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SPECIFICATIONS

RECEIVER

SenSiﬂVity................o...o....

SSB Selectivity, e e oo esssoccocaccsssce

CW Selectivity (With SBA-301-2 CW
Filter mStalled)l e 6o 0 00 00 00 0 00000 b

mpu‘:.loi0....00.000000.00.00.000

e-‘tp“tlmpedanceoooooooooooooooooooo
Poweroutp“*o.oooooooooooooooooo-o

Spurious ReSpONSE, o« ¢ ¢ ¢ ¢ 6 s0000s00000

TRANSMITTER

DCPowerInputoo-ooooooooo-ooooooooo

RF Power mtput....“.OOOOOOQOOOOOO

Olltp‘-ltlnlpedanceoooo-cooooooooooo.ooo
‘cillator Feedthrough Or Mixer Products. . ..
Harmonic Radiation, + ¢ s s es 0000 s0ceese

Transmit-Receive Operation, « ¢« ¢« s s 006606

CWSide-Tonet00000000000000.000000

Microphone Input, « o ¢ ¢ o 6 6 6ecesvesnrne
Carrier Suppression. e 606 0060600000000

Unwanted Sideband Suppression, « « ¢« ¢ ¢ ¢ oo

Emissions not possible or not recommended, ..

Less than 0,5 microvolt for 10 db signal-plus-
noise to noise ratio for SSB operation,

2.1 kHz minimum at 6 db down, 5 kHz maximum at
60 db down (3.395 MHz filter),
(2:1 nominal shape factor at 60:6 db,)

400 Hz minimum at 6 db down, 2,0 kHz maxi-
mum at 60 db down,

Low impedance for unbalanced coaxial input,

8 Q speaker, and high impedance headphone,

2 watts with less than 10% distortion,

Image and IF rejection better than 50 -db,
Internal spurious signals below equivalent an-
tenna input of 1 microvolt,

SSB: (A3a emission) 180 watt P,E,P, (normal
voice: continuous duty cycle),
CW: (Al emission) 170 watts (50% duty cycle).

100 watts on 80 through 15 meters; 80 watts
on 10 meters (50 § nonreactive load),

50 Q to 75 © with less than 2:1 SWR,

55 db below rated output,

45 db below rated output,

SSB: PTT or VOX,

CW: Provided by operating VOX from a keyed
tone, using grid-block keying,

Internally switched to speaker or headphones,
in CW mode, Approximately 1000 cps tone,

High impedance with a rating of -45 to -55 db,
50 db down from single-tone output,

55 db down from single-tone output at 1000
Hz reference,

A0, A2, A3, A3b, A4 through A9, FOthrough F9,
and PO through P9,
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Third Order DiStortiono o 06 ® 06 0 006000000

RF ComprESSiOn (TALC*)o e0ee000s 000000

GENERAL

Frequency Coverage.................

Frequency Stabﬂity. ¢ 06 0606060000000 0000

MOdESOfoperaﬁOH.o.oo..oo-..o.....

Visual Dial Accuracy.............o o

Electrical Dial ACCUracy. seececsccococoece

Dial Mechanism Backlash, . c s e 06060000000
Calibration, « ¢« ¢ s seeseececeeocecccscs
Audio Frequency ResSponse, e s s s 606 60060000

Phone Patch Impedance. R

Front Panel ControlS, « ¢« s s eeeesscocees

*Triple Action Level Control™

30 db down from two-tone output,

10 db or greater at ,1 ma final grid current,

3.5 to 4.,0; 7,0 to 7.3; 14,0 to 14,5; 21,0 to 21,5;
28,0 to 28,5; 28,5 to 29,0; 29,0 to 29,5; 29,5 to
30,0 (megahertz).

Less than 100 hertz per hour after 20 minutes
warmup from normal ambient conditions, Less
than 100 Hz for +10% line voltage variations,

Selectable upper or lower sideband (suppressed
carrier) and CW,

Within 200 Hz on all bands,

Within 400 Hz after calibration at nearest
100 kHz point,

Less than 50 Hz,
100 kHz crystal,
350 to 2450 Hz,

8 © receiver output to phone patch; high imped-
ance phone patch input to transmitter,

Main (LMO) tuning dial,
Driver tuning and Preselector,
Final tuning,

Final loading,

Mic and CW Level control,
Mode switch,

Band switch,

Function switch,

Freq Control switch,
Meter switch,

RF Gain control,

Audio Gain control,

Filter switch,
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Internal ControlS. . « « ¢ ¢ ¢ eceeesessses

Tube Complement, . « « ¢« ceoesecsocosnn

Diode Complement, , « ccoccecesscsscns

VOX Sensitivity,

VOX Delay,

ANTI-TRIP,

Carrier Null (control and capacitor).
Meter Zero control,

CW tone volume,

Relative Power Adjust control,

Bias,

Phone Vol (headphone volume),
Neutralizing,

OA2 Regulator (150 V),

6AU6 RF amplifier,

6AU6 1st receiver mixer,

6A U6 Isolation amplifier,

6AU6 1st IF amplifier,

6AU6 2nd IF amplifier,

6BN8 Product detector and AVC,

6CB6 LMO,

6CB6 2nd transmitter mixer.

6CL6 Driver,

6EA8 Speech Amplifier and cathode follower,
6EA8 1st transmitter mixer and crystal oscil-
lator,

6EA8 2nd receiver mixer and relay amplifier,
6EA8 CW side-tone oscillator and amplifier,
6GW8 Audio amplifier and audio output,

12AT7 Heterodyne oscillator and cathode fol-
lower,

12AT7 VOX amplifier and calibrator oscillator,
12AU7 Sideband oscillator,

6146 Final amplifiers (2).

6 Germanium Diodes: Balanced modulator, RF
sampling, and crystal calibrator harmonic gen-
eration,

9 Silicon Diodes: ALC rectifiers, anti-trip recti-
fiers, and DC blocking,

1 Zener Diode: cathode bias,
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Rear Apron ConnectionS, ¢« e e e o0 0600006 o

Power Requirements, s o eoeoseoososces

Cabinet Dimensions. ¢ e s e o s s 00060000000

NetWeight.........................

Equipment Used To Prepare
Specifications, « « e o0 s e

o 6 6 0 0 0 00

CW Key jack,

8 © output,

Phone patch input,

A1LC input,

Power and accessory plug,
RF output,

Antenna switch,

Receiver Antenna,

Spare A,

Spare B,

700 to 850 volts at 250 ma with 1% maximum
ripple,

300 volts at 150 ma with ,05% maximum ripple,
-115 volts at 10 ma with ,5% maximum ripple,
12 volts AC/DC at 4,76 amps,

14-7/8" wide x 6-5/8" high x 13-3/8" deep
17-1/2 1bs,

Heath HN-31 ""Cantenna,”

Heath SB-610 Monitor Scope,

Heath IM-11 VTVM,

Heath MM-1 VOM,

Heath IG-72 Audio Generator,

Heath HDP-21A Microphone,

Hewlett-Packard Electronic Counter, Model
5248,

Tektronix Oscilloscope, Model 581A,

Hewlett-Packard Signal Generator, Model 606A,

Panoramic Radio Products Inc., "Panalyzor,"
Model SB-12A,

Boonton RF Voltmeter, Model 91-CA,

Dynascan Digital Voltmeter, Model 111,

The Heath Company reserves the right todiscon-
tinue instruments and to change specifications at
any time without incurring any obligation to

incorporate new features in instruments pre-
viously sold,
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CIRCUIT DESCRIPTION

Refer to the Block Diagram (fold-out from Page
124) and to the Schematic (fold-out from Page
151) while reading the Circuit Description,
Small sections of the Schematic are also in-

Letter number designations for the resistors,
eapacitors, coils, etc,, are placed in the follow-
ing groups:

cluded in this Description to make the cir- 0- 99 Parts on modulator circuit board.
cuits easier to follow, 100-199 Parts on IF circuit board,
200-299 Parts on bandpass circuit board,

Note that the receiver circuits are across the 300-399 Parts on audio circuit board,
bottom, and the transmitter circuits are across 400-499 Parts on RF-driver circuit board,
the top of the Schematic and Block Diagrams, 500-599  Parts on crystal circuit board,
Also, several of the circuits that are used for 600-699 Parts on heterodyne oscillator cir-
transmitting are also used for receiving (such cuit board,
as the crystal filter and the first IF amplifier). 700-799  Parts on driver grid circuit board,
These circuits, which are shown in both the 800-899 Parts on driver plate circuit board,

ansmitter and receiver portions of the Block 900-999 Parts mounted on the chassis,

Eiagram, are identified in the Block Diagram by
dotted lines,

Each rotary switch wafer is identified by the
front panel name of the switch, and by a letter-
number designation that shows the position of
that wafer in the switch, See Figure 2-1,

BAND 2F.

TRANSMITTER CIRCUITS

The chart in Figure 2-2 lists the various fre-
quencies that will be found throughout the trans-
mitter on each band, The transmitted lower side-
band frequency of 3,895 MHz, modulated with a
1400 hertz audio tone, which is shown on the first
line, will be used when tracing through the
transmitter circuits, The other frequencies re-

FRONT PANEL 4!’5; NUMBER

F = FRONT SIDE  ferred to in this Circuit Description will alsobe

NAME OF SWITCH WITH SWITCH VIEWED OF WAFER; : -
FROM FRONT PANEL. R = REAR sipe.  found on the first line,
OF WAFER.

Figure 2-1

CARRIER
OSCILLATOR
(3393,6 kHz plus {LMO
FREQUENCY
(BETWEEN

5 AND 5,5)

TRANSMITTED
SIGNAL
FREQUENCY

SIGNAL FRE-
QUENCY AT
BANDPASS
FILTER
(BETWEEN
8,395 AND
8,895)

HETERODYNE
OSCILLATOR
EREQUENCY
(CRYSTAL
FIXED)

1400 Hz mod-
ulation),
CRYSTAL
FILTER

AND IF
FREQUENCIES

35to4

Tto 7.5

14 to 14,5
21 to 21,5
28 to 28,5
28,5 to 29
29 to 29,5
29,5 to 30

12,395
15,895
22,895
29,895
36,895
37,395
37,895
38,395

3.395
3.395
3.395
3,395
3,395
3,395
3,395
3.395

.
o
o

mmmgwwww
GO L0 W DD LW

gquencies are in MHz

Figure 2-2
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INPUT SIGNAL
(AMPLIFIED MICROPHONE
SIGNAL FROM VIA)

V17A

vox v2 12aT7

SENSITMITY

3 VOX AMPLIFIER

R214
100K

TO RELAY
AMPLIFIER

p20l vize

O é MODE
O 2F
FUNCTION
/ O
/
/ . O
FARA C o Y v
4 TO TONE TO ANTI-TRIP
AMPLIFIER V158 CIRCUIT
Figure 2-3

VOX Amplifier (Figure 2-3)

The Transceiver canbe switched from receive to
transmit by either the VOX (voice operated
transmitter) or the push-to-talk method, The
VOX circuit works in the following manner:

The audio signal from the microphone is coupled
through speech amplifier V1A and capacitor C9
to the VOX Sensitivity control, From the arm of
this control, for VOX operation, the signal is
coupled through resistors R213 and R214 to the
grid of VOX amplifier V17A, The signal is
amplified in V17A, It is then coupled throughca-
pacitor C211, rectified by diode D201, and
applied to relay amplifier V12B, which actuates
the transmit-receive relays,

In the PTT and Calibrate positions of the Function
switch, and in the CW position of the Mode
switch, the lead from the VOX Sensitivity control
to the grid of V17A is connected toground, This
keeps stray microphone signals from activating
the VOX circuit during PTT and CW operation,
or during calibration,

Relay Amplifier (Figure 2-4)

Relay amplifier V12B is held in cutoff during
receive operation by the positive voltage that
is maintained at its cathode by zener diode
D202, V12B is made to conduct for transmit op-
eration by the VOX voltage at its grid, or by
the push-to-talk switch on the microphone
which shorts the cathode to ground, (The cathode
of V12B is also shorted to ground by wafer 2F
of the Mode switch in the Tune positio
Diode D201 rectifies the audio signal from
VOX amplifier so that a positive voltage ap-
pears at the grid of relay amplifier V12B. The
positive voltage at the grid causes the relay
amplifier to conduct, and the plate current
of V12B causes relays RL1 and RL2 to close
and place all circuits in the transmit mode of
operation,

The VOX hold-in time is adjusted by varying the
discharge time for capacitor C213 with the VOX
Delay control,
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TO MIC SOCKET

GRAY / TO MUTING
= * NETWORK AND
4 TRANSMIT- RECEIVE Vi4A
’
__________ - - RL 2 RELAYS _ |
FROM c211 Vi12B

172 6EA8
RELAY
AMPLIFIER/’

13 RED

Figure 2-4

Anti-trip Circuit (Figure 2-5)

The anti-trip circuit is used in the receive mode
of operation to keep the speaker signals from
activating relay amplifier V12B,

An audio signal is coupled through capacitor
C305 from audio power amplifier V14B to the
Anti-Trip control. This audio signal is then

coupled through isolation resistor R25 and recti-
fied by diodes D1 and D2, resulting ina negative
DC voltage across capacitor C25 and resistor
R16. This negative voltage is then coupled
through resistor R27 to the grid circuit of relay
amplifier V12B, where it cancels out the posi-
tive voltage from the VOX amplifier. Thus,
with no positive voltage at its grid, relay ampli-
fier V12B remains cut off, and the relays
remain in the receive position,

TO RELAY COILS

Vi2B

172 6EAB

RELAY
INPUT SIGNAL AMPLIFIER »
FROM MICROPHONE /
(THROUGH VIA ———g

AND VI7A)

Figure 2-5

FROM RECEIVER
POWER AMPLIFIER
vi4B
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TO VOX
CIRCUITS

R4

o [p+ 300]
VIB

/2 6EAB

TO THE
CATHODE OF
vi2s
AND MODE 2F

CATHODE
FOLLOWER

TO
-2 BALANCED
R13 MODULATOR

TO MODE 1F
AND BIAS SUPPLY

Figure 2-6

Speech Amplifier And Cathode Follower
(Figure 2-6)

The audio signal from the microphone is coupled
directly from lug 1 of the Microphone input
socket to the grid of speech amplifier V1A,
Lug 2 of the Microphone input socket is returned
to ground through the push-to-talk switch onthe
microphone, The cathode of relay amplifier
Vi2B is also connected to lug 2 so it will be
returned to ground when the push-to-talk switch
is depressed, to operate the transmit relays,

Capacitor C1, at the grid of V1A, limits the high
frequency response of this stage and passes to
ground any RF signals present at this point,
The amplified signal from the plate of V1A is
coupled through capacitor C9 to the Microphone
Level section of the Mic/CW Level control and
also to the VOX amplifier circuit.

The setting of the Microphone Level control
determines the amount of modulation since it
adjusts the amount of speech signal that is
coupled through cathode follower V1B to the
balanced modulator circuit. For LSB and USB
operation, V1B grid resistor R12 is returned to
ground through wafer 1F of the Mode switch
and contacts 6 and 10 of relay RL2, When the

Mode switch is in the Tune or CW position,
cathode follower V1B is cut off by a bias volt-
age that is supplied to it from the junction of
bias voltage divider resistors R308 and R309,

Carrier Oscillator (Figure 2-7)

The carrier oscillator consists of two Colpitts
crystal oscillators, These oscillators supply
an RF signal to the balanced modulator for
transmit operation, and a heterodyne signal to
product detector stage V13 for receive opera-
tion, Tube V16A and crystal Y1 (3396.4 kHz)
serve as the USB (upper sideband) carrier
oscillator, and tube V16B with crystals Y2
(3393.6) and Y3 (3395,4 kHz) acts as the LSB
(lower sideband) and CW carrier oscillator,

The desired carrier oscillator, V16B for the®
transmitted frequency being used in this De-
scription (3393.6 kHz), is placed in operationby
wafer 1R of the Mode switch which connects
its plate circuit to B+. Wafer 2R of the Mode
switch connects the proper crystal to the grid
of ViéB: Y2 for LSB operation and Y3 for
tune or CW transmit operation,

When the Mode switch is in the CW position, B+
is connected through part of relay RL1 toeither
V16A or V16B,
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Lo
MR l V16A

B+ ! 12AU7 CARRIER
0sC/BFO
17) @)

o TO BALANCED
MODULATOR

et

/
R4

For receiving CW{gignals, lugs 9 and 1 of relay
RL1 place tube V16B nd crystal Y1 inoperation,
For transmitting=CW, lugs 9 and 5 of relay
RL1 place tube V16B and Crystal Y3 in operation,

When receiving CW signals, the receiver is
automatically tuned 1 kHz below the incoming sig-
nal (this signal is zero beat against your trans-
ceiving frequency) by V16A and erystal Y1, which
are used as a BFO (beat frequency oscillator).
When transmitting, tube V16B and crystal Y3
cause the output signal of the Transceiver to be
at the same frequency as the incoming signal
from the other station,

CARRIER
NULL
CONTROL

MODE
2R

ILSBI
3393.6
w

395.4

=]
Ik=1[] K

(Eam
O
@_

R1
imok

Figure 2-7

Balanced Modulator (Figure 2-8)

Diodes CR1, CR2, CR3, and CR4, are connected
in a ring type balanced modulator circuit, When
the audio signal from cathode follower V1B and
the RF signal from carrier oscillator V16 are
applied tothis balanced modulator, two additional
frequencies are produced: one is equal to the sum
of the audio and carrier frequencies; and the
other is equal to the difference between them,
These sum and difference frequencies are the
upper and lower sidebands; and only these
upper and lower sideband signals appear at the
output of the balanced modulator circuit,

'AUDI$ NAL >
NPUT SIGNA
FROM

CATHODE
FOLLOWER vIB

TO ISOLATION
AMPLIFIER V2

C14
CARRIER

CAPACITOK

Figure 2-8
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CARRIER

NULL
CAPACITOR
7

M = TI
7
//
p CR2 R17
| R
AUDIO >
glGNAL —>—p————_L | CONTROL :
ROM V 1B crs | -
:I: | =
= | RIS
I CR4
—— y
R
CR3 | CAPACITOR
I i cs
| // I == c16
e )
v = =
| v CARRIER
- OSCILLATOR
[ SIGNAL
I FROM VI6
Figure 2-9

The 3393.6 kHz carrier oscillator signal is ap-
plied through capacitor C16 and across a bridge
circuit that consists of the Carrier Null control,
resistors R15 and R17, and diodes CR1, CR2,
CR3 and CR4 of the modulator diode ring. See
Figure 2-9. The carrier signal is balanced out
by the Carrier Null control and the Carrier
Null capacitor; so there is no output signal
from this circuit (until an audio signal is
applied),

The audio signal that is coupled to diodes
CR1, CR2, CR3, and CR4 from cathode follower
V1B unbalances the modulator at an audio rate,
causing the sum and difference sideband fre-
quencies to appear at the output of balanced
modulator transformer T1, Whenno audio signal
appears at the input, there is no output signal
from the balanced modulator circuit, Capacitor
C15 is an RF bypass,

When the Mode switch is turned to the CW posi-
tion, wafer 2F connects one side of the diode
ring to ground, This ground connection unbal-
ances the nulled circuit and the unbalance causes
an RF output signal to be produced at the sec-
ondary of balanced modulator transformer T1,
This signal is then coupled through capacitor
C22 to isolation amplifier V2, The secondary of
transformer T1 is tuned to the CW carrier fre-

quency,

Isolation Amplifier (Figure 2-10)

Both the upper and lower sideband signals from
the balanced modulator circuit are coupled
through capacitor C22 to the cathode of isolation
amplifier V2, V2 isolates the balanced modu-
lator circuit from the crystal filter, and pro-
vides proper impedance matching to the crystal
filter. The gain of isolation amplifier V2 is
varied by the ALC (automatic level control)
voltage that is connected to its grid circuit
through resistors R21 and R22, The complete
ALC circuit will be described later under the
heading ALC Circuit,

When transmitting, the output of V2 is coupled
through capacitor C506 to the crystal filter, In
the CW mode of operation, the gain of V2 is
controlled by the CW section of the Mic/CW
Level control, This control supplies a variable
negative bias to the grid of V2 through wafer
1R of the Mode switch andresistors R22 and R21,

B+ is supplied tothe screenof V2 in the transmit
mode only, through resistor R937 and countacts
7 and 11 of relay RL2,
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R19 —O | sa-301-2 : FILTER
cza | _400MZ_ 1CW ~ swiTCH
RI8 Im el le b
2000 b =3
X‘% — 2.1 KHZ
1SOLATION €506
AMPLIFIER

INPUT SIGNAL
FROM THE _Jﬁ'
BALANCED 24FF

MODULATOR

cror

0 10 FIRsT

+ |c23 (—o IF AMPLIFIER
v3

.02 cr10

5PF

TO ALC = TO B+ TO VI2A

AND MODE 1R THROUGH R937 SECOND RECEIVER
AND RL2 MIXER
CONTACTS 7ANDII)
.
Figure 2-10

Crystal Filter (Figure 2-11)
Crystal filter FL1 has a center frequency of 3395

kHz and a usable bandwidth of 2,1 kHz (3393.95 | B

kHz to 3396,05kHz at the 6 dbpoints), See Figure T T sanowioTh

2-11, This filter, in the LSB mode of operation, i ]| RET e e

passes only the sum frequencies (the 3393,6 kHz /4 = 1000 Hz
20— » \

carrier frequency plus all the audio frequencies
from 350 to 2450 Hz), which contain the upper
sideband intelligence, The carrier frequencyit-
self, as shown in Figure 2-11, is further reduced
20 db by the crystal filter, This attenuation plus
the attenuation of the balanced modulator gives
an ultimate carrier attenuation of at least 50 db,
(The apparent frequency discrepancy here in
sidebands and carrier is overcome later, when
the sidebands are inverted in the second mixer,)

400 Hz
CW FILTER

DB ATTENUATION
>
o
|
I

5.0 kHz MAXIMUM
— AT 60 DB

o
o
|
|

FREQUENCY IN kHz

In the USB Mode, the filter passes only the dif-
ference frequencies (the 3396,5 kHz carrier
oscillator frequency minus the audiofrequencies
from 350 to 2450 Hz); this contains the lower Figure 2-11
sideband intelligence, In the CW Mode, a carrier
of 3395.,4 kHz passes through the crystal filter

with no attenuation, U. T3¢, 42

If the SBA-301-2 Accessory CW Crystal Filter LSV i 33, CR
is installed, the signal also passes through it

when the Filter switch is in CW. The 400 Hz

bandpass of the CW Filter will not pass the

normal audio range, therefore making SSB sig-

nals unintelligible,
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IF Amplifier (Figure 2-12)

IF Amplifier V3 amplifies the signal received
from crystal filter FL1, The second IF ampli-
fier, V4, is not used in transmit operation, IF
transformer T102, which is tuned to 3,395 mc,
acts as the plate load for V3, The output signal
from V3 is then coupled through capacitor C111
to the grid of first transmitter mixer stage V5A,
The 6,8 MHz trap is used to remove the second
harmonic of the 3,395 MHz signal,

ALC voltage is applied through lugs 8 and 12 of
relay RL2 to the grid circuit of V3 to provide
automatic level control for the transmitted sig-
nal, When the Mode switchis inthe CW and Tune
positions, the gain of IF amplifier V3 is controlled
by a variable DC bias applied to its grid. This
bias voltage, which originates at the arm of the
Mic/CW Level control, is coupled to V3through
wafer 1R of the Mode switch, and throughlugs 8
and 12 of relay RL2,

The front panel meter, in the ALC position, is
connected in a DC bridge between the screen
and cathode circuits of V3, The meter circuits
are explained separately on Page 144 of this
Circuit Description,

SWITCH

LMO/Crystal Oscillators (Figure 2-13)

An 8,5 MHz signal is required at the output of
first mixer tube V5A to produce the correct
output frequency on the 3,5 to4 MHz band, which
is being used in this Circuit Description, This
8.5 signal is obtained by mixing the 3,395 MHz
IF signal at the grid of V5A with the oscillator
signal that is applied to its cathode from the Freq
control switch,

The Freq Control switch receives signals from
the LMO (linear master oscillator), or from
crystal oscillator V5B, The LMO is a very
stable variable oscillator that can be contin-
uously tuned linearly over a frequency range of
5 to 5.5 MHz, Crystal controlled Colpitts osci
lator V5B may be switched into the circuit i
place of the LMO for crystal controlled opera-
tion of the Transceiver,

The Freq Control switch performs thefollowing
functions: In the LMO position, the signal is
connected from the LMO to first transmitter
mixer V5A and to first receiver mixer V11, In
the Locked AUX position the output of crystal
oscillator V5B is connected to first transmitter
mixer V5A and to second receiver mixer V12A,
In the Unlocked AUX position, the output of
crystal oscillator V5B is connected to first
transmitter mixer V5A, and the LMO output is
connected to second receiver mixer V12A.

The term Locked means that the transmitter
and receiver sections are controlled by a com-
mon oscillator, This causes them to always be
locked on identical frequencies,
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Oo—
The term Unlocked means that the Transmitter
and receiver sections are controlled by sep- ——8— INPUT SIGNAL quieaT
arate oscillators and their frequencies may V5A AMPLIFIER va To SECOND
differ. /2 6EAB BANDPASS MIXER
FIRST FILTER vé
TRANSMITTER 8.395 TO

4
First Transmitter Mixer (Figure 2-14) M L
The 3,395 MHz IF signal at the grid, and the
5.106 MHz LMO signal (or crystal oscillator
signal) at the cathode, are mixed in first trans-
itter mixer tube V5A to produce sum and
ference frequencies, The 8,5 MHz sum of these
two signals is coupled from the plate of V5A
through bandpass filter T202 to second trans-
mitter mixer V6,

The Bandpass filter T202 is tuned to pass only
those signal frequencies between 8,395 and 8,895

v

MHz; all other frequencies are attenuated, Only 0 FREQ To vil TO Vi2a
the 8,5 MHz sum of the IF and LMO signals CONTROL SWITCH  RECIIVER RECOVER
falls within this frequency range, so it only is O et o TOGRIDS OF MER  MIXER
i CIRCUITS Ve AND v7
passed on to the second mixer, ¥ o0
First transmitter mixer V5A, second trans- |
mitter mixer V6, and driver V7 are cut off 1_;:8:’:_‘__’,0 RECEIVER
during the receive mode of operation by anega- i L CUTOFF LINE
tive voltage that is applied totheir grids through R30/  _ _pc voLTAGE
diode D301 and resistor R301. This negative T SOURCE

voltage is removed for the transmit mode by
contacts 6 and 10 of relay RL2, which cause the
‘hode side of diode D301 to be grounded,

Figure 2-14
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Heterodyne Oscillator and Cathode Follower
(Figure 2-15)

Heterodyne Oscillator V19A operates as a tuned-
plate crystal oscillator, The proper plate coil
for each band, L601 through L608, is selected
by wafer 2F on the Band switch, The output sig-
nal from the plate of the oscillator is coupled
through cathode follower V19B to the cathode of
second transmitter mixer V6 and to the cathode
of first receiver mixer V11, The correct oscil-
lator crystal for each band is selected by wafer
1R of the Band switch, The crystals below 20 mc
are fundamental cuts, and the higher frequency
crystals operate on their third overtones,

The grid voltage of V19A can be metered at TP
to check oscillator activity,

Second Transmitter Mixer (Figure 2-16)

The 8,5 MHz signal from the first transmitter
mixer and bandpass filter is coupled to the grid
of second mixer tube V6. The 12,395 MHz output
from the heterodyne oscillator is coupled to the
cathode of V6, These signals are mixed in V6 to
produce the operating frequency.

The frequency of the tuned plate circuit of
second mixer V6 is the operating frequency,
All other frequencies are shorted to ground,

In this instance, the difference between the 8.5
MHz input frequency and the 12,395 MHz heter-
odyne oscillator frequency results in a second
mixer output frequency of 3.895 MHz, This out-
put signal is coupled to the grid of driver stage
V1,

The 3,5 MHz plate tuning coil, L701, is connecte’
across the plate tuned circuit on allbands, along

with the fixed and variable tuning capacitors,

Band switch wafer 3F connects the correct

amount of inductance in parallel with L701 to

tune each band, except the 3,5 MHz (80 meter)

band, which uses coil L701 only.

Tuning capacitor C421B is connected acrossthe
tuned circuit on all bands, Tuning capacitor
C421A is connected in parallel with C421B on
the 80 meter band only, by Band switch wafer
3R.

Driver (Figure 2-17)
Driver stage V7 amplifies the 3,895 MHz signal

from second transmitter mixer V6 to a level
that is sufficient to drive the final amplifieri
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The 3.5 MHz plate tuning coil, L.801, is con-
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wafer 4R connects additional capacitance in
parallel with tuning capacitor C422B for the
80 meter (3,5 MHz), 40 meter (7 MHz), and 20
meter (14 MHz) bands,

Neutralization of V7 is accomplished by feeding
a portion of the plate signal back to the grid
through a ''neutralizing wire" capacitor to the
plate tuned circuit of the second transmitter
mixer,
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Final Amplifiers (Figure 2-18)

Final amplifier tubes V8 and V9 are connected
in parallel and function as class ABI1 linear
amplifiers, A fixed negative bias is applied to
the grids of these tubes through resistor R916
and choke 1903, This bias limits zero-signal
pate current, B+ is removed from the screen
grids under receive conditions, by lugs 7 and11
of relay RL2 to reduce the plate current to
zero and cut off the tubes, RF driving voltage
is developed across RF choke L903, Plate
voltage is shunt fed through RF choke L901,

For the LSB and USB modes of operation, the
peak driving voltage is controlled by the Mic-
rophone level control (in the grid circuit of
V1B) and the limiting action of the ALC (auto-
matic level control) voltage, This ALC voltage
is fed back to isolation amplifier V2 and IF
amplifier V3,

The output signal from V8 and V9 is coupled
through RF parasitic chokes 1904 and L902 and
through capacitor C915 to the final tuning ca-
pacitor C925 and plate tank coils L905 and L906,
The parasitic chokes eliminate any tendency
toward VHF parasitic oscillation,

Wafer 5R of the Band switch connects the proper
portion of the plate tank coil in the circuit for
each band by shorting out the unused section,
Wafer 5R also selects the proper combination
of final tank tuning and loading capacitors for
each band, .

Neutralization of the final amplifier is accomp-
lished by feeding a portion of the plate signal
back to the grid through neutralizing capacitors
C913 and C914, and across C801 in a bridge
circuit,

The output signal from the final tank coil is
coupled through lugs 8 and 12 of relay RL1
to the RF Out socket, The antenna switch
allows separate transmit and receive antenna
circuits to be used, so the Rec Ant socket can
be connected to an external relay for use with
linear amplifiers that do not have built-in antenna
switching,

ALC Circuit (Figure 2-18)

The ALC (automatic level control) bias voltage
is developed from a small portion of the signal
in the final amplifier stage, This signal is then
rectified, filtered, and fed back to the preceding
stages to adjust their gain automatically, as
needed, ALC voltage assures maximum trans-
mitter output without overloading.

The ALC voltage for this Transceiver is devel-
oped in the Heath TALC'™ (Triple Action Level
Control) circuit, This circuit keeps the trans-
mitter from overloading, without causing the
voice peaks to be flat-topped, by compressing
the speech waveform, The triple action of this
circuit is described below in paragraphs 1, 2,
and 3,

1. Any peak voltages at the grids of final
tubes V8 and V9 that drive the grids posi-
tive into grid current will develop bursts of
voltage across resistor R916, This forms
an audio-frequency AC that is coupled
through capacitor C911 to voltage doubler
rectifiers D902 and D903, The rectified
negative output voltage goes to the ALC line,

2, The variations that occur in the final am-
plifier screen supply voltage on speech
peaks produce a varying voltage which is
coupled through capacitor C908 to rectifiers
D902 and D903, This second voltage source
produces additional ALC voltage,

3. The ALC voltage that is obtained from an exj
ternal linear power amplifier canbe applie
through™ the ALC connector to rectifiers
D902 and D903, With proper conditions,
this source should have predominate con-
trol, thus holding down the drive in the
Transceiver for best operation,

The rectified voltage from diode D903 is applied
to an RC network consisting of resistors R914
and R915, and capacitors C931 and C932, This
network filters the DC bias voltage, and allows
it to build up quickly and decay slowly,



% I—IEATI—IKIT ge 137
cw
v )4 TO
AUDIO
AMPLIFIER AMPLIFIER
via
- T |a+’
MODE VI5A ) c31
tF V2 6EA8
TONE 001
. OSCILLATOR s £335
PE.C. *84-22 2} 500K
-pc . L - . 3 |
7
500 500 500 500 500 # CW TONE =
~ Nee B PF PF PF | VOLUME
i’ 47K V158
h 172 6EA8
‘ »ox R333 |c3r2 ToRE
< -AM
S3eeoxi 2 PLIFIER
< L 4700 | 005
=  ——- -
GRN-WHT
MODE 2F O
] O
5
z
LA0
’
/

From the RC filter network, the ALC voltage
is applied to the grid of isolation amplifier V2,
where it limits the output, thus reducing the
drive available to the final amplifiers, The
ALC voltage is also coupled through lugs 8
and 12 of relay RL2 to IF amplifier V3,

ALC voltage is not developed for CW operation,
Adjustable bias from the Mic/CW Level control
‘s used instead,

Tone Oscillator and Amplifier (Figure 2-19)

The tone oscillator circuit, V15, generates a
1000 Hz audio signal that is used for CW op-
eration only, This tone is inserted into the VOX
circuit to turn on the transmitter, It is also
coupled to the receiver audio amplifier so the
operator can monitor his transmitted signal,

Figure 2-19

Tone oscillator V15A 'is turned on when its
cathode is connected to ground through wafer
2F of the Mode switch, The output frequency of
V15A is determined by the phase-shift net-
work (P.E.C, #84-22) in its grid circuit, From
the plate of V15A, the 1000 Hz tone is coupled
through capacitor C315 and resistor R329 tothe
grid of tone amplifier V15B.

Tone amplifier V15B is normally cut off by a
negative bias that is applied to its gridfrom the
junction of resistors R311 and R312, When the
CW key is closed, this cut-off bias is removed
(resistor R311 is shorted out through Mode
switch wafer 1F and the key), and V15B con-
ducts.

From the plate of V15B, the 1000 cps tone is
coupled to the CW Tone Volume control, and
from there to audio amplifier V14B, The 1000
cps tone is also coupled through capacitor C313
and resistor R328 to the grid of VOX amplifier
V17A, where it causes the transmitter to be
turned on,
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CW Operation

When the Mode switch is turned to the CW posi-
tion, the following circuit changes occur:

1, Cathode follower V1B is cut off and the
arm of VOX Sensitivity control is grounded
so stray microphone signals do not reach
the balanced modulator or VOX circuits,

2, CW crystal Y3 is connected to the grid of
carrier oscillator V16B,

3. The balanced modulator circuit is unbal-
anced so it will produce an output signal
(see Mode switch wafer 2F),

4, The transmitted CW signal will pass through
either the Accessory CW Filter or the
SSB Filter,

5. The drive to the final amplifiers is con-
trolled by the CW section of the MIC/CW
Level control, which adjusts the bias of
isolation amplifier V2 and IF amplifier V3,

6. Cut off bias is applied to the grids of
transmitter mixers V5A and V6, and to the
grid of driver amplifier V7, through Mode
switch wafer 1F and diode D904,

7. Tone oscillator V15A is turned on,

When the key is closed, the 1000 Hz tone signal
is coupled to the VOX circuit, where it causes
the relays tobe switched tothe transmitposition,
The relays stay in this position for a length of
time that is determined by the setting of the
VOX Delay control,

At the same time, the key shorts out the cut-off
bias that is applied to the transmitter mixer
stages and to the driver amplifier stage, allow-
ing them to conduct and place the transmitter
on the air,

The RF output signal from CW carrier oscillator
V16B is coupled to the balanced modulator stage,
The unbalanced condition of this stage causes
the RF signal to be coupled through transformer
T1 to isolation amplifier V2, From V2, the signal
proceeds through the transmitter in the same
manner as the LSB and USB signals,

Switching (Figure 2-20)

Figure 2-20 shows the position and assigns an
identifying number to each of the relay sectior
on the main schematic, The numbers will b
used in the following paragraphs to explain how
each section is used.

1, This section applies B+ voltage to the cor-
rect half of carrier oscillator tube V16
in the Tune and CW positions of the Mode
switch,

2, This section is connected to the power plug
for external use with linear amplifiers and
other devices, The contacts have a rating
of 3 amperes at 117 VAC or 30 VDC,

3. These contacts apply B+ voltage to the
screens of V2, V7, V8, and V9 in the
transmit mode, and to the screen of V4,
V10 and V11 in the receive mode of op-
eration,

4, These contacts ground out the receiver cut-
off bias in the receive mode, In the trans-
mit mode they ground out the cut-off bias that
is applied through diode D301 to transmitter
stages V5A, V6, and V17,
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5, In the transmit mode, these contacts apply
ALC voltage (or CW bias) to the grid of
V3., In the receive mode they apply AVC
voltage to V3,

6. This section applies +150 V B+ voltage
through the Freq Control switch to either
the LMO or crystal oscillator V5B,

7,8, These contacts switch the antenna between
the receive and transmit circuits,

.hen the Transceiver is in the transmit mode,
a large negative bias (approximately -90 volts)
is applied through the RF Gain control and diode
D905 to the grids of RF amplifier V10, and first
receiver mixer V11, Smaller amounts of nega-
tive bias are also applied to second receiver
mixer V12A, second IF amplifier V4, and audio
amplifier V14A, The large bias is necessary at
V10 to keep the transmitter signal at the

driver plate from causing V10 to conduct on
large voltage peaks, (If this happens, spikes
will appear at the peaks of the envelope on the
transmitted signal,)

First audio amplifier V14B is cut off by the
bias voltage to quiet the receiver audio stages
when LSB or USB signals are being trans-
mitted, A negative pulse is also applied to the
grid of V14A to cut it off before the relay con-
tacts close, This is done so the switching
transients, which cause a 'popping" sound,
will not be heard in the speaker,

The negative pulse that is applied to V14B
is formed by the sudden voltage change that
occurs at the plate of relay amplifier V12B
when that stage is turned on by the VOX circuit,
This pulse is shaped by a network that con-
sists of resistors R337, R338, R339, and R340
and capacitors €320, C321, C322, and C323,
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RECEIVER CIRCUITS

NOTE: Figure 2-21 shows the various frequen-
cies that will be found throughout the Trans-
ceiver on the different bands, A received sig-
nal (lower sideband) frequency of 3,895 MHz,
shown on the first line of the chart, will be
used when tracing through the receiver cir-
cuits, The other associated frequencies used
in this Description are also shown on the first
line,

RF Amplifier (Figure 2-22, fold-out from

Page 138)

The 3,895 MHz input signal from the antenna is
coupled through lugs 3 and 11 of the antenna
relay (RL1) to the link winding of coil L801,
The secondary of L801, part of the Driver
Preselector capacitor, and the other compo-
nents in the driver plate tank circuit, are also
used as the input tuned circuit for RF ampli-
fier V10, From L801, the signal is coupled
through capacitor C408 to the grid of V10,

The received signal is amplified in V10, and
then coupled through capacitor C419 to first
receiver mixer V11, The plate tuned circuit of
V10 consists of coil L701, part of the Driver
Preselector capacitor, and the other components
of the second transmitter mixer plate tank cir-
cuit,

The gain of RF amplifier V10 and firstreceiver
mixer V11 are controlled by the AVC voltage,
and an adjustable negative bias thatis coupledto
their grids from the RF Gain control,

First and Second Receiver Mixers (Figure 2-23)
The amplified 3,895 MHz signal from RF ampli-
fier V10 is coupled through capacitor C419 to
the grid of V11, the first receiver mixer, At
the same time, a crystal controlled 12,395 MHz
signal is coupled to the cathode of V11 from
V19B, the heterodyne oscillator cathode follow-
er. These two signals are then mixed together
in V11 and coupled with the sum and difference
frequencies to the bandpass filter,

The bandpass filter, which passes only the fre-
quencies between 8,395 and 8,895 MHz, allows
the 8,5 MHz difference frequency topass onfrom
V11 to the grid of second mixer tube V12A{

A 5,105 MHz signal is coupled from either the
LMO or crystal oscillator V5B, through the
Freq Control switch to the cathode of V12A,
The 8.5 MHz signal at the grid and the 5,105 MHz
signal at the cathode are then mixed together
in tube V12A and the 3,395 MHz difference
frequency is coupled through crystal filter FL1
to the IF amplifiers,

The Filter switch selects either crystal filter
FL1 for SSB use or FL2 for CW use, Crystal
filter FL1 sets the IF bandwidth at just 2,1
KHz wide (see Figure 2-11 on Page 131). This
narrow, steep sided passband permits good
selectivity for SSB reception in crowded ama-
teur bands, Crystal filter FL2 can be switched
in for CW reception, FL2 sets the IF bandwidth
at just 400 Hz wide, This narrow bandwidth is
good for CW reception only, .
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IF Amplifiers (Figure 2-24)

The signal from crystal filter FL1 is coupled
through capacitor C101 to first IF amplifier V3,
The amplified signal from V3 is coupled to two
places: to the grid of V5A, which is cut off in
receive operation; and to second IF amplifier
V4 through IF transformer T102,

The amplified signal from V4 is coupled through

C1| 50 PF

IF transformer T103 to the product detector,
V13C, The same signal is also coupled through
capacitor C112 to the plate of AVC rectifier
V13B. Supply voltage for the screen of IF ampli~
fier V4 is switched throughlugs 3and11 of relay
RL2,

AVC voltage is supplied to the grid of V4 by
the AVC line, AVC voltage is switched to the
grid of V3 through lugs 4 and 12 of relay RL2,
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AVC Circuit (Figure 2-25)

The negative bias at the control grids determines
the amount of amplification that will be obtained
from RF amplifier V10, first receiver mixer
V11, and IF amplifiers V3 and V4, The DC bias
for these stages comes from the following two
sources: from the -DC voltage at the arm of the
RF Gain control; and from the AVC voltage,
These two voltage sources are connected to
diodes D101 and D905, which act as a diode
gate. This diode gate permits either voltage
to control the gain (of V10, V11, etc,) without
interacting with each other.

From this point, the bias voltage is coupled
through resistor R412 to the grids of V10 and
V11, and through resistor R415 to the grids
of V3 and V4, Voltage divider resistors R415
and R416 cause only one half of the total
bias voltage to be coupled to the grids of IF
amplifiers V3 and V4,

AVC voltage is obtained by coupling part of the
IF signal through capacitor C112 to AVC diodes
V13A and V13B. These diodes produce a nega-
tive DC voltage at pin 1 of V13A that is pro-
portional to the signal strength, This negative
voltage is developed across resistors R124
and R117, and capacitors C110 and C124, Ca-
pacitor C124 charges quickly to the peak volt-
age so the AVC will respond quickly to keep
large signals from being distorted in V3, V4,
V10, and V11, Capacitor C110 charges more
slowly, and causes the AVC voltage to be pro-
portional to the average signal level of the re-
ceived signal. This produces a fast-attack,
slow-release AVC characteristic.

An incoming signal that produces a negati
AVC voltage that is significantly higher th
the bias voltage from the RF Gain control caus-
es the gain of V10, V11, V3, and V4 to be
reduced, This keeps the output of the RF and IF
amplifier stages at a nearly constant level
despite wide amplitude changes in the received
signal, '

Product Detector (Figure 2-26)

INPUT SIGNAL
FROM IF AMPLIFIER V4

OUTPUT

SIGNAL TO .XlegSe
AUDIO

AMPLIFIER ~ g&o:%%;
VIsA N

INPUT

SIGNAL FROM

(\:IA:RIER OSCILLATOR
]

Figure 2-26

The 3.395 MHz signal from IF amplifier V4 is
coupled to the grid of product detector tube
V13C. At the same time, the signal from car-
rier oscillator V16 is fed to the cathode of
V13C (3.3936 MHz for the lower sideband, or
3.3964 MHz for the upper sideband). These two
signals are then mixed together in V13C, re-
sulting in an audio output signal which is the
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difference frequency between these two signals,

'Capacitors C119 and C121, and resistor R119
are connected in a filter network that bypasses
any RF signal coming from V13C to ground,
but permits the audio signal to pass through to
audio amplifier V14A,

Audio And Power Amplifier (Figure 2-27)

The signal from the product detector is applied
to the AF Gain control to determine the amount
of signal that will be coupled through capac-
itor C308 to the grid of audio amplifier V14A,
The audio signal is amplified in V14A and then
coupled to power amplifier V14B, Tube V14B
amplifies the signal further and supplies the
audio power through output transformer T301
to the output connectors, Capacitor C928 couples
a portion of the output back to the cathode of
V14B as negative feedback for less distortion,

Three outputs are provided by the secondary of
transformer T301: a headphone output, a 600 ©
output, and an 8 Q speaker output. Audio power
to the 8 Q speaker jack is rated at 2 watts
maximum,

An audio signal is also supplied to the anti-
trip network from the plate of V14B,

CRYSTAL CALIBRATOR (Figure 2-28)
Crystal calibrator stage V17B is connected as

a Pierce crystal oscillator, When the Function
switch is placed in the Calibrate position, the

cathode of V17B is grounded, and an accurate
100 kHz signal is connected through capacitor
C218 and diode CR201 to the antenna input of
the receiver, The harmonics of this signal are
then used for dial calibration checks,

Calibrate Crystal capacitor C220 may be ad-
justed to set the crystal calibrator to exactly
100 kHz using some standard such as WWV,

The Calibrate position of the Function switch
also connects the grid of VOX amplifier VI7TA
to ground to avoid accidental energizing of the
transmitter when using the crystal calibrator,

[

ISOK

V17B

172 12AT7
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Figure 2-28
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METERING CIRCUITS (Figure 2-29)

For the transmitting mode of operation, there
are five different settings of the Meter switch:
final Grid current, final Plate current, ALC
voltage, Relative Power output, and High Volt-
age, In the ALC position, in the receive mode,
the meter operates as an S-Meter,

To measure the grid current for final ampli-
fiers V8 and V9, the meter is shunted across
resistor R916 in the grid circuit of these tubes,
The meter will then read from 0 to 1 ma of
grid current,

To measure final amplifier plate current, the
meter is connected between the cathodes of the
finals and ground, in parallel with the cathode
resistors, Plate current can then be read onthe
0 to 500 ma range of the meter,

To measure ALC voltage, the meter is con-
nected between the cathode and screen cir-
cuits of IF amplifier V3, The meter zero
control is adjusted for zero current flow through
the meter with no signal input, When V3 re-
ceives a signal, the resulting current fluctu-
ations in the cathode are indicated on the meter,
Since the ALC voltage at the grid controls
the gain of V3, the cathode current of V3
gives a relative indication of the ALC voltage
level,

For Relative Power measurements, a small por-
tion of the transmitter output signal is developed
across resistor R912, rectified by diode CR901,
and filtered by capacitor C933, The resulting DC
voltage, is then indicated by the meter, The
Relative Power Sensitivity control allows the
operator to set his full power output indication
at a convenient meter reading,

The high voltage is brought down to a measure-
able level by a precision multiplier resistor,
R921, 0-1000 volts can be read on the 0-10
scale of the meter, Resistor R922 keeps the
open circuit voltage at a safe level when the
Meter switch is in other positions,

When the Transceiver is in the receive condi-
tion, and the Meter switch is at ALC, the meter
indicates ‘the relative strength of the received
signal in S-units, The circuit operates just as
it does when it measures ALC voltage, except
that the current in V3 is now controlled by the
AVC voltage at the grid of V3,

The Meter Zero control is adjusted for a zero
indication on the meter with the antenna dis-
connected and RF Gain control at the full clock-
wise position, The decrease inplate current (due
to alarger AVC voltage) that occurs when a signal
is received by tube V3 then appears as indi-
cations on the S-Meter,
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