010 3.3K, 1/4W, 51 R25X
FlIm Resistor

2 57668 51 0-39000 390ohm , 1 / [IyJ, 5%

R25X Film Resistor

2 57668 51 0-1 0030 1 00K, 1 / 4W, 5% R25X
Film Resistor

R7, R8, R9, 4 57668 51 0-1 0020 1 0K, 1 / 4W, 5% R25X
R10 Film Resistor

RN1 1 80294 525-01030 10Kx8 1/4w SIP
Resistor Pack

51 1 71450 725-07605 5xSPST DIP Switch
Assembl y

TP(GND) 4 91506 355-00010 Swage Terminal

U1, U8, U15, 13 27014 645-74374 74HCT374 8xD FF
U16, U17, U18, Integrated Circuit
u 1 g, u20, u21 ,
u22, U45, U5g,
u60

U2, U3, U4, 5 27014 643-74138 74LS13B 3-B Decoder
U9, U24 Integrated Circuit

U5, U41, U42, 10 04713 643-74374 74LS374 8xD FF
U43, U44, U48, - Inbegrated Circuit
u52, U53 , U56, -
u63

u6, u7, u30, 17 04713 643:74283 74LS2B3 4Brr BrN AD

U31, U32, U33, IntegraLed Circuit
u34, u35, U38,
u3g, u40, u46,
u47, U57, U5B,
u61, U62

u10, u11 2 01295 670-02764 2764 EPRoM
Integrated Circuit
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PARTS LIST CONTROL ASSEMBLY A2

REFERENCE NO. QUAN FSCM D}IG NO PART NO DESCRI PTION
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InLegrated Circuit

U26, U51, U67, 4 04713 643-07474 T4LSZ4 2xD FF
u68 Integrated Circuit

U27, U28, U29, 4 04713 643-7415T T4LS15Z 4xZ-1 MPLX

u14

u23

u25, UTZ

u50

u3o

u37

u4g

u54, u70

u55

u64

u65

u66

u69

u71

(u12) , U13 1 HOOO1 670-01220 DS122OY BATTERY RAM
(see note) (2) Integrated Circuit

1 34649 680-08253 8253 rNT TrMER
Integrated Circuit

1 56708 680-00080 Z80A CPU

Integrated Circuit

2 04713 643-74393 74LS393 4Brr CNTR

Integrated Circuit

1 56708 680-08470 28470 DART

Integrated Circuit

1 34649 680-08251 8251A USART

Integrated Circuit

1 04713 643-07404 74Ls04 6xINVERTER
Integrated Circuit

2 1 8324 643-lUZgO 74LS2go DEC CNTR

Integrated Circuit

1 1 8324 643-07486 741.586 4x2 xOR

Integrated Circuit

1 04713 630-01489 1489 4xRS232 RcvR
' Integrated Circuit

1 04713 630-01488 1488 4xRS232 DRIVER
Integrated Circuit

1 18324 643-OZttOO 74LS00 4x2 NAND

Integrated Circult

1 27014 630-00555 NE555 TrMER
Integrated Circuit

1 1 8324 643-oZ4oz 74LS02 4x3 NOR

Integrated Circuit

NOTEz U12 not used on eurrent models ST8000.
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PARTS LIST

REFERENCE NO.

CONTROL ASSEMBLY A2

QUAN FSCM DtilG NO PART NO DESCRIPTION
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x1 23875

91 506

91 506

91 506

91 506

91 506

91 506

91 506

200-0491 5

340-02002

4.9152 mHz HC18

Quartz Crysbal

20 Pin 800S Socketxu 1 , xu5, xu8, 23
xu15, xu16, xu17,
n 1B, Xu19, XU2o,
xu21 , x)22, XU41 ,
xt 42, x[J43, XU44,
xu45, xu48, xtr52,
xu53, xu56, xu59,
xu60, xu63

xu2, xu3, xu4, 26
xu6, xu7, xu9,
XU24, f,iJ?T, XU28,
xlr29, XU30, Xt 31,
xu3z, xu 33 , xtJ 34,
xt 35, xu38, xu39,
xu4o, xu46, xu47,
xu50, xu57, xu58,
xu61, xt 62

xu10, xu11, xu12, 5
xu13, xu37

xu14 1

xrr23, xu36 2

xu25, xu26 , xu 49 , 1 4

xu51, xu54, xu55,
xu64, xu65, xu66,
xu67, xu68, xu7o,
xu71 , YJ72

xu6g 1

340-o 1 602 16 Pin 800S Socket

340-02802 28 Pin 8005 Socket

340-02402 24 Pin 8003 Sockeb

340-04002 40 Pin 8005 Sockeb

340-01402 14 Pin 8005 Socket

!

340-00802 8 Pin 8005 Socket
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PARTS LIST

5.4 FRONT PANEL

REFERENCE NO.

FRONT PANEL ASSEMBLY A3 Page 129

ASSET'|BLY A3

QUAN FSCM

P/N 92048000

DWG NO PART NO DESCRIPTION

A3FPM

A3FPPC

A3CB

C1

c2, ca

c4

D1, D?, D3,
D4

DS1, DSz, DS3,
DS4, DS5, DS6,
DS7, DS8

DSg, DS10, USl1

J1, J2

J3, J4

J5

KN1

includes:

KN2, KN3, KN4,
KN5, KN6, KN7

KN8

L1

63256 B1 345 ooo-1 3450

63256 D1 1 95 050-1 1 950

Front Panel, Poly-
carbonabe

FRONT PANEL Circuit
Board

0. 001uF/ 1kV Ceramic
Capacitor

0.1uF/50V Mono-
lybhic Capacitor

100uF/35V Electro-
lytic Capacitor

1N4148 Silicon
Signa1 Diode

CQV-564 Red LED
Diode

LN543RK 4x7-Segment
Red LED Display

1x4x0.1 Straight
Post Connector

2x10x0.1 Straight
Header Connector

1x4x0.156 Straight
Post Connector

0. 75 rr Knob
1 /4-1 /8 Adapter

0.5n Knob

BLK Cap PB Switeh

CRT Trace Rotation
Coil

1 63256 81344 000-13440 Front Sub-Panel,
MetaI

1

1

1

6

1

1

56289

04222

74840

1 4433

59756

H0004

06383

0077 9

06383

951 46
951 46

95146

951 46

1 3396

1 1 0-1 0211

111-10450

152-1 01 35

61 5-041 48

61 3-00564

61 4-00543

327-04000

312-2000O

330-04000

850-1 8003
850-1 801 3

850-1 8004

721 -00005

000-9 9151
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PARTS LIST FRONT PANEL ASSEMBLY A3

REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION
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P1

(P1)

Q1, Q2, Q3,
Q4

R1, R2, R3,
R4

R5, R6

R7

R8, R9

RN1, RN2, RN3

RN4, RN5, RN6,
RN7

RN8, RNg, RN10,
RN11, RN13

RN 12

s1, s2, s3,
s12, S14

s4, s7

55, 56, 39,
s10, s1 1

S8

s13

s15

2

4

0077 9

0077 g

0471 3

57668

57668

57668

12697

90294

90294

80294

90294

95146

332-02100

332-87 666

6?140521

51 0-1 001 0

51 0-47000

51 O-03900

575-01 030

525-39000

525-01 020

5?541030

525-47 1 00

71 0-00306

2x0.1 Header PIug
Connector

Crimp Pin for P1

l4JE521 NPN Power
Transi stor

1K, 1/4W, 5% R25X
Film Resistor

47Oonm, 1/4W, 5%

R25X Film Resistor

39ohm, 1/4W, 5%

R25X Film Resistor

1 0K RV6NAY-50-1 03A
Potentiometer

39ohm, 1/4W SIP
Reslstor Pack

1K, 1/4W SrP
Resistor Pack

1oK, 1/4W SrP
Resistor Pack

470ohm, 1/4VI SIP
Resistor Pack

SPDT, PC MTG, Mini-
toggle Switch

NOT USED

SPST 55DP36-01 -AJN
Min Rot Switch

SPDT, PC MTG, Mini-
PB Switch

SPDT, PC MTG, C-oFF
Mini-boggle Switch

DPDT, PC MTG, Minl-
foggle Swltch

81 073

951 46

951 46

95146

71 5-001 00

720-001 03

71 0-001 06

71 0-00406
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PARTS LIST FRONT PANEL ASSEMBLY A3

REFERENCE NO. QUAN FSCII DI,IG N0 PART N0 DESCRI PTI0N

Page 13t

Control

U1, u2, U3, 7 27014 630-75491 75491 4xLED Driver
u4, u5, u6, Integrated Circuit
U8

u7, U9, U1o, 4 0471 3 645-74374 74HcT374 BxD FF

u11 Integrated Circuit

t112, U13, U16, 4 04713 643-74244 74LS244 SxBrffer

SH1

SP1

u17

u14

u15

v1

1 H0003 000-99155 cRT Shie1d

1 H0005 575-00016 SoftPot Digital

Integrated Cireult

1 18324 643-74138 74LS138 3-8 Decoder
Integrated Circuit

1 18324 643-74148 741s148 8-3 Encoder
Integrated Circuit

1 1 3396 000-991 50 DT -233GH Cathode

? 91506 340-0 tZoz 16 Pin Soos soeket

Ray tube

XDS9, XDS1 O' 6 51167 340-1 2435 12 Pin EIev. Strip
XDS11 Socket (Z per DS)

Xul, XUZ, XU3, 7 91506 340-01402 14 Pin 8005 Socket
xu4, xu5, xu6,
XUB

XU7, XU9, XU10, 8 91506 340-02002 20 Pin 800S Soeket
xu11, xu12, xu13,
xu 16, xtJ 1 7

xu14, xu15
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PARTS LIST

5.5 CRT ASSE}IBLY

REFERENCE NO.

CRT ASSEMBLY A4

A4 - P/N 915-08000

QUAN FSCM D}IG NO PANT NO DESCRIPTION
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A4CB

c1, c2, c3,
c4

c5

c6

c7, c11

c8, cg, c10,
c13, C14, C19,
c20

c12, C16

c15

c17

c1g

D1, D2, D3,
D4, D5

D6, D7, D8,
Dg, D1 0, D1 1

J1

J2

J3

Q1

Q2

63256 D1196

25243

56289

25243

56289

0tt222

74840

56289

56289

56289

1 4433

1 4433

06383

0077 9

0077 9

0471 3

0471 3

050-1 1 960

1 51 -8ogo5

1 3o-1 0404

1 51 -20003

1 1 0-50350

111-10450

151-10135

1 30-47201

1 3o-33301

1 1 0-1 0301

61 5-04007
t-

61 5-04 1 48

330-06000

332-20000

332-01 000

621 -0651 B

621 -03395

CRT Circuit Board

8uF/450V Electro-
lytic Capaeitor

0,1uF/400V MyIar
Capacitor

z0rlFl350V Electro-
lytic Capacitor

0.05uF Ceramlc
Capacitor

0.1uF/50V Mono-
lythic Capacitor

100uF/35V Electro-
lytle Capaeitor

0.0047/100V Mylar
Capacitor

0.033uF/100V MyIar
Capacitor

0.0luF Ceramic
Capacitor

1N4007 1A, 700 Prv
Rectifier Diode

1N41 48 Silleon
Signal Diode

1x6x0.156 Straight
Post Connector

2x10x0.1 Straight
Header Connector

1x2x0.1 Straight
Header Connector

MPS6518 PNP Srnall
Signal Transistor

MPS3395 NPN Srnall
Signa1 Transistor

1

4

86061 0



PARTS LIST CNT ASSEMBLY A4 Page 133

REFERENCE NO. QUAN FSCM DT{G NO PART NO DESCRI PTION

Q3' Q4' Q5, 6 04713 621-00042 MPSA42 NPN HV &naII

R50X Film Resistor

R3, R4, R5, 4 04061 530-10040 1 meg, 1W, 1}fr R-11R6 Comp. Resistor

Q6' Q7' a8

R1, R2

R7, R9

RB, R1g

R10

R11

R12

R1 3, R14

R15

R21

R1g

R24

R25, R55

R26

Signal Transistor

2 57668 520-47000 47Oohm, 1/2W, 5fi

2 80294 563-01040 100K, 1/zUl Horiz.
Trim Potentiometer

2 57668 520-22030 220K, 1/2W, 5fi R5oX
Film Resistor

1 80294 563-oz5uo zsoK, 1 / zw Horl z .
Trim Potentiometer

1 57668 51 0-9201 0 g. 2K, 1 / 4W, 5% R25X
Film Resistor

1 04061 530-13030 130K, 1W, 10, R-11
Comp. Resistor

2 04061 530-22030 220K, 1W, 107,, R-11
Comp. Resistor

1 04061 530-27030 270K, lW, 101 R-11

Film Resistor

1 04061 520-6g020 6BK, 1/2W, 5% R5oX

1 57668 51 o-3oo2o 3oK, 1 / 4W, 5fi R25X
Film Resistor

2 57668 51 0-47000 470ohm , 1 / 4W, 51,
R25X Film Resistor

1 57668 510-10000 100ohm, 1/4W, 5%

R25X Film Resistor

Comp. Resistor

R16' R17' R20, 4 04061 520-1OO3O 1OOK, 1/2W, 5% R5OX

' Film Resistor

R22, R30' R31' 6 80294 563-05020 5K, 1/2w, Horiz.
R52, R53, R54 Trim Potentlometer

R23, R37, R56 3 57668 510_1OO1O lK, 1/4W, 5% R25X
Film Resistor
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REFERENCE NO. QUAN FSCM DI,TG NO PART NO DESCRI PTION

R27 1 57668 51 0-33020 33K' 1 / 4W, 5% R25X
FiIm Resistor

R28, Rzg 2 80294 563-01030 10K, 1/2W Horiz.
Trim Potentiometer

R32 1 80294 563-05010 500ohm, 1/2W Horiz'
Trlm Potentiometer

R33,R58,R59, 4 57668 510-47010 4.7K,1/4W,5%R25X
R6O FiIm Resistor

R3 4 1 57668 510-22020 22K, 1 / 4W , 5% R25X
Film Resistor

R35, R36, R38, 4 57668 51 0-20020 20K, 1 / 4W, 5% R25X

R39 Film Resistor

R4O 1 57668 510-33000 330ohm, 1/4w, 51
R25X Fllm Resistor

R41 1 57668 510-22030 220K, 1/4W,5% R25X
FiIm Resistor

R42 1 57668 510-22040 2.2meg, 1 / 4W, 5%

R25X Film Resisbor

R43,R67,R72 3 57668 510-15010 1.5K,1/4W,5%R25X
Film Resistor

R44, R63, R64, 5 57668 510-22010 2.2K, 1/4W, 5% R25X

R68, R69 Film Resistor

R45, R46 2 57668 510-04700 47orxm , 1/4W, 5%

- R25X FlIm Resistor

R47 1 57668 510-82020 82K, 1 /4W, 5% R25X
Film Resistor

R48 1 57668 51 0-1 8030 1 BoK, 1 / 4W, 5tr R25X
Film Resistor

R4g 1 5?668 510-20010 2. 0K, 1 / t|W, 5% R25X
Film Resistor

R50, R51 , R75, 6 57668 51 0-1 0030 1 00K, 1 / 4W, 5% R25X

R76, RTT, R78 Film Resistor

R57 1 57668 51 0-56000 560ohm , 1 / 4W, 5%

R25X Film Resistor
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REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION

R61 1 57668 510-1 5020 15K, 1 / [ttl, 5% R25X
Film ResisLor

R62 1 57668 510-10020 10K, 1/4V1, 5% R25X
Film Resistor

R65, R7O 2 57668 51 0-2401 0 2. 4K, 1 / 4W, 5% R25X
Film Resistor

R66, R71 2 57668 510-18010 1.8K, 1/4W, 51 R25X
Film Resistor

R73, R74 2 57668 51 0-47020 [TK, 1 / 4W, 5r R25X

Film Resistor

TP1-TP6 9 91506 355-00010 Swage Terminal
GND 14ND3

U1, U4 2 04713 630-01458 1458 Dual op-tunp
IntegraLed Circuit

U2 1 27 014 630-02917 L142917 F-V Conv '
Integrated Circuit

U3 1 02735 650-04053 4053 3xDPDT CMOS Sll
Integrated Circuit

xu1, xu4 2 91506 340-00802 B Pin B00s socket

xU2 1 91506 340-01402 14 Pin B00S Socket

xt 3 1 91 506 340-01 602 16 Pin B00s Socket

XV1 1 13396 000-99015 13 Pin CRT Socket
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PARTS LIST

5.6 CABINET ASSEMBLY

REFERENCE NO. QUAN

CABINET ASSEMBLY A5

A5 P/N 910-08000

FSCM DWG NO PART NO

Page 136

DESCRIPTION

A5BC

A5BR

A5FT
includes:

A5LFS

A5RM

A5RP

A5RTS

A5TC

A5XB

F1

FH1

FL1

HS1

J1, J2

sP1, SP2, SP3,
SP4

SP5, SP6

sP7, sPg

T1

TS1, TS2, TS3

U1

1 63256

2 63256

1 21 604
4 63256

1 63256

2 63256

1 63256

1 63256

1 63256

1 63256

1 75915

1 75915

1 05245

1 301 61

2 06383

4 H0002

2 59540

2 59540

1 63256

3 63256

1 27014

81349

81 350

B 13Stl

B1 355

81346

B1 347

B1348

81352

A1540

000-1 3490

000-1 3500

850-40008
440-09000

000-1 3541

000-1 3550

000-1 3460

000-1 34rz

ooo-1 3480

000-1 3521

770-1 0001

770-00001

333-1 7251

850-01 031

329-06ooo

425-061 61

'-
42546162

425-06242

800-1 5400

425-96320

635-00323

Bottom Cover Panel

Board Mounting Rail

Feet and Tilt Bail
Non-slip Rubber Ft.

Left, Side Panel

Rack Mounting Ears

Rear Pane1

Right Side PaneI

Top Cover Panel

Transformer Bracket

1 Amp SB 3AG Fuse

3AG Fuse Holder

1EF2 1A AC Filter

HS103 Heat Sink

6x1x0.156 Post
Lock PIug

6-32x1tr Thd Spaeer

6-32*1n l4/F Thd.
Spacer

6-32x1tt Hinged
Spacer

Power Transformer

6-32 Thumb Screw

tll323 5V, 3A Reg.
Integrated Circuit
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PARTS LIST

ASSEMBLIES USED AS

REFERENCE NO.

CABINET ASSEMBLY A5

PART OF CABINET ASSEMBLY A5:

QIJAN FSCM DI{G NO PART NO

Page 137

DESCRIPTION

A5-REG 1

consists of: 1

1

1

1

A5-vJ1

consists of:

63256 A1578 960-08308 +5V Regulator
As sembl y

91506 340-46011 T03 Ic Socket
06383 329-03000 1x3x0.156 Post

Lock PIug

A5-W2

consists of:

A5 -W3

consists of:

A5-tI4, A5-W5

ea. consists of:

A5-W6, A5-W7

ea. consisLs of:

56289

04222

1 63256

2 06383

4x7r 28105

1 63256

2 06383

6x3n 28105

1 63256

2 06383

4x3'r 28105

2 63256

2 92194

4r 92194

2 63256

2 92194

3 'r 92194

1 60-01 035

111-10450

960-08302

329-04000

960-08303

329-06000

960-08304

329-04000

g60-o 830;

332-201 00

830-20000

960-08306

332-201 00

830-20000

1uF /35Y Tanta} tm
Capacitor

0.1uF/50V Mono-
lythic Capacitor

MODEI,I-FRONT PANEL
Power Cable

4x1x0.1 Post Lock
PIug

No. 22 Str. Wire;
2xBLK, 2xRED

MODB,I-CONTROL
Power Cable

6x1x0 .156 Post
Lock PIug

No. 18 Str. Wire;
2xBLK,2xRED,
1xGRN, IxYEL

SOFTPOT-F. PANEL
CabIe

4x1x0.1 Post
Lock PIug

No. 22 Str. Wire;
RED, oRG, BLK, BLU

FRoNT PANEL{oDEM,
FRONT PANEL-CONTROL

Cable
2x10x0.1 Ribbon
Cable Connector

20 ConducLor Ribbon
Cable

MODEM-CONTROL Data
Cable

2x10x0.1 Ribbon
CabIe Connector

20 Conductor Ribbon
Cable

A1 578

A1 578

A1 578

A1 578

A1 579
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REFERENCE NO.

CABINET ASSEMBLY A5

QUAN FSCM DI{G NO PART NO

Page 138

DESCRI PTION

A5-W8

conslsts of:

A5-Wg
eonsists of:

A5-W10
consists of:

1 63256 A1578

1 00779
1 00779

B A0779
Bx2 rr 28105

1 63256 A1578
1 H0006
1 06383

4x2tr 28105

1 63256 A1 578
2 92194

4 r' 9219U

960-08307

333-1 0250
332-1 61 00

332-87666

960-08308
31 o-04000
332-041 00

960-0831 0

332-201 00

830-20000

CONTROL-RET,lOTE

C0NTROL Cable
DB25S Connector
2x8x0.1 Header

Plug
Crimp Pins
No.22 Str. Wire;

2xBLK, BRN, RED,
0R, GRN, GRY, BLU

I.{ODil{-XMTR Cab1e
4 Pin Audio Conn.
1x4x0.1 Post Lock
Plug

No. 22 Str. Wire;
YEL, GRN, BLU, V

MODEM-CRT Cab1e
2x10x0.1 Ribbon
Cable Connector

20 Conductor
Ribbon Cable
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PARTS LIST ACCESSORY ASSEMBLY A6

5.7 ACCESSoRY ASSEMBLY A6 p/N 970-09000

REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION

Page 139

P1

A6 -!'I1
KN1

llIR1

OP MAN

OP GUIDE

1 H0006 310-04001 4 Pin Audio Plug
1 70903 333-17250 AC Power Cord
1 951 46 850-18005 1 .25$ Splnner t(nob
1 95146 850-80001 Allen Wrench
1 63256 870-08000 ST8000 oPERAToR rS

MANUAL

1 63256 870-08002 STB000 oPERAToR 'S
GUIDE

5. B SPARE PARTS KIT - P/N 980-O8OO1

The following spare parbs kit is available for the ST8000:

REFERENCE NO. QUAN FSCM DWG NO PART NO DESCRIPTION

A1 1 63256 930-08000 MoDm{ ASSEMBLY A1

A2 1 63256 932-O8OOO CONTROL ASSEMBLY A2
A3 1 63256 920-O8OOO FRONT PANEL ASBY A3
A4 1 63256 915-O8OOO CRT ASSEMBLY A4
A5-T1 1 63256 800-08001 Power Transformer
Ux 1 set 63256 980-08010 100tr Spare Inte-

grated Circuits

(Contents of Spare IC Kit on following page)

The recommended quantlty of STB000 Spare Parts Ktts is as follows:

NUMBER NUMBER

of of
STSOOO SPARE KITS COMMENTS

1- 5 1

5 10 1

10 20 2
20 - 49 3
50 -100 4

1 00 - up 4/100 units Additional IC Kits as desired.

1 Additional IC Klt recommended

1 Additional IC Kit recommended
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PARTS LIST SPARE PARTS KIT

Spare Iniegrated Cireuits Kit (980-08010):
REFERENCE N0. QUAtl FSCM DI,IG NO PART N0
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DESCRIPTION

1

4
16

4
1

1

2
2
3
2
1

1

1

2
1

1

7
1

1

1

1

4
1

6
1

4
4

1T

2
10

2
1

17
2

2701 4
0471 3
0471 3
0471 3
0471 3
27014
02735
0471 3
0471 3
3431 4

34314
34314
34314
3431 4
07263
07263
27A1 4
27 014
18324
1 8324
0471 3
0471 3
1 9324
27 014
1 8324
0471 3
0471 3
0471 3
18324
0471 3
0471 3
02735
2701 4
02735
02735
02735
02735
02735
02735
02735
02735
02735
02735
02735
01 295
H0001
56708
34649
34649
56708
94696

630-oo709
630-00741
630-01 458
630-01 488
630-01 489
630-02917
630-03081
630-03340
630-04741
630-0561 3
630-0561 4
630-05 61 5
630-0561 6
630-05621
630-07808
630-07908
630-75491
635-00323
643-OZtlOo
643-07402
643-07404
643-07474
643-07486
643-741 38
64:-z+t 4g
643-7 4157
643-l t+zUU

643-7 4283
643:7 4290
643-7 4373
643-74393
644-741 51

645:T 4374
65q-040 01

650-04002-
650-0401 1

650-0401 7
650-04023
650-04025
650-04030
650-04049
650-04052
650-04053
650-04066
670-A2764
670-01220
680-00080
6 80-0 8251
680-08253
680-08470
75141 91 1

709 oP-AMP
7 41 oP-Al,tP
1 458 DuaI OP-AMP
1488 4xRS232 Driver
1489 4xRS232 Rcvr
1N2917 F-V Conv.
CA30B1 6xNPN Trans
MCa340P AGC Al,tP

4741 Quad OP-AMP
R5613 LP Filt,er
R5614 1/3 Oet BPF
R5615 1/2 Oct BPF

R561 6 1 .0 Oct BPF
R5621 Adj BP Filter
7B0B +BV Regulator
7908 -8V Regulator
75491 4xLED Driver
Ll'1323 5V Regulator
74LS00 4x2 NAND

74LS02 4x3 NOR

74LS04 6xINV
74Ls74 2xD FF

74LS86 [xZ xOR

74l.S13B 3-8 Decoder
74LS148 B-3 Encoder
74LS157 4x2-1 MPLX

74LS244 SxBuffer
74LS2B3 4Bir BrN AD

74LS290 Decade Cntr
74ts374 8xD FF

74LS393 4Bit Cnbr
74HC1 51 BIN SeIect
74HcT374 8xD FF
4001 4x2 NOR

4002 2x4 NOR

401 1 4x2 NAND

4017 Decade Counter
4023 3x3 NAND

4025 3x3 NOR

4030 [xZ XOR

4049 6xINV
4052 2P4T CMoS SW

3xDPDT CMOS SW

4xSPST CM0S SW

2764 EPROM

DS 1 220Y Battery RAI'!

Z8O CPU

8251A USART

8253 Int. Timer
28470 DART
SPST 5V DIP Relay

1

5
1

1

1

2
3
2
2

5
2
1

1

1

1

1

1
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5.9 FEDERAL SUPPLY CODES FOR MANUFACTURERS

The following is a list of the Federal Supp1y Codes for !'tanufacturers
used in the preceding parts Iists. Other manufacturers may be
aceeptable cheek wlth the HAL faetory before making substitutions.
Firms that did not have a listed FSCM as of the April' 1985 edition of
the FSCM index have been assigned sequential Hxxxxx numbers.

NUMERICAL ORDER:

FSCM MANUFACTURER C ITY

0077 9
01295
02735
04061
04222
0471 3
05245
06383
07263
12697
1 3396
1 4433
1 5450
1 8324
21 604
25243
23875
27014
281 05
301 61

31 433
3431 4
34649
51167
56?89
56708
57668
59422
59756
63256
70903
71 450
74840
75915
80031
90294

AMP, Inc.
Texas Instruments
RCA Semiconduetors
Allen Bradley Co.
AVX Corp.
Motorola Semieonductor
Corcom, Inc. (CD)
Panduit Corp.
Fairchild Semiconductor Div.
Clarostat Mfg. Co.
Telefunken (Gmbh)

ITT Semiconduetor
ERIE / Murata Corp.
Signetics Corp.
Buckeye Stamping Co.
Cornell Dubllier Electronics
M-TRON Industries
National Semiconductor
Dearborn Wire & Cable CorP.
AAVID Englneering Inc.
Union Carblde Corp. (Kemet)
EG&GReticon
INTEL Corp.
ARIES Eleetronics, Inc.
Sprague Electric Co.
ZILOG Inc.
R4HM Corp.
Holmberg Electronics
Siemens Corp. (Litronics)
HAL Communications CorP.
Belden Corp.
CTS Corporation
IIlinols Capacitor Inc.
TRACOR / Libtlefuse Inc.
MEPCO / ELECTRA Inc.
Bourns Instrtments, Inc.

Harrisburg, PA

Dal1as, Texas
Sommerville, NJ
Chicago, IL
Myrtle Beach, SC

Phoenix, Ari zona
Libertyville, IL
Tinley Park, IL
Mountain View, California
Dover, New Hampshire
Hanover, Germany
West Palm Beach, Florida
Erie, PA

Sunnlruale, Cali fornia
Colrmbus, OH

San ford, NC

Yankton, SD

Santa Clara, CA

Rosemont, IL
Laconia, NH

Greenville, NH

Sunnlruale, CA

Santa Clara, CA

Frenchtown, NJ
Nprth Adams, MA

Campbell, CA

Irvine, CA

Irvine, CA

Anaheim, CA

Urbana, Illinois
Geneva, IL
E1khart, IN
Lineolnwood, IL
Des P1aines, IL
Morristown, NJ
Riverside, CA
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N UM ER ICAL

FSCM

FSCM NUMBERS Page 142

ORDER (Continued):

MANUFACTURER C ITY

81 073
83289
91 506
91 833
921 94
94696
95146
H0001
H0002
H0003
H0004
H0005
H0006

Grayhill, Inc.
Switchcraft, Inc.
AUGAT, Inc.
Keystone Electronics Corp.
A1pha Wire Corp.
Magnecraft Electric Co.
ALCO Electronic Products
Dallas Semiconductor
Herman H. Smith, Inc.
Inter-Technical Group
Panasonie Optoel ectronic s
U. S. Dlgital
VANCO Inc.

La Grange, IL
Chicago, IL
At,tleboro, MA

New York, NY
Elizabeth, NJ
Chicago, IL
North Andover, MA

Da1}as, TX
Brooklin, NY

Irvingbon, NY

Secaueus, NJ
Los A1amitos, CA

Lake Bluff, IL

CITY

ALPHABETICAL BY MANUFACTURER:

FSCM MANUFACTURER

301 61

95146
04061
921 94
007T g

51167
91506
04222
70903
80294
21 604
12697
05245
25243
71 450
H0001
281 05
3431 4
1 5450
07263
81 073
63256
H0002
59422
74840
34649
H0003
1 4433
91 833
23875

AAVID Engineering Inc.
ALCO Electronic Products
Allen Bradley Co.
Alpha I'llre Corp.
AMP, Inc.
ARIES Electronies, Inc.
AUGAT, Inc.
AVX Corp.
Belden Corp.
Bourns Instrunents, Inc.
Buckeye Stamping Co.
Clarostat Mfg. Co.
Corcom, Inc. ( CD)
Cornell Dubilier Electronics
CTS Corporation
Dallas Semiconductor
Dearborn Wire & Cable Corp.
EG&GRetieon
ERIE / Murata Corp.
Fairchild Semieonduetor Div.
Grayhill, Inc.
HAL Communieations Corp.
Herman H. &nith, Inc .
Holmberg Electronics
Illinois Capacitor Inc.
INTEL Corp.
Inter-Technical Group
ITT Semiconductor
Keystone Electronies Corp.
M-TRON Industries

Laconia, NH

North Andover, MA

Chicago, IL
Elizabeth, NJ
Harrisburg, PA

Frenchtown, NJ
Attleboro, MA

Myrtle Beach, SC

Geneva, IL
Riverside, CA

Coltmbus , 0H

Dover, New Hampshire
Libertyville, IL
Sanford, NC

Elklrart, IN
Dailas, TI
Rosemont, IL
Sunnyvale, CA

Erie, PA

l,lountain View, CaIi fornla
La Grange, IL
Urbana, Illinois
Brooklin, NY

Irvine, CA

Lincolnwood, IL
Santa C1ara, CA

Irv ington, NY

I'lest PaIm Beach, Florida
New York, NY

Yankton, SD
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ALPHABETICAL ORDER ( Continued) :

FSCM MANUFACTURER

FSCM NUMBERS Page 143

C ITY

94696
80031
0471 3
27014
H0004
06383
02735
57668
59756
1 g32U

56289
83289
75915
1 3396
01295
31 433
H0005
H0006
56708

Magnecraft Electric Co.
MEPCO / ELECTRA Inc.
Motorol a Semiconductor
National Semiconductor
Panasonic Optoelectronies
Panduit Corp.
RCA Semiconductors
R-OHM Corp.
Siemens Corp. (Litronics)
Signetics Corp.
Sprague Electrie Co.
Switchcraft, Inc.
TRACOR / Littlefuse Inc.
Telefunken (Gmbh)
Texas Instruments
Union Carbide Corp. (Kemet)
U.S. Digital
VANCO Inc.
ZILOG Inc.

Chicago, IL
Morristown, NJ
Phoenix, Arizona
Santa Clara, CA

Secaueus, NJ
Tinley Park, IL
Sommerville, NJ
Irvine, CA

Anaheim, CA

Sunnlruale, Cali fornia
North Adams, MA

Chicago, IL
Des Plaines, IL
Hanover, Germany
DaI1as, Texas
Greenville, NC

Los Alamitos, CA

Lake Bluff, IL
Campbell, CA
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