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SECTION 1

GENERAL DESCRIPTION

1-1. FUNCTIONAL DESCRIPTION.

a. GENERAL. — The Transistorized SSB Trans-
mitter/Receiver, Model TTR-20 (figure 1-1), is a
four-channel transmitter/receiver covering the 2 to
32 MHz frequency range and having the capability of
simplex or duplex operation. The TTR-20 contains
both a fn”\/-frnnmqfnﬂ zed sunerheterodyne receiv er,

t1allolstOilac supereieredyne

and a fully transistorized transmitter coupled with a

iFiAe Nesme bl
hlch-””‘”‘"’ vacuum-tuhe linoar amplI‘:C‘ Opcrati

potentials for the TTR-20 are provided by a plug-in
power supply module (refer to paragraph 1-4). For
information regarding the power-supply module, refer
to the TPSA-20 manual.

o'u

Operating frequencies for the transmit and receive
sections of the TTR-20 are obtained from fixed-tuned,
crystal-controlled, plug-in modules; TTRR modules
for the receiver section, TTRT modules for the trans-
mitter section. Various combinations of these plug-in
modules may be used to provide frequency coverage
in accordance with operating requirements (refer to
paragraph 1-4). Field change to new operating fre-
quencies is easily accomplished (refer to the appro-
priate TTRR or TTRT manual.

The TTR-20 is designed so that remote selection
of upper or lower sideband reception and transmission
is possible (see paragraph 1-1b). Remote selection of
transmit and receive channels and tuned antenna
circuits is also possible.

b. OPTIONS. — The TTR-20 normally provides for
transmission of USB signals only; however, it may be
modified upon special request at the time of order or
upon field modification to provide LSB signals only,
or both USB and LSB signals. To cover all possible
medels, this manual describes the model capable of
transmitting both USB and LSE signals. For units
with only one sideband the transmitter sideband
seleclor switch must be left in the appropriate posi-
tion at all times.

In addition, a special transmitter 1750 kHz carrier
oscillator that will operate over a temperature range
of -30°C to +50°C can he provided upon special request
at the time of order or upon field modification. The
carrier oscillator provided in the standard TTR-20

CPCIaies SVer a tamperatuie ftailge UA u°C to +50°C.

c. RECEIVER SECTION. — The TTR-20 is capahle
of receiving amplitude modulation equivalent (AME),

shift keying (FSK), modulated continuous wave (MCW),
and single sideband (SSB) transmission. It can also

3110671004B

receive one sideband of amplitude modulation (AM) or
independent sideband (ISB) transmission.

NOTE

Converter equipment is required to process
FAX and FSK signals.

The receiver section uses one of four selectable,
fixed-tuned, plug-in modules (TTRR-1, TTRR-2.
TTRR-3, or TTRR-4) for its RF section. For informa-
tion pertaining to any of the TTRR modules, refer to
the TTRR manual. Features of the receiver section
include:

(1) High sensitivity for good reception under weak
signal conditions.

(2) A sharp cutoff bandpass filter for optimum
selectivity.

(3) Double conversion and three tuned RF amplifier
stages.

(4) Manual selection of LSB or USB reception.

(5) An adjustable squelch circuit that mutes the
audio output (except for the 600-ohm line out-
put) when no input signal is being received. This
circuit also provides an external output (for
alarm purposes) to indicate that the receiver is
squelched.

(6) Two separate audio outputs: 500 milliwatts
into a 4 ohm load (built-in or external speaker)
and 1 milliwatt into a 600-ohm balanced load.
The speaker output level can be varied by
means of a VOLUME controi.

. TRANSMITTER SECTION. — The TTR-20 can
transmit amplitude modulation equivalent (AME), con-
tinuous wave (CW), facsimile (FAX), frequency shift
keving (FSK). modulated continuous wave (MCW), and
single sideband (SSB) signals.

NOTE

Additional eguipment is required to pro-

vide FAX and FSK output signals.

~ ad n : ~d 1o TP 1 o A
fnxCdﬂuﬁcd U,Lug -in modiles i R L N I o

TTRT-? TTPT 4, TTRT-S\ for its exciter RF scction.
. ) .

transmitter section are also contamed in plug-in
modules (TTRA-1, TTRA-2, TTRA-3, TTRA-4). TTRT
and TTRA modules «re selected in pairs; TTRT-1 with

1-1



TTRA-1, TTRT-2 with TTRA-2, TTRT-3 with TTRA-3,
TTRT-4 and TTRT-5 with TTRA-4. Information con-
cerning TTRA modules can be found in this manual,
for information pertaining to the TTRT modules, refer
to the TTRT manual.

The transmitter section is designed to accept a
wide variety of audio inputs including carbon micro-
phone, high-impedance microphone, low-impedance
microphone, and 600-chm balanced line. Provision is
also made for operation with a handset (also available
from TMC). The transmitter section contains an audio
oscillator that can be externally keyed for CW and
MCW transmission. Features of the transmitter section
include:

(1) Sharp cutoff bandpass for optimum unwanted
sideband rejection.

(2) Manual selection of either LSB or USB trans-
mission (refer to paragraph 1-1b).

(3) Built-in power compensation circuit to prevent
transmitter overload when mode of operation is
changed.

(4) Automatic compression circuit for higher
average power output.

(5) Selectable voice or push-to-talk operation of
transmitter with provision for disabling the
receiver section while transmitting (for simplex
operation).

(6) A built-in meter for monitoring the linear ampli-
fier excitation, plate current, and RF output.

(7) An automatic high-voltage cutout circuit to
protect the linear amplifier when overload
occurs.

1.2. PHYSICAL DESCRIPTION

a. EXTERNAL. — The TTR-20 is normally provided
in a case for mounting in a standard 19-inch rack, but
can also be provided in a sturdy metal case for general
use. Two handles are located on the front panel for
ease of handling. Dust covers protect the unit when
it is rack-mounted.

All operator’s controls are located on the front
and rear panels of the unit. All controls are described
in section 3 and illustrated in figures 2-1 and 3-1. A
removable control cover is provided to prevent
inadvertent changing of front panel control settings.
On the rear of the unit three terminal boards (TB1500,
TB1501, and TB1502), two BNC connectors (RCVR
ANT and ANTENNA jacks), and two twistlock plugs
(EXTERNAL OVEN VOLTAGE and AC INPUT)
provide for all input and output connections. Coaxial
cable assembly W900 is provided for connecting the
receiver section input to the transmitting antenna for
simplex operation.

1-2

b. INTERNAL. — Most of the smaller components
in the TTR-20 are located on printed circuit boards
that are mounted to the chassis; the larger components
are chassis mounted. There are eight printed circuit
boards not including those in the TTRR and TTRT
modules. The transmitter IF and audio boards are
mounted back-to-back on a hinged assembly that
permits the boards to swing out so that the com-
ponents of the audio board are exposed. The receiver
IF and audio boards are similarly mounted. All
printed circuit boards are located on the bottom side
of the TTR-20 chassis. Four TTRA modules are
located on the top side of the chassis. The two vacuum
tubes for the linear amplifier are located in a compart-
ment between the TTRA modules.

Figures 5-1 through 5-11 show the location of most
of the components in the TTR-20.

The vacuum tube and semiconductor complement
of the TTR-20 is given in table 1-1.

1.2. EQUIPMENT SUPPLIED

Table 1—2 lists the equipment supplied with the
TTR-20.

1-4. TECHNICAL SPECIFICATIONS

a. RECEIVER SECTION.

2 to 32 MHz divided into
four bands using the fol-
lowing TTRR modules.

Frequency range

Band 1: 2-4 MHz, TTRR-1
Band 2: 4-8 MHz, TTRR-2
Band 3: 8-16 MHz, TTRR-3
Band 4: 16-32 MHz, TTRR-4

Number of channels 4(each having a separate

TTRR module)

Each TTRR module is
fixed-tuned to a particular
frequency within its band.
The receiver section is
tuned by selecting one of
the different TTRR modules
(channels).

Tuning system

Crystal-controlled oscil-
lators are used throughout
the receiver section.

AME, CW, FAX, FSK, MCW,
and SSB (upper and/or lower:
see paragraph 1-1b). AM and
ISB signals can also be
received, but this feature is
generally not used.

Frequency control

Types of signals

31106710048



Noise figure

Sensitivity

Audio bandwidth

iequency

Image rejection

Intermodulation

AGC

Hum and noise level

Antenna input impedance 50 ohms (nominal) unbalanced.

Audio output

15 dB or better.

1 microvolt input for 15dB
signal-plus-noise to noise
ratio.

3 kHz, +2 dB between 300
and 3000 Hz.

canuvaraian £ 178

NaAeskl
L0OUD1IE€ CONVEIsSion dm 1./ 9

MHz to 250 kHz on all bands.

A minimum of 50 dB from 2
to 28 MHz, a minimum of 40

AT L AQ 4 .
dB from 28 to 32 MHz.

Intermodulation products are
at least 35 dB below a 100
microvolt two tone input at
the antenna.

With a 100 dB increase in
the signal input from 1 micro-
volt, the output level will not
rise more than 6 dB.

At least 40 dB below full
output.

1. 500 milliwatts into 4 ohms
for built in or extemal
speaker.

2. 1 milliwatt into 600-ohm
balanced load.

b. TRANSMITTER SECTION.

Frequency range

Tuning system

3110671004B

2 to 32 MHz divided into
five bands using the fol-
lowing TTRT and TTRA
modules:

Band 1: 2-4 MHz, TTRT-1

~e 3 TTYIDA 1
allu 1 1iNAn-1

Band 2: 4-8 MHz, T'I'RI-2
and TTRA-2

Band 3: 8-16 MHz, TTRT-3
and TTRA-3

Band 4: 16-24 MHz, TTRT-4
and TTRA-4

Rand §: 24-32 MHz, TTRT-5
and TTRA-4

Each TTRT and TTRA
module is fixed-funed io «
particular frequency within

Audio bandwidth

IF frequency
Power output

Signal-to-distortion
ratio

Unwanted sideband
rejection
Spurious signal level

Noise level

Carrier suppression

Output impedance

c. OVERALL.

Primary power input

w1y st
welgni, uncrdted

its band. The transmitter
section is tuned by select-
ing one of the different
TTRT modules (channels);
the corresponding TTRA
module is selected auto-
matically.

Crystal-controlled oscil-

lators are used throughout
the transmitter section.

AME, CW, FAX, FSK, MCW,

and SSB (upper and/or

lower: see paragraph 1-1b).

2.75 kHz +2 dB between
250 and 3000 Hz.

1.75 MHz on all bands.
100 watts PEP; 50 watts CW.

35 dB minimum at full PEP
output.

40 dB minimum at full PEP
output.

Down a minimum of 50 dB
at full PEP output.

Down a minimum of 40 dB
at full PEP output.

Automatically preset at -50
dB, -20 dB, or -6 dB from
sideband envelope power
depending upon operating
mode selected as follows:
CW and SSB  -50 dB
-20 dB -20 dB
AME and MCW -6 dB

50 ohms (nominal) un-
balanced into a load with
up tc 3:1 VSWR.

TPSA-20:104/115/208/230
volts, 50-400 Hz, single
phase, ac power.

Length: 16Y% inches
Width: 19 inches
Height: 10% inches

P P . Lo
0> pounds (rack mounted

version only).



TABLE 1-1. VACUUM TUBE AND SEMICONDUCTOR COMPLEMENT

REFERENCE DESIGNATION TYPE FUNCTION
RECEIVER IF BOARD A10556
CR1401 to CR1404 1IN34A Audio detector
CR1405 to CR1407 1IN68 AGC detector
Q1401 2N 2495 IF amplifier
Q1402 2N 2495 Mixer
Q1403 and Q1404 2N1370-4 1st audio amplifier
Q1405 2N 2495 Buffer amplifier
Q1406 2N 2495 250 kHz oscillator
Q1407 2N 2495 Lower sideband oscillator
Q1408 2N 2495 Upper sideband oscillator
Q1409 2N 2495 Buffer amplifier
Q1410 2N1190 250 kHz amplifier
Q1411 2N697 1st AGC amplifier
Q1412 2N697 2nd AGC amplifier
GRID METERING BOARD A10595
CR1500 1N463 Rectifier
OUTPUT METERING AND ALDC
BOARD, A10596
CR1561 IN34A Rectifier
MAIN CHASSIS
CR1501 DD122 Rectifier, ledex power
V1500 6GK6 Intermediate power amplifier
V1501 8117 Power amplifier
RECEIVER AF BOARD A10541
Q1613 2N1370-4 Phase inverter
Q1614 and Q1615 2N1370-4 2nd audio amplifier
Q1616 and Q1617 2N1039 Audio power amplifier
Q1618 2N1370-4 Line amplifier
Q1619 and Q1620 2N1370-4 Squelch signal amplifier
Q1621 2N2001 Relay driver
TRANSMITTER AF BOARD
A10540
CR1701 and CR1702 1N34A Anti-vox detector

1-4
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TABLE 1-1. VACUUM TUBE AND SEMICONDUCTOR COMPLEMENT (Cont’d)

REFERENCE DESIGNATION TYPE FUNCTION
CR1703 and CR1704 1IN34A Vox detector
CR1705 iN34A Relay suppicssor
Q1701 2N1308 Anti-vox amplifier
Q1702 2N1370-4 Audio amplifier
Q1703 2N1370-4 Line amplifier
Q1704 2N1370-4 Emitter follower
Q1705 2N1370-4 Vox amplifier
Q1706 2N1308 DC amplifier
Q1707 2N1370-4 DC amplifier
Q1708 2N2001 Relay driver
TRANSMITTER IF BOARD A10603
CR1801 to CR1804 IN34A Balanced modulator
CR1805 to CR1808 IN34A Balanced modulator
Q1801 2N 3904 1st IF amplifier
Q1802 2N 3904 2nd IF amplifier
Q1803 2N 3904 ALDC amplifier
Q1804 MPF104 Buffer amplifier
Q1805 and Q1806 MPF104 RF switches
Q1807 MPF104 Carrier switch
Q1808 MPF104 Notch switch
PREAMPLIFIER AND CW 1
OSCILLATOR BOARD A10598 i
CR1901 IN7S8A ‘ Voltage regulator |
01901 MPF104 ' CW oscillator
01902 MPF104 Preamplifier |
Q1903 2N 3904 Buifer amplifier |
|
|
i
|
|
|
| i
| |
l
1 |
I
3110671004B 1-5



TABLE 1-2. EQUIPMENT SUPPLIED

NAME DESIGNATION FUNCTION QUANTITY
Transistorized SSB TTR-20 Communications trans- 1
Transmitter/Receiver mitter and receiver
Fanning Strip Aid for rear panel wiring 2
RF Connectot Antenna connection 1
Service extension AX-436 Aid for adjustment of 1
module TTRR and TTRT modules

1-6 3110671004B



SECTION 2

INSTALLATION

2-1, UNPACKING AND HANDLING

The TTR-20 is shipped from the factory in a wood-
en crate to ensure maximum protection from damage in
transit. The inside of the crate contains additional
packing material to protect the unit not only from
breakage due to shock, but also from the elements.
The equipment supplied with the TTR-20 (table
1-2) is packed in the box as loose items.

‘\L soon as Lhe TTR- ZU 18 unpacked it shouid be

This exa~nmatxon should mclude the testing of each

the unit

11 Af the covers on
ers ¢on ne un

front pane!l control. All of the cov
should be removed and the inside of the unit checked
carefully for damaged components and loose items.

With respect to damage to the equipment for which
the carrier is liable, TMC (Canada) Limited will assist
in describing methods of repair and furnishing of re-
placement parts.

2.2, POWER REQUIREMENT

a. MAIN POWER. — The TTR-20 is operated with
a TPSA-20 power supply module. If the TTR-20 is to
be operated from a source other than that for which the
power supply is wired, the power supply module must
either be modified or replaced. Modification instruc-
tions are provided in the TPSA-20 manual.

b. OVEN POWER. — If ovens are used in the TTRT
and TTR R modules, the voltage rating of the ovens
inusi be the same as the main power input, or an ex-

ternal oven supply is required. It is most important to

make sure the oven supply is correct before energizing

Beiore instaiiing the TTR-20, consideratio
"~

. - 1 .
Ln miceme v S acution
T giVen T 1TSS ICCLliIor

a. ACCESSIBILITY. — The TTR-20 should be lo-
cated so that there is sufficient clearance for insertion
und removal ot plug-in modules (TTRR, TTRT, TTRA,
and TESA-70). Also. sufficient space for fuse re-
placement and accessibility to rear-panel controls is

requircd.

i TTTANT A
b. VENTILATION. - A

# .ty 3
ILATI h the maso.:ty o1

T'I'R-20 components are solid-state and do not requirs
veatilation, the vacuum tube linear amplifier requires

o men el T e s . ~
e restricted immediately above or

o

titat air flow not
below the unit. If the air flow is restricted, serious
damage to the linear amplifier may result.

31106710048

2.4, ELECTRICAL INSTALLATION

a. ANTENNA. — The TTR-20 requires a 50-ohm

with a coaxial- -cable lead-in for

simplex operation. This antenna is connected to the

unbalanced antenna
ANTENNA jack on the rear pauel. In addition, coazial-
cable assembly W900 should be connected from jack
7902 to the RCVR ANT jack J1502.

=78}

For dupiex operation, two 5(-ohm unbalanced
antennas with coaxial-cable lead in are required. The
transmitting antenna is connected to the ANTENNA
jack and the receiving antenna is connected to RCVR
ANT jack J1502. Coaxial-cable assembly W900 is not
used for duplex operation.

b. AUDIO INPUT (600-OHM LINE). — Terminals 1
and 3 of terminal board TB1500 are used to connect a
600-ohm input line. If the 600-ohm line is balanced,
terminal 2 of TB1500 should be grounded.

c. MICROPHONE INPUTS. - Terminals 4, 5, and 6
f HANDSET jack J1515 are provided for carbon micro-
phone, high impedance microphone and low impedance
microphone inputs respectively. Connect the micro-
phone between ground (terminal 1 on J1515) and the
appropriate terminal.

d. PUSH-TO-TALK. — Coinect a push-to-tall
switching device between ground and terminal 5 of
TB1500.

e. KEYING INDTUT. — Tuiminal 11 ui teaming!

board TB1500 is for connection of a keving signal for

CW and MCW transmission.

(2} RECEIVE. — Connect a USR/LSE switching
device (SPST switch) between ground and terminal 10
of TB1501.

ro
|
—
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FIGURE 2-1. REAR PANEL, TTR-20

31106710048



NOTE

Remote sideband control of both the
transmit and receive section is possible
from one SPST switching device.

g. 600-OHM AUDIO OUTPUT. — Connect a 600-ohm
audio load between terminals 1 and 3 of terminal
block TR1501. If the load (telephone line, speaker,
frequency shift converter, etc.) is balanced, ground
should be connected to terminal 2. If the 600-ohm
output is not used, it should be terminated with a
600-ohm resistor.

h. 4-OHM AUDIO OUTPUT. — Remove the jumper
hetween terminals 8 and 9 of terminal board TB1501;
this disables the internal speaker. Connect a 4-ohm
audio load between ground and terminal 8 of TB1501.

i. REMOTE XMTR ON/OFF CONTROL. — Con-
nect a switching device between ground and terminal
8 of TB1500. Ground at terminal 8 energizes the high-
voltage control relay in the power supply.

j. SQUELCH ALARM. — Terminals 4, 5, and 6 of
TB1501 are provided for attachment of a squelch-
indicating device. For an alarm indication when the
receiver is squelched, make connections between
terminals 4 and 5. For alarm indications when the re-
ceiver is not squelched, make connections between
terminals 5 and 6.

2-5. PERFORMANCE CHECK

Immediately after the TTR-20 has been installed,
it should be checked for proper operation as follows:

a. RECEIVER SECTION. — The receiver section
is checked by attempting to receive signals on each
of the four channels; LSB and USB reception should
also be checked. When signals are received, the
operation of the VOLUME and SQUELCH controls

1A La ~Ab~Aasl.A A

ahoAss ~
SnoulG o CallrTA.

b. TRANSMITTER SECTION.

NOTE

For the following tests a 50 ohm, 100
watt dummy load should be connected to
the ANTENNA jack.

3110671004B

(1) Select the AME, -20 DB CARRIER, or SSB
mode, and check voice mode operation using all pos-
sible audio inputs. The EoRF scale of the front-panel
meter can be used to indicate that the signal is
present at the antenna output. The channel used is not
important in this test. Check the XMTR AF GAIN
control for proper operation as indicated by a varia-
tion in the meter reading.

(2) Repeat step (1) for each of two modes not
selected in step (1) using any one of the audio inputs.

(3) For models of the TTR-20 designed to trans-
mit both USB and LSB si

both sidebands.

gnals comp

(4) Check operation as in step (1) for both the
CW and MCW modes using an external key.

(5) Check operation as in step (1) for each of
the five channels.

(6) Check the VOX circuit as follows:
(a) Set PTT/VOX switch at VOX.

(b) Turn VOX GAIN control fully counter-
clockwise.

(¢) Turn ANTI-VOX control fully counter-
clockwise.

(d) Select the AME, -20DB CARRIER, or
SSB mode.

(e) Apply the normal audio input; XMTR AF
GAIN must be set for normal operation.

(f) Rotate the VOX GAIN control slowly
clockwise. A point should be reached where a click
will be heard, which is the transmit/receive relay
energizing.

NOTE

Be sure to set the VOX GAIN and
ANTI-VOX controls according to the ap-
plicable operating procedure given in
section 3 before using the TTR-20 for
transmitting.



SECTION 3

OPERATOR’S SECTION

3-1. CONTROLS AND INDICATORS.

Before attempting to operate the TTR-20, the
operator should become familiar with the controls
and indicators listed in table 3-1. These are shown
in figure 3-1. The type and purpose of each control
is described in the table. It is important to stress
that these descriptions are not operating instruc-
tions. For specific operating instructions, see para-
graph 3-2.

NOTE

Operating instructions for the TTRR and
TTRT modules are included in this sec-
tion as part of the overall operating pro-
cedure for the TTR-20.

3-2, OPERATING PROCEDURES.

NOTE

Almost all operating controls are pro-
tected by a control cover (see figure
1-1). To remove this cover, slide both
catches up and lift off the cover. To
prevent inadvertent changing of control
settings, it is good practice to keep
the cover on at all times except when
adjusting the controls.

a. RECEIVING.

(1) TYPES OF RECEPTION. — The TTR-20
can receive AME, CW, FSK, MCW, and SSB signals
and also one sideband of AM and ISB transmission.
All of the above signals are received as if they were
SSB transmissions. Procedures for receiving each of
the signals are given in the following paragraphs.

(2) VOICE RECEPTION. — The following pro-
cedures describe the reception of voice signals that
are transmitted as AME or SSB. It is possible also
to receive one sideband of AM or ISB transmission
using the same method.

(a) Set controls at position given below.

CONTROL SETTING

RCVR switch Sideband to be received.

RECEIVER CLARIFIER Any
control

VOLUME control

LOCAL/REMOTE Depending on type of ope-
switch ration desired.

Fully counterclockwise.

RECEIVER CHANNEL When the LOCAL/REMOTE

switch switch is set to LOCAL,
select the channel to be
received, unless it is desir-
ed that the channel be
selected by the TRANSMIT-
TER CHANNEL SWITCH.

SQUELCH control Fully clockwise.

REC or XMIT/REC depend-
ing upon type of operation
desired.

Power switch

(b) Turn VOLUME control clockwise until
a comfortable signal level is obtained.

NOTE

If no signal is obtained, reduce the vol-
ume and set RCVR switch at LSB.
Repeat step (b).

(¢) Adjust RECEIVER CLARIFIER control
for maximum voice clarity.

(d) Adjust SQUELCH control by waiting until
no signal is being received, and then turning the
control slowly counterclockwise until the noise from
the speaker disappears.

(3) CW AND MCW RECEPTION. — CW and MCW
signals are received in exactly the same manner as
voice signals (paragraph 2). For these signals, how-
ever, the RECEIVER CLARIFIER control is used to
vary the pitch of the audio tone.

NOTE

In CW operation, the receiver channel
frequency must be displaced slightly (300
to 3000 Hz) from the transmitted signal.

If the sideband to be receiv-
ed is not known, set at USB/
REMOTE. If the sideband is
to be selected remotely,

set at USB/REMOTE.

(4) FAX RECEPTION. — In receiving facsimile,
the setting of the RECEIVER CLARIFIER control
is critical. Proceed as follows:

3-0 3110671004B
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TABLE 3-1. CONTROLS AND INDICATORS

ITEM
(Fig. 3-1)

DESIGNATION

FUNCTION

1

10

11

ot
(B

14

VOLUME control (R1515)

ANTI-VOX control (R1517)

PA METER switch (S1511)

RCVR sideband switch (S1503)

SIMPLEX/DUPLEX switch (51506)

SQUELCH control (R1518)

POWER lamp (DS1500)

Mode switch (S1505)

PTT/VOX switch (51501)

XMTR sideband switch (51502)

XMTR AF GAIN control (R1514)

PA OVLD circuit breaker (CB1500)

OFF / REC / XMIT/REC switch

{51500y

Controls the loudspeaker audio output of the
receiver.

Adjusts the anti-vox input to the transmitter from the
receiver. The anti-vox circuit prevents receiver
audio output from actuating the VOX circuit.

Permits the front panel meter to indicate power
amplifier tube grid RF voltage, power amplifier tube

plate current, or transmitter output RF voltage.

A two-position rotary switch that selects reception
of either LSB or USR signals,

+ When the RCVR switch is set at USB/REMOTE,

either LSB or USB reception can be selected
remotely.

When set at SIMPLFX, the receiver section of the
TTR-20 is disabled when the transmitter is keyed;
when set at DUPLEX, the receiver can operate
even though the transmitter is keyed.

Selects the RF input level required to enable the
speaker and anti-vox outputs of the receiver.

Lights when primary power is applied to the low
voltage power supply.

Selects mode of operation of the transmitter. Oper-
ation in the CW, SSB (suppressed carrier), -20DB
(SSB with reduced carrier), AME, or MCW mode can
be selected.

Selects either voice-actuated or push-to-talk keying
of the transmitter.

Selects either upper sideband or lower sideband
transmission on models of the TTR-20 that provide

) A R

WL oo -4 _2 TTQD /TDTIRAAT T
DU, VWHTHE DTL dt U i

a1 . 1 b 1
D/ NNLNVULI L, Lle mdeoanu LO pe
cied at

[
fransmified may be selected at a remote location.

Adjusts the gain of the audio amplifier stage of the
transmitter.

s audic level required W key transmiiier when |

ects
PTT/VOX switch is set at VOX.

Catl
DT L

Controls application of power to the linear-amplifier
stages; removes power to these stages when power-
amplifier tube plate current is excessive.

When set at OFF, removes power from all TTR-20

circuits except TTRR and T'TRT ovens; when sef at
REC, lus on fow voliage power suppiy, permits
femote transmitter ON/OFF control; when set at
XMIT/REC, tums on low voltage power supply and,
in conjunction with PA OVLD circuit breaker, linear

amplifier operating power.
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TABLE 3-1. CONTROLS AND INDICATORS (Cont’d)

ITEM DESIGNATION FUNCTION

15 Front panel meter (M1500) Indicates power-amplifier tube grid RF voltage,
power amplifier tube plate current, or transmitter
output RF voltage as selected by PA METER switch,

16 HANDSET jack (J1515) Permits connection of microphone.

17 RECEIVER CHANNEL switch (S1517) Selects frequency of reception provided the LOCAL/
REMOTE switch is in the LOCAL position. When set
at T, TRANSMITTER CHANNEL switch selects
frequency of reception.

18 TRANSMITTER CHANNEL switch Selects frequency of transmission provided the

(S1518) LOCAL/REMOTE switch is in the LOCAL pos-
ition. Selects frequency of reception when
RECEIVER CHANNEL switch is set at T.
19 RECEIVER CLARIFIER contro} Permits fine tuning of receiver.

(one on each TTRR module)
PA Ib ADJ (R1500)

ALDC AD]J (R1545)

CLIPPER IN/OUT (S1504)

LOCAL/REMOTE (S1518)

LSB ADJ (R1543)

USB AD] (R1544)

EXT/INT ALDC (S1519)

Adjusts the bias voltage applied to the grid of the
power amplifier.

Adjusts the automatic loading and drive circuit dc
signal applied to the transmitter IF board. The dc
signal is derived from the transmitter antenna
output and is used to prevent excessive IF signals
from overloading the power amplifiers.

Controls the operation of the clipper circuit. With
the switch set to the IN position, the clipper circuit
limits high modulation peaks permitting higher
average output power for voice transmission.

Controls channel selection. With the switch in the
LOCAL position, transmit and receive channels
may be selected using the RECEIVER CHANNEL
and TRANSMITTER CHANNEL switches. In the
REMOTE position, channel selection is controlled
remotely.

Adjusts the input to the LSB oscillator, thus
controlling the magnitude of the oscillator output.

Adjusts the input to the USB oscillator, thus
controlling the magnitude of the oscillator output.

Selects either an ALDC signal from some external
source or the ALDC signal provided in the TTR-20.

3-2
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(a) Turn receiver on and set controls at
positions given below.

CONTROL SETTING

Sideband to be received. If
sideband to be received is
not known, set at USB/
REMOTE. If the sideband is
to be selected remotely, set
at USB/REMOTE.

RCVR switch

RECEIVER CLARIFIER Any
control

VOLUME control Fully counterclockwise.

LOCAL/REMOTE Depending on type of oper-
switch ation desired.

RECEIVER CHANNEL When the LOCAL/REMOTE
switch switch is set to LOCAL,

select the channel to be
received, unless it is
desired that the channel be
selected by the TRANS-

MITTER CHANNEL SWITCH.

SQUELCH control Fully clockwise.

REC or XMIT/REC depend-
ing upon type of operation
desired.

Power switch

(b) Tum VOLUME control clockwise until
a comfortable signal level is obtained.

NOTE

If no signal is obtained, reduce the
volume and set RCVR switch at LSB.

Repeat step (b).

(c) Connect 600-ohm line output of receiver
to vertical input of an oscilloscope.

(d) Connect an audio oscillator to horizontal
input of oscilloscope.

(e) Set oscillator frequency at 1500 Hz.

(f) Adjust RECEIVER CLARIFIER control
to obtain an unsteady, but circular (1:1) Lissajous
pattern.

NOTE

A similar pattern, corresponding to the
other limit of shift of the picture, will
be obtained if the oscillator frequency
is set at 2300 Hz.

(5) FSK RECEPTION. — In receiving frequency

shift signals, the setting of the RECEIVER CLARI-
FIER control is critical. The procedure given below

3.4

is one method of tuning the receiver for FSK recep-
tion. Most FSK converters have built in indicating
devices that allow accurate receiver tuning without the
necessity for an external scope and oscillator.

(a) Tum receiver on and set controls at
position given below.

CONTROL
RCVR switch

SETTING o

Sideband to be received. If

the sideband to be received

is not known, set at USB/ x
REMOTE. If the sideband is

to be selected remotely, set

at USB/REMOTE.

RECEIVER CLARIFIER Any
control

(b) Connect 600-ohm line output of receiver
to vertical input of an oscilloscope.

(c) Connect an audio oscillator to horizontal
input of oscilloscope.

(d) Set oscillator frequency at the mark
frequency. This frequency is generally 2125 Hz, but
another is sometimes specified.

(e) Adjust RECEIVER CLARIFIER control
to obtain an intermittent, but circular (1:1) Lissajous
pattern. This corresponds to a mark.

NOTE

A similar pattern can be obtained if the
oscillator is set at the space frequency
(generally 2975 Hz).

b. TRANSMITTING. — Proceed as follows:

(1) Set controls as shown in table 3-2.

NOTE
If audio clipping is desired, the
CLIPPER switch on the rear of the
TTR-20 should be set at IN. Audio clip-
ping should not be employed for CW,
MCW, FSK or FAX transmissions.

(2) Set OFF / REC / XMIT/REC switch at
XMIT/REC.

(3) Set PTT/VOX switch at PTT.
NOTE

If the microphone or other audio source
does not have a push-to-talk switch,
terminal 5 on TB1500 must be grounded.
If this terminal has been permanently
grounded, do not leave the PTT-VOX
switch at its PTT position formore than
a few minutes.

31106710048



(4) Depress push-to-talk switch on micro-
phone, and supply audio signal to the transmitter. For
CW or MCW operation, close telegraph key.

(5) Adjust XMTR AF GAIN control until meter
indicates 125 mA on peaks.

(6) If VOX operation (voice operated excitation)
is desired, set PTT/VOX switch at VOX and adjust
VOX-GAIN control until transmitter is turned on when
audio is applied.

NOTE

If audio from the loudspeaker actuates the
VOX circuit, rotate ANTI-VOX control
clockwise until transmitter is unkeyed when
no extemal audio is applied.

(7) If remote transmitter on/off control is
desired, set OFF / REC/ XMIT/REC switch at REC.
3.3, CHANGING PLUG-IN MODULES.

a. CHANGING TTRR AND TTRT MODULES

NOTE

When a change in a TTRT module results
in a change in the frequency band, the
corresponding TTRA module must also be
changed (refer to paragraph b).

CAUTION

Be sure to deenergize the unit before
changing TTRT modules. Serious
damage to the modules can result if

the unit is not deenergized.

(1) Deenergize TTR-20.

{2) Loosen snapoliﬂn located on top and bottom
of module to release module (snapslides on TTRR
slide to left; snapshdes on TTRT slide to right).

(3) Pull module

in the center of the mvdule for this purpose.

ut of unit. A knob is provided

CAUTION

Before continuing, be sure that the volt-
age rating on the crystal oven (if used)
in the module to be inserted isthe same
as the voltage rating for the crystal
oven in the module just removed.

(4) Insert new module.
(5) Secure snapslides to lock module in place.

b. CHANGING TTRA MODULES. — Generally,
when a TTRT module is changed in one of the
channels of the transmitter section, the TTRA module
for that channel must also be changed unless the new

TABLE 3-2. TRANSMITTER CONTROL SETTINGS

CONTROL

SETTING

LOCAL/REMOTE switch

TRANSMITTER CHANNEL switch (when
LOCAL/REMOTE switch is se t to
LOCAL)

} SIMPLEX/DUPILEY switch

XMTR switch (when applicable)

ANTI-VO X control

To select type of operation desired.

To correspond with TTRT that inciudes desired operating
frequency.

To select type of operation desired.
CW/SSB/-20DB CARRIER/AM/MCW switch To select mode of operation desired. i

At LSB for locally controlled lower sideband operation; at
USB/REMOTE for locally controlled upper sideband operation
or remote sideband control.

Maximum counterclockwise.
...... Maximum counterclockwise.

Maximum counterclockwise.

PA METER switch Ib
PA OVLD circuit breaker Down
3110671004B 3-5



TTRT module covers the same frequency band as the

TTRT module it replaces.

NOTE

The linear amplifier of the transmitter
section must be aligned after changing
TTRA modules (refer to paragraph 5-7c).

To change a TTRA module, proceed as follows:

(1) Deenergize the TTR-20.

WARNING
Dangerously high voltage is present near
the TTRA modules whenever the trans-
mitter section is energized. Be sure to
deenergize the unit and use a grounding
stick before proceeding.

(2) Lift module out of unitusing the two knurled
knobs on module for handles.
(3) Carefully insert new module.

(4) Align linear amplifier in transmitter section
for new TTRA module according to paragraph 5-7c.

3110671004B



SECTION 4

PRINCIPLES OF OPERATION

4.1. GENERAL.

The TTR-20 comprises five major assemblies:
main chassis assembly, linear amplifier, receiver
module (TTRR), transmitter module (TTRT) and power
supply TPSA-20. Circuit analysis for the TTR-20 is
outlined in the following paragraphs. Detailed
analysis for the TTRR, TTRT and TPSA-20 can be
found in the appropriate manual.

4.2. RECEIVER SECTION (Refer to figure 4-1)

a. INPUT CIRCUITS. — The RF input to the
receiver section isprovided through RCVR ANT jack
J1502 and applied to the wiper of S1507. In duplex
operation the front panel switch S1517 (RECEIVER
CHANNEL switch) positions the control wafer of
S1507. A Ledex motor positions the wiper of $1507
to connect the RF input to one of the four TTRR
modules. Additional sections of S1507 provide
operating voltages and a delayed AGC signal to the
TTRR module. In simplex operation, S1517 is set
to the ““T’’ position and the TRANSMITTER
CHANNEL switch S1516 controls the positioning
of the S1507 control wafer.

b. TTRR MODULE. — The TTRR module ampli-
fies the RF signal and converts it to the first IF
frequency. The carrier frequency of the IF output
is 1.75 MHz.

¢. RECEIVER IF BOARD. — The IF signal is
supplied to the receiver IF board where it is ampli-
fied by Q1401 and applied to mixer Q1402. The
mixer is also supplied with the output from either the

TSR oscillator (1.5 MHz) or the USB oscillator
(2.0 MHz), depending on the position of RCVR switch
S1503

and 12 V CONT is applied across LSB AD]J,
R1543. The positive voltage supplied by R1543
forward biases Q1407. The USB oscillator is not
forward biased and is cut off. When S1503 is at
USB/REMOTE, and no remote sideband input is
present, K1501 is deenergized and +12 V CONT is
applied across USB ADJ, R1544. Q1608 is forward
biased and the LSB oscillator is cut off. If ground is
suppiied as a remote sideband input, K1501 1s
energized and the LSB oscillator is activated. Thus
the desired sideband may be selected remotely.

LSB oscillator Q1407 and USB oscillator Q1408
are modified Colpitts oscillators. The LSB oscillator
is tuned to exactly 1.5 MHz by C1429. The USB

31106710048

oscillator is tuned to exactly 2.0 MHz by C1431. The
output of each oscillator is taken from its base.
Figure 4-2 shows the input and the two possible out-
puts of mixer Q1402. If the LSB osciiiator output is
supplied to the mixer (250 kHz below the carrier
frequency of the IF signal), the frequency spectrum
of the input signal is not inverted. If the USB oscil-
lator output is supplied to the mixer (250 kHz above
the carrier frequency of the IF signal), the frequency
spectrum of the input signal is inverted Recause the
crystal filter passes only a band of frequencies
above 250 kHz, the selection of the desired sideband
depends upon which oscillator output is supplied to
the mixer.

The output from mixer Q1402, the second IF
frequency (250 kHz), is supplied to bandpass filter
FL1401. This is a highly selective filter with a
bandpass of 2.75 kHz, which rejects frequencies
below 250.25 kHz and above 253.0 kHz. Thus, only
the sideband whose frequency range is above 250 kHz
will be passed by the filter, while all noise and signal
frequencies outside of the selected sideband are
eliminated. The IF output from the filter is supplied
to two stages: detector CR1401 through CR1404 and
IF amplifier Q1410 in the AGC circuit.

A 250 kHz signal is provided by BFO Q1406
through buffer amplifier Q1405 to the detector CR1401
to CR1404. The IF input to the detectorand the BFO
signal beat together in the detector to derive the
audio information from the IF signal. The first audio
amplifier, Q1403 and Q1404, converts the balanced
output from the detector to a single-ended signal and
amplifies it. This output is provided to the receiver

b 1 J B -
audio board and to VOLUME control R1515.

The output from tilter FL1401 is also supplied to
the AGC detector, CR1405 through CR1407, through
amplifier Q1410. The AGC detector produces a delayed
AGC output signal through amplifiers Q1411 and Q1412
This output is provided to both the receiver audio board
and to the TTRR module through S$1507.

d. BFO. — BFO Q1406 on the receiver IF board
is a modified Colpitts oscillator. Its output is supplied
through buffer amplifier Q1405 to potentiometer
R1463. R1463 is adjusted so that the BFO signal is
self-cancelling at the balanced output of the detector.

The BFO signal controls the switching of the
diode network. For positive half-cycles of the BFO
signal, CR1401 and CR1404 are forward biased and
CR1402 and CR1403 are reverse biased. For negative
half-cycles of the BFO signal, CR1401 and CR1404

4-1
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FIGURE 4-2.
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are reverse biased and CR1402 and CR1403 are forward
biased. The balanced IF signal from FL1401 is
supplied to the detector through C1410 and C1411.

The amplitude of the IF signal is small compared to
the BFO signal so that the BFO signal does not lose
control of the diode switching.

Figure 4-3 shows idealized waveforms for the
detector. For this illustration, the IF signal is a
constant frequency in the passband of the filter.
Assume thatthe output shown is taken across R1408
and the IF input is applied at the anode of CR1401
and the cathode of CR1403. When the IF and BFO
signals are in phase (between T1 and T2), CR1401
is at maximum conduction and voltage across R1408
is at its maximum positive value. As the IF signal
begins to lead the BFO signal (between T2 and T7),
CR1401 conducts less and CR1402 begins to conduct
more. When the IF and BFO signal are 180 out of
phase (between T7 and T8), CR1402 is at its maximum
conduction, and voltage across R1408 is at its maxi-
mum negative value. As the BFO signal begins to
lead the IF signal (between T8 and T14), CR1402
conducts less and CR1401 begins to conduct more.
Between T14 and T15, the IF and BFO signals are
again in phase.

Since the IF signal atthe anode of CR1404 is 180°
out of phase with the IF signal at the anode of CR1401,
the output across R1409 will always be a mirror im-
age of the output across R1408.

Capacitors C1413 and C1414 remove the IF and
any residual BFO components from the detector out-
put.

e. RECEIVER AUDIO BOARD. — The receiver IF
board output from the audio amplifier (Q1603 and
Q1604) is supplied to line amplifier Q1618 which
provides the balanced 600-ohm line output to TB1501,
terminals 1, 2 and 3.

The output from VOLUME control R1515 is
supplied through phase inverter Q1613 and the 2nd
audio amplifier Q1614 and Q1615, to the push-pull
power amplifier Q1616 and Q1617. The 2nd audio
amplifier is a differential amplifier which converts
the single-ended signal to a balanced signal for the
push-pull amplifier. The output from the power ampli-
fier is supplied through a contact of squelch relay
K1601 (when K1601 is energized) to terminal 8 of
TB1501. This is normally jumpered to terminal 9 to
connect the audio output to speaker LS1500. The
audio output from the receiver audio board is also
provided to the transmitter section as an anti-vox
signal. The anti-vox signal is used to orevent the
speaker output from keying the transmitter.

The squelch relay K1601 is controlled by the
delayed AGC signal from the receiver IF board. This
signal is supplied to bistable amplifier Q1619 and

4-6

Q1620 and then through relay driver Q1621 to relay
K1601. When an RF signal is being received, the
bistable amplifier is held in its unsquelched state by
the AGC voltage and the relay driver is on. When the
signal level decreases, the AGC voltage drops. At a
point selected by SQUELCH control R1547, the
bistable amplifier changes to its squelched state and
the relay driver tumns off.

When K1601 is energized, the audio output is
connected to the speaker terminal and anti-vox circuit.
When K1601 is de-energized, the audio output is discon-
nected from the speaker terminal and anti-vox circuit,
and is connected to dummy load R1660. The other set
of contacts of relay K1601 can be used to provide
squelched and non-squelched indications for external
alarm circuitry.

f. POWER SUPPLY. — The operating voltages for
the receiver section are +12V dc and ~12V dc. The
TTRR modules operate with +12V dc REC and ~12V
dc REC. These voltages are always present in duplex
operation, but areonly present in simplex operation
when the transmitter is not keyed. The receiver audio
board is supplied with +12V dc CONT and ~12V <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>