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A division of Cubic Communications, Inc.

To the Service Technician:

The ASTRO-102BX is a modern, top-of-the-line, sophisticated

Amateur Band Transceiver utilizing state-of-the-art techniques
and design. The features that today's Hams want are built into
the unit, not marketed as "add on" accessories at extra cost -~
dual PTO's, Passband Tuning, Full or Semi Break-in, VOX, CW :
Sidetone, RIT, Notch Filter, and more. i

Whenever performance measured up to required standards, inte-
grated circuit technology was used in the design; where special
functions were required, or desired performance could not other-
wise be obtained, carefully designed discrete component circuits
were included, rather than accept compromised performance.

Every care has been taken to provide long, trouble-free 1life,

but the requirements of extra operating features, high perform-
ance design, and compact packaging demanded by today's Hams
results in a unit necessitating a high degree of skill on the
part of you, the Service Technician. To assist you, this manual
has been painstakingly prepared. Take the time to thumb through
it; read and study the Theory of Operation section and the
Servicing Hints section; it will be time well spent, even for the
most highly qualified and experienced personnel.

It is you, the Service Technican, that will ultimately determine
how well or how poorly the radio will work, and therefore how
satisfied or dissatisfied our customers will be, in the long run.
If you have a suggestion or a problem, write or call our service
department. We'll listen, and help you all we can.

Sincerely,

ICATIONS, INC.

Sam F. Arn, K6TSD .
President

SFA/1b

305 Airport Rd. e Oceanside, Ca. 92054 e Telephone (714) 757-7525 Telex: 695435; ANS BK: CUBICOM, OCEN.
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Information

The Swan ASTRO 102BX is a 160M through 10M SSB amateur transceiver that
features dual PTO's and frequency counter for split frequency operation with
digital frequency readout. Frequency selection is the only tuning necessary
when operating into a matched antenna with a VSWR of 1.7:1 or less.

Standard features include: Full break-in or semi-break-in CW operation;
narrow band crystal CW filter; +two position CW transmit pulse shaping; VOX;
noise blanker; SSB transmit speech processor; true RF and IF gain controls;
peak reading wattmeter with FWD, REF, and ALC positions; variable AGC decay;
passband tuning; and audio notch filter. The basic single conversion design
has been proven in thousands of the popular Swan transceivers. Mechanical
and electrical designs are exceptional, for years of trouble-~free operation,
even in a rugged mobile environment.

The unit is designed for fixed and mobile use with minimum interconnec-
tions, For fixed station operation an auxiliary speaker/power supply, model
PSU-6, provides 13.6 V DC from 115/230 V AC., A matching antenna tuner, model
ST2A, is also available,

The transmitter may be used for RTTY or Slow Scan TV, but operation in
these modes requires additional forced air cooling. See the operator's -an-
ual for precautions to be observed when operating in these modes, The ASTRO
102BX includes automatic gain control (AGC) in the receive mode, and auto-
matic level control (ALC) in the transmit mode. CW sidetone is also provided.
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Specifications
Ceneral

Frequency Coverage*

160Meo e esanesssnsssle8-2.0 Mz

BOM.seessossonssnsedes=4,0 Miz

LI’OM...ooo-ooooo-o--7-0"705 M}IZ
20M.ssesonnnsnsesss 1. 0-14,5 MHZ
15Me s vensessesssses2le0-21.5 Mg
"10Mussenesccsnnesse28.0-28,5 MHz
' 28.5-29,0 MHz

29.0-29,5 MHz
29.5-29.999 MHz
*Approximately 50 to 100 kHz overrange provided on each band.

Frequency Control: Dual PTO with 6-digit frequency counter and RIT control.

PTO Modes of Operation: A only; Recelve A-Transmit B; B only; Receive B-
Transmit A; External LO.

Modes of Operation: SSB with selectable sideband, CW with automatic 800 Hz
offset on transmit and full or semi-htreakin.,

Power Input Requirements: 12-14 V IC negative ground only. No damage up
to 15 VIDC. 20 amperes peak current,

Electromagnetic Interference:

Transmit: Five element low pass filter on each band.

Five element lowpass filter plus three pole bandpass
filter on each band.

Dimensions: 6.375" H x 14,25" W x 13,25" D

16.2 cm x 36.2 cm x 33.7 cm
Weight: 23.5 pounds (10.6 kg)

Receive:

Rear Panel:

Power connector:

Pin 1 13.6 V IC
2 Ground
3 Ground (used for accessories)
L 13.6 V IC
5 Ground .
6 13.6 V IC fused to 3 amps (used for accessories)
Antenna connector: UHF (S0-239)

External speaker/phones: Phone jack

External relay: RCA jack
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Key: RCA jack
EXT. Modulation: RCA jack ‘ | 5

Fuse: 3 amp fast blow

Ext, L.O.: RCA jack i
) |
Receiver §
Circuit Design: Single conversion to 9,00165 MHz IF using double bal- ;
anced mixer. Ixceptional immunity to overload and cross '
modulation.
Receiver Sensi- 10 dB S+N/N typical at 0.35 uV
tivity:
Image Rejection: Better than 60 dB

Receiver Selectivity: SSB and CW--2.4 kHz bandwidth, two 8-pole crystal
filters with shape factor 1.4; 6 dB to 100 dB

CWN--300 Hz bandwidth. IF crystal filter in series
with one 8 pole SSB filter

Passband Tuning: SSB and CW eight pole cutoff continuously variable
high pass or low pass, LED readout shows equivalent

audio passband.

CWN--IF crystal filter continuously tunable over 300 to
3000 Hz with passband control

Dynamic Range: AGC greater than 100 dB; third order intercept +15 dBm

Audio Output Power: Greater than 3 watts into 4 ohms.

Meter: S-units from 1 to 9; 20, 40 and 60 dB over S-9

Transmitter

Circuit Design: Excellent harmonic and TVI suppression, ALC limits SSB
peak power and CW power to 100 watts output.

Power Input: - 235 watts PEP input at 13.6 V DC input
Powér Output: 100 watts PEP into 50 ohm non-reactive load at 13.6 V IC

Unwanted Sideband >60 dB down at 1000 Hz audio note
Rejection: ‘

Harmonic Output: > 45 4B below‘peak power level

Carrier Suppression: >50 dB below peak power level
2-2
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Spurious Output: > 55 dB below peak power level %
Transmit Control: PIT and VOX standard ”
(for SSB)
CW Transmit: Full or semi-breakin with sidetone standard. Automatic
800 Hz offset on transmit frequency.
Microphone Input: 47 kO input impedance
Audio Response: 300 to 3000 Hz + 6 dB
Meter: In receive mode, reads S units and dB over S-9; in

transmit mode, reads peak power selected by meter ;
switchs Forward power 100 watts full scale, reflected £
power 10 watts full scale, or reads ALC.

Cooling: Large capacity heat sink fins supplied., For SSTV, RTTY,
and semi-continuous transmit, forced air cooling such as
a small "muffin" fan on heat sink fins is required.

VBB A e

VSWR Shutdown: Full power up to VSWR = 1,7:1

Approximate 1limit ratio as follows:

VSWR Percent Power
1.7:1 100%
2.0:1 80%
3,011 60%

Open or short 25% (equivalent voltage)
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Receiver Theory |

Bandswitch and Low Pass Filters,eeeesccessosesss3d=l
PreseleCtoTreececcsscsssnsnssssasenssncssosssssness 3=
First MiXeT.icesecocoovssvecacescasscnsssnsssssssesI—s
Noise Blanker Gateeesssesocessosvsssessaccaseesed—l
Filter, Buffer, and Post Filter Amplifier..eeee.3-5
AGC Attenuator.iesessscscsoncssssssascsocossccssssed=d
Passband Tuning-ooooooooo--oo-oooo--ooo.oooooo.oB"é
CW Nmow Filter...ooooooooco.ooooolo--oooooooo-B"?
Main T.F. AMPliTieTsseeevoecereeoocasssnsasesess3=8
Product Detector/Audio Mute.s.eeeseesscencsscese3-8
Notch Filtereecsceccesssseasesassscsssscsssasnss =9
Audio Power Amplifier/Receiver Mut€..eeseesssses3-9
Automatic Gain Control.sesssceccsecsssssssssssae’d—10
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NOTE: Component designations used in the "Theory" sections of this manual
are the shortened numbers as théy appear on the schematic diagrams. To de-
termine complete component designation, the board/location number must be
added after the letter or letters. See the "Note" 1in the first portion of
the "Parts" section of this manual.

Schematic diagrams contained in the "Theory" sections of this manual
are simplified to help in the understanding of the operation of the circuit; .
they may not always, therefore, be sufficient for troubleshooting purposes.
When servicing the equipment, it is urged that the technician use only the
schematic diagrams included in the "Servicing Data" portion of this manual.

The recelved signal
from the antenna connec-
tor is passed through one
of six low pass filters,
which are also used in
the +transmit condition,
Each is composed of two
inductors and three cap-

acitors, ylelding a five
pole filter for each band AT
(160 through 10 meters). "

Note that the same filter
is used for all segments
of the 10 meter band.

The filters are sel-
ected by S101 and 85102,
sections of the BAND sw-
iteh. From 5101, the
signal is passed to relay
K101, +through C122, and

through C101. From there o mx o &' °': A To wer
it is routed to the input ':,’;,"o—‘ °

of the preselector board.
Recelver antenna switch-
ing is accomplished by K101,
which 1s activated by @Q102.
When the receive ("R") 1line p
is high, as it is in the re- L ) cRioz—
ceive condition Q102 is bias- ‘
ed to saturation, energizing ..
K101 and connecting €122 to e
the output of the selected
low pass filter. Since the
collector of Q102 is low when
it is thus saturated, Q101 is

S 9o

| in a non-conducting condition RECEIVE ANTENNA
i and has no effect, However, SWITCHING
i when the "R" line is low, as 31 |l ‘g
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as it is in the transmit condition, Q102 is cut off, and its collector vol-
tage is high. This biases Q101 on, providing a path to ground for any tran-
smit signal coupled across the open contacts of K101 due to stray capacity.
In this manner, the input of the receiver is protected during transmission
periods,

S103, a part of the BAND switch, is used to provide a voltage to each
of ten control lines, depending upon its position. There are separate con-
trol lines for the 160, 80, 40, 20, 15, 10A, 10B, 10C and 10D positions, and
an additional line, which, +through CR102 through CR105, is high for any of
the 10 meter positions of the BAND switch. These control lines are used in
other sections of the transceiver,

PRESELECTOR

In the receive conditlon, the transmit ("T") 1line is low. Thus, CR109
in the input circuiltry of the preselector is reverse biased, and the TX IN
jack is effectively open circuited.

1102 1s an RF choke to prevent sig-
nal from belng bypassed 1o ground
through C109 on the "T" line.

On the other hand, the "R" line R
is high in the receive condition,
and 1is connected through RF choke
1101 to CR108, which it blases to

PRESELECTOR
BOARD
INPUT  SWITCHING

T0 Qo8

an "on" condition, R113 provides gty o—{ cno T0 mx
a ground return and the voltage clI08  CRIOY BAND
drop across 1t reverse blases the TX IN O—df Rit3 PREAMPS

"off" diode, (110 is a DC blocking
capacitor, and passes the signal on

to the 1input of +the preselector

band filters. R114 acts as a IC s
return for the switching currents T cro9

for the filter selection clrcults, =

and provides reverse blas to the

"off" dlodes. ;

There are six band filters in the preselector (only one is used for all
four segments of the 10 meter band).; These filters are selected by the BAND
switch, utilizing the voltages on the control lines from S103, as mentioned
earlier. For discussion purposes, only the 80 meter filter will be consid-
ered,

TO TX PREAMP

The voltage from the 80 meter control line is coupled through isolating
resistor R117, the primary of T104, and CR112 to the output of the input sw-
itching circult previously dis-
cussed, where it is provided Ef
with a ground retugg path th- RU7 _
rough Rl1l4, Cl19 frovides a s F

ground for the signal at one cao cize
end of the primary of T104. The T — m('——I
signal 1is then passed through erom cpuz ;;;L L To
diode switch CR112 to T104, wh- €' moel L c'”j;__._ﬂ“ TH9

ile the voltage drop across R-
114 reverse biases the corres-
ponding diode switches 1in the
other fllters.,

Q:l_

80 M BAND FILTER
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The secondary of T104 is resonated by the C120-C122 series combination,
and they act as an impedance transformation voltage divider, T105 and C121
form a series resonant circuit, and its output is coupled to C1l24-Cl25, wh-
ich again transforms the impedance of the signal path, and also resonates
with output transformer T106. The combination of the two parallel r&sonant
circuits and one series resonant circuit forms a bandpass filter of excel-
lent characteristics. Output switching is provided by R118, in conjunction
with CR113, in a manner identical to the input switching scheme.

The output of the preselector filters 1s coupled to the preamplifier
stage, Q101, via autotransformer T119 and coupling capacitor C163, R127
provides a IC path to ground for the switching diode, and provides reverse
bias for the "off" diodes in the other filters, while C159 effectively gr-
ounds the bottom of T119 for the signal.

"Bias for Q101 is pro- +10.5V
vided both by the source {
circuitry and the R128-R-
129 combination. So far
as gate two 1is concerned,
the blas is determined by
the source network as well
as whatever 1s applied to
it via the AILC 1line., CR122
and CR123, . blased in the
forward direction by the
voltage applied by R150,
provide a fixed drop of
approximately 1.4 volts,
while additional bias is
supplied by the drop ac-
ross source resistor R132.
C1l60 and C161 are both by-
passes, .

Signal from the drain : =
of Q101 is taken via C165, - '
after being developed ac-
ross load 1103. R131 and Cl64 form a decoupling network for the supply
line, :

In the receive condition, the "R" line is high, causing Q106 to satur-
ate, thus lowering the voltage on the btase of Q105, causing it to cease con-
duction. Diode switch CR124 is then reverse blased by the voltage drop ac-
ross R145, allowing Q1O4 +to operate in a normal manner. Bias for QIO4 is
derived by R134 and R136, while R149 serves to prevent instability. Output
of the preselector 1is taken from the emitter of Q104 via R144 and C173 and
coupled to the recelver input of the exciter board.

Q104

Ri44 ci173 RX
out

JI136

EXCITER BOARD--FIRST MIXER

After passing through the preselector and being amplified by the pre-
amplifier, the received signal is connected to mixer Z101 via C102, a block-
ing capacitor. Local oscillator signal, brought to the exciter board thr-
ough J105, 1is coupled via blocking capacitor Cl64 to the btase of amplifier
Q114, - Bias for Q114 is developed in a conventional manner via the R167-R168
voltage divider., The emitter resistor of Q114 is divided 4into two parts,

3-3
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R164 and R165., While the former is
bypassed in the usual manner, the

latter is not, and a signal suit- ]
able for driving the display freq- RX i 201
uency counter is taken from across “ﬂd;g_lu O
it, via R166 and C163,

Amplified L.O. output is taken
from the collector of Q114 and co-
upled to the base of Q115. Again,

bias is conventional, being devel- ciss

oped by R171 and R172, The output <

of Q115 is taken across its emitter

resistor, R173, via C167 and R174, cies S cRios RIS reom
and coupled through R177 and G168 "0 3 W e LT
to the %base of mixer driver Q101. me7 = e
The ©P.A. Bias control line is high e >

in the receive condition, thus re- Fa T L.O. AMPLIFIERS

verse biasing CR104, preventing the 5 T 8 IST MIXER

L.0. signal from being shunted to
ground by C169, as it would be in
the transmit condition. |

Bias for Q101 is developed by R104 and R107, and C104-R106 form the us-
ual emitter circuit. €103 and R105 form a feedback network, which, in con-
Junction with R177 and R174 set the gain of Q101. For a more complete dis-
cussion of feedback amplifiers and their operation, refer to the "Servicing
Hints" section of this manual.

NOISE BLANKER GATE

The output of the first
mixer, Z101, now at the I.F.
frequency, is coupled to the
first I.F. amplifier, Q103,
via blocking capacitor C106,
R111 and R112 form the bias
network, while emitter res-
istor- R110 1is unbypassed,
providing some degenerative
feedback, Output is devel-
oped across a parallel-tuned
resonant circuit composed of
the primary of T101 and C109.
R114 and C107 form a decoup-
1ling network, while the lat-
ter also places the upper
end of the primary of T101
at AC ground, so that C109
is effectively in parallel
with T101, |

The secondary of T101 presents a signal at low impedance, which 1is
coupled through noise blanker gate Q104 to the primary of T102, where it is
stepped back up. C112 resonates the secondary of T102. When the noise bl-
anker circuit detects a noise pulse of sufficient amplitude, the gate of Q-
104 is fed a positive pulse through CR101, effectively cutting it off and

Qo4 T0 Q0%

;E_cnz

O
N.B.PULSE

FIRST LF. AMPLIFIER &
NOISE BLANKING GATE
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opening its source-to-drain path, thus opening the signal path. Otherwise,
a ground is applied to the gate via R113, keeping Q104 in an "on" condition.
C111 and R113 serve to lengthen the pulse at the gate of Q104 to ensure
positive Dblanking,

FILTER BUFFER, FILTER, AND POST FILTER AMPLIFIER

From T102, the signal is
coupled to filter buffer amp-
lifier Q105 via blocking cap-
acitor €113, Bias 1is dev-
eloped by R11l5 and R117, wh-
ile emitter resistor R116 is
unbypassed, providing degen-
eration., Output is taken ac-
ross collector load 1101 and
coupled through blocking cap-
acitor Cl14 to the first I.F.
filter, FL101l. R118, €108,
and Cl15 are a decoupling

network, .
From filter FL101l, the FILTER BUFFER, FILTER, AND
signal is coupled through C- POST FILTER AMPLIFIER

116 to the base of post fil-

ter amplifier Q106, which is biased by R120 and R121. In the transmit con-
dition, Q106 acts as an emitter follower (discussed in detail in the Trans-
mit section of this manual), while in the receive condition, the output is
taken from the collector after being developed across load L1102, C118 is a
blocking capacitor., Note that the use of inductive loads and unbypassed em-
itters in the stages preceeding the AGC attenuator ensure good strong signal
handling capability.

AGC ATTENUATOR

From Q106, the received I.F.
.signal 1is coupled through €118
and R123 to AGC attenuator PIN
diode CR102, and thence via €120
to gate one of pass band tuning
first mixer, Q108. AGC voltage,
when required, is applied to the
base of AGC driver Q107 via volt-
age divider R129-R130. Current
is then supplied to the PIN diode
via R124, causing it to conduct
to a degree determined by the AGC
voltage; it acts, in conjunction
with R123, as a varlable voltage
divider, similar in effect +to a
conventional volume control, and ILF. AGC ATTENUATOR AND
thus provides the AGC action re- PBT 1! MIXER
quired. Up to about 50 4B of at-
tenuation 1s available at this
point,

T0 PBT
FILTER




o

e

_ $gcusic

COMMUNICATIONS
Swan DIVISION

PASSBAND TUNING

Q108, a dual-gate MOSFET, acts as a subtractive mixer, with the first
I.F. signal applied to gate one, and the passband tuning oscillator signal
applied to gate two. Bias for gate one is developed across R127, while con-
necting gate two to the source via R128 makes it operate without bias. Out-
put of Q108, now at the pass band tuning I.F. of 13.8 MHz, is taken from its
drain., L103 and Cl24 form a parallel resonant drain load. C125 is a coup-
ling capacitor, routing the signal to the SSB filter via Q110 and to the CW
narrow filter via Q109.

@110, conventionally biased,
acts as an emitter follower to
drive the SSB filter, FL102. Af-~
ter passing through the filter,
the signal 1is coupled +to Q112
via C136. Ql12 is also an emit-
ter follower, with its output
developed across R144 and bias
developed by the R142-R143 com~
bination. C138 1is a Ublocking
capacitor, PBT FILTER AND

When operating in +the CW DRIVERS
narrow mode, voltage 1s applied
to the CWN line through R150 to
diode switch CR103, This volt-
age reverse blases the base-emlitter junction of Q112, causing it to cease to
conduct, and thus breaking the signal path. Also, C139 shorts the signal
path through CR103.

Signal from the CWN filter
amplifier Q111 (covered later)
and from the SSB filter are coup-
led to gate one of the second PBT
mixer Q113., RI4B and R151 are
isolation resistors, and R152 is
the gate return resistance for
@113, which is also a subtractive
mixer. Oscillator energy is co- rroM  misi  Ris2
upled to gate two of @113 in the - auz
same manner as it was to the first
PBT mixer, and the ©bias arrange- FrRoM , Fie8
ment is also the same. Output is am =
taken via C146, now back at the
first I.F. frequency of 9 MHz,

Cl47 serves the dual function of FRou
resonating with T103 and serving
as the first element in a low pass 204 PBT MIXER

filter composed of C147, L1104 and
C148, which filters out unwanted
mixer products. R157 +terminates
the filter in its required load.

PBT oscillator Q123 is a conventional Colpitts crystal controlled osc-
illator, with C203 and C204 providing the feedback capacitive divider. R214
and R215 form the bilas network, while R127 is the emitter resistance, T106

3-6
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and C205 form a parallel resonant collector load. The frequency of the osc-
illator is adjusted by the application of a voltage from the PASSBAND tuning .
control on the <front panel
through isolation resistor
R213, to varicap CR110. The
range of adjustment is set
by trimmer C206, while C207
is a bypass.
' Because the same freq-
uency oscillator signal 1is
applied to both PBT mixers,
any signal going into the
first PBT. mixer will leave
the second on precisely the
same frequency. This is why
the PASSBAND tuning control
only affects the relative
position of the passband and
has no effect on the freq-
uency of the signal tuned in.
The direction of tuning
of the passband oscillator PB TUNING
must be one way for USB/CW
operation, and the opposite direction for LSB operatlon for the effect at
audio to remain the same, When in the LSB mode, a positive voltage is ap-
plied through CR121 on the audio board to the base of Q108, through limiting
resistor R164. Simultaneously,
it is also used to turn sect-
ions B and C of switch U110 on,
Section B of Ull0 applies +10.5
volts to the upper end of the
PASSBAND tuning control R1034A,
while section C grounds the
other end. Since Q108 is sat-
urated, its collector is 1low,
and this voltage, applied +to
sections A and D of U110, turns
them off, When in the USB or = PBT SWITCHING
CW modes, however, the LSB line ' ' ’ '
is low, and thus sections A and D of U110 are on, while sections B and C
are off. This action reverses the voltage applied to the tuning control.
Operation of the PASSBAND tuning indicator will be covered in the "Anc-
illary Circuits" section of this manual. '

CWN FILTER

Signal at the second TI.F. of 13,8 MHz, from the first passband tuning
mixer (Q108), is also coupled to the base of Q109. Bias is received from
the same network that supplies Q110, the filter driver., Q109 acts as an em-
itter follower driver for the CW narrow filter, and the required filter ter-
mination impedance 1s provided by R138 and R139, while C129 is a blocking

. capacitor. The CW narrow filter is composed of Y101l and Y102, with C131 and
C133 acting as coupling capacitors and C130 and C134 providing adjustments

3-7
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+10.8V
to properly align the filter re-
sponse, (135 acts as an output
coupling capacitor, and carries
the signal +to the base of Q111.,
Power for Q111 is taken from the g,
CWN 1line, and bias is provided ©'*®
by R145 and R146, Output is
taken across emitter resistor
R147 and coupled to the second

cial c(33
E =IYIO!| \nozaI :E
= LI T 1

—_— —~—

passband tuning mixer Q113 th- clsz
rough C141 and R148,

NARROW Cw
MAIN I.F, AMPLIFIER FILTER

The signal from Q113, now
again at the 9 MHz I.F., is co-
upled through €151 +to the main I.F. amplifier, U101, This integrated cir-
cuit is composed of two amplifier sections, with the ocutput of the first
section developed across the R160-1105
load combination., G154 resonates with Asc
1105, while R160 broadens the response
by '"swamping" the tuned circuit. C152
couples the output thus developed from
the first amplifier section of U101l to RIS8
the second section of the same IC. Out-
put of the second section is coupled to
push-pull T104, which is resonated by e o—
Cl56, C157 is a bypass. The output of
T104 is coupled to the product detector,
Q120., AGC control is applied +through
voltage divider R158—R159. Overall ' MAIN LE AMPLIFIER
gain of Ul01l is up to 70 dB,

+10.8v
O

PROINCT DETECTOR/AUDIO MUTE

Carrier oscillator en-
ergy is coupled via C186 to.
the base of Q121, which for- cies  PRODUCT DETECTOR
mns an emitter-coupled palr AND MUTE
with Q120. Bias is develop-
ed by R200 and R198, acting
as a voltage divider, and rise
R201 and R203 serve as isol-
ating resistors, while C184 1
is a bypass. Q120 and Q121 |
act as a mixer, combining
the I.F. input from T104 and
the carrier oscillator sig-
nals to recover the audio
frequency of the incoming
signal, Output 1is coupled

.via 0182 +to an RC network -
composed of R218 and (208, LINE

cz2t10 TO

O NOTCH

FILTER

3-8
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which filters out any undesired mixer products. Q124,
in series with the signal path, acts as a switch to
cut off the recelver output AF when in the transmit
condition, 1In that instance, +the "R" line would be
low, grounding the gate of Q124 and causing it to act
as an open circuit., BR219 and R220 provide bias wvolt-
age for the source and gate. Output of the AF mute
gate is then coupled via C210 to the base of AF ampli-
fier @125, which provides additional gain, Blas is
conventional, while the emitter resistance is only
partially bypassed to set the gain (see the "Servicing
Hints" section of this manual for a discussion of fe-
edback amplifiers such as this), Output is taken via
C213, while C214 provides a degree of high frequency
rolloff for more pleasing audio response,

NOTCH FILTER

Audio from Q125 1is
applied to CR123 and CR-
124, which act as a lim-
iter, effectively clip-
ping off any peaks exce-
eding approximately + 0.7
volt, The R172-C143 com-
bination filters the out-
put of the clipper and

shapes the audio response, Ul0lC is connected as a voltage follower, pro-
viding drive for active filter U101D that is the same amplitude and phase as

its input, but of a lower driving impedance.

Cl44 and K178, with R120A on the front panel, form the series leg of a
Wein bridge, while C145, R177 and R102B (also on the front panel) form the
shunt leg of the same Wein bridge. This bridge is inserted in the inverting
feedback loop to form a notch when combined with +the normal audio frequency

applied to the non-inverting input of amplifier U101D,
positive feedback path to raise the"Q" of the circuit.

AUDIO POWER AMPLIFIER/RECEIVER MUTE

FROM
VOL. WIPER
O

Audio from the output of +the notch
filter is applied to the high side of the
front panel volume control, and its wiper
is returned, through R127, to the input
of audio power amplifier Ul03. R129 acts
in conjunction with R127 as a voltage di-
vider. Receiver mute switch Q104 is con-
nected between this input and ground, th-
rough isolating capacitor Cl17. When 1in
the receive condition, a voltage on the
"R" 1line holds Q104 4in the "open" con-
dition, allowing the signal to be ampli-
fied by U103; when in the transmit con-

dition, the "R" line is grounded, turning " AND RECEIVER MUTE
Q104 "on" and shunting the signal to gr- B

04
=L A.F. POWER AMP

R176 and R174 form a

SPKR

TO
vox
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ound. G118 and R127 shape the audio response,

When in the transmit condition, and when sending CW, the sidetone audio
signal is applied to the other input of U103; thus, the operator is able to
monitor his own sending,

C113 and C114 form an audio shaping network for more pleasing response,
and C112 couples the output +to the speaker. €110 and C111 are RF bypasses.
€109 Dbypasses certain internal circuitry of U103, while R130 and C115 pro-
vide a type of feedback path known as "bootstrap®.

AUTOMATIC GAIN CONTROL

The audio frequency sig-
nal is coupled to the base of
Q101 wvia C101. Bias is set
by R101, R102 and R103, with
R101 serving as the AGC th-
reshold adjustment, When the
audio peaks are of sufficient
amplitude, Q101 conducts, wh-
ich causes a current to flow
through R105 and +the DECAY
control, a variable resist-
ance to ground, The voltage
drop across this combination v DECAY CRIO4
charges capacitor €102, with weER  AGC SYSTEM crios
series resistor R106 control-
ling the charging time, and
thereby the attack time. When p—
the AF signal disappears, C-

102 discharges through R106 and the R105-DECAY control combination, thus the
setting of the control varies the. decay time of the AGC,

The voltage across C102 is applied to the non-inverting input of ampli-
fier Ul01A, Provided the output of Ul0lA 1is greater than any reverse bias
to CR101 supplied through CER103 by the I.F. GAIN control, the output of U-
101A is applied to the AGC 1line through CR106, and to the S meter through
calibration control R110 and voltage dropping diodes CR104 and CR105, R107,
R108 and R109 establish a reference level and the gain of U101A,

When in the transmit condition, the "T" 1line goes high, and applies a
voltage through CR108 to the inverting input of U1l0lA, causing its output to
go low and remain there so long as the "T" line remains high, thus disabling
the amplifier. This ensures that the S meter is disabled in transmit. This
same voltage is applied, through CR107, to the AGC line to force maximum at-
tenuation of the AGC PIN diode in the IF amplifier chain, and to cut off the
I.F. integrated circuit amplifier, Ul0l, on the exciter board., This ensures
that no signal 1is present in the AGC loop during transmit and full gain is
available when switched back to receive,
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Transmitter Theory
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MICROPHONE PREAMPLIFIER

The audlo signal from the microphone or external input jack is coupled
through R133 or R135, respectively, to blocking capacitor €122 and thence to
the base of microphone preamplifier @103, C119 and C120 are RF bypasses,
while bias is developed from the collec-
tor by voltage divider R134-R136. This
provides feedback to keep the gain of
the stage fixed. The emitter circuit is
standard, composed of resistor R137 and

+8v

Ci2a4
T0
vox

bypass capacitor C123. Output is coup- Mic A alos | mic
led via C124 to the VOX circuit and to gowe [co@e 070 UIoac
the internal microphone level control. AX O
ci9 RI36
I 1=
SPEECH PROCESSOR = :_[_C'zs
\ TX AUDIO =

When the operator desires to use the =
built-in speech processor, a voltage is
applied, through voltage divider R150-R151, that blases Q107 into conduction
thus lowering its collector voltage and turning section A of switch Ul09 off,
This in turn activates sections B and C of that switching IC. The former
turns section D off, opening
the feedback path for ULQ4C
composed of R157, and the lat- oM ”9"
ter completes the alternative QG0
feedback path composed of R158,
CR117 and CR118.

U104C, 1in this case, op-
erates as a compressor. When
signal peaks at the output of
the amplifier exceed the bar-
rier potential of CR117 and
CR118 (+ 0.7 volt) these peaks 1
are fed back to the inverting -sv
input of that amplifier, thus
reducing 1its gain. When spe-
ech processor operation is not
desired, R157 i1s utilized as
the feedback path, converting
Ul04C into an ordinary fixed- ' _ =
gain amplifier stage.

MODULATION AMPLIFIER

Ul04D is a fixed-gain amplifier, immediately following the front panel
MIC GAIN control. Feedback 1s provided by the R162-C135 parallel combinat-
ion, with C135 providing additional feedback at the higher audio frequencles
thus reducing gain of the stage in that range, and provlding a more pleasant

| 4-1
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normal sound to the transmitted voice sig-
nal. The output is taken via C136, with
C147 providing bypassing for RF energy.
When operating in the CW mode, or in the
receive condition, +the amplifier is dis-
abled by voltages applied through CR120
or CR119, respectively, and through R161,
to the inverting input of the amplifier,
causing 1its output to go to 1its lowest
1imit and remain there so long as these
voltages are present, preventing it from MODULATION AMPLIFIER
amplifying the transmit audio signal,

BALANCED MOIULATOR

7101, on the exciter board, used as the first mixer in the receive con-
dition, is used as the balanced modulator in the transmit condition. Audio
from the modulation amplifier is applied +to Z101 +through R0l and R102,
Meanwhile, the P.A. bias line, which goes low for transmit, cuts off Q116,
removing the voltage applied through R180 and CR105 from the emitter of Q117
which allows it +to operate as a normal amplifier. This voltage, present in
the receive condition, reverse biases
the base-emitter Jjunction of Q117, dis-
abling it when it is not needed.

' Carrier oscillator energy is coup-
led through C173 and K184 +to the base
of Q117, where it is amplified. Out-
put is taken from the emitter, through
R181 and C171, and applied to the base
of @101, (In the receive condition,
local oscillator energy is coupled th-
rough Q115 to the base of Q101, but
this path 1s interrupted in the trans-
mit condition). Q101 is a feedback am-
plifier, with its gain determined by
the ratio of feedback resistor R105 to 0 R min
the input series resistor, R181. Bias Tevo vy
and emitter circuits are conventional, oSCILLATOR SwiT
and output is +taken from the collector CHING
.of Q101 through a winding internal to ARD BALANCED MoowwAToR 9
Z101. The ISB suppressed-carrier out-

put is taken through €106, (For
internal circuitry of Z10l, see the Servicing Hints section of this manual.)

FIRST I.F./NOISE BLANKER GATE

The DSBSC output of 2101 is coupled to the first I.F. amplifier, Q103,
via C106. K111 and R112 form the bias network, while emitter resistor R110
is unbypassed, providing some degenerative feedback, Output is developed
across a parallel-tuned resonant circuit composed of the primary of T1l01l and
C109. " R114 and Cl07 form a decoupling network, while the latter also places
the upper end of the primary of T101l at AC ground.

L-2 v —
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The secondary of T10l pre-
sents a signal at low impedance
which is coupled through noise
blanker gate Q104 +to the pri-
mary of T102, where it is step-
ped back up. C1l12 resonates
the secondary of T102. In the
transmit condition, the noise
blanker gate is held in the on
condition at all times. FroM, €106 CRIOI

Ti02

TO Q0%
Tcnaz

FILTER BUFFER AND FILTER

: N.B.ULSE
From T102, the signal is coup- =

led to the filter btuffer amp- FIRST LF. AMPLIFIER &
lifier, Q105, via Dblocking
capacitor Cl13. Bias 1is de-
veloped by R115 and R117, wh-
ile emitter resistor R116 is
unbypassed. Output is taken across collector load L1101 and coupled through
blocking capacitor Cl114 to the first IF filter, FL101l. R118, C108 and C115
are a decoupling network,

From filter FL101l, the
signal is coupled through C116
to the base of post filter amp-
lifier Q106, which is biased
by voltage divider R120 and R-
121. In the transmit condition
Q106 acts as an emitter follow-
er, with its output coupled via
€180 and R197 to the transmit
' mixer driver, Q119.

NOISE BLANKING GATE

TRANSMIT MIXER

As mentioned above, the
signal from the post filter RI96 RI9S
amplifier, @Q106, which is now are
a single sideband, suppressed 4;)
carrier signal at the IF freq- - S
uency of 9 MHz, is coupled to %Rw. z102
transmit mixer driver Q119.

This stage has conventional ‘
bias, an unbypassed emitter, FROM one
and its output +taken from the aros

collector through a winding of RI93

2102, This winding 1is de- R192
coupled by R196 and C179. Bias =

supply comes from the T/S line =
from the control circuitry, | TX MIXER, DRIVERS
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which will be covered later.

118, The gain of this stage is determined by the ratio of feedback resistor
R190 to input resistor R187; C1l74 and C176 are merely IC blocking capacitors.
The emitter of the stage is bypassed conventionally. Output 1is taken from
the collector through a winding of the transmit mixer, Z102, a doubly balan-
ced mixer assembly identical to that used for AlOl.

L.0. drive is connected to Z102
through an amplifier/buffer network +8v
contained on the exciter board also,
Signal from the 1local oscillator
board is applied to buffer Q114 via ciee
C164, Output is taken from the R165 L'
portion of the emitter resistance,
and coupled through R166 and C163 to
the counter board, to provide the
signal for the front panel digital sos o
dial, while the remainder of the em-
itter resistance, R164, is bypassed -
by C162,

Signal 1s also taken from the
collector of Ql14, coupled through ci62
C165, and applied to the ©base of
Q115. The emitter resistor of this
stage is unbypassed, creating some -
degree of degenerative feedback, and
the output is taken via C174 and R187 to the mixer driver, Q118.

RITS

cl63 L.0. BUFFERS
8 SWITCHING

PRESELECTOR--INPUT SWITCHING

Output from transmit mixer Z102 ' To g
which is now at the desired operat-
ing frequency, is coupled to the “R"
same preselector board used in the
receive portion of the transceiver.,
It is coupled via C108 and Cl110 to
the input of the band preamplifier usz 0—
filters when the "T" 1line is high, c108  cRI0S TQ and
blasing switch CR109 on through L102 TX N O=—if RIS PREAMPS
and R113. Since the "R" line is low
under transmit conditions, the volt-
age dropped across R11l3 reverse

PRESELECTOR
BOARD

T
0 Q%6 |NPUT SWITCHING

biases receive switch CR108, discon- "y TO TX PREAMP
necting the receiver input from the T croe
preselector. =

PRESELECTOR--BANDPASS FILTERS

Since operation of all of the 1individual %band filters 1is identi-
cal, only one, the 80 meter version, 1is discussed here. These filters are
selected by the BAND switch on the front panel of the transceiver, utilizing
the control lines from S103 on the Bandswitch/Low Pass Filter board.

L-L

Local oscillator energy is coupled}to the base of the other driver, Q-
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The voltage from the 80
meter control line is coupled

through isolating resistor R- Vao
117, the primary of T104, and RUT Ai LI
CR112 +to the output of the )

switching circuitry discussed
in the previous section, wh-
ere it is provided with a FROM crnz
ground return path through R- cno
114, €119 provides a ground

for the signal at one end of

the primary of T104, The , 80 M BAND FILTER

signal is then passed through

diode switch CR112 +to T104,

while the voltage drop across

R114 reverse biases the cor-

responding diode switches in

the other filters.

The secondary of T104 is resonated by the C120-C122 series combination,
and they also act as an impedance transformation voltage divider. T105 and
C121 form a series resonant circuit, and its output is coupled to C124-C125,
which again transforms the 1mpedance of the signal 1line, and also resonates
with output transformer T106. The combination of the two parallel resonant
circuits and one series resonant circuit forms a bandpass filter of excel-
lent characteristics. Output switching is provided by K118, in conjunction
with CR113, in a manner identical to the input switching scheme.

The output of the preselector
filters is coupled to the preampli-
fier stage, Q101, via autotransfor-
mer T119 and coupling capacitor C163.
R127 provides a IC path to ground
for the switching diode, while C159
effectively grounds the bottom of
T119 for the signal.

Bias for Q101 is provided by
both the source circuitry and the
R128-R129 combination. So far as
gate two is concerned, the bias is
determined by the source network and
vwhat ALC 1is applied +to it from the
ALC circuitry, to be discussed later.
CR122 and CR123, Dbiased in the for-
ward direction by the voltage appl-
ied to R150, provide a fixed drop of
approximately 1.4 volts, while ad-
ditional bias is supplied by the
drop across source resistor R132,
C160 and C161 are both bypasses.

Output, via C165, is taken from Q101 and applied to transmit preampli-
fier Q102, which is a conventionally biased emitter follower stage. This in
turn is coupled via C170 to frequency-equalizing network R138-C171, and then
to the base of feedback amplifier Q103, Gain of this stage is determined by

cl2o
TIOS

; c«z
ciz2 To

ci2s . Tue
I L. TI06

Tioe

b-5
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the ratio of R140 +to the im-

pedance of the R138-C171 com- AP
bination, Bias is applied
only in the transmit condition,
from the "T" line, via voltage
divider R141-R142, The emit-
ter circuit is composed of

- R143 bypassed by C172,

Output is taken from a
tap on autotransformer L1104
and coupled through C168, pro-
viding a low impedance signal
that can be coupled through a
coaxial cable to the power
amplifier board with minimum

Tx ouT
Ji34

loss, C167 and R139 form a TRANSMIT PREAMP
supply 1line decoupling net- .
work,

POWER AMPLIFIER

From the preselector, the transmit signal is applied to PA predriver
Q101 on the power amplifier board via coupling capacitor C104, Since Q101
is a feedback stage, 'its gain is set by the ratio of feedback resistor R103
to input resistor R102, while bias is : 14V
taken from the PA bias line via voltage
divider R101-R104. The emitter circuit
is conventional, and the output is taken
via T101, which provides a push-pull :
signal for the following driver stages. T101

C105 and ferrite bead FB101l provide de-~
coupling for the collector supply line. DRIVERS

FROM
BIAS LINE

+i4V

RIO7

ci0s - DRIVER .j;moz PA

AMPLIFIER PREDRIVER =

The driver amplifiers, fed

-by transformer T101l, are sup-

plied bias via the center tap

of that +transformer and RF ch-

oke 1101, R107 and CR101 form

%E% a forward-biased diode regulat-
’

€109 rRII3

or circuit to control the am-
ount of bias supplied. C106,
€107 and C108 are bypasses.

The €123, R109, R110 and
R11]1 network assures the cor-
rect load impedance on the sec-
ondary of T101. The R113-C109

L4-6




_ ¥ CuBIC

COMMUNICATIONS
Swamn DIVISION

and R112-C110 networks provide feedback for the stages. (€111 helps to pro-
vide proper frequency response at the primary of the interstage transformer,
T102, while C112 and FB102 provide required decoupling of the supply line.
Power amplifier stages Q104 and
Q105 both are also driven in push- BiAs
pull, from the secondary of trans-
former T102, Bias is supplied in a
manner similar to that of the driver L
stages, and again, a network com- Jj
posed of C115, RI115, R116, R117 and -
R118 assure proper termination im-
pedance for the secondary of T102,
Feedback networks are provided for
these stages also, and output ap-
pears across the secondary of T103,
C118 and RFC 1103 provide supply de-
coupling, v
The bias line for the PA board
is controlled by Q106. Normally,' the
base of this device is held at the
+14 volt supply potential through
R120, thus cutting it off. When, POWER
however, the transmit mode is acti- AMPLIFIERS
vated, the T/R switching ecircuits
ground the Jlower end of R121, thus
lowering the voltage on the base of Q106 and allowing it to saturate. This
energizes the bias line and all circuits supplied from it.
Capacitors (102, C122 and €119 on
the bias 1line, and C101, C114 and C121
O +iav on the +14 volt supply line assure good
Ri20 bypassing at all frequencies from audio
to radio,

+lav

Lio3

102

T
FROM

" DRIVER

rst————————

+14v LINE
TO PA <

BOARD T .I .I.

STAGES = = =
Ciolr  Clid Ci124
BIAS LINE

RiI2t

T At M A WP R T 75 1

FROM T/R SWITCHING

PA BOARD BIAS

The output from the power
amplifier 1is coupled to switch
5101 on the bandswitch/low pass
filter board, and thence thr- ™
ough the appropriate 7low pass xpoe
filter for +the band selected,
and out through 35102 to the
wattmeter/SWR board (covered !
later). Each of the low pass
filters on this board is a five |
pole type, designed to greatly \
attenuate out-of-band harmonics
and spurious outputs.

$i104

10
WATTME TER
80ARC
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Oscillator Theory

Band Voltage Controlled OscillatorS.seess5-1
Permeability Tuned Oscillators (PTOS) essee«5-3
PTO SwWitChinge.seesscsosscscsssosoasssanss -l
Local 0scillator MiXeTssessosasssssaacna ee5-5
5-7
5-7
5-8

Carrier Oscillatoriicescsosceccscsssneaes
CW Sidetone Oscillatoreeesecssececoncssns
-5 Volt oscillator/Reglllatorn 090 000 00 0P O SR
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BAND VOLTAGE CONTROLLED OSCILLATORS

Each of the six bands has 1ts own voltage controlled oscillator (vco)
that operates at a frequency 14.5 MHz higher than the low edge of the band
itself. Each of these VCOs is the same as the other, with the exception of
the values of the frequency sensitive components, so only one will be discus-
sed here, that for the 160
meter band,

The oscillator circuit is
derived from the basic Colpit-
ts oscillator, with C103 and
Cl104 providing the tapped cap-
acitance for Tfeedback, T101
and the parallel combination
of varicap CR101 and C102 pro-
vide the tuned circuit, Volt-
age applied by the error line Eerro
through isolation resistor
R101 tunes the varicap. (€101
is a blocking capacitor, and
bias is developed by voltage BAND VCO
divider R102-R103. Output is
taken through blocking capac-
itor C105 and series resistor
R105, and is filtered by a low .
pass filter composed of inductors 1101 and L102, with €107, €108, and C110.

The output of the filter is coupled through series resistor R107 to a
line common with the other five oscillators, and to the base of summing amp-
lifier Q107. R144 and C160 pro-
vide a feedback path from col-
lector to base of this stage, so
the gain of Q107 is determined
by the ratio of R1M4 to R107.
(See the "Servicing Hints" sec-
tion of this manual for a dis-
cussion of feedback amplifiers).
Bias for Q107 is conventional,
as is the emitter circuitry. The
collector of Q107 1is directly
coupled to the base of Q108,Vc°
making +them into a high-gain
compound pair. Output to the
L.0, mixer is taken from the
emitter of Q108 through C169 and
R159, while an additional out-
put is taken from the collector
through R150 and C162, and applied to the base of amplifier Q109. This stage
then drives level translator Q110 through C164, and bias is applied through
dropping resistor R156, The output of Q110, now a square wave at a TTL-com-
patable level, is directly coupled to the prescaler of the band phase locked
loop. (See the "Servicing Hints" section for a discussion of the PLL.)

BAND VCO
BUFFER AMPLIFIERS

5-1
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U101, a dual J-K flip flop,
the divider chain.
U103 in parallel,

Its output is coupled to the
The outputs of U102 and U103 are gated through U104A to

is used as a divide-by-four prescaler for
clock inputs of Ul02 and

produce an output pulse when the counter has completed its counting cycle;

this pulse is then inverted through U1l04B,

tector driver, Q123,

Programming of counters Ul02 and
U103 is accomplished by the diode ma-
trix composed of CR121 through CR129,
and memory Ul05. For 160 meter oper-
ation, all five input lines to U105
are low, or binary 00000; for 80 me-
ters, the coding is 00001; for 40,
00010; for 20, 00011; for 15, 00100;
for 10A, 00101; for 10B, 00110; for
10C, 01000; and for 10D, 10000. Band
program memory Ul05 decodes these ad-

dresses into the bit combinations nec-

essary to set +the required division
ratios into counters Ul02 and U103, as
shown in the accompanying memory map
of U105.

Additional diodes (CR130 through
CR133) are connected to the 10 meter
control lines which provide a common
10 meter bus, regardless of which seg-
ment of the band is selected by the
BAND switch, and is used to energize
the 10 meter VCO and 10 meter L.O.
filter.

The output of the programmable
divider is coupled through R232 to the
base - of driver Q123. Its output is
coupled to the phase comparator, U1l09.
The other input to the phase compara-
tor is the 125 kHz signal from U1l01B,
the loop reference oscillator and di-
vider. Y101 controls the frequency of
the oscillator at 2 MHz, with C246
providing a means of adjusting the
calitration.

Output of +the phase comparator,
U109, is coupled +through R233 to the
inputs of two amplifier stages, U110A
and U110B. Capacitor and vresistor
combinations C248-R233 and R239-C249
form the loop filter. For 160 through
15 meter operation, U110A is used as
the error amplifier, with its output
driving the varicaps in those band
oscillators; - for the 10 meter Dband,

- U101B, with higher gain, is used to
drive the varicap of that band's osc-
illator. More gain 1is required be-

-2 .
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+8v

cause the higher divider numbers also
reduce the loop gain.

In this manner, the band VCOs are i ves ——Omsum
constrained to oscillate on precise R229 I
multiples of the crystal controlled Yiol - .
reference frequency of 125 kHz. The , 2w | BAND REF O0SC
exact multiple is the total division c246 o c2e7 8DIVIDER
performed on the VCO frequency, in-
cluding that of the prescaler.

PERMEABILITY TUNED OSCILLATORS

There are two identical permeab- ulos
111ty tuned oscillators in the ASTRO
102BX. Only one is described here, R233

The permeability tuned oscillator U
is the primary means of varying the v O ERROR LINE
frequency of the transceiver., It is
a Colpitts circuit, and the tuned fre-
quency is determined by L601 in par-
allel with the appropriate capacitors,
CR601, C603, CH04, C605 and CH06, The
frequency tuned is 5.0 to 5.5 MHz, and c248
this combination of capacitors is ch- R241
osen to provide temperature compen- LOOP FILTER &
sation for low drift, and must be re- = = D.C.ERROR AMPS
placed with exactly the same types to :
maintain this stability, if replace-
ment becomes neces-
sary.

R606 provides a _
IC return for the ' 0V
gate Dbias of Q601,
which is developed
by R609. Feedback
to sustain oscillat-
ion is achieved by
the C609-C610 divid-
er combination. The
drain is decoupled
to ground by R610
and C611, while the
output is taken from
the source to drive
FET buffer Q602.

The bias gen-
erated by source re-
sistor R613 of Q602,
whose value is set
by the desired out-
put impedance, is
greater than is de-
sirable for this FET; hence, a positive voltage to offset this is developed

5-3
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by the R611-R614 combination.
-C615 to assure good spectral purity.
When operating in the USB mode, the

When RIT is used, the required shift
601, connected in parallel with the tuned
The DC tuning voltage for this varactor
combination, and is decoupled by C601.

PTO SWITCHING

The switches are used
for the PTO outputs; only
one will be described here,
as both are identical and
the description of one will
apply equally to both.

A control voltage, the
generation of which will be
discussed later, is applied
to decoupling RF choke L1502
from Q504. €519, C515 and
C516 are bypass capacitors.
This voltage 1is applied to
PIN diode attenuators CR503
and CR504 through isolating
resistors R520 and R517,
causing the diodes to pre-
sent a Jlow resistance +to
ground. 3Since the signal
from the PTO passes through
R521 and R519 (as well as
blocking capacitors €518
and C517, it is dropped by
these two resistors, with
essentially none passing

FROM [2-11]

PTO A

IC 819 RS20

PTO A SWITCH AND
_PTO BUFFER

Output is taken via low pass filter C614-LO6OK

required frequency shift is set by

C608, which is switched in parallel with the tuned circuit by CR602.

is obtained by varactor diode CR-
circuit by blocking capacitor C602.
is applied through the R601-R602

C606 is a calibration control.

PTO Aer®
ouT

PTO SWITCHING PIN

DIODE DRIVERS AND
RIT SWITCH

through to the base of the
buffer, Q505. Thus, when
this control voltage is re-
moved, the PTO output is
allowed to pass to the buf-
fer. Q505 is a summing am-

plifier, with its gain de-
termined by the ratio of
R512 to R518 (and others,
when the other section is
'in use). Bias and emitter
circuitry are conventional,
and output is taken from
the collector through 1low
pass filter C512-1L503-C513
to assure that no harmonics
or spurs are passed on to
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the mixer. In the off condition, the switch provides greater than 100 dB of
attenuation to the unwanted PTO output. ’ :

The control signal for the PTO switching circuitry is derived from the !
front panel PTO switch. In the PTO A position, +8 volts is applied to the
PTO B switching circuitry directly through the switch contacts, thus disab-
1ling PTO B, It is also applied to the base of Q503, causing it to saturate;
since Q504 is direct coupled to its collector, the latter is then turned off '
and no voltage appears on the PTO A control line, allowing its signal to v
pass and appear at the output. 3

In the PTO B position, no voltage is applied to the PTO B line, allow- |
ing it to function, and Q504 is turned on, allowing voltage to appear on the
PTO A control line, disabling PTO A.

For split operation, "R" line voltage is used (through the PTO switch
on the front panel) to drive +the PTO B control line and the Q503-Q504 com-
bination., Thus, which PTO is turned on depends upon whether the "R" line is
high or 1low (receiver on or off). For reverse split operation Q501 and
Q502 provide an inverted "R" line voltage (+ for transmit, 0 for receive
which is used instead.

When the RIT switch on the front panel is on, and the transceiver is in
the receive condition ("R" line high), AND gate U502A is on, and its output
is high. This high is coupled to one input of U502B and U502C. The other
inputs of each of these AND gates is connected to the PTO A and PTO B con-
trol lines, respectively. Thus, when the PTO B control line is high (and
the PTO A 1line is low), analog switch U503A 1is turned on and the voltage
from the RIT control wiper is applied to the RIT input of PTO A. R536 and
R537 provide center adjustment for the RIT circuitry in the PTO,

When the PTO A control line is high, the remaining section of the AND
gate is on, turning on U503B, and supplying the RIT control voltage to PTO B.
A center adjustment similar to that for the A PTO is included in the circuit
although not shown in the diagram, for simplicity.

LOCAL OSCILLATOR MIXER

+8v

Output from the band synthe-
sizer (VCO buffer) is applied to | :
mixer driver Q111 through block- ! RIG2 RI63
ing capacitor C€169. Q111 is a : cie8 crre
feedback amplifier whose gain de- I
pends on the ratio of R160 to Ri63 =
R159, and its output is applied
to one input of the L.0. mixer
2101, which is a doubly-balanced
mixer identical to others used in
this transceiver. Also, the out— gsurvers
put of the selected PTO is ap-
plied to Q112 +through blocking
capacitor Cl175. This stage too,

Zi10t
Ci74

FROM

RIE8 PTO
Qn2 RI67 BUFFIR

o

FROM
Cie9 RIGE ciry
cir3

ries |ries S T =
-

-

is a feedback amplifier, with its | = IC'”: m;éoR.
gain determined by R167 and R168. ! ‘ 8.

Tts output is similarly coupled , BANDPASS FILTER/BUFFER

to 2101 ) AMPLIFIERS

Output of Z101 is at the op- ' |
erating frequency plus 9 MHz, and
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is processed through one of six
bandpass filter-amplifier com-
binations. Since all six are RI70
identical in operation, only
the 160 meter version will be
discussed here.

Collector and switching
power comes from the 160 meter
control 1line. R171 supplies _ iy
bias for amplifier Q113, and R218
also biases switch CR107 on; ==
the voltage drop across its
ground return resistor (not LO BANDPASS FILTER/BUFFER
shown 1in the simplified dia-
gram) reverse biases similar
diode switches in the other
bandpass filter circuits,

Q113 operates without an emitter bypass capacitor, and is therefore a *
bit degenerative; 1its collector is composed of a parallel resonant circuit
formed by T107 and the C179-C180 combination., Output is taken from the low
impedance tap between these two capacitors, and coupled through series res-
onant circuit T108-C183, +then stepped back up to higher impedance by the
output parallel resonant circuit T109-C182-C184, Output switching is via
CR108, biased on through R173, the secondary of T109, and R218. C185 is a
bypass for the signal. Again, the voltage drop across R218 reverse biases
the output switching diodes in
the other filters,

When the PTO switch on the
front panel is in the EXTernal
position, a voltage 1is applied

+Vieo

T0 LO

through R191 to CR115, and th- R197

_ence to the emitter of L.O. FROM EXT/INT EXT.
buffer Q117. This reverse bias- ”*'0232 L.0. Lo.
es this stage's base—emitter SWITCHING

Jjunction, preventing internally-
generated 1.0. energy from be- EXT
ing passed on. At the same time
the voltage drop across R195 re-
verse biases CR116 (since the
INT 1l1ine is 1low) and Q118 acts

as a buffer for externally sup- OUTPUT
plied L.O., signal, and it is AMPLIFIER
passed on through R196 and C215

to the L.O. output amplifier,

Q120. A O w0

When +the PTO switch is in.
any other than the EXT position,
the INT and EXT voltages are re-
versed, and internally generated
L.,0, signal is passed on to Q120.

Q120 and Q121 are directly coupled, and amplify the L.0O. signal select-
-ed by the switching circuit, The emitter of Q120 is wired conventionally, ‘
while R206 and R207 are the bias divider. Feedback from the emitter of Q121 - E

-6
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to the base of Q120 i1s provided by the R209-C231 network. Output is taken
from the emitter of Q121 through C232 and R212, and routed to the exciter
board. 1

CARRIER OSCILLATOR |

Since the ASTRO 102BX utiliges
only one crystal filter, the car-
rier oscillator frequency must be
shifted appropriately when select-
ing USB, IL3SB or CW modes, so that
the signal will fall within the o
pass band of the filter. Only one :3I =
oscillator is used, with a crystal = raor 02 ‘
SWitChing scheme used to select the CI";' Y2z 9.000MH2 9.0033MHz
proper crystal, depending upon the S o
mode selected, 2 cms cror (—4

Q122 is the oscillator, with il & G
bias provided by R206 and R207.
Feedback is provided by C188 and C-
189, BR205 is the emitter resistor.
The collector load is comprised of
T105 and C187, which form a paral-
lel resonant circuit., R204 and C- CARRIER OSCILLATOR
190 form a decoupling network. :

In the LSB mode, a + voltage
is applied through 1106 which for-
ward biases diode CR106, with R208
serving as a ground return. In this manner, C196 effectively grounds the
lower end of C194 and C195, placing Y103 into the circuit between Q122's
base and ground; the oscillator then operates at Y103's frequency, as trim-
med by C195.

At the same time, the voltage drop across R208 reverse biases CR107,
preventing Y104 from having any effect on the oscillator frequency. In the
USB or CW receive modes, the + voltage is applied via L107 to CR107, forward
biasing it in the same manner as CR106 in the LSB mode. CR106 is now re-
verse biased, and Y104 controls the frequency of oscillation. The exact
frequency is set by €198,

When transmitting in the CW mode, an offset is desired to place the
signal into the passband of the IF filter. In the ASTRO 102BX, this offset
is approximately 800 Hz from the receive condition, and is provided by “pul-
ling" the frequency of Y104, In transmit, the CWX line is high, forward
biasing CR108 and reverse biasing CR109., €199 and C200 now affect the freg-
uency of Y104, and C199 is adjusted during alignment to provide the desired
frequency offset,

CW SIDETONE OSCILLATOR

When operating in the CW mode, a sidetone is provided in the transc-
eiver's loudspeaker so that the operator may monitor his own sending. This
signal is generated by CW sidetone oscillator Ul101B. The frequency of the
sidetone is determined by the positive feedback path for UlO1B, that is, c-
106, €105, and R118. The gain of the stage 1s determined by the inverting
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feedback path, R121, CR125, CR111 and R120; with the diodes providing a lev-
eling action for the oscillator i )

output. The output is applied

to sidetone level control R124, . clo6  Ri22

and thence to the audio freq-
uency power amplifier via coup-
ling capacitor C108,

Keying of the sidetone
oscillator is accomplished by
Q102 and Q103. When in the CW
mode, CR110 is reverse biased,
but the base of Q02 is held
low by the "T" 1ine, maintain-
ing Q102 in a conducting state.
When the key is closed, the "T"
line goes high, allowing the <
base of Qlo2 to rise, and cut-
ting off conduction in R116 in
the collector circuit

Thus, when the key is closed, and the MODE switch is in the CW position
the base of Q103 is low due to the fact that Ql02 is not conducting, and it
does not conduct. This allows UlQlB to oscillate, When the key is opened,
the "T" line goes low, CR109 conducts, and the base of Ql02 is grounded, It
thus conducts, creating a voltage drop across R116, and biases Q103 on. This
prevents Ul01B from oscillating.

RI23
SIDETONE LEVEL
R|24

RI2S

=5 VOLT OSCILLATOR/REGULATOR

The negative five volts IC required
by various portions of the +transceiver
eircuitry 1is provided by oscillator U- RS
103, a timer IC connected in the astable
mode, The frequency of oscillation is
set by the R143, R14L and C112 combin-
ation., Output is taken +through capac-
itor €114, and applied to a voltage nas uios [che  criD  Ride
doubler composed of CR118 and CR119, = sV
Cll14 and Cl15 are an integral part of crie I;:us% Tone
the doubler circuit, charging alternate- che = = = = =
1y on different half-cycles of the osc- T
illator output. Their individual vol- —3V OSCILLATOR
tages add during discharge, providing AND REGULATOR
the required voltage doubler action.

The negative voltage thus generated is regulated by the combination of
dropping resistor R146 and zener diode CR120, in a conventional zener reg-
ulator circuit. Output is filtered by Cl16.

+ay
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FREQUENCY COUNTER

The ASTRO 102BX uses an accurate, crystal controlled time base and a
frequency counter to provide the operator with a digital display of the
transceiver's operating frequency. This counter measures the local oscil-
lator frequency, corrects for the fact that this is 9 MHz above that which
the transceiver is receiving or transmitting, and displays the results.

The incoming local oscillator signal, taken from the emitter of Q114
on the exciter board, 1is amplified and processed by the counter input amp-
lifier. R102, R103 and R104 form an attenuator network, used to reduce any
spurious signals generated in the counter, preventing them from being coup-
led back into the receiver circuitry. The overall design of the counter in-
cludes extensive planning to prevent "counter birdies"--an unfortunate phe-
nomenon in all digital dial radios. This includes the solid shielding box
and cover that the counter is enclosed in, feedthrough capacitors on leads
penetrating this shield, high isolation amplifiers, input attenuator, etc,
The results are that the unavoidable spurs are reduced to insignificant
levels, The technician is cautioned to exercise particular care in main-
taining the integrety of this shielding.

C104 couples the signal to the base of the first of two devices con-
nected as a compound pair, Q101 and Q102., Bias for Q101 is provided by con-
ventional voltage divider R105-R106, and the drop across its emitter resis-
tor, R107, provides bias for Q102, The emitter resistance of Q102 is div-
ided into two parts, R108 and R109, with the latter bypassed by C105. This
arrangement compensates for the inherent 6 dB-per-octave rolloff in trans-
istor gain, thus levelling its response over the range desired. Output from
Q102 is taken via the collector, coupled through C106 and R113, and applied
to the base of Q103., This stage is conventional in all respects, with RI114

RIS ]
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and R110 forming the bias network and R111l, bypassed by C109, the emitter
circuit., The output of Q103, now gain-levelled and amplified, is applied to
the base of QLO4 through
C108. Since the desired
output of this stage is
a square wave suitable
for driving the counter

prescaler, and linearity ros
is no longer of import- L.0. no3  clo4
ance, R117 suffices to " RIO2
provide bias for Q104, RI0
The collector is direct- Lo =

ly coupled to the input
of the prescaler.

U102, a divide-by-
ten counter, reduces
the frequency of the =
incoming signal from
the input range of ap-
proximately 10,8 +to 39
MHz (9 MHz above the transceiver operating frequency) to 1.08 to 3.9 MHz for
the input of the counter proper. It is cleared at the end of each count
cycle by the negative-going pulse on the c¢lr line. This line provides the
necessary gate function to drive the counter proper.

The counter chain 1is conventional, with two exceptions; the output of
the prescaler is still too high for reliable operation of the CMOS devices,
particularly complex devices such as counters, on a 5 volt supply; hence, in
this decade, a low-power Schottky device is used., This counter, the least
significant figure decade (100 Hz on the display), counts using the conven-
tional BCD code, and its four output lines drive U105, a combined storage
latch, decoder, and seven-segment display driver. When the end of the count
cycle is reached, the xfr line is brought momentarily low causing the latch-
es in Ul05 to accept the data being fed to it by U104, and to store it until
updated at the end of the next counting cycle. This data is then decoded,
and the proper segments of the display, CR201, are activated, displaying the
count, CR20]1 is a common anode type of display, so grounding the input pins
for the appropriate segments will cause them to light. Current is limited
to the correct value (15 mA) by internal circuitry of U105, R119 is used to
provide a path to ground for the decimal point of CR201, and to 1limit its
current, so that it is lighted at all times the radio is on.

The second somewhat unusual feature of the counter is that the output
of the LSD decade 1is not taken from the counter "carry"” output, for the
pulse presented here is much too narrow for the following, CMOS decade., In-
stead, output is taken from the Qp terminal, through current 1imiting res-
istor R120, and applied +to the base of Q107. The collector, with pull up
resistor K121, 1is connected to the input of the next decade counter, Ul06.
The pulse thus obtained is much wider than that presented at the "carry”
output, and is inverted to the correct polarity.

The subsequent decades of the counter are all of the CMOS family--U106,
U108, U110 and Ul12. Each has a "carry" output which is used to drive dir-
ectly the "up count" input of the subsequent decade. Each has four BCD
coded data output 1lines which are connected to the latch/decoder/driver IC
corresponding +to that decade, i.e., U107, U109, Ulll and Ull3. Each of

COUNTER INPUT
AMPLIFIER
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these in turn operates +the appropriate display indicators. The latches are
all strobed once per count cycle to update the display, in the same manner
as described for Ul05.
In order to read the incoming frequency correctly, to the nearest 100

Hz, the counter would have to bte gated "on" for 10 milliseconds; however,
since we use a prescaler with a divide-by-ten ratio, we must extend the
count cycle time to 100ms. This is accomplished by the clr line of U102, the
prescaler. It operates, and passes on its output pulses, only when that line
is high; thus, for the time it is low, +the counters stop, but store their
resent count while the latches are strobed, thus passing that count to thenm

and the displays), and then are preset by the rst line, ready to start the
next count cycle.

Unfortunately, it takes a finite time to COUNTER TIMING CHART
(a) stop the counting, (b) transfer the count
to the 1latches, (c) clear the counters and 100ms

(d) start the next count cycle. This is ac-

complished, as shown in the accompanying co- '"U1J1J1J1J1J1J1111111.mnu
unter timing chart, during the 25 ms immed- ° | h
9

iately following the counting portion of the
counting cycle. This overall cycle trans-
lates to a rate of eight updates of the dis-
play per second. " _

For a laboratory-style frequency counter
each decade would be reset to zero (BCD 0000)
at the end of each complete count cycle; but !
here, we have to account for the fact that
the frequency being counted is 9 MHz - above !
the operating frequency, and for the fact
that we have different offsets (carrier osc-
illator frequencies) for USB and LSB operation. This makes it necessary to
preset the counters to a number different than zero in order to compensate.
When operating in the USB mode, the number to which the counters must be
preset are (MSD to LSD) 09967; in the LSB mode, it is 10000. This is ac-
complished by hard-wiring the USB and LSB lines to the appropriate load in-
puts of the counter chips, and using the rst line +to drive the "load" con-
trol pins. Then, when the active counting portion of the count cycle be-
gins again, each counter advances through zero (overflow) to a value approp-
riate for the transceiver operating frequency, and this value is displayed.
Any carry from the MSD counter is discarded and ignored.

Another way of stating the matter is that +the counters are preset to
the above numbers, which correspond to a number that is 9,000.0 (or 9,003.3)
subtracted from the overflow value of the counter chain, 1i.e., 10000.0.
This is, in fact, a negative number, although the counter does not recognize
it as such---in this way, the counter subtracts the carrier oscillator freq-
uency from the L.O. frequency, as is required for a correct display.

It is not necessary for the 10 MHz digit to be arrived at by a counter,
and to do so would add unnecessary complexity to the circuit. Instead, it
is hard-wired such that, when the BAND switch is on the 160 through 40 meter
positions, it is extinguished; when it is in the 20 meter position, Q109 is
saturated and segments B and C of the display are grounded through approp-
riate current 1l1imiting resistors, and the numeral "1" is therefore dis-
played; and in the 10 and 15 meter positions of the BAND switch, Q108 is
saturated, grounding the current limiting resistors for segments A, B, D, E
and G, thus displaying the numeral "2".

=9
d
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+3v
The necessary control signals for

the counter (clr, rst, and xfr), are
generated by the time base/control
circuitry., Crystal Y101, operating at ) aioe
a frequency of 1.31072 MHz, provides ' e
the stability necessary for accurate
frequency measurement. €110 permits
it to be adjusted to precisely the
correct frequency. Ull4 contains the
oscillator circultry, as well as a di-
vider with a factor of 21u, or 16,384,
The output of the counter is the squ-
are wave signal 1labelled "clock" on
the timing chart. Ull5 is a decade
counter, with outputs +taken at the
clock-divided-by-two (A) terminal, and
the clock-divided-by-ten (D) terminal.
The waveforms are shown in proper relationship in the timing diagram., The
D output, inverted by Q105, is used as the clr signal; gate Ul03A generates
the rst signal, and gate U103B generates the xfr signal.

COUNTER TIME BASE ri27

10.5 VOLT REGULATOR

A regulated 10.5 volts is required by many of the circuits in the tr-
ansceiver, It is provided by the circuit comprised of Q116, Q117 and U102,
The raw +14 volts is applied to
the emitter of PNP series trans-
istor Q116.

The output of Q116, its
collector, is sampled by the R-
1430-R141-R142 voltage divider,
with RI41 serving as the "+10.5
set" control, and its wiper is
connected to the inverting in-
put of Ul02, A reference de-
rived from gzener diode CR117
-through dropping resistor R133
is applied to the operational
amplifier's non-inverting input. 4+10.5V REGULATOR
The output of this stage, a IC
voltage, is applied to Q117 and
determines the degree to which it is allowed to conduct, and thence its col-
lector voltage. Its collector, in turn, drives the base of Q116 in such a
manner as to control its degree of conduction, and thence to maintain its
output voltage at the required level.

WATTMETER/SWR DETECTOR

The wattmeter board circuitry takes a sample of the current in the an-
tenna line via transformer T101, and a sample of the voltage signal appear-
ing on the antenna line at the output of the transformer via the capacitive
voltage divider composed of C101, C102 and trimmer C103, the latter of which
allows precise alignment. These signals are combined in such a manner that
CR101 produces a rectified output voltage proportional to the magnetude of
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any signal reflected from the antenna due
to mismatch, etc., while CR102 provides a
voltage proportional to the power sent to
the antenna. These signals are smoothed
by the C104-R103-C106 and C105-R104-C107
combinations. These signals are then

RIO!

used in the ALC, SWR, and wattmeter cir-

cultry to provide front panel indications

and protective functions for the trans- WATTMETER /

mitter power amplifier. SWR
DETECTOR

AUTOMATIC LEVEL CONTROL ‘ cro4

RIO3

The FWD and REFL signals from the
wattmeter board are coupled +to the pre-
selector board where they are adjusted by
R104 and R107 respectively. C102 and C- nFL.
103 bypass the lines as they come into
the board. CR104 and CR105 act as an "or"
gate, allowing the largest of the
two signals to pass to the invert-

ing input of ALC amplifier UlOlA,
Feedback for this amplifier is via
R103, while R102 and R105 estab-
lish a bias at the non-inverting aLc
input which sets the quiescent op-
erating point of +the output of
this stage. BR101 and CR101 pro-
vide a regulated voltage for this
bias network and for Ul0l, as well
as for the ALC ZERC adjustment.

If the REFLected ALC signal
should exceed a given amount, or
if the FWD AILC signal should ex-
ceed that produced at the maximum
safe output of the PA, CR105 or
CR104 will conduct, causing the
output of UlOlA to go more negat-
ive, This output will be passed through CR102, and on to Q01 in the pre-
selector, where it is used to reduce the gain of the stage, and thus the
output of the transmitter. Manual RF GAIN control is accomplished by in-
serting a voltage to Q101 via CR103 to the ALC line when in the receive con-
dition. The "R" line, through CR106 and R108, biases the inverting input of
U101A in such a manner as to disable it in receive.

The output of Ul0lA is also coupled via R106 to the inverting input of
U101B. The ratio of feedback resistor R111 to input resistor R106 deter-
mines the gain of the stage, and the output is coupled through limiting res-
istor R112 to the meter switch, where it may be selected by the operator to
give a front panel ALC indication if he so desires. R110, connected to the
non-inverting input of U1l0lB, provides a zero set calibration control for
the meter reading. When in the receive condition, Ul01B is also disabled by
the "R" line, through CR107, in the same manner as U1l0lA,

+10.8v
O

ALC AMPLIFIERS

R
LINE =
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FWD and REFL signals from the watt-
meter board are also applied to. SWR me-
ter drivers U104A and U1OLB through cal-
ibration potentiometers R147 and R149,
respectively, These are unity-gain amp-
lifiers, wused only to prevent the meter
from loading the wattmeter board output.
The operator may select either the FWD
or REFL power to be read on the cali-
brated meter by means of the front panel
METER switch, R148 and R150 are cur-
rent limiting resistors.

REFL
MTR

VOX CIRCUIT

When VOX operation is selected by SWR METER DRIVERS
the operator, microphone AF is supplied
from the preamplifier to UlO4A, where it
is further amplified, The amount of this
amplification is controlled by the VOX gain control, R140, The output of
this stage 1is rectified by CR113, and smoothed by C125, and applied to the
inverting input of comparator
U104B. YR30
A sample of the received
AF, from the speaker line, 1is
applied +to the anti-trip con-
trol, R149, and then through cpom

€130 to CR115 and CR116, which  c cuzs+I

form a voltage doubler recti- = T0 Vox
fier. C129 smooths this IC Riae Ris DELAY
signal, and it is coupled +to =

the non-inverting input of the RX A ANTI-TRIP

comparator, A IC blas, to set
the comparator's threshold, is
added to the rectified anti-
trip signal by +the R146-R148-
network, The comparator's
output will depend upon which
of the two input signals are
the larger; should the VOX sig-
nal be the largest, the output will go
low; if the anti-trip signal is larger,
it will be prevented from doing so.
The output of the comparator is PTT
coupled through R142 to the trigger in-
put of timer U105, causing it to acti- Ri43
vate and 1its output +to go high. This . Ri42
high state is continued for the durat- COMPARATON ytos
jon of the low on the input (diode CR- : 4 Rl e
114 prevents €128 from charging during
the duration of the 1low voltage at its
cathode) plus the time it takes for C- -
128 to charge through R144 and R145 to . R o
2/3 of the supply voltage after the low
b6 VOX DELAY

Ci30 CRII6

vOX AMP 8
COMPARATOR O4+8v

Ri45

Rie 4
+8v VOX DELAY

i

e
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on the input of the timer has ceased. The amount of time it takes for €128
to charge is determined by the setting of R144, thus the amount of delay is
controllable. Should VOX not be desired, . -

the VOX/PTT switch connects a + voltage
to the timer input via R143 when in the
PTT position

KEYING CONTROL

When in +the CW mode of operation,
the CW line is high, and it, through R101 cw
biases Q101 on, effectively reducing its ‘™ :
collector voltage and cutting off Q102, oz " KEYING
This makes the collector voltage of Q102 CONTROL
rise, and CR102 conducts in turn, biasing Q103 to an on condition., Thus its
collector, the key line, 1is at a low value, its normal, un-keyed condition.

Should either the EXT KEY or the KEY
contacts be closed, +the junction of R104
and R105 in the collector circuit of Q102 ‘ 4108V
is grounded, removing the voltage to CR- !
102 and the base of Q103 causing the col-
lector voltage to Q103 (and the key line)
to rise.

In the USB or LSB modes, the CW 1line
is low, and Q101 does not conduct., PTIT KEYO
operation is then exactly as described
above for CW, but if VOX is selected, the
VOX circuit provides a voltage to R103 _ =
which causes Q102 to saturate, again re- *T" LINE CONTROL
moving voltage from CR102, and so Q103
ceases to_conduct and the key line rises.

The key 1ine, when high, causes CR103 to conduct through R107 and R108
biasing Q104 on. The combination of R107 and €101 control the rise charac-
teristics of the keying waveform, while the falling '
characteristics are controlled by the discharge of
C101 through R108 and the parallel combination of
the base-emitter junction of Q104 and R109. When
Q104 conducts, 1its collector goes low, lowering the
base potential of PNP +transistor @105, and it sat-
urates, energizing the "T" line.

When the "T" line and key line are. both high,
CR105 and CR106 are reverse biased, allowing Q108 to
conduct, and charge €105 through R121. This time
constant determines how fast the "T/S" 1line is al- WY
lowed to rise to full voltage. The "T/S" 1line sup- S!
plies bias +to the drivers for the transmit mixer, =

2102 on the exciter hoard, thus permitting generat- CW SHAPING
ion of the transmitter signal.

For lower speed CW operation, it is desirable
to have a slower ("softer") attack and decay time on the CW note, so the op-
erator may switch C106 in parallel with C105, thus increasing the time con-
stant. High speed CW is more easily copied when it has a fast ("hard") at- .
tack time, so Cl06 is then switched out of the circuit, at the operator's
option.

RIIO  qios
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Also, when the key line is high, CR104 is allowed to conduct, charging
C102 and biasing Q106 on through R112 and R114. This lowers the base volt-
age of Q107, causing it to_cease to conduct, and bringing the "R" line to
ground potential. When the key line :
goes low, C102 discharges through R-

112 and the R113-R114 and Q106 base-
emitter junction parallel combinat-
ion, delaying the turn off of Q106
and thus the return of the "R" 1line
to a high value. This 1is to assure
that there is a delay between the
deenergizing of the "T" line and the  rrom
reenergizing of the "R" 1line, so KEY
that certain switching functions can
be accomplished without affecting
either receive or transmit function.

When semi-breakin is selected e
the CW timer holds the base of Q106 R” LINE CONTROL
high for a brief time, preventing
return to the receive condition be-
tween characters, When full breakin
is selected, this feature is disabled.

When either the "T" line or the key line is high, voltage is applied to
Q110, making it conduct. This trings the PA BIAS control line low, and turns
on the bias to the power amplifier stages., Also, the base of Q111 goes low,
allowing it to conduct. Q111 then conducts from the CW 1line through CR109,
to the CWX line, energizing it. :

Should, however, the "R" line be _ : [
high, voltage is applied through R117 ' {
to the base of Q109, causing it to
saturate, and grounding the base of _
Q110, thus nullifying the effect of Kev
the "T" and key lines outlined above.

Thus, there can be no output from the
transmitter until the antenna switch-

HHo.8v

Qo7

CRIO4  Rit2

R LINE

CW TIMER

CRiO7 RI20

PA BIAS
CONTROL

CWX LINE
Qu

CRIO®

ing circuitry has returned to the =

receive condition. This is an "in- PA BIAS 8 CWX LINE cw e

terlock" function, which prevents ‘ CONTROL

damage to the recelver front end in :

the event of a control malfunction. , ’ : |
CW DELAY '

CW TIMER M -6 —

_—— : semt +10.8v KEY

" BREAKIN

When the BREAKIN switch is in
the SEMI position, energization of
the "T" line applies a voltage to
the base of Q113, causing it to
saturate and the voltage at the
input of timer U101l to go low. 5o
long as this condition pertains,
capacitor (108 is prevented from
charging through R128 and the CW
DELAY control by dicde CR110. When
the input is low, or until C108 is

6-8 ' ‘ _ i




__ ggcusic

COMMUNICATIONS
Swasn DIVISION

charged to 2/3 of the supply voltage after the input has returned high, the
output of U101l is high. When this condition prevails, Q114 1is turned on
through R129 and R130. This in turn saturates Q115, which keys an external
relay (such as for a linear amplifier, etc,) through protective diode CR111
and resistor R132.

. Should FULL breakin be selected by the operator, the base of Q113 is
grounded and the control input of the timer is never allowed to go low. Key-
ing is then controlled by the key line, connected to the Jjunction of R129
and R130. When the transmitter is keyed, this line goes high, and Q114 and
Q115 are again saturated, grounding the external relay line. Note that few
external amplifiers are capable of operating at full breakin, due to the
slowness of the switching of the various relays, etc. Only those amplifiers
especially built, or modified, for QSK operation should be used when full
breakin is desired.

+NB
O

NOISE BLANKER

The noise blanker signal input
is taken directly from the receiver
antenna input, and is coupled th-
rough 1isolation resistor-capacitor
combination R101-C101 to the base RIOI
of compound stage Q101 and Q102. ‘”°‘“§Qﬁ
Bias for that pair is derived from
R108 and R103, with supply decoup-
ling provided by R109 and C102.
Frequency compensation is ac-
complished by R106-C104 and R105- FIRST STAGE,
C105 networks. Output is taken th- NOISE BLANKER
rough €103, R110, and C108 to the © Rios
base of the second compound stage.
That stage, Q104 and Q105, operates -
in the same manner as the first one. .
In turn, this output is +taken to +NB +NB
yet a third compound stage, Q106 7
and Q107. This pair utilizes a
conventional emitter network and

RIS Ri24

Cl109 RiI20 Cii3 CRIO2

is built in, so that noise pulses, cios
no matter what frequency, will be:
accepted. The use of three com-
pound stage amplifiers in cascade
realizes a very high gain, for good
sensitivity to the noise pulses.
The upper half of the second-
ary of T10l drives detector CR102,
and after filtering by the Cl15-
C116-R126 network, the resultant DC
signal is applled to operational
amplifier Ul0l. The gain of this device is set by the ratio of R128 to R129
and its input threshold point is determined by voltage divider R127 and R-
129 on the non-inverting input. The IC output of Al0l1 is applied through

2ND & 3RD STAGES,
NOISE BLANKER

untuned +transformer T101 in its T T Ao
output. Note that the entire cir- l =1
cuit is broadbanded--no selectivity {3 D> TO 0108

6-9
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current limiting resistor R112 to the base
of Q103. Q103 supplies a current to PIN
diode CR101 which serves as a variable
attenuator, thus supplying AGC to the
noise blanker receiver. The R125, R126,
C115 and C116 network integrates all in-
coming signals to drive Ul0l and generate
AGC to prevent strong signals (SSB, AM, or
CW) from generating cross modulation in
the blanking gate.

The Dbottom half of T101 drives de-
tector CR103, which supplies a DC pulse to
the base of Q108 when a noise pulse is re-
ceived. When Q108 is thus turned on, it
in turn causes PNP transistor Q109 to con-
duct, creating a blanking pulse across its
load resistor, R134, which is coupled to
the noise blanker gate in the I.F. circuit
on the exciter board.

BLANKER AGC

PASSBAND TUNING INDICATOR

A separate section of the front-panel
PASSBAND tuning control, R103B, is used to
develop a signal wused to drive the series
-of LEDs that indicate the status of the
tuning of the passband circuit. R166 is
used in series with it to provide a range
calibration adjustment, and the output, by-

passed by C138, is coupled to +the analog PULSE DETECTOR & -

input of analog-to-digital converter IC
U106, on the audio board.

Ul06 is capable of free-standing op-
eration, but to operate in such a manner,
it must be provided with an R-C combin-
ation that sets the frequency of operation
of the internal clock oscillator on the

+Svy

PULSE AMPLIFIER

chip. R168 and C137 serve this function. prvres cww

The IC must also be properly initialized | per ¥ ¢ D I

when it is first powered up. Q106 and its AN arro
associated circuitry perform this task. C- ::;E:_L

139 charges through R167 when power is - 69 o
first applied, thus allowing Q106 to con- Torse = —
duct until nearly full charge is achieved, rice ) | V'O vio7 '
grounding the appropriate pins on the chip. 1'%’ §
Once C139 has charged, Q109 ceases to con- =~ ™™™

duct, and the initialization pins on the °"7.‘§

IC are ungrounded, allowing it to operate. _

When power 1is removed, CR122 allows C139 PASSBAND TUNING INDICATOR

to discharge rapidly.

The digitally-coded output of U107 is
coupled to the inputs of PROM Ul07, The
internally stored code in the PROM gener-
ates the required signals 1o drive the

£-10
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front-panel LEDs used as the passband tuning status indicator. When in the
CW narrow mode, the CWN line energizes another input of the PROM, changing
the code presented to the LEDs such that only two adjacent devices, repre-
senting the frequency range belng passed by the PBT circuitry, are lighted.

UI07 MEMORY MAP

7

D.o

BT

WORD
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TRANSISTOR TROUBLESHOOTING

Many techniques for troubleshooting transistor circuits have been ev-
olved, of varying degrees of complexity and reliability. One system, per-
haps the simplest and most reliable, is outlined here for your information.
With it, you can determine, with only a few minutes thought and basic arith-
metic calculations, what the normal operating voltages on any given transis-
tor stage should be, and by comparing them with those actually measured, lo-
cate the fault in the circuit.

The key to the scheme is to remember that, for normal operation, the
base~emitter junction of a transistor, must be biased into conduction--and
that when this is so, the voltage drop across that junction will be approx-
imately 0.7 volts for silicon devices and about 0,25 volts for germanium,

To illustrate how the system works, 1lets
take a simple amplifier stage (at the right).
To start with, we know that the base current is
very small, on the order of microamperes. For
our purposes, then, we:can ignore it, for it
would be masked by circuit tolerances suffic-
iently that we couldn't measure a voltage drop
caused by it with our usual methods, We there-
fore treat the bias network (the 56 kQ and 1.2
kQ resistors) as a simple voltage divider, and
can compute the voltage that would appear at
their junction (the tase of the transistor). In
this case, it works out to about 2.1 volts.
Since we know that this silicon transistor has
a base-emitter drop of about 0.7 volts, it fol-
lows that the eimtter voltage 1is that amount
less than the base voltage, or about 1.4 volts, The emitter current can
then be calculated by Ohm's law, and comes out to be about 9.3 mA,

We know +that both the base current and the collector current flow th-
rough the emitter resistor, but the tase current is so small that we can say
for practical purposes that the emitter and collector currents are the same;
therefore, the current through the 4700 collector resistor is also about 9.3
mA, and the voltage drop across it is therefore about 4.4 volts. This means
that the collector voltage would be 12 - 4.4, or 7.6 volts. :

Actual measured values on a normally operating circuit would be close 1
to these values, while a malfunctioning transistor would result in greatly :
different values being found. Remember, transistors do not get "weak", as
do vacuum tubes (with the exception of some emitter-ballasted power devices)
so when they fail, "they do so catastrophically--they open or short, or both.
Thus, the voltages found on their terminals will be greatly different than
if it were operating normally, For example, a shorted base-emitter junction
would result in no 0.7 volt drop between those terminals; an open base-emit-
ter Junction would 1leave the emitter at ground potential (no base current
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flowing, so no collector current, so no drop across the emitter resistor).
And so on, It isn't hard to figure out just what is wrong with the device,
although this isn't really necessary--if the voltages are not close to what
you calculated, the device is probably bad. .

INTEGRATED CIRCUIT TROUBLESHOOTING

Very 1little can be written concerning the finding of internal faults in
Integrated circuits, Often, the exact internal circuitry is both complex
and unknown to the service technician, for manufacturer's data sheets gener-
ally show only an equivalent circuit at best, and at worst, only the pinout.,

The data sheets often do, however, give a truth table or timing (wave-
form) diagram for digital circuits, or some other description, not of what
the internal circuitry is, but rather what it does. This, then, 1is the ap-
proach we must use in troubleshooting them also.

In short, we troubleshoot IC's by the process of elimination; Are the
voltages at each of the pins about what they should be? Is the proper sig-
nal going into it? Then, if the proper signal isn't coming out of it, it is
bad and must be replaced, Never mind what is wrong inside--you can't get
Inside to fix it anyway, and time spent figuring it out is wasted. Just re-
place it. :

A good voltmeter, a high impedance VIVM or better yet one of the newer
digital voltmeters that will read to tenths of a volt or less, and a good
oscilliscope are then necessary pieces of test equipment, and no shop should
be without them. If you don't have them, you'll have to spend your time in
speculation, and for the most part, the results will depend on guesswork.
Either you'll use more time than necessary (and have to charge the customer
for it) or you'll wind up missing the cause of intermittant problems, re-
placing perfectly good parts, or the like. In either case, the increased
cost to the customer (or decreased profit to the shop) is something that you
can hardly justify.

MEASURING SIGNAL TO NOISE RATIO

The procedure for measuring the signal to noise ratio of a recelver is
really quite simple, and it is a check that should be made on every receiver
before it leaves your shop--finding a weak receiver and fixing the problem .
while it's in the shop is one of the best ways to keep a customer happy, and
it will pay dividends in repeat business.

Connect an unmodulated signal generator that has a 500 output impedance
to the antenna terminals, and tune it for about 1 kHz beat note audible in
the speaker. Adjust the generator's output for about 0,25 uV at the antenna
terminals, so that the AGC circuit isn't activated. (Note that some gener-
ators are calibrated in terms of their open circuit output voltage, not what
is present when connected to a 1load--check yours out, so you can get the
1 right setting.)

E, Connect an AC voltmeter across the speaker terminals, and adjust the
. 3 volume control for a convenient reading on the meter. Note that reading.
Now remove the signal generator connection and short out the antenna term-
inals without changing anything else on the receiver. Note that reading.

The first is the reading for the signal-plus-noise; the latter is the
reading for noise only. The S/N ratio is 20 times the common log of the ra-
tio between the first and second values, Some AC meters have log (or dB)
scales and can be used directly.
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SOLID STATE SWITCHING
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One of the more useful innovations in recent years is the application -
of so0lid state switching to signals within receivers and transmitters. It
allows switching to be accomplished at the site, without the need for rout-
ing long signal leads to a bulky, complex, and often troublesome multi-pole
mechanical switch., Instead, a simple switch controls a IC voltage which in
turn is applied to all of the points where switching of the signal 1is to
take place,

The simplest form of a solid state switch is the diode, We know that
when it is reverse biased, it presents a very high resistance--high enough
to be considered an open circuit when used in low or medium impedance cir-
cuits, Modern manufacturing techniques have reduced the junction capacit-
ance of switching diodes so low that they can also be used effectively in
most high impedance circuits, too. Thus, a diode which has a reverse bias
voltage greater than the peak value of any AC signal applied to it, so that
it does not conduct during any part of the signal cycle, will act as an open

circuit.
Conversely, modern diodes have a very low "on" resistance, so if for—

ward biased with a current greater than the peak signal current, so that it
conducts during all ‘parts of the signal cycle, it passes the signal with
1ittle or no attenuation.

All that is needed, then, is a circuit arrangement of capacitors to
block the IC but pass the signal, (and perhaps bypasses, if high-level RF
is near) and resistors to apply the bias and switching voltages, and the di-
ode itself,

Field Effect Transistors (FET's) can be used as even better solid state
switches, Remembering that the source to drain path of the FET is a pure :
resistance, normally conducting, we can see that, as with any other resis- %
tance, current can flow in either direction (bllaterally) from source to .
drain or from drain to source, depending on the polarity of the applied vol-
tage. Therefore, AC signals will pass. :

Now, 1if we apply a voltage to the gate that is sufficient to "pinch
off" the source-drain path, the effective resistance of that path increases ,
greatly, effectively opening the circuit, and thence the signal path, ;

Normally, N-channel, depletion mode devices, with good bilateral char- . |
acteristics in the source-drain path and low "on" resistance are selected
for service in switching applications, although P-channel devices are also
used.

Al11, then, that is needed for a FET switching circuit is the FET, suit-
able blocking capacitors and load and biasing resistors, just as in the case
of the diode switch, In some instances, even these can be omitted, using
the signal voltages themselves to provide any bias.

TWO TONE TESTING

Probably the most useful and yet least often performed test of a single
sideband transmitter's performance a technician can make 1is the two tone
test, and yet it is easily performed. The two tone test will disclose qu-
ickly and easily most of the major faults that are to be found in an operat-
ing transmitter by showing nonlinearities, improperly adjusted bias, over-
driving, and many other problems.

While a full discussion of the two tone test and its results is beyond
the scope of this manual, a brief discussion is in order. More thorough
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treatment is available in many competent references for those who wish to
pursue the matter further.

- Basically, this test is performed by applylng two non-harmonically re-
lated audio tones, of equal amplitude and within the pass band of the radio, ;
to the microphone input and observing the output across a dummy-load on an 1
oscilloscope. In this manner, the entire transmitter, from microphone Jjack
to antenna terminal, is tested in one simple operation.

These tones can come from two audio signal generators, or better yet,
from a two tone test set specifically designed for the purpose. Several
such designs of adequate quality are included in amateur handbooks and other
readily available literature. The tones must be very pure sine waves, and
of equal amplitude, and not harmonically related to each other as mentioned.

The oscilloscope used to view the transmitter's output must be capable
of displaying the frequencies at least as high as those in use, and prefer-
ably higher. A 30 MHz bandwidth instrument is adequate for all HF amateur
bands, while the more common 15 MHz bandwidth instrument would serve for the
160, 80, 40 and 20 meter bands. Since any problems of nonlinearity, bias,
etc.,, could be expected to show up on all bands, testing on one band only is
usually considered adequate.

Several waveforms and their common causes are included here for refer-
ence, and others are available in current literature.

_ §cuseic

FEEDBACK AMPLIFIERS

The gain of individual transistors, within a given type number, unfort-
unately varies over a wide range. Often, this is satisfactory for the de-
signer's purpose, but occasionally there arises a situation where the gain
of the stage must be controlled more precisely. In that case, it is often
advantageous to use an amplifier stage em-
ploying emitter degeneration (feedback) to
set the gain of the stage. The accompany-
ing diagram shows one such typical stage.

The gain of the stage is approximately

equal to the ratio of the collector load

to the vunbypassed portion of the emitter
resistance. In the case of choke or tuned ’ o
circuit loads, the value used in this cal-
culation is the absolute value of the col-
lector load impedance,

Utilizing +this technique also raises
the input and output impedances to higher
values than would otherwise be the case, s |
a condition +that is often desirable. The *
baridwidth of the circuit can also be in- ‘
creased, under the right circumstances, although, under other conditions, it
might be decreased instead. It is also possible to select the value of the
capacitor ©bypassing a portion of the emitter resistance such as to provide
frequency compensation for the inherent 6 dB per octave drop off in gain as
the frequency is increased, that is a characteristic of all bipolar transis-
tors.

Another type of feedback amplifier is shown in the second diagram., 1In
this instance, the gain is approximately equal to R2 divided by R1, provided
that the load resistance is much much greater than R2, and the impedance of
the source feeding the circuit is much less than Rl, The input impedance of

7-5

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i“
e




_ §gcusic
Swan DIVISION

this stage 1is equal to Ri's value, ‘and the
output impedance is low, Since both input
and output impedances can be quite low, the
‘bandwidth may be very wide--100 MHz or gr-
eater,

Since the feedback path of the circuit
(R2) allows Just enough signal from the
output to be fed back to the base to cancel
out that coming in +through Rl (and the
feedback signal is out of phase with the
incoming signal), 1little or no signal will
be seen at the base. It is a  "virtual"
ground, so far as voltage is concerned!

This characteristic can be used to sum
two or more signals, setting different gain

values for each signal, if desired. The RI-3
gain for each signal is proportional to the
ratio of the feedback resistor (R2) to it's SUMMING mNPUT

own input resistor only; the other input
resistors do not affect the gain of that
particular signal. It is interesting to
note that this is a summing, not mixing,
amplifier, often another useful property
of the circuit.

B | A SIMPLE IMPULSE NOISE GENERATOR

The noise blanker circuit used in SWAN radios, like all effective noise
blankers, is designed to detect the presence of impulse noise above a cer-
tain threshold, and to mute, or blank, the output of the receiver for the
duration of that pulse. (There is no circuit or scheme that can eliminate
static or background hiss types of noise.) Since operation of the blanker
circuit depends upon the presence of this high level impulse type of noise,
it is difficult if not impossible to service the circuit unless a cource of
such impulses is avail- '
able, Efforts to ser-
vice it using the com- Onsoft 18V

monl available test ‘

equigment lineup are 4v\°"‘|'|’—"l'|'—]__
ineffective, and may. (9vx2) -
well lead to misadjust-
ments--most often, this
section of the recelver
is never checked out,
but merely accepted on
faith.

It follows, then,
that a simple, inexpen-
sive Ainstrument that
generates this type of =
signal would be most :
useful in the service Noise Generator

82K

1000 pF
2N1671 T SM

2N5060

Level

56 0.6 Output
uH 50 27 L

= (tuse) f.’
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shop, yet commercial instruments are prohibitively expensive, For that re-
ason, the circuit of such an instrument is included here, so that it may be
built up locally and added to the shop equipment inventory for such service.

Referring to the accompanying diagram, we see that the 2N1671 is a uni-
junction transistor, connected in an oscillator circuit. The 0.22 mfd cap-
acitor is charged through the 100K and 1M resistors, with the latter made
adjustable to control the charging rate, When the charge reaches a certain
level, the UJT fires, discharging the capacitor, and generating a sharp
pulse of current through the 56 ohm resistor. This in turn fires the 2N5060
delivering thereby a relatively large current pulse through the inductor.
This pulse is used to simulate the impulse noise., Level is adjusted by the
50 ohm potentiometer, and the small wattage 27 ohm series resistor acts as
an output fuse, for protection from the circuit to which it is connected.
Power is shown as two. 9-volt Dbatteries in series, although a suitable AC
supply delivering approximately 18 volts IC at a few milliamperes would also
be suitable,

THE PHASE LOCKED LOOP SYNTHESIZER

<

Electronic phase locked loops (PLL) have been in use since the 1930's
where they were used for radar synchronization. In later years, they came
into more widespread use as the synchronization system in +television re-
ceivers and other applications, It is only in recent years that they have
found widespread use as frequency synthesizers, where they have found many
applications 1in satellite communications systems, airborne navigation sys-
tems, FM communications, and, most recently, in HF SSB communications equip-
ment,

In the basic PLL system, the output of a local voltage controlled osc-
illator (VCO) is compared with an incoming, or reference, signal, and if the
two are not of the same frequency and phase, an error signal is generated to
tune the VCO in such a direction, and to the required degree, that they be-
come so. This is the system used in television sync systems, and is shown
in the accompanying diagram.

The usefulness of such a simple
system is limited, however, to such
synchronization tasks; however, it Phose
was found that, if a means of divid- Comparator
ing the output frequency of the VCO Fret @
could be inserted in the path be-
tween the VCO and the comparator,
the output of the VCO could be made
to automatically assume a fregquency
that was a multiple of the reference :
frequency, that multiple being equal pasie PL’:;AOS: LOCKED
to the division factor of the divid-

er circuit. ~
‘ By making the divider circuit programmable, that 1s, making it so that
the division ratio could be varied at will, and making the VCO of an approp-
riate frequency range, true frequency synthesis could be achieved; that is,
the frequency of the VCO could be made to vary, in integer multiple steps
of the reference frequency, This scheme is shown on the followlng page.

—p-OF rot.
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Digital circuitry 1lent itself
qQuite handily +to the implementation
of the frequency divider, in that a " Comparator
number of available chips could be
used as programmable dividers, or in
,the present terminology, "divide-by-

N" counters, where N is the dividing
integer, VCO's of various configur- TN Counter +——-
ations were easily achieved, using

varicaps as the tuning element.

Initial PLL designs used phase
comparators constructed out of dis-
crete components, and were often
very complex and difficult to "tame".

The development of specially designed integrated circuit phase compar-
ators that were basically digital mixers greatly alleviated many problems,
but created another. In such a mixer, 1leak-through of the reference freq-
uency components to the error, or tuning line to the VCO is common unless
specific steps are taken to prevent it. Such leak-through results in freq-
uency modulation of the VCO at the reference frequency, and if held low
enough, will be unnoticable in the reception of AM or FM signals, but is
quite difficult to reduce to a level where SSB or CW signals can be received
without objectionable distortion caused by this FMing. The means taken to
reduce this distortion is the includion in the loop, between the phase com-
parator and the VCO, of a filtering arrangement +to reduce the amplitude of
the reference frequency feedthrough to the VCO, Usually a low pass filter
is used for this purpose.

Since the loop filter contains Phase Loop

considerable capacity to ground, of Comparator  Fitter
necessity, and its cutoff frequency Frot > ——
is below the reference frequency, ‘ - |

it controls the time required for
the loop to reachieve lock after a
change has been introduced, such as
when the divide ratio of the count-
er has been changed. At low ref- PRACTICAL MULTIPLIER PLL

erence frequencies, lockup time can

become objectionably long. In the ‘ ;

Astro 102BX, a synthesizer is used to generate the different band frequen-
cies which are mixed with the PTO output to produce the local oscillator
signal. The reference frequency is sufficiently high that a relatively sim-
ple loop filter is all that is required.
Setting the division ratio into the pro-
grammable counter is accomplished by the :
BAND switch, in conjunction with a diode —J[V
matrix and programmable read-only mem-—

ory integrated circuit.

-0 NXF oy

retV

BASIC MULTIPLIER PLL

< N Counter

]
}=— KMz "AM" BANDWIDT!

. 2.TKM1 SSB
REDUCING RECEIVER'S SIONAL
BANDWIDTH CUTS DOWN
.

AMOUNT OF “NOISE" IT
HEARS, WHICH IMPROVES

PASSBAND TUNING _ THE 8/N RATIO AND

ALLOWS BETTER
, CoPY OF WE AK _.J
It is a fact of communications life SIGNALS F’*"‘w"';‘“'."“"

that the narrower the bandwidth of a re-
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ceiving system, the more readily a signal of a given strength can be rec-~
eived and understood. This phenomenum occurs because what we really hear is
the signal to noise ratio, rather than the absolute signal strength, and the
narrower the received bandwidth, +the less noise is received; hence a better
signal to noise ratio and a more understandable recovered signal. The lim-
iting factor, of course, is the bandwidth required for intelligibility of
the desired signal. This is one of the chief advantages of single sideband
over other communications methods. Since the necessary bandwidth is less
than half that necessary for AM, for instance, it will result in more than
twice the signal to noise ratio than an AM signal of comparable power, due
solely to the reduction in received noise.

Studies show that +the minimum bandwidth required for intelligible tr-
ansmission of the human voice is about 2,5 kHz, although one can "get by" on
a bandwidth of as low as 2.0 kHz, if a bit more degredation of the voice
quality can be tolerated., In actual fact, however, these are average fig-
ures, and individual voice requirements vary widely. It has been the prac-
tice (and still is, in many cases),
to use a fixed bandwidth, set by a
high quality crystal filter in the
IJF of the receiver, to improve the
signal to noise ratio. The res-
ponse of a typical filter is shown
to the right.

Since individual voices vary
in their requirement for bandwidth,
however, it would be advantageous
in many instances, to be able to
vary the bandwidth to lower limits.
‘By being able to cut off the top or
the bottom of the passband, thus
reducing the bandwidth, it is possible to reduce the effects of close-by
interfering signals, often at acceptable levels of degredation of the desir-
ed signal quality. COCrystal filters, however, do not lend themselves to such
operator adjustment.

Quite recently, a scheme for accomplishing this has been developed; it
is called "Passband Tuning". In this scheme, the basic bandwidth is set by
a high-quality crystal filter in the IF as before. But, after that filter,
a circult 1is included to translate that IF frequency to another frequency,
usually higher, The signal 1s then passed through another crystal filter,
of similar bandwidth as the first, and then translated back to the first IF
frequency. If the frequency of the
oscillator used to translate the o
signal to and back from the second le——por FiLTER
IF is such that the passband of the r—‘”,"“‘" ‘
two filters line up, no change in
the bandwidth is noticed; however,
if this oscillator frequency is
‘made variable, the passbands of the
two filters no longer lines up, and
either the upper or the Jlower end
of the passband of the first filter
is cut off by the second, as shown
in the accompanying diagram. Since RS LTAN
the frequency of this passband tun- ' :

TYPICAL $$8 FILTER CURVE

it
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Ing oscillator is continuously variable, we have achieved continuously var-
iable bandwidth. Skillful operation of this system by the operator can re-
sult in useful copy of =signals that would otherwise be uncopiable due to
heavy interference from nearby signals. Such a scheme, with a unique visual
indication of the bandwidth to which it is adjusted, is included in the Astro
102BX,

The following two pages provide data on the diode ring double balanced mixers
used for 22101, 22102, and 25101, The first type uses discrete diodes and
the second uses a monolithic diode array. The two vnits are interchangeable.

=10
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Servicing Data

Test Equipment Required...ececssscssssvscscassscssasosassans
Initial Current and Light CheckSiieesacesesaassassssasssans
PTO Mode Switching and RIT Operation ChecCKisseeeecessacas
PTO Range and Display Operation CheCkisseessscsasanasacns
Display Frequency Accuracy CheCK.eceeseesesassscosssssesanns
Transmitter Operation ChecCKiceeiosooasecsssssscnassancasss
ATC Operation CheCKeseeeeasssceosassensasorstasasassnnsnnes
Modulation Operation Check..eesessessscsasssacansaansnces
Receiver Operation CheCKi.cecsosssssncescsasecsasossssscsnss
Noise Blanker Operation ChecK.ceievascsensesacsassssosancss
Passband Tuning Operation CheCKeieeseeasasssssssssscasassnsass
CWN Operation ChecCK.ceoosessssesscsccsassaassssaassaasssanns
PTO Operation CheCKissesseossssssssssessonsssssssasnssannsnns
External Speaker CheCKiveiecesossosssssaisncorsasncccsassnsens
External L.0O. CheCKisasaaeasacsasssassssssascnsasnanssssasss
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Alignment Procedure
Initial SetUPiceessascsasssscsssascasasssssansasssasnsaans
Voltage Regulator.uesseeessssssscasasascacassssnscaascass
Band VOO seueeoasaveoasassasaasasacsscsasssncsssasasasscnns
Band Reference Oscillatore.icccssaseccsasscascsassanannas
Carrier Oscillatorisieseccesssceascssssccnsssscsssnansanas
Passband Tuning Oscillator.siecscecessssscasaccassacsosssa
Counter Reference Oscillator.cieeccscacssscsananncasvnnsse
Passband Tuning Indicator..eeccecsescacasssncanscansacsasas
PTO and RIT.seecesoneecesssssvssosssssanasaasaanssosasasas
EXciter TeFeuccaseacssasasascscaseassssssnnsscssnnsssansaesd
AGC and S Metericicseescsceacscscocasssssssscassaasannsed
CWN Filter.iceceeccscsasacsanacssasacssnscssaasesnssasassassd=10
Notch Filtereeeceeesecesesasensasscssasanasacscsansassasd~10
ALC and Meter.vsoseseseatsasnasssnsessasassacaansnnsasaad—1l
Preselector and L.0. Bandpass Filtersiseeessacsncesnase8-12
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Level Diagrams _
LeO¢ BOATA e eeeanscacncnososensanssanccaasnasinsnacesnssed—1l
Exciter BoaXd.e.esessossssacasansesssnnssssnsasancansssad—1l
Distribution Board..seeeeccesscscccsssesssessaansssaarsad=15
Audio BoaTAuesesssevravencsassasseacacacasaccsassnsancssasaad—15
PTO Control Board.esessssssseesssesssaasacasaaasaaanasasB-16
Noise Blanker BoaTd.eceeesecescssocasaccsseassssscsoscncaned=16
Counter BoaTdee ceceeesesecosecssssssssaascssnonnssssnsssad—16
Preselector Board.csesspseasesacancacsssseasasasacasssnseB=17

Band Synthesizer Memory Mapiiceceesecassassesssasansasanaad-17"
PBT Indicator MeInOry Map.-cu-a-.--n.-n.o.--nu-.lo-uo-...¢-8—17

Layouts/Schematics
PTO Control Board.ccsessessaccssscssassnsscessasasd-18, 8-19
Preselector Boardesesceesssssosssassasasanasassaas3-20, 8-21
Low Pass Filter/Band Selector Board..seeesssessssa8-22, 8-23
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L.0. Board (Layout).eceeseceseaceesecasansassasasansasa8-20
Counter/Display BoardS.seesaseseassssassa8-25, 8-26, 8-27
Audio BoATd..eeeesescascescnsasnavacsarescacsssd=28, 8-29
Distribution Board.ssesesceeasesssasasasnssssassd-30, 8-31
Front Panel Right Boardeeeceeceesscsssessasssesas8-32, 8-33
Passband Indicator Board..cceseecscscacecrsaneeed-34, 8-35
Power Amplifier BoaXdeseecesessssasesceasaacesead-36, 8-37
SWR/Wattmeter BoaTdieecssescessssacassnnseeassa8-38, 8-39
Noise Blanker Board..scesnsssccesssesassnsasssad3-40, 8-41
PTO BOATOe.eocersncnsacacscansacsscsansanasssessd=142, 8-U43
Exciter BoaTQ..iecescasesasescasssecnaasasscsssaed=ld, 8-45
1.0y BOaXAeesenesetonortasonnccsaacsascasosansascncasd~ld

Main Chassis/Interconnect SchematiCeseseseesasssseaseas8-47
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TEST EQUIPMENT REQUIRED

A certain amount of quality test equipment is necessary to service to-
day's sophisticated communications eauipment. Below is a list of that re-
quired for the ASTRO 102BX.

-Microphone, high impedance
-Wattmeter, 0-200W scale

-Dummy load, non-reactive, 50 ohms,
capable of >200W dissipation

-Light bulb load, 100W, 10 ohms cold

-Oscilloscope, 30 MHz minimum band-
width, wlth x10 attenuator probe
to be used for all measurements

-Frequency counter, at least 100 mV
~ sensitivity, high impedance in-
put, counts to 44 MHz or higher

-VTVM or DVM with high input im-
pedance to be used for all AC and
IC measurements

-Two-tone generator (See the "Servicing
Hints" section of this manual)

-Noise generator (See the "Servicing
Hints" section of this manual)

-Signal generator, 1.5-30 MHz, cal-
ibrated output

~-Audio generator, 300-3000 Hz
-Power supply, 11-14V DC adjustable,
22 ampere or greater regulated out-
put, with current metering

-"T" coaxial connector

-Attenuator for monitoring transmitter
output with counter and oscilliscope

INITIAL INSPECTION AND SET-UP

Inspect the unit for physical damage; 1.e., broken components; knobs,
switches, meter, panel, heatsink, controls, circult boards, cablnet, etc.

8-1
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burned wires, components and boards; loose and improperly mounted plugs;
frayed or pinched wires; loose hardware, etc. :

Connect a suitable power supply to the POWER 13,8 volt connector on the
rear apron of the unit. Connect the wattmeter, dummy load and "T" connector
with the attenuator to the ANTENNA connector. Connect a suitable microphone
to the KEY/MIC Jack on the front panel.

Set the front panel controls as follows: AF GAIN off; RF GAIN, fully
clockwise; IF GAIN fully clockwise; AGC DELAY fully counterclockwise: PASS-
BAND 12 o'clock; NOTCH FILT fully counterclockwise; MIC GAIN fully counter-
clockwise; PTO MODE to PTO A; MODE to LSB and BAND to 20.

INITIAL CURRENT AND LIGHT CHECKS

With the power off, +the total current drain should be less than 15 ma.
Turn the AF GAIN control to turn the power on, and the total current drain
should be less than 2 amperes, the meter light should come on, the display
should light, and the PTO A and PASSBAND KHZ 1ights should come on. ,

Key the unit with the microphone button. The total current drain sh-
ould increase between 1 to 1.5 amps.

PTO MODE SWITCHING AND.RIT OPERATION

Set the PTO MODE switch +to EXT, and the display should read 11000,1
+ 1., Set the MODE to USB, and the display should read 10996.8 £ 1. Both PTO
lights should be off.

Set the PTO MOIE to A and adjust PTO A for 14260.0 with the RIT off
(RIT light off) The PTO A 1light should be on and the PTO B light off. Key
the unit., The display frequency should not change, and there should be no
change in the PTO lights. Unkey the unit.

Set the PTO MODE switch to B and adjust PTO B for 14280.0 with the RIT
off., The PTO B 1ight should be on and the PTO A 1light should be off. Key
the unit, and the display frequency should not change, with no change in the
PTO lights. Unkey the unit.

Set the PTO MODE switch to REC A-XMIT B, The PTO A 1light should be on,
the PTO B 1ight should be off, and the display frequency should be 14260,0.
Key the unit; the PTO A 1light should go off, the PTO B light should be on,
and the display frequency should change to 14280.0., Unkey the unit.

Set the PTO MODE switch to REC B-XMIT A; the PTO A light should be off,
the PTO B 1ight on., The display frequency should be 14280.0. Key the unit,
and the PTO A 1ight should come on, and the PTO B light extinguish. The
display frequency should be 14260.0 Unkey the unit.

Set the PTO MODE switch to PTO A, MODE to LSB. The display frequency
should change less than 0.2 kHz, Set the RIT knob pointer to O and push
it in to turn the RIT on. The RIT light should come on, and the display
frequency should change less than 0,2 kHz, Adjust the RIT control from full
counterclockwise to fully clockwise. The display frequency should vary be-
‘ tween + 0.8 to 1.5 kHz., Key the unit. The RIT light should go off, and the
i display frequency should be the same as if the RIT were off, and the RIT con-
trol should have no effect on the display frequency. Unkey the unit. Push
the RIT control to turn it off, The RIT control should have no effect on
the display frequency. Set the MODE switch to USB.

Set the PTO MODE switch to B and make the same checks as for PTO A,
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PTO RANGE AND DISPLAY OPERATION

Set the PTO MODE switch to PTO A, turn the PTO A knob counter clockwise
to its limit. The display frequency should be between 13940,0 and 13880,0,
Turn'the PTO A knob clockwise to its stop, and the display frequency should
be between 14560.0 and 14620.0. Set the BAND switch to 10D. The display
frequency should be stable. Set the BAND switch to 20.

Set the PTO MODE switch to PTO B and repeat the range checks for PTO B.

Set the BAND switch to 10B, and adjust PTO B for a display frequency of
28888.8 and check that +the segments and decimal point are properly lighted
on the display.

DISPLAY FREQUENCY ACCURACY

Connect a frequency " counter to the "T" coupling and attenuator in the
antenna line. Disconnect the microphone, and connect an audio generator
to the EXT MOD jack on the rear apron of the unit. Connect an SPST switch
to the KEY jack on the rear apron.

Adjust the audio generator's output to 1000 Hz = 10 Hz, Key the unit
with the SPST switch and adjust the MIC GAIN control and audio generator
output level for approximately 20 watts output, or until the frequency coun-
ter has a stable count., Check the following:

That the carrier (output) frequency equals the display frequency minus ;
1.0 kHz in the LSB mode, + 0.4 kHz, 4

That the carrier (output) frequency equals the display frequency plus t
1.0 kHz in the USB mode, + 0.4 kHz.

That the carrier (output) frequency equals the display frequency plus
0.8 kHz in the CW and CWN modes, % 0,4 klHz,

TRANSMITTER OPERATION

Disconnect the frequency counter from the "T" connector in the antenna
line and connect the oscilloscope in its place, Keep the attenuator in the
line to protect the oscilloscope input circuitry. Disconnect the audio gen- ]
erator from the EXT MOD jack and connect the two-tone generator to the EXT 1
MOD jack, ‘

Check the power output and the total drain current on all bands in the

CW mode, with the MIC GAIN control fully clockwise, and with the output freq-
uency adjusted to the high end of each band. The power output should be 100
t0 120 watts on all bands and the total current drain from the power supply B !
should te 18 amps or less at 100 watts output., Power output should vary f
from less than 5 watts to full power as the MIC GAIN control is varied from 5
fully counterclockwise to fully clockwise., There should be no output until
the unit is keyed with the SPST switch,
‘ Check the meter accuracy in the FWD position at 100 watts output on the
20 meter band. Accuracy should be + 10%. Disconnect the coax at the ANTEN-
NA connector on the rear apron, and set the METER switch to REFL, the MIC
GAIN fully clockwise, and key the unit momentarily. The panel meter should
indicate in the red area., Reconnect the coax to the ANTENNA connector., Set
the meter switch +to ALC, Kkey the unit, and vary the MIC GAIN control from
fully counterclockwise to fully clockwise, The meter reading should vary
from approximately O to +20 or higher. Unkey the unit, and the meter should
read approximately O in any of the METER switch positions,
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ALC OPERATION

Disconnect the 50 ohm dummy load and substitute a standard 100W light
bulb (10 ohms cold) as the load. Check the power output with the MIC GAIN
control fully clockwise on all bands. Power output should be 40-70 watts if
the ALC circuit is operating properly.

With the antenna connector open (i.e., no load), the total set current
in transmit should not exceed 12 amperes. If so, the ALC circuit is not
working properly.

NOTE: The purpose of the ALC 1is to limit power output and therefore PA
device dissipation to safe limits, by limiting collector current.
If there is too much ALC control, it will not be possible to ob-
tain full output into loads with SWRs less than 1.5:1, If there
is too 1ittle ALC control, then the PA transistors can draw ex-
cessive current, especially when the load is poorly matched, and
possibly go into oscillation, causing them to overheat and fail.
The temptation to increase the power output of the transmitter by
reducing ALC control must be resisted--to do so will almost guar-
antee the failure of expensive components in the PA.

MODULATION OPERATION

Check the +two-tone  signal on each band and in both USB and LSB modes
for crossover distortion, carrier leakage, and spurious outputs. None of
the above should be detectable in the output (see the "Servicing Hints" sec-
tion of this manual for examples and procedures for making the two-tone
test.) Output should go to 100 W, PEP without distortion being introduced
into the two-tone pattern.

NOTE: If a two-tone source is not available, a close examination of a
modulated output display using a high quality microphone and/or
monitoring the signal on another radioc should show up any major
discrepancy, although not so accurately as does the two-tone
test.

Two-tone and microphone moéulation checks should be made with the spe-
ech processor off. Disconnect the two-tone generator and reconnect the mic-
rophone. The MIC LEVEL trimpot (R138) on the audio board should be adjusted
for 100 W, PEP output with the MIC GAIN control set at 10 o'clock and speak-
ing into the microphone that is to be used with the unit, in a normal voice.
Note the average power reading on the wattmeter. Switch the SPEECH PROCES-
SOR on and note that the average power reading increases by approximately
20 watts, It should also be noticable on the oscilloscope display that the
peak to average modulation levels are less with the speech processor on than
when it is off.

With the VOX-PTT switch in the VOX position, adjust the VOX GAIN trim-
pot (R140) on the audio board so that speaking into the microphone instantly
keys the unit. Adjust the ANTI TRIP +trimpot (R149) on the audio board so
that audio from the speaker does not key the unit. Varying the VOX DELAY
trimpot (R144) on the audio board should vary the unkeying delay time from
0 to 5 seconds, There should be no 1loud popping noises in the speaker as
the unit keys or unkeys, Disconnect the microphone.

8-k
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Set the MOIE switch to CW, the BRK IN switch to FULL, the CW HARD-SOFT
switch to HARD, Key and unkey the unit rapidly several times; the receiver
audio should return the instant the unit is unkeyed. There should be no ob-
jectionable pops or clicks from the speaker when keying or unkeying at any
power output setting. Set the BRK IN switch to SEMI, Xey and unkey the

~unit several times. There should be a 0.5 to 6 second delay between un-
keying and receiver turn on that varies with the setting of the CW DELAY
trimpot (R174) on the audio board.

Set the BRK IN switch to FULL, key the
unit, and adjust the MIC GAIN control for a
reading of 75 on the meter with the METER
switch 1in the ALC position. Rapidly key
and unkey the unit and compare the oscillo-
scope display to the illustration presented
here, to check for proper waveshaping. Set
the CW HARD/SOFT switch to SOFT and make
the same check for waveshape.

The SIDETONE +trimpot (R124) on the
audio board should vary the 1level of the
audio tone heard in +the speaker when the
transmitter is keyed. The tone should be
present only in the CW or CWN MODE of op-
eration, and should not be heard with the
unit unkeyed. Output should vary from no
output to approximately 1 watt of audio
with the setting of the sidetone level con-
trol.

Connect one lead of a 12 volt 1lamp
(less than 200 ma) to +12 volts from the
power supply and connect the other 1lead
from the lamp to the center contact on the
EXT RLY jack on the rear apron of the unit.
The lamp should light only when the unit is
in transmit in any mode,

"Hard" keying

"Soft" keying

RECEIVER OPERATION

Disconnect the microphone, the SPST switch, wattmeter, "T" connector
and attenuator, and the dummy load from the unit. Connect an RF signal gen-
erator to the ANTENNA Jjack. Connect an AC voltmeter and frequency counter
across the speaker terminals. Set the MODE switch to USB, VOX/PTT switch to
PTT, MIC GAIN control fully counterclockwise, and PTO MODE to PTO A,

Check for 0.35 uV sensitivity at 10 dB S+N/N ratio on all bands. See
the "Servicing Hints" section of this manual for the procedure. Check the
sensitivity with the PTO MODE switch in the PTO B position also. Check that
the sensitivity 1is better than 1.0 uV at 10 dB S+N/N ratio with the input
voltage set at 11V DC on all bands.,

Set the RF generator output to 1 uV and note the S meter reading. Tune
the unit +to each internally generated spurious signal and note that they
each should be less than the S meter reading noted above.

Check that the S meter reads S 9 £1 S unit for 50 uV input signal at
a supply voltage of 13,8 V IC, The S meter reading should vary with the in-
put signal., Changing the input signal from 1 uV to 0.1 V should result in
6 dB or less increase in audio output (6 dB 1is a voltage ratio of 2). The

8-5
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AF GAIN control ' should vary the audio output from inaudible to 3.5V rRMS
before clipping eccurs, with 0.5 uv of input signal.

Turning the IF GAIN control fully counterclockwise should increase the
S meter reading to full scale and decrease the units sensitivity. Set the
IF GAIN control back to its fully clockwise setting.

Turning the BRF GAIN control counterclockwise should decrease the units
input sensitivity and the S meter reading should decrease., With the RF GAIN
fully counterclockwise, input sensitivity should be reduced approximately 50
dB. Set the RF GAIN control back to its fully clockwise position.

With the AGC DECAY control fully counterclockwise, the unit should have
no AGC delay time. This is indicated by the S meter reading increasing and
decreasing instantly as the PTO 1is tuned across a signal. As the AGC DECAY
control is advanced clockwise, +the amount of time required for the AGC to
decay should increase +to approximately 15 seconds at fully clockwise., This
is indicated by the slow drop in S meter readings after tuning off of a sig-
nal. Set the AGC DECAY control back to its fully counterclockwise position.

Adjust the RF generator so that the speaker audio tone is 1650 Hz £ 20
Hz. Adjust the NOTCH FILTER control for minimum speaker audio. The audio
signal should decrease approximately 25 dB. AdJjust the RF generator so that
the speaker audio tone 1is 2500 Hz =+ 20 Hz, Adjust the NOTCH FILT control
for minimum speaker audio. The audio signal should decrease about 25 4B,
Repeat the foregoing at 400 Hz + 10 Hz audio tone, The audio signal should
decrease by about 25 dB., Set the NOTCH FILT control back to its fully co-
unterclockwise position.

NOISE BLANKER OPERATION

To check the noise blanker circuit, connect a pulse type of nolse gen-
erator to the antenna connector along with the signal generator using the
"7 connector. If a noise generator is not available, see the "Servicing
Hints" section of this manual for the schematic diagram of a simple inexpen-
sive set that may be constructed and kept for future use.

Tune in a 0.5 uV signal from the generator; turn on the noise generator
and set the noise level to S 3 +to S8 with the NOISE BLANKER switch off,
Turn the NOISE BLANKER switch on; the signal should now be audible above the
residual noise., Check on all bands,

Tune the signal generator to another frequency at least 1 MHz away from
the set frequency and modulate the signal generator at 100% modulation. In-
crease the generator output to about 100,000 uV and at this point the noise
level should come back up to S4 to S8; switching the NOISE BLANKER switch
from on to off should have no effect.

PASSBAND TUNING OPERATION

With the PASSBAND control set at 12 o'clock, all eight PASSBAND KHZ
lights should be on 1in LSB, USB, and CW modes. 1In CWN mode, only the 1,5
and 1.8 lights should be on, In LSB, USB and CW mode, as the PASSBAND con-
trol is turned clockwise, the PASSBAND KHZ lights should go off sequentially
proceeding from left to right. At about the 4 o'clock position of the con-
trol, all lights should be out. As the PASSBAND control is turned counter-
clockwise from the 12 o'clock position, the PASSBAND KHZ 1ights should go
off sequentially proceeding from right to left. At about the 8 o'clock pos-
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ition of the PASSBAND control, all lights should be out., Set the PASSBAND
control back to the 12 o'clock position, -

CWN TEST

Set the MODE switch to CW, and adjust the RF generator for 50 uV output
and adjust the frequency for a 1650 % 20 Hz speaker audio tone. Switch the
MODE switch to CWN and note that the S meter reading changes by one S unit
or less, Set the MODE switch to CW,

Adjust the RF generator frequency for a 2700 Hz *= 20 Hz speaker tone
and set the RF generator output for 59 on the S meter, Turn the PASSBAND
control counterclockwise until the S meter reading drops to less than S5,
At this point, only the 2.7 and/or 2.4 PASSBAND KHZ lights should be off.
Adjust the RF generator frequency for 400 Hz =+ 20 Hz tone in the speaker and
set the generator output for an 59 reading on the S meter. Turn the PASS-
BAND control clockwise until the S meter reading drops to less than S5. At
this point only the 0.6'and/or 0.9 PASSBAND KHZ lights should be off, Set
the PASSBAND control back to its 12 o'clock position.

PTO CHECK

Set the PTO MODE switch to PTO A and adjust the RF generator for 50 uV
output. Tune PTO A across the signal and listen to the speaker audio tone
for any indication of +tuning backlash, Tune PTO A for a 1000 Hz + 20 Hz
tone in the speaker.,

Set the PTO MODE switch to PTO B, Tune PTO B across the signal and
listen to the speaker audio tone for any indication of tuning backlash. Tune
PTO B for a 1000 Hz + 20 Hz speaker tone, Both PTOs are now set to the same
frequency and there should be no interference between the two. Slowly tune
PTO A back and forth while listening for a change in the audio tone, There
should be no detectable change.

EXTERNAL SPEAKER CHECK

Connect an external speaker to the EXT SPKR/PHONE jack on the rear ap-
ron of the set. The internal speaker should mute and the added speaker now
should have audio output.

EXTERNAL 1.0, CHECK

Disconnect the RF generator from the ANTENNA connector and reconnect it
to the EXT 1.0 jack on the rear apron of the unit. Adjust the RF generator
frequency to 30 MHz and approximately O dBm output. Set the MOIE switch to
ISB, PTO MODE switch to EXT, and BAND to 15, The display frequency should
be the RF generator output frequency minus 9000,0 kHz + 0,1 kHz, The dis-
play should be stable and tuning PTO A or PTO B should have no effect on the
display frequency.

This completes the operational test of the unit, Disconnect all test
equipment and reinstall any covers that may have been removed.
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ALIGNMENT PROCEDURE

Alignment should be performed only after making a complete performance
check of the wunit, It is advisable +to then align only those areas of the
unit necessary to bring performance up to specification. Also, the replace-
ment of a defective component will usually restore the units performance
without requiring any realignment, in most cases. Following this procedure

" will save time and help to avoid the possibility of inadverdantly misalign-
ing a section of the unit. i

INITIAL SETUP

Remove the top and bottom covers of the unit. Set the front panel con-
trols as ollows: AF GAIN to offy; RF GAIN to fully clockwise; IF GAIN to
fully clockwise; AGC DECAY to 12 o'clock; PASSBAND to 12 o'clock; NOTCH FILT
to fully counterclockwise; MIC GAIN to fully counterclockwise; PTO MOLE to
PTO A; MODE to LSB: BAND to 160 and PTT/VOX switch to PTT.

Connect a suitable power supply to. the POWER 13,8 V connector on the
rear apron of the unit.

VOLTAGE REGULATOR ADJUSTMENT _ '

Turn the AF GATIN control clockwise to turn the power on. Adjust the
power supply voltage for @V IC. :
Measure the voltage at the collector of Q116 on the distribution board
and adjust the 10.5 V SET +trimpot (R141) on the same board for a reading of
10.55 =+ 0.05 V IC on the voltmeter. Vary the power supply voltage from 11 to
15 volts., The measured voltage should change by 1ess than 0.2 V DC, Reset
the power supply voltage to 14 V IC,

BAND VCO ADJUSTMENT

Measure the voltage at the point labeled 160-15 M EL (near C138) on the

L.0. board. Adjust the coils according to the following chart for 3.75 40,25
v IC.
BAND COIL
160M T101
80M \ T102
LoM \ T103
20M | T104
15M T105

Measure the voltage at the point labeled 10 M EL on the LO board. Set
the BAND switch to 10A and adjust T106 for 3.20 #* 0.1 V DC, Switch to 10B,
10C, and 10D and note that voltage reading increases approximately O. 4 v DC
for each band.

. BAND REFERENCE OSCILLATOR ADJUSTMENT

Connect a frequency counter to collector of Q111 on the LO board. Set
bandswitch to 10D. Adjust the 2 MHz oscillator trimmer capacitor (C246) for
a frequency of 44.000 MHz +20 Hz. Disconnect the frequency counter.

8-8
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CARRIER OSCILLATOR ADJUSTMENT

Connect the microphone to the MIC/KEY Jack on the front panel. Connect
the oscilloscope probe to the emitter of Q117 on the exciter board. Key the
unit with the microphone button and adjust transformer T105 on the exciter
board for a maximum indication on the oscilloscope of approximately 1 V p-p. i
Unkey the unit. Disconnect the oscilliscope probe and reconnect the freq- '
uency counter to the same point. Key the unit and make adjustments accord-
ing to the following table, in the order listed.

MODE CAPACITOR FREQUENCY
LSB c194 9.00000 MHz +10 Hz
N USB c197 9.00330 MHz +10 Hz
CW. €199 9.00250 MHz +10 Hz

Unkey the unit and disconnect the frequency counter and microphone.

PASSBAND TUNING OSCILLATOR ADJUSTMENT

Measure the voltage at the center leg of the PASSBAND tuning control
(R103B, rear section) and adjust the PASSBAND control for 5.25 £ 0.05 V IC.

Connect the frequency counter to G2 of Q113 on the exciter board and
adjust the PBT trimmer capacitor (C206) for a frequency of 22.80165 MHz + 20
Hz, Vary the PASSBAND control from fully counterclockwise to fully clock-
wise and note that the PBT oscillator has a frequency range greater than 3.6
kHz.

Disconnect the frequency counter and reconnect the oscilloscope probe
to the same point. Adjust coil T106 for maximum indication on the oscillo-
scope screen, approximately 1.5 V p-p. Disconnect the oscilloscope probe.

COUNTER REFERENCE OSCILLATOR ADJUSTMENT

Remove the cover from the units frequency counter and connect the shop
frequency counter to pin 9 of Ull4 on the counter board. Adjust the refer-
ence oscillator trimmer (C110) for a frequency of1.31072 MHgz + 2 Hz. Dis-
connect the frequency counter and reinstall the counter cover.

PASSBAND TUNING INDICATOR ADJUSTMENT

Set the PASSBAND control to its 12 o'clock position and adjust the A-D
RANGE trimpot (R166) on the audio board so that all eight PASSBAND KHZ 11i-
ghts are on.

PTO AND RIT ADJUSTMENT

Set the MODE switch to LSB, and the BAND switch to 20, turn the RIT to
its off position (RIT 1light extinguished) and adjust PTO A for a display
frequency of 14270.0., Switch the MODE switch to USB, and if the display
frequency changes, adjust the USB SHIFT trimmer (C608) on PTO A so that
there is no change in the display frequency when shifting between LSB and
USB modes.

8-9
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2 Set the RIT control to 0. Push the RIT control to turn it on (RIT 1li-
% ght lighted). If the display frequency changes, adjust the RIT CENTER trim-
pot (R536) on the PTO control board so that +there is no change in the dis-
play frequency between RIT on and RIT off. Verify that the RIT control
varies the frequency of the display =+ 800 to 1500 Hz,

Turn the PTO A control fully counterclockwise and note how much the
display frequency goes below 14000.0 kHz, Now turn the PTO A control to its
clockwise 1imit and note how much the display frequency goes above 14500.0
kHz., The amount that the frequency extends beyond the lower and upper band
limits should be greater than 50 kHz and within 10 kHz of each other. If
this is not the case, adjust trimmer C606 on PTO A for the proper frequency
range.,

Set the PTO MOIE switch to PTO B and repeat the above procedures for B,

EXCITER I.F. ADJUSTMENTS

Set the MODE switch to CW, the PTO MOLE switch to PTO A, +the PASSBAND
control to its 12 o'clock position, and adjust PTO A for a display frequency
of 14300.0 kHz. Connect the output of the RF generator to the ANTENNA con-
nector on the rear apron of the unit. Set the RF generator output for 50 uv
and adjust its frequency for maximum S meter reading on the unit. Adjust
transformers T101, T102, T103 and T104 on the exciter board for a maximum S
meter reading.

AGC AND S METER CALIBRATION

Use the same test setup as previous section, Connect the oscilloscope
probe to the cathode of diode CR123 (AF in 1line) on the audio board. Adjust
the AGC THRESH +trimpot (RL01) on the audio board for 600 mV p-p indication
on the oscilliscope screen. Disconnect the oscilloscope probe.

Adjust the S METER CAL trimpot (R110) on the audio board for an S 9 in-
dication on the unit's meter.

CWN FILTER ADJUSTMENT

Set the MODE switch tc CWN and connect the frequency counter across the 3
units speaker terminals, keeping the rest of the test setup the same as for ' -
the previous section. Adjust PTO A for a 1650 Hz %= 20 Hz speaker audio tone
and adjust CWN trimmer capacitors C130 and C134 on the exciter board for a
maximum S meter reading. Switch the MOIE to CW and verify that the S meter
reading changes by less than one S unit,

NOTCH FILTER ADJUSTMENT

Use the same test setup as before. Connect the AC voltmeter or oscil-
loscope across the speaker terminals. Adjust PTO A for a 1650 £ 20 Hz tone
in the speaker. Adjust the NOTCH FILT control for minimum speaker audio
output, then adjust the NOTCH FILTER ADJUST trimpot (R178) on the audio bo-
ard for minimum speaker audio output. Repeat the adjustments of NOTCH FILT
and N F ADJ controls until there is no further decrease in the speaker audio
output. The notch filter should attenuate the speaker audic by more than
25 dB, Verify that speaker audio output can alsc be attenuated by the notch
filter with speaker audio tones of 400 Hz and 2500 Hz. Disconnect the freq-
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uency counter, AC voltmeter or oscilloscope and RF generator from the unit.

ALC AND METER ADJUSTMENTS

Connect the microphone +to the MIC/KEY jack on the front panel of the
unit, Connect the RF wattmeter and 50 ohm dummy load to the ANTENNA connec-
tion on the rear apron, Set the MODE switch +to CW and adjust PTO A for a
display frequency of 14500.0 kHgz.

Connect the DC oscilloscope probe to the "high" potential leg of the
REFL trimpot (R107) on the preselector board, Key the unit with the micro-
phone button and adjust the MIC GAIN control for 100 watts of output. Quick-
1y adjust the SWR NULL trimmer capacitor (C103) on the SWR/wattmeter board
for minimum DC voltage on the oscilloscope (< 0.5 V DC). ;

NOTE: During this and subsequent CW tests, limit the "key down" time
to 30 seconds or less to prevent overheating and resultant dam-
age to the power amplifier devices, Allow time between trans-
missions to permit them to cool.

Disconnect the oscilloscope probe, Set the METER switch +to the FWD
position, Key the unit, and adjust the MIC GAIN for 100 watts of output and
quickly adjust the FWD trimpot (R147) on the distribution board for a read-
ing of 100 on the unit's meter.

Set the MIC GAIN control fully clockwise, key the unit, and quickly ad-
just the FWD ALC trimpot (R104) on the preselector board for 110 watts
of output,

Disconnect the 50 ohm dummy load and reconnect the 100 watt (10 ohm
cold) light bulb 1in its place. With the MIC GAIN control fully clockwise,
key the unit and quickly adjust the REFL ALC trimpot (R107) on the preselec-
tor board for 50-60 watts of output. Set the METER switch to REFL, key the
unit, and quickly adjust the REFL <trimpot (R149) on the distribution board
for a reading of 100 on the unit's meter., (10 watts reflected power)

Check the output on all bands for 40 to 70 watts of output using the
light bulb as a load.

Disconnect the 1ight bulb load and reconnect the 50 ohm dummy load.
Check the power output forl1l00-120 watts on all bands, with the MIC GAIN
control fully clockwise,

Disconnect the coax lead at the ANTENNA connector of the unit. Key the
unit with the MIC GAIN control fully clockwise and note that the total cur-
rent drawn from the power supply 1is less than 12 amperes on all bands. Re-
connect the coax lead to the ANTENNA connector,

NOTE: It may be necessary to slightly readjust the FWD and REFL ALC
trimpots and SWR NULL trimmer capacitor to obtain the proper
indications on all bands.

Set the BAND switch to 20 meters, the METER switch to ALC and the MIC
GAIN control fully counterclockwise. Key the unit and adjust the ALC ZERO
trimpot (RllO) on the preselector board for a reading of S 2 on the wunits
meter.  AdJjust the MIC GAIN control to its fully clockwise position. The
meter reading should increase to +20 or greater. Unkey the unit.
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PRESELECTOR AND L,O, BANDPASS FILTER ADJUSTMENT

The alignment of the bandpass filters should be performed only if abso-
lutely necessary, and then only for those bands that require alignment. 1In-
dications of misalignment are significant reduction in power output and re-
celver sensitivity +that is not the result of a component failure or mis- v
alignment of transformers, coils and/or oscillators on the exciter board. i

If alignment is to be performed using a sweep generator, follow the
procedure supplied with the test equipment and test the boards as follows:

Preselector Bandpass Filters: (with sweeper)

Connect the sweep generator output to the RX IN jack (J132) and the sp-
ectrum analyzer's input to the RX OUT jack (J136). Sweep each band according
to the accompanying chart.

L.0. Bandpass Filters: (with sweeper)

Disconnect the leg of C177 from pin 7?7 of Z101 on the LO board and con-
nect the sweep generator output to the 1leg of C177. Connect the analyzer
input to the LO OUT jack (J103).

Sweep each band according to the accompanying chart.

Preselector Bandpass Filters: (without sweeper)

Disconnect the TX OUT coax at J134 on the preselector board and connect
the oscilliscope probe +to J134, Set the MODE switch to CW, and MIC GAIN
control to fully clockwise, and key the unit. Adjust the oscilloscope for
a reasonable indication.

Adjust the bandpass coils for maximum indication on the oscilloscope at
the center frequency of each band.

Tune the PTO across each band and readjust the bandpass coils as neces-
sary to obtain a flat response (+ 2 dB) across the band without significant-
ly reducing the maximum output.

L.0, Bandpass Filters: (without sweeper)

Disconnect the LO OUT coax at J103 on the LO board and connect the osc-
illiscope probe to J103. Use the same procedure for adjusting these band-
pass colls as in the preceeding section.

NOTE: It is not necessary to key the unit for LO bandpass filter

adjustment.
PRESELECTOR BANDPASS FILTER ALIGNMENT TABLE
BAND RANGE, MHZ CENTER FREQ. COILS
160 1.8-2.0 1 1.9 T101, T102, T103
80 3.5-4.0 | 3.750 T104, T105, T106
Lo 7.0-7.5 7.250 T107, T108, T109
20 14.0-21.5 \ 14,250 T110, Ti1l, T112
15 21.0-11.,5 21.250 T113, Til4, T115
10A, B, C, D 28.0-30.0 29.0 T116, T117, T118
8-12
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L.0. BANDPASS FILTER ALIGNMENT TABLE

RANGE, MHZ CENTER FREQ.
10.8-11.0 10.9
12.5-13.0 12.750
16.0-16.5 16.250
23.,0-23,.5 23.250
30.0-30.5 30.250
, C, D 37.0-39.0 '38.0

T107,
T110,
T113,
T116,
T119,
T122,

COILS

T108,
11,
T114,
T117,
T120,
T123,

T109
T112
T115
T118
T121
T124
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OPERATING MANUAL
MODEI, PSU-6 POWER SUPPLY

The Swan PSU-6 fixed station power supply-speaker provides
a regulated D.C. voltage for operation of all Swan solid
state transceivers, but is intended particularly to match
the Swan ASTRO-102BX Transceiver.

The PSU-6 is designed to operate from nominal 117 volts A.C.,
50-60 Hz or 230 volts A.C. 50-60 Hz. All assemblies are
factory wired for 117 v.a.c. operation, however, they may
easily be re-wired for 230 v.a.c. operation.

The PSU-6 is conservatively rated at 20 amps at 13.6 volts
for intermittant operation and 10 amps semi-continuous opera-
tion.

* Intermittant operation: Operated under a cycle of one
minute on and four minutes off.

* Semi-continuous: Eight hours continuous in 24 hours.

The output voltage is factory set to 13.6 v.d.c. and is
adjustable over a range of approximately 10 to 23 volts.

The output regulation at full locad is 3%, ripple is less
than 1%. The heatsink is adequate for operation under the
above operating conditions, however, under prolonged operation;
the heatsink will reach temperatures too hot to touch. The
supply should not be positioned so that circulation of air
around the heatsink is inhibited. If operation is intended
over a long period of time or under environmental conditions
of high ambient temperature, it is recommended that a small
fan be used to direct air against the heatsink.

The PSU-6 is styled to match the Swan transceivers and is

complete with A.C. line cord, D.C. power cable with connector

for the transceiver. The front panel contains ON-OFF switch

and indicator light. The PSU-6 also has a speaker for external

speaker operation, and a jack for low impedance headphones. . -=
3

A two conductor connector at the end of the D.C. power cable

is provided to power certain accessories (i.e., Pilot Lights

of Antenna Tuner) and is fused by fuse in transceiver.

Specifications:

Average Power Consumption: 117 watts receive
700 watts transmit
Input: 117/230 VvAC
’ 50-60 Hz
Dimensions: ’ 9 3/4" W x 5 3/4" H x 10 3/4 D

Weight: 19 1bs, 12 oz.; 8.96 Xg
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COMMUNICATIONS
Swan DIVISION

NOTE: -Only "parts peculiar" are listed in this section of the manual; that
is, only those parts which might otherwise %be difficult for the servicing
facility to obtain. Common resistors and capacitors are omitted; their val-
ue is shown on the schematic diagrams, and the type, size, wattage, etc,,
can be determined from the part being replaced. Since any service shop can
be expected to have a stock of these common parts available, it is unlikely
that they would be ordered from Cubic Communications in any event.

Circuit symbols shown on the schematics should be correlated with the
'series' number also shown on the schematic, as only the last three digits
of the circuit symbol are used on the diagrams; for instance integrated cir-
cuit U101l on the exciter board (2000 series) schematic would be shown in the
parts list under circuit symbol U2101; Cl06 on the 1low pass filter board
(3000 series) would be shown under circuit symbol C3106 in the parts list.
The full circuit symbol, the description of the part, and the model and ser-
ial number of the radio should be supplied with any parts order +to ensure
that the correct part is shipped. Semiconductors are 1listed separately, by
manufacturer's type number and Cubic Communications part number only.

\
SEMICONDUCTORS

Transistors

' 2N38664 s ssensnssenss476-015
2N5223 s snssansesese 476077
2N5306 ¢ casececnsnne s 476-024
2N5355 . censcennsesees 476-016
2N5670 s eeeceessesss s 476039
2N5814 i e envencnnese s 476017
3N211.l...il'l!..!..ll""?é—lO?
MPFO7L e vetoanesaenss s 476-094
MPFLFB93--.-t-.t.ontnou‘?é“OéO
MPS-AU2, ceveennness. 476048
MPS-H10u s sasessees s 476-026
MRFA33 0000 0sesseeeeesb76-075
MRFU58. verevrsesness 476-076
TIP-42 iesssascrnaes s 476-118
MPS2925, s eecvecessss 476074

Integrated Circuits

ADCOBOL . v vrvrrrenss 477-121
CDUOLE . s e eeneereess H77-056
CDUOLE . e v vneeneaset77-110
CDHOB0, ¢ vrvverenness 477-003
CDHOBL. v eeneneenssss 477-119
IM358 et eorennnnenes s 477-072
IM555 . seacosnsesnese 477067
TBABIO . euesnecsoeess H77-047
UAZBT . v eveenenceess 477093
UA757  vevnoeasnsnnes 477-069
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Integrated Circuits, Continued

ZHLS00 s sasenneneses H77-062
ZHLS100 e e eescnvosass L477-123

PULSO0. teevnveeeves. 477-088
PhLS112. s ennennnanas L77-120
PLLS160. e eeeeeeeenns H77-112
0102 i e eeennonnnes 4772192

ZULS192, e et vnenrennas L77-082
U106 s et arecensenss 477-035
78L08.. ... Ceneenee  B77-07L
T 2BMO5 . e e enenennn e L7702k
78MO8B. ciereenneneees 477-010
7805dnooo.-.¢o--|c---677‘207
B136eseeninnesenenss477-111

937t s essianenansse. 477-036
HM7603 (L.0. counter)478-008
HM?7603 (BPF indicator)

L78-009

Diodes
INUA. v e inenasnnanss L75-008
1N914.-oa-.occ-oao-n-u75—021
INLOOS e e ssvasscnances 475-023
IN5231Beeevonsesness475-061
INB235A0 e easensses s L75-065
IN5236Bsvesanesens osob75-032
BAZLY, s reesersnnese 475-048
MANBéZOA..-....lloln.475-087
MPN340L.vaueosenes e b75-049
MVIQOU..Ao......-....475-092
MV2103.0savsanoansas 475-069
MV2105IOIIIOllll..lllu75—089
MV211]eeeeeennnoeees  475-004
MVZZOE....-.on.ta--!lu’75—o5o
MV5174B. v esees aoessesd?75-093

EXCITER BOARD (2000 Series)

Circuit Cubic Part .

Symbol Number Description

2130 089-028 Capacitor, trimmer, 2-27 pF

C2134 089-028 Capacitor, trimmer, 2-27 pF

2185 073-052 Capacitor, Electrolytic, 10 uF

€2188 084-084 Capacitor, temp. comp, 220 pF, N2200

€2189 084-084 Capacitor, temp., comp, 220 pF, N2200

c2194 089-028 Capacitor, trimmer, 2-27 pF E

€2195 084-111 Capacitor, temp. comp. 25 pF, N470

c2197 089-028 Capacitor, trimmer, 2-27 pFf

2198 084-111 Capacitor, temp. comp. 25 pF, N470

C2199 089-028 Capacitor, trimmer, 2-27 pF

C2206 089-028 Capacitor, trimmer, 2-27 pF

9-2
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C2211 073-052 Capacitor, electrolytic, 10 uF
CR212 073-085 Capacitor, electrolytic, 33 uF
€2213 073-055 Capacitor, electrolytic, 4,7 uF
C2220 084-060 Capacitor, temp. comp, 10 pF, NPO
c2221 073-085 Capacitor, electrolytic, 33 uF
L2101 012-247 Inductor, 160 uH
12102 012-247 Inductor, 160 uH
12103 027-061 RF choke, 2.2 ul
L2104 027-044 RF choke, 10 uH
12105 4 027-083 RF choke, 8.2 uH
L2106 027-040 RF choke, 47 uH
L2107 027-040r RF choke, 47 uH
12108 027-040 RF choke, 47 uH
T2101 014-067 Transformer, RF
T2102 014-067 Transformer, RF
T2103 012-253 Transformer, RF
T2104 014-057 Transformer, RF
T2105 014-058 Transformer, RF
T2106 014-057 Transformer, RF
Y2101 486-102 Crystal, HC18, 13.800 MHz, 20 pF
Y2102 486-102 Crystal, HC18, 13,800 MHz, 20 pF
Y2103 © 486-080 Crystal, HC18, 9,0000 MHz, 32 pF
Y2104 L86-081 Crystal, HC18, 9.0033 MHz, 32 pF
Y2105 L486-103 Crystal, HC18, 22,80165 MHgz, 10 pF
72101 0800-2004 Double balanced mixer
22102 0800-2004 Double balanced mixer
FL2101 L87-024 Filter, crystal, 9.00165 MHz
FL2102 L87-029 Filter, crystal, 13,800 MHz

341026 Socket, 16 pin

344114 Coax connector, vertical receptical

344-115 Coax connector, spring socket

10W PASS FILTER/BAND SWITCH BOARD (3000 Series)

Circuit Cubic Part

Symbol Number Description
K3101 111-036 Relay, reed, SPST
L3101 027-072 Coil, RF, .35 uH 10 meter
: 13102 027-072 Coil, RF, .35 uH, 10 meter
1 13103 027-073 Coil, RF, .46 uH, 15 meter
E 13104 027-073 Coil, RF, .46 uH, 15 meter
13105 027-074 Coil, RF, .62 uH, 20 meter
13106 027-074 Coil, RF, .62 uH, 20 meter
L3107 027-075 Coil, RF, 1.5 uH, 40 meter
13108 027-075 Coil, RF, 1.5 uH, 40 meter |
13109 027-076 Coil, RF, 2.8 uH, 80 meter 1
1 L3110 027-076 Coil, RF, 2,8 uH, 80 meter 1
' 13111 027-079 Coil, RF, 4,5 uH, 160 meter |
13112 027-079 Coil, RF, 4,5 uH, 160 meter




_ $gcuBic

COMMUNICATIONS
Swasn DIVISION

9-k

052-133

53101 171-176 Switch, band
53102 - 171-176 Switch, band
S$3103 171-176 Switch, band
341-026 Socket, 16 pin
34h-114 Coax connector, vertical receptical
344-115 Coax connector, spring socket
AUDIO BOARD (4000 Series)
g;i%git Cuﬁt;bzirt Description
Ch4102 069-024 Capacitor, tantalum, 68 uF
C4103 073-085 Capacitor, electrolytic, 33 uF
CLk105 070-001 Capacitor, stable ceramic, .0047 uF
Ch106 070-001 Capacitor, stable ceramic, .0047 uF
Cc4107 073-055 Capacitor, electrolytic, 4.7 uF
Cc4108 073-064 Capacitor, electrolytic, 100 uF
C4109 073-064 Capacitor, electrolytic, 100 uF
Chl112 073-064 Capacitor, electrolytic, 100 uF
Ch115 073-064 Capacitor, electrolytic, 100 uF
Cl4116 070-012 Capacitor, stable ceramic, 1 uF
Ch4121 073-085 Capacitor, electrolytic, 33 uF
ch122 073-051 Capacitor, electrolytic, 1 uF
4123 073-085 Capacitor, electrolytic, 33 uF
C4125 073-052 Capacitor, electrolytic, 10 uF
Ch126 073-085 Capacitor, electrolytic, 33 uF
Cu128 073-051 Capacitor, electrolytic, 1 uF
C4130 073-052 Capacitor, electrolytic, 10 uF
Chi31 073-051 Capacitor, electrolytic, 1 uF
C4132 073-051 Capacitor, electrolytic, 1 uF
C4133 073-051 Capacitor, electrolytic, 1 uF
Ch134 073-051 Capacitor, electrolytic, 1 uF
Ch136 073-051 Capacitor, electrolytic, 1 uF
Cl4139 073-051 Capacitor, electrolytic, 1 uF
CL4140 073-051 Capacitor, electrolytic, 1 uF
clu1ll 073-088 Capacitor, electrolytic, 220 uF
CL143 070-001 Capacitor, stable ceramic, .0047 uF
chbh - 088-137 Capacitor, silver mica, 1800 pF, 1%, IM19
Chihs 088-137 Capacitor, silver mica, 1800 pF, 1%, DM19
RY101 052-119 Trimpot, 10 kN
RL110 052-119 Trimpot, 10 kN
Ru12L 052-131 Trimpot, 1 kQ
R4138 052-119 Trimpot, 10 KO
R4140 052-133 Trimpot, 1 MQ
Ru14h 052-133 Trimpot, 1 MQ
R4149 052-148 Trimpot, 100 Q
R4166 052-151 Trimpot, 50 kO
RU174 040-005 Resistor, 47 kO, % watt, 1%
R4175 oLo-004 Resistor, 10 k0, leattv 1%
R4176 040-006 Resistor, 5.6 kQ, %+ watt, 1%
R4178 052-151 Trimpot, 50 k).
R4179 Trimpot, 1 MO
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341-026
344-114
344-115

Socket, 16 pin :
Coax connector, vertical receptical
Coax connector, spring socket

LOCAL OSCILLATOR BOARD (5000 Series)

Circuit Cubic Part e

Symbol Number Description

C5109 073-085 Capacitor, electrolytic, 33 uF
C5119 073-085 Capacitor, electrolytic, 33 uF
C5129 073-085 Capacitor, electrolytic, 33 uF
C5139 073-085 Capacitor, electrolytic, 33 uF
C5149 073-085 Capacitor, electrolyitc, 33 uF
C5158 073-085 Capacitor, electrolytic, 33 uF
C5246 089-030 Capacitor, trimmer, 3.5-65 pFF
C5248 070-002 Capacitor, stable ceramic, .001 uF
Cs2u49 070-012 Capacitor, stable ceramic, 1 uF
C5250 070-002 Capacitor, stable ceramic, .001 uF
C5251 070-002 Capacitor, stable ceramic, .001 uF
L5101 027-069 RF Choke, 3.3 uH

15102 027-069 RF Choke, 3.3 uH

L5103 027-069 RF' Choke, 3.3 uH

L5104 027-069 RF Choke, 3.3 uH

L5105 027-061 RF Choke, 2.2 uH

L5106 027-061 RF Choke, 2.2 uH

L5107 027-061 RF Choke, 2,2 uH

L5108 027-061 RF' Choke, 2.2 uH
. L5109 027-059 RF Choke, 1.5 uH

L5110 027-059 RF Choke, 1.5 uH

L5111 027-060 RF Choke, 1.8 uH

L5112 027-060 RF Choke, 1.8 uH

T5101 012-254 Transformer, RF

T5102 012-254 Transformer, RF

T5103 012-255 Transformer, RF

T5106 012-255 Transformer, RF

T5107 014-068 Transformer, RF

T5108 - 014-068 Transformer, RF

T5109 014-068 Transformer, RF

T5110 014-068 Transformer, RF

T5111 014-068 Transformer, RF

5112 014-068 Transformer, RF

5113 014-067 Transformer, RF

5114 014-068 Transformer, RF

I5115 014-067 Transformer, RF

I'5116 014-066 Transformer, RF

rs117 014-067 Transformer, RF

r5118 014-066 Transformer, RF

I'5119 014-066 Transformer, RF

r5120 014-067 Transformer, RF

rs121 014-066 Transformer, RF

r5122 014-066 Transformer, RF
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T5123 014-067 ' Transformer, RF
T5124 014-066 Transformer, RF
Y5101 486-100 Crystal, HC33, 2.000 MHz, + ,005%
Z5101 0800-039 Double balanced mixer
341-026 Socket, 16 pin
344114 " Coax connector, vertical receptical
344-115 Coax connector, spring socket

POWER AMPLIFIER BOARD (6000 Series)

Circuit Cubic Part D .y
Symbol Number escription
6105 070-012 Capacitor, stable ceramic, 1 uF
C6108 073~064 Capacitor, electrolytic, 100 uF
6112 070-012 Capacitor, stable ceramic, 1 uF
C6114 073-064 Capacitor, electrolytic, 100 uF
C6119 073-060 Capacitor, electrolytic, 10 uF
cé121 070-012 Capacitor, stable ceramic, 1 uF
Ccé124 070-012 Capacitor, stable ceramic, 1 uF
FBA101 027-055 Ferrite bead
FB6102 027-055 Ferrite bead
16101 027-050 RF choke, 4.7 uH
16102 027-061 RF choke, 2.2 uH
16103 027-071 REF' choke
R6107 049-060 Resistor, 500 5 W, 10%
R6108 049-017 Resistor, 0.470, 2 W, 5%
R6114 049-060 Resistor, 500 5 W, 10%
R6119 048-180 Resistor, 180, 2 W, 5%
R6122 048-180 Resistor, 180, 2 W, 5%
R6123 048-180 Resistor, 180, 2 W, 5%
RA124 048-180 Resistor, 180, 2 W, 5%
T6101 273-014 Transformer, RF, interstage
T6102 273-013 Transformer, RF, interstage
T6103 273-006B Transformer, RF, output
116-002 Heatsink é
116-019 Heatsink, power amplifier |

COUNTER BOARD (7100 Series)
Circuit Cubic Part . 4
Symbol Number Description
€7102 070-012 Capacitor, stable ceramic, 1 uF
Cc7110 089-030 Capacitor, trimmer, 3.5 to 65 pF
C7111 084-116 Capacitor, temp. comp, 68 pF, N5200
R7101 049-068 Resistor, wirewound, 4.7Q, 5 W.
Y7101 486-101 Crystal, 1.31072 MHz, HC33, 20 pf parallel

’ !
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NOISE BLANKER BOARD (7400 Series)
Circuit Cubic Part «os
Symbol Number Description.
Cc7416 073-060 Capacitor, electrolytic, 10 uF
T7401 014-062 Transformer, RF
PTO CONTROL BOARD (7500 Series)
Circuit Cubic Part Description
Symbol Number eserip
L7501 027-078 RF Choke, 24 uH
L7502 027-078 RF Choke, 24 uH
L5073 027-0L44 RF Choke, 10 uH
R7532 052-119 Trimpot, 10 k0
R7536 052-119 Trimpot, 10 kQ
3114 Coax connector, vertical receptical
344-.115 Coax connector, spring socket
344-117 Wafer connector, 4 pin
34h-147 Wafer connector, 3 pin
344-148 Wafer connector, 5 pin
PTO BOARD (7600 Series)
Circuit Cubic Part D s ot
Symbol Number escription
C7602 084-011 Capacitor, temp. comp, 30 pF, NPO
C7603 084-057 Capacitor, temp. comp, 50 pF, N3300
C7604 084-057 Capacitor, temp. comp, 50 pF, N3300
C7605 084-088 Capacitor, temp. comp, 50 pF, N75
C7606 075-005 Capacitor, trimmer, 1.8 to 13 pF
C7608 075-017 Capacitor, trimmer, 1.2 to 4.2 pF
C7613 084-093 Capacitor, temp. comp., 1 pF NPO
L7602 027-049 RF choke, 200 uH
L7603 027-049 RF choke, 200 uH
L7604 027-050 RF choke, 4.7 uH
SWR/WATTMETER BOARD (7700 Series)
Circuit Cubic Part De -y
Symbol Number scription
C7703 089-028 Capacitor, trimmer, 4-30 pF
C?7705 073-051 Capacitor, electrolytic, 1 uF
T7701 012-256 Transformer, RF
0800-5303 Coax receptical, modified S0239
9-7
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FRONT PANEL RIGHT BOARD (7800 Series)

Circuit Cubic Part sy s

Symbol Number Description

S7801 171-188 Switch, PTO Mode

57802 171-189 Switch, Mode

S7803 172-035 Switch, VOX/PTT

S7804 172-035 Switch, Noise PBlanker

87805 172-035 © Switch, Speech Processor

S7806 172-035 Switch, Breakin

S7807 172-035 Switch, Hard/Soft Keying
344-117 Wafer connector, U4 circuit
341-026 Socket, 16 pin

PRESELECTOR BOARD (8000 Series)

Circuit Cubic Part Description

Symbol Number p

18101 027-078 RF Choke, 24 uH

L8102 027-078 RF Choke, 24 uH

18103 012-247 RF Choke, 160 uH

L8104 012-257 Transformer, RF

RE1OL 052-133 Trimpot, 1 MQ

R8107 052-133 Trimpot, 1 MQ

R8110 052-132 Trimpot, 100 kO

T8101 014-070 Transformer, RF

T8102 014-070 . Transformer, RF

T8103 014-070 Transformer, RF

T8LOL 014-069 Transformer, RF

T8105 014-069 Transformer, RF

T8106 014-069 Transformer, RF

T8107 014-068 Transformer, RF

T8108 014-069 Transformer, RF

T8109 014-068 '  Transformer, RF

T8110 014-067 Transformer, RF

T8111 014-068 Transformer, RF

T8112 014-067 Transformer, RF

T8113 014-066 Transformer, RF

T8114 014-067 Transformer, RF

T8115 014-066 Transformer, RF

T8116 014-066 Transformer, RF

T8117 014-067 Transformer, RF

T8118 014-066 Transformer, RF
344114 Coax connector, vertical receptacle
344115 Coax connec* - anring sockat
341-026 Socket,

|
9-8
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DISTRIBUTION BOARD (9000 Series)
Circuit Cubic Part Description
Symbol Number
C9101 070-012 Capacitor, stable ceramic, 1 uF
c9102 070-012 Capacitor, stable ceramic, 1 uF
C9103 070-013 Capacitor, stable ceramic, 0.1 uF
C910L 070-012 Capacitor, stable ceramic, 1 uF
C9105 070-020 Capacitor, stable ceramic, 0.33 uF
C9106 069-017 Capacitor, tantalum, 2.2 uF
C9108 070-012 Capacitor, stable ceramic, 1 uF
C9109 073-088 Capacitor, electrolytic, 220 uF
c9111 073-088 Capacitor, electrolytic, 220 uF
Ca114 073-085 Capacitor, electrolytic, 33 uF
€115 073-085 Capacitor, electrolytic, 33 uF
C9116 073-085 Capacitor, electrolytic, 33 uF
C9120 073-055 Capacitor, electrolytic, 4,7 uF
R9141 052-119 Trimpot, 10 kO
R9147 052-133 Trimpot, 1 MQ
R9149 052-133 Trimpot, 1 MQ
116-020 Heat sink for TIP42
311-014 Insulating washer
341-026 Socket, 16 pin
344-117 Wafer connection, 4 pin
344136 Wafer connection, 8 pin
344-150 Wafer connection, 2 pin
34147 Wafer connection, 3 pin
344149 Wafer connection, 6 pin
COUNTER BOX ASSEMBLY
Cublc Part Description
Number p
077-001 Capacitor, feed through, 1000 pF
3L-146 Connector, 3 circuit
344-151 Receptacle, 8 circuit
344-152 Plug, 8 circuit
344153 Crimp terminal for plug
344754 Crimp terminal for socket
MISCELLANEOUS
Cubic Part Description
Number
222-001 Rubber feet, small
223-002 Tilt stand, 10"
102B-1310 Cabinet top
102B-1311 Cabinet bottom
0800-54073 Bezel
150-032 D.C. Power cord
222-002 Rubber feet, large
9-9
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045-223F Potentiometer, RIT, with switch

052-112 Potentiometer, AF/RF Gain, with switch !
052-152 Potentiometer, MIC Gain and Passband Tunlng 1
052-153 Potentiometer, IF and AGC

052-154 Potentiometer, tandem, Notch Filter

112-038 Meter

152-008 Speaker

171-190 Bandswitch detent

172-036 Switch, rocker, level handle

211-043 Knob, 3/u" with insert

211-044 Wing knob, 3/4", with insert

211-072 Knob, dual, 4mm and émm shafts

211-073 Knob, 3/4", with insert; .187 dia shaft

211-047 Knob, dual, with bar

211-080 Xnob, with spinner

344-082 Receptacle, 6 circuit, power

344-083 Pins for above

344-118 Connector, 4 pin, housing only

344-135 Connector, 8 pin, housing only

34h-146 Connector, 3 pin, housing only

344-155 Connector, 2 pin, housing only

344-156 Connector, 5 pin, housing only

344-157 Connector, 6 pin, housing only ﬂ
344-119 Crimp terminal for above

455123 Escutcheon ‘
hs5-124 Filter for digital readout

471-007 Lamp, 12 volt, miniature

680-004 Ribbon cable assembly, 3 3/4"

680-005 Rinhon cable assembly, 9"

680-006 Ribbon cable assembly, 18 1/8"

680-007 Ribbon cable assembly, 11 1/2"

680-009 Ribbon cable assembly, 15"

680-010 Ribbon cable assembly, 16 1/8"

102B-32073 PTO Assembly, complete

s =il
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Conducted By Paul K. Pagel,* N1FB

- Product Review

Cubic Astro 102BXA Transceiver

American made? Yes, indeed! The Astro
102BXA (formerly Swan/Astro) is built by a
tenured engineering firm, Cubic Corporation,
of Oceanside, California. The manufacturer
once stated that *‘75 of our engineers were in-
volved in the design of the Astro.’” Those who
subscribe to the ‘‘buy American’ doctrine
should be pleased with this product.

If your buying urge is stimulated by the
presence of dazzling geegaws, this rig may not
be for you. But if truly functional and impor-
tant operating features inspire you, the
102BXA might be what you’ve been waiting
for. It has what the operator needs, and
nothing more.

Coverage is from 160 through 10 meters in
six bands. This transceiver is completely tran-
sistorized (inclusive of ICs and diodes). Twin
PTOs are included to provide split-band opera-
tion when desired. Other features are variable
agc time constant, passband tuning, and
separate controls for rf and i-f gain. It also has
RIT, selectable break-in delay or full QSK,
noise blanker and speech processor. The panel
meter indicates forward and reflected power in
watts, alc level and the relative strength of in-
coming signals.

A large red digital display provides readout
of the operating frequency to six places, such
as 21,025.3 kHz. An ecight-level LED string
shows the status of the passband tuning from
0.6 to 2.7 kHz. There is also a notch filter that
is adjustable from the front panel of the
transceiver.

The passband-tuning control scts the i-f
bandwidth with cither a high-pass or low-pass
cutoff. Clockwise rotation of the control at-
tenuates low-frequency audio, while counter-
clockwise rotation reduces the high-frequency
response. The LEDs mentioned earlier indicate
the effective audio passband of the recciver. 1
learned that the control needs to be set for ap-
proximately 1.0 kHz or higher when the sharp

*Assistant Technical Editor
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cw accessory filter (300 Hz) is being used.
Otherwise, no cw beat note is heard.

The microphone impedance is specified as
47,000 ohms. A key jack is located on the rear
panel of the transceiver, but the PTT linec (ac-
cessible at the mike jack) can also be used as a
keying-control line.

Other connection points on the rear apron of
the equipment are EXT RELAY, EXT MODULATION,
EXT LO, ANTENNA, GND and EXT SPEAKER. There
is a built-in speaker, plus provision for an ex-
ternal one. The EXT MODULATION jack provides
an interface for AFSK, and the MIC GAIN con-
trol on the front panel is used in that mode to
control the level.

The speech-processor action is determined
automatically by the setting of the MIC GAIN.
There is no separate external adjustment for
the processor. Similarly, the noise blanker is
factory-adjusted. 1t has no external threshold
control. Carrier-level control during cw opera-
tion is provided by the MiC GAIN control.

I am mystified by the presence of a
SOFT/HARD keying switch qQn the transcciver
front panel. The keying waveform in the
“*hard’’ position is what we at ARRL consider
objectionable in terms of clicks (see Fig. 3).
The “soft’ position yields an excellent
waveform, closely approaching the desired
5-ms rise and fall times that result in click-free
keying. That pancl switch might have beeneput
to better use as a CARRIER LOCK control, which
has not been included in the design. This makes
tune-up difficult unicss the keyer has a *‘carrier
hold*’ switch.

Other features that aren’t present in the
Astro 102BXA are a crystal calibrator or
WWYV band-switch position. Fortunately, the
40-meter coverage is from 7.0 to 7.5 MHz,
which permits reception of Canada’s CHU
time/standard station in some arcas of the
country.

The internal switching feature for an exter-
nal amplificr is compatible with the manufac-
turer’s Astro (2007 and 15007 amplifiers. Un-

fortunately, the internal solid-state switching
circuit is limited to @ maximum of + 200 V and
200 mA. Therefore, most amplifiers of dif-
ferent manufacture can't be switched by the
Astro 102BX A — at least not directly. | had to
interface the transceiver with my Heath SB-22}
by means of an external relay that was actuatced
by the solid-state switch in the Astro. A 12-V
dc relay can be used (low-current coil), and
power for it can be borrowed from the + 12-V
bus in the transgeiver. If an external relay is
used, it will negate the use of full QSK since
many contro! relays will not follow the cw
speeds that are used by most operators.

1 was impressed with the skirt selectivity of
the i-f system. The variable passband tuning of
the receiver complements the i-f filters to
reduce wideband noise and enhance the effec-
tive selectivity. In fact, acceptable cw selectivi-
ty can be had when using the ssbi-f filter by ad-

Fig. 1 — Worstcase spectral display of the
Cubic Astro 102BXA. Vertical divisions are
each 10 dB; horizontal divisions are each 10
MHz Output power is approximately 100 watts
at a trequency of 28 MHz. Spurious emissions
are at least 49 dB down from peak fundamen-
tal output. The Astro 102BXA complies with
current FCC specifications for spectral purity.
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Fig. 2 — Spectral display of the Astro 102BXA
output during transmitter two-tone IMD test.
Third-order products are 28 dB below PEP, and
fifth-order products are 39 dB down. Vertical
divisions are each 10 dB; horizontal divisions
are each 1 kHz. The transceiver was being
operated at rated input power on 14 MHz.

Fig. 3 — Cw keying waveform of the Astro 102
with the selection switch in the “hard” keying
position. The upper trace is the actual key
closure; lower trace is the rf output envelope.
Each horizontal division is 5 ms. This
waveform will generate key clicks.

Fig. 4 — Cw keying waveform of the Astro 102
with the selection switch in the *'soft’ keying
position. The upper trace is the actual key
closure; lower trace is the rf output envelope.
Each horizontal division is 5 ms. This
waveform is essentially click-free.

justing the variable passband control to the
counterclockwise end of its range.

Cw offsct is 800 Hz. In the sharp ¢w mode
(300-H, accessory filter installed), the cw filter
is operated in series with one of the two 8-pole
ssb filters. This greatly reduces wideband noise
from the i-f amplificrs and provides an ap-
parcnt improvement in overall receiver signal-
to-noise ratio. During ssb operation the two

“—————-—-'W
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Cubic Astro 102BXA HF Transceiver Serial No. 659

Manufacturer's Claimed Specitications

Frequency coverage: 160, 80, 40, 20, 15, 10 meters.

Operating modes: Cw and ssb.
Readout: Digital (red LEDs).
Resolution: 100 Hz. »
Backlash: Not specified.

Measured in ARRL Lab

As specified, plus additional coverage above
and below each band: 1378-2106 kHz;
3379-4106 kHz; 6879-7606 kHz; 13,878-
14,606 kHz; 20,878-21,606 kHz; 27,878-
30,106 kHz.

As stated.

25 kHz per 360° turn of tuning knob.
Nil.

Power requirements: 12-14 volts dc, negative ground, As stated.

20-A peak.

Transmitter rf power output: 100-W PEP into 50-ohm

load at 13.5 V dc.
Transmitter third-order IMD: Not specitied.

Spurious suppression: 55 dB below peak power.
Harmonic suppression: 45 dB below peak power.

Frequency stability: Not specified.

Receiver audio output power: Greater than 3 W
into a 4-ohm load.

RIT range: Not specified.

S-meter sensitivity (uV/S9): Not specitfied.

Receiver sensitivity: 10 dB S+ N/N, 0.35 uV typ.

Size (HWD): 6-3/8 x 14-1/4 x 13-1/4 in.
Weight: 23-1/2 Ib.
Color: Not specified.

'mm = in. x 25.4,kg = |b x 0.454.

80/40 m = 125 W; 20115 m =
10m = 100 W.

Approximately —28 dB (worst case) on
20 m (see photo).

Approximately 49 dB (worst case), 10 m~
(see photo).

Approximately 50 dB (worst case), 10 m
(see photo).

80 Hz from cold start to one hour later.

Not measured.

108 W;

=+ 1 kHz,
160m = 85,80 m = 65,40 m = 55;
20m = 50;15m = 50; 10 m = 75.

Receiver dynamics measured with optional
300-Hz crystal filter installed:

Noise floor (MDS) 80m 20m

dBm: -125 -129
Blocking DR (dB): . .
Two-tone, third-order:

IMD DR (dB): 90 84
Third-order input

intercept (dBm): -10 -3

*unmeasured — noise limited.

8-pole filters are in use. The ssb filters have a
bandwidth of 2.4 kHz, and the shape factor is
1.4, referenced to the 6- and 100-dB points on
the response curve.

Other Features

The transmitter is rated at 100 watts output
for peak ssb and cw. Power output is limited to
this level by the alc circuit. Available output
power is 100% of this amount with VSWR
values up to 1.7:1 at 50 ohms. It drops to 60%
when the VSWR is 3:1. During an open or
short condition the factor is 25% (equivalent
voltage). A built-in VSWR sensor causes the
foregoing shutdown power amounts to protect
the PA transistors from damage.

Mobile operation is possible from the
automotive dc-voltage system. The safe
operating range is specified as 10 to 15 volts dc.
Apart from the fairly large dimensions of the
Astro 102, it is well suited 10 mobile use
because it employs broadband tuning in the
receiver and transmitter sections. Only minor
adjustments are necessary when changing
bands. The receiver is a single-conversion type
with a 9-MHz i-f. Five weak birdies were noted
in the receiver tuning range.

Thosc wishing to have full RTTY capability,
plus inclusion of the WARC-sanctioned 10-,
18- and 24-MH7 amatcur bands, may want to
consider purchasing the Astro 103BXA
transceiver. The 102 and 103 models are other-
wisce identical. Price class: $1200. Manufac-
tured by Cubic Communications, tnc., 305
Airport Rd., Occanside, CA 92054. — Doug
DeMaw, WIFB

KENWOOD TR-9000 MULTIMODE
144-MHz TRANSCEIVER

[ If you read the survey article in March 1981
QST carefully, you may have been surprised
to learn how much activity was reported on
‘‘vhf/uhf, a-m/cw/ssb.”” Of the survey
respondents active in Amateur Radio, 18%
said they averaged at least an hour of such ac-
tivity per week. For comparison with other
vhf/uhf figures, the percentage for fm was
48%, for *“‘other modes’’ 3% and for satellite
communications (where cw and ssb are also
used), 2%. Numbers like that make it easy to
understand why new vhf transceivers with
multimode capability keep popping up in the
marketplace. (Less easy to understand is why
Japanese manufacturers have totally
dominated this particular market, but that’s
another story.) Not surprisingly, 2 mcters has
been the most popular band for the vhf
multimode rigs, as it has been for fm rigs.

In the past, these multimode transccivers
generally could be characterized in two ways:
whether they were designed primarily for fm or
for ssb, and whether they wcre designed
primarily with fixed station or mobilc opera-
tion in mind. If arig is intended mainly for ssb,
it will give the operator a *“feel’” very similar (o
a conventional high-frequency transceiver: if
for fm, it will have the featurcs you have come
to look for in a sophisticated fm rig — casc of
selection of the most frequently used channels,

:D. Sumner, “Survey of Amateur Radio, 1980,"”
QST, March 1981, pp. 11-18.
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2 December 1980 — ReT:  USUY7E0
SUBJECT: ASTRO-102BX EXCITER BOARD

Receiver audio on the ASTRO-102BX and ASTRO-102BXA Transceivers has been reported
to be distorted on some units. This distortion, if noticed, may be eliminated

by the addition of a ground strap to the exciter board. Strap should be made of
a flat braided strap such as a coaxial cable shield braid (RG-58 type) or '
equivalent type conductor. Use the braid only, not the whole cable. This modi-
fication note only applies to the original ASTRO-102BX configuration with the

2 pole CW narrow crystal filter with or without the 6 pole CW narrow crystal
filter installed on an auxiliary circuit board. Later model circuit boards will
have provisions for the 6 pole filter on the exciter board and will have adequate
grounding installed at the factory.

INSTALLATION PROCEDBURE
1. Remove the six screws which fasten the bottom cover and remove cover,

2. Locate the exciter board (the board in the center towards the rear of the
chassis).

3. If the exciter board has not had the optional 6 pole CW narrow filter added
to the unit, solder the ground strap between the tops of transformers T104
and T105 and the top of crystal filter FL102. Refer to the attached layout
drawing for locations. Be careful not to overheat either the transformers
or the filter case while soldering.

4. If the exciter board has had the optional 6 pole CW narrow filter installed
on the auxiliary board, solder one piece of the ground strap between the
tops of T104 and 105 and from the top of T105 to the top foil on the
auxiliary board near the filter. Solder a second piece of ground strap
between the top foil of the 6 .pole CW narrow filter board near FL102 and
the top of FL102. Be careful not to overheat either the transformers or
the filters while soldering.

5. Turn the transceiver power on and observe audio quality while listening
to a signal. Vary the PASSBAND tuning control while listening to noise.
If an increase in distortion or nulls or peaks in noise are_ observed, the
effects are due to phase shift through the filter. In this case, try an
alternate position for the ground strap and repeat the observation until
satisfactory performance is obtained.

6. Replace the bottom cover,

§¥ CUBIC COMMUNICATIONS

305 Airport Road, Oceanside, CA 92054 (714) 757-7525 | Telex: 695435; ANS BK: Cubicom, OCEN.




+5 Volt Regulator Modification

CAUTION

This modification should only be attempted
by experienced electronic personnel. Serious
damage can be done to the set if it is not ac-
complished properly, especially the expensive
frequency counter.

\

Cubic Communications ‘
June 1981




ASTRO 102BX, 102 BXA, and 103 -
+5 Volt Regulator Modification

In order to decrease the high temperature being generated in the
frequency counter and the PTO compartment in the above sets, 1t
is recommended that the following modification be accomplished.

 This modification simply removes the +5 volt regulator and its
dropping resistor, inside the frequency counter, and moves these
components to the rear panel.

The following parts are required to accomplish this modification:

049-068 4.7 ohm 5W resistor

141-035 Terminal Strip

072-023 .01 mf Disc capacitor
Jumper wire 24 gauge 5/8" long (red)
Jumper wire 24 gauge 1%" long (red)

765-011 #4 Int. lock washer _
24 gauge 7 5/8" long wire (red) with a molex
clip connected on one end

(For ASTRO 102BX and 102BXA only).

RN
mmmm o dm® ®

NOTE: For molex connecter pin layout, reference figure #5. Molex
connecter clips can be removed by using a dental tool or
very small screwdriver to push on the clip locking tab
through the cut outs of the rubber connecter.

1. Removal of the frequency counter:

Remove all cables, cords, and coaxes connected to the set. Remove
the top cabinet (6 screws) and the bottom cover (6 screws). Remove
the cover on the frequency counter (5 screws). Disconnect the 8

pin white plastic connector (P150) and the coax with a RCA plug
(P151) on the rear of the frequency counter box. To disconnect P150,
gently push down on both sides of the plug (there are ears on each
side). Remove the counter box by removing the four #4-40 screws

(one at each of the four corners) which mount the box to brackets
underneath (don't remove the screws on the printed circuit board).
Lift the counter box out of the set. If the box will not release,
the PTOA and PTOB light emitting diodes (L.E.D.s) may be caught _
between the front panel and the escutcheon. To release these L.E.D.s,
remove both PTO knobs and the #6-32 screws (2) behind the knobs (these
screws are the straight slotted machine screws directly above the

PTO shafts). :

2. Modification of the frequency counter:

Remove the large printed circuit board, from the counter box, by
removing the four #4-40 screws (one at each corner). Disconnect
the three pin molex connecter from the +5 volt regulator (U101)
which is mounted on the right rear of the box. In the ASTRO 103,
be sure to note the positioning of the small aux. counter printed
circuit board at the left rear of the box and itesmolex connecter
(pin 1 of J166 goes toward the front).

s . -



ASTRO 102BX, 102 BXA, and 103 -
+5 Volt Regulator Modification
Page 2

|
Dress the wires at the left rear of the large printed circuit board
so a loop is formed towards the front. Push the large board toward
the rear of the box, now the display board should clear the front
top 1ip of the box (gently remove this assembly from the box, the
PTOA and PTOB L.E.D.s can bend downward to clear the box front top
1lip). Remove the +5 volt regulator with its mounting hardware,
save these items. Be careful that the thermalcote compound on the
+5V regulator does not get removed. Turning the box on its side
will help accomplish the modifications to the large printed circuit
board. Remove R101 (4.7 ohm 5W resistor) and replace with the 1%"
jumper wire (see figure #1). Remove the wires to the three pin
molex connecter from the large printed circuit board and install
the 5/8" jumper wire between theggints where the red wire and the
orange wire for the molex connecter were soldered (see figure #1).
Save the molex connecter.

3. Reinstallation of frequency counter board(s)

Check for broken wires on the large board and repair if necessary.
Reinstall this board in its box by reversing the removal procedure.
Make sure the PTOA and PTOB L.E.D.s stick straight out before in-
stalling the board mounting hardware. ASTRO 103 only: Please follow
the note on the left side of figure #1 concerning lead dress for the
wires to the aux. counter board. Check and repair any broken wires
to the feed-thru capacitors at the rear of the box. ASTRO 103 only:
Install the aux. counter board and its connecter the way they were
before removal (Reference figure #2 and #5). Set the counter box
aside.

4. +5V regulator terminal strip wiring:

Reference figure #3. Use the original +5V regulator and its 3 pin
molex connecter which were removed from the counter box earlier.
Drill and de burr a #4 hole through the rear panel 1" below the top
edge, between the power connecter (J158) and the EXT. speaker jack
(J155). ‘

5. ASTRO 102BX and 102BXA ONLY

Rewiring the set: Remove pin 2 (red or Red/Vio) from P127 molex
connecter (mates to J127 on left rear of distribution poard)_and
cut off this pin. Pull back the wire and reroute on right side

and rear of distribution board to area where the hole was drilled
in step ' #4. 1Install a new 7 5/8" red wire with clip in P127 (for
pin 2) and route along rear of distribution board to area where the
hole was drilled in step #4. Solder this wire to lug #} (bottom
lug) of the new regulator terminal strip. (Reference figure #3).
Solder the other wire, previously rerouted, to lug #3 on the ter-
minal strip. Make sure there is thermalcote on tbe back of the

+5 volt regulator, connect the molex connecter to it, and moupt it
along with the terminal strip to the rear panel (reference figure #4).




ASTRO 102BX, 102BXA, and 103 -
+5 Volt Regulator Modification
Page 3

Use the hardware that originally mounted the regulator in the
counter box and the new #4 lockwasher supplied.

6. ASTRO 103 ONLY

Rewiring the set: Turn the set upside down and very carefully re-
move the shield on the right side (covers the L.0. and Aux. L.O.
boards). Locate the two molex connecters on the left rear of the
Aux. L.O. board. Remove the pin #2 in both connecters (P173 and
P174, which mate to J173 and J174) and cut these pins off their
wires. Pull the wires back to the top of the chassis. Carefully
reinstall the large shield over the boards, do not pinch any wires
or ribbon cables. Turn the set upright and reroute these two wires.
The red or red/vio. wire on pin 2 of P127 (mates to J127, left rear
molex connecter on the distribution board) should be rerouted along
the rear of the distribution board to the area where the hole was
drilled in the rear panel in step #4. Solder this wire to lug #1
(bottom lug) of the new regulator terminal strip. Reroute the other
wire (red or red/vio.) along the right side and the rear of the dis-
tribution board and solder to lug #3 of the new regulator terminal-
strip. Make sure there is thermalcote on the back of the *5 volt
regulator, connect the molex connecter to it and mount it along
with the terminal strip to the rear panel (reference figure #4).
Use the hardware that originally mounted the regulator in the counter
box and the new #4 lockwasher supplied.

I CEERI R

7. Reinstalling the frequency counter box:

Reinstall the box by reversing the removal procedure (reference

step #1). Make sure that the PTOA and PTOB L.E.D.s are in their
respective holes in the escutcheon. Install the four screws which
mount the box to the brackets underneath and realign and tighten
down the escutcheion if it was loosened during counter box removal.
Reinstall the PTO knobs if they were removed. Connect P150 to J150
(the white plastic connecters on the rear of the box). Plug in the
RCA plug (P151, coax line) in the rear of the counter box. Make
very sure these connecters are tight. -

Lad bk affio A

|
q

8. Testing: .-

Extreme caution is required in this step because over voltage in the
frequency counter could destroy some of the I.C.s. Make sure the
set's power switch is "off." Connect a power supply to the set and
furn it 'on'". Connect “a voltmeter to the frequency counter and
monitor the +5V bus (reference figure #1, the +5V is the left con- N
nection of the small jumper which was installed). Turn the set "onV ¥
Quickly turn the set "off" if this voltage is not close to +5 Volts
and investigate. If the voltage is close to +5 Volts and the fre-

ﬂuigsy counter readout lights, remove the voltmeter and turn the set
off".

PONCEE X 3 1Y% M




ASTRO 102BX, 102BXA, and 103
+5 Volt Regulator Modification
Page 4

9. Button-up: 1

Disconnect the power supply and reinstall the counter box cover
(5 hex-head screws), make sure no wires get pinched, especially
near the left side of the boards. Reinstall the bottom cover

(6 screws) and the top cabinet (6 screws).
cords, and coaxes.

10. This completes the modification.

Reconnect all cables,
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