


13-4405
SPECIFICATIONS

{GENERAL)

Transmitter frequency range: 160m BAND 1.8 -~ 2.0MHz

80m BAND 3.5 — 4.0MHz

40m BAND 7.0 ~ 7.3MHz

30m BAND 101 ~ 10.15MH7
20m BAND  14.0 ~ 14.35MHz
17m BAND  18.068 ~ 18.188MHz
15m BAND  21.0 ~ 21.4bMHz
12m BAND 24,89 ~ 24 99MHz
10m BAND  28.0 ~ 28.7MHz
Receive frequency range: 100kHz ~ 30MHz

Mode: ATICWI, A2JISSBY, AZ(AMY, FTLFSKE, F3IEM]
Antenna impedance:; 5O Ohm (TX:; 20~ 150 Ohm with AT}
Power requirement: 12.0 ~ 16.0v DC

Power consumption:

RX no signal input: Approx. 1.BA
TX: Apnrax, 204
Frequency configuration:
RX unit: 15t |F 45.06MHz, 2nd IF 8.83MHz, 3rd IF 4b5kHz -
TX unit: {A1,A3J,A3,FSK) 1st IF 455kHz, 2nd IF 8.83MHz, 3rd IF 45.05kMHz
(F3) 1st IF 36.22MHz, 2nd IF 45.05MHz

CW, SSB, AM, FSK, FM: Triple conversion superheterodyne
FM- Double conversion superheterodyne
Semiconductors:

99

T5-4408 TS-4408 (with AT)
Tr's 157 174
FET's 22 22
IC's 49 58
Diod's 257 277
Dimensions:
T5-4405% TS5-440S twith AT}
Wirmnm) 270 {279] 270 (279)
Himm) 96 (108]) a6 (11081}
Dirmnm} 313 {335} 313 {335
Weight{kg) 6.3 7.3
The numbers in the parenthesis include protections,
(TRANSMITTER)
Ratead final power input:
Band Mode Al Ay, By Ry Ay {
1.8~28 MHz 200 W PEP 110 W PEP

Carrier supression:

Unwanted sidebande supression:
Harmonic content:

Transmit frequency character:

Maximum frequency diviation (FM):

Microphone impedance:

More than 40dB
Maore than 50dB
Less than —40dB

AQ0 ~ 2600Hz { - 6dB)

+bkHz
5000 ~ b0k






“T5-440%

CIRCUIT DESCRIPTION

1. Overview

= The TS-440 s a triple conversion type transceiver, incor-
porating a general coverage receiver, which uses 45.0%5
MHz as the first IF, 8.83 MHz as the second IF, and 456
kHz as the third IF.

s The T5-440 is compact, but allows for installation of an
optional internal automatic antenna tuner operating in the
amateur band from 3.5 MHz to 28 MHz and enables a
wide range of antennas to be used.

= The T5-440 also contains a micreprocessor-controlled dig-
ital PLL circuit which controls frequency in 10 Hz steps
using a single crystal oscillator to implement high accura-
cy and stable frequency control.

¢ The T8-440 has the following major features:

{1} Selectable VFQOs; VFO-A and VFO-B

{2} Direct frequency input using a numeric keypad

{3} 100-channel memory containing frequency band,
and mode information {channel 90 to 99 for split fre-

2. Frequency Elements

The TS-440 utilizes a triple conversion transmitter and
receiver.
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8.83MHz
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quency memaory}
{4} Memory scan in 10 channel groups and two types
of program scan
{5} RTTY (AFSK} mode available
{6) Squelch circuit operational in all modes
{7} Dual filters available to improve selectivity and S/N
ratio {optional filter required}
{8) IF shift, audio notch, IF filter switching, and RF ATT
functions for convenient interference reduction
{9) Large heat sink and cooling fan {100 W) enabling up
to one-hour continious transmit operation
{10} Full and semi break-in circuits for CW
(11) External-computer controllable {optional interface re-
quired)
{(12) Many easy-to-read meter functions such as the
received signal strength (s-meter), transmitter powver,
SWR, and ALC level.
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Fig. 1 Frequency configuration

The overall frequency configuration of the TS$-440 is shown
in Figure 1. The incoming received signal {fy) is applied to
the ANT terminal. This signal is mixed with the local oscilla-
tor signal (fycol in RX MIX 1 to obtain the first IF frequen-
cy. This signal is then mixed with the HET Oscillator signal

T L r pmwr RoAIWF M . w a4 e ape p —

tor freguency {fLo) to obtain the 3rd IF frequency. The sig-
nal is then combined with the CAR signal for detection. fiy
is expressed mathematically as follows:

fiw = fuco — fuer — flo — fear oo 1
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2) AF notch circuit

CIRCUIT DESCRIPTION
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Fig. 5 NOTCH circuit

The hybrid IC1 in the IF unit is an audio notch circuit. The notch frequency is determined by the following two

Figure 5 shows its equivalent circuit. This circuit forms state- formutas.

variable bandpass filter, also known as a bi-quad filter. The

notch frequency can be changed using the notch control vari- 1) fy=R6/2x/R1+Notch VRI-R8-R10-C1-C65.......... 1
2y R6-R1Z2+R13IZRIORIT e 2

able resistor. Since the circuit cansists of the hybrid IC, sta-

. ble attenuation characteristics can be obtained electrically and
thermally. The range of variable notch frequencies is 400 Hz
to 2800 Hz.

If a variable resistor is used for resistor NOTCH VR, the notch
frequency can be controlled according to formula 1.

The notch frequency range is from 400 to 2600 Hz, and at-
tenuation is from 25 to 50 dB.
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CIRCUIT DESCRIPTION

3. Transmitter Circuit Description

Ica Q44 IC5 IC8
MIC HPCII58HZ ss8 2502459 ANE |2 CF I ANG 2 CF4
MIC
N DBM)—~ CF lst Mix JEEMHz R oger
558 ow ’
CAR ) 9455KH: B.375MHz
G46 QIO Q13,14 Qe
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3rd N
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BSC243%  25C2603 |, piaskel 75,05 MHz
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Ql Q2,3 Q4,5
25C2075 25C250922 25C2B79x 2

.

RX

Fig. 8 Transmitter circuit configuration

n 8SB, CW, AM, or FSK mode, the transmitter systern uses
triple conversion. In FM mode, the transmitter system uses
double conversion using PLL modulation.

Audio signals from the microphone are applied to the MIC
pin {connector {21)} of the IF unit and are separated into SSB
modulation and VOX signals. The SSB signal is amplified ap-
prox. 8 dB by IC4 {(xPC1158HZ). AFSK audio signals from
the AFSK IN pin {back panel} are also applied to IC4.

IC4 functions as a SPEECH processor. Qutput from IC4 is
distributed to the MIC GAIN control ifront panel) and FM cir-
cuit (RF unit}. In 58B mode, the signal applied to the MIC
GAIN control is sent back to the IF unit (connector (23) MV 2},
amplified by Q44 {25C24569), and supplied to the balanced
maodutator ICS5 (ANG12). In FM or CW mode, Q44 does not
aperate because a cut-off voltage is supplied to its emitter
via diodes DB2 and D46. The signal converted to 455 kHz
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CIRCUIT DESCRIPTION

DSB by IC4 goes through the SSB transmit switching diodes
D17 and D18, filter switching diodes D14 and D12, and SSB
ceramic filter CF1, to obtain the S5B signal. The SSB signal
then goes through the transmit switching diode D36 and is
fed into the transmit first mixer, IC&, where the SSB signal
is mixed with the output from the 8.375 MHz oscillator in
the IF unit, and converted to 8.83 MHz. in CW or FM mode,
the carrier signal frem the PLL unit does not go through IC5
BM or the 455 kHz filter. These carrier signals are applied
to IC6 via switching diodes D53 and D54, The output signal
from IC6 goes through the MCF to remove spurious compo-
nents, and is amplified by the IF amplifier 046 (35K 73} and
sent to the RF unit. Q46 provides ALC control and CW
keying.

in the transmitter second mixer, consisting of Q11 and Q12,
{35K 1224, the 8.83 MHz transmit IF signal input to the RF
unit is mixed with HET oscillator signal (36.22 MHz) from
the PLL unit and converted to 45.05 MHz signals. The 45.05
MHz signal goes through D23 and the MCF to remove any
spurious components. The 45.05 MHz signal then goes
through D27 and is supplied to the transmit third mixer con-
sisting of Q13 and Q14 {3SK122). In the third mixer the sig-
nal is mixed with VCO signal {Q21 to Q24} amplified by Q12
{25C2668) and converted to the required transmit frequen-
cy 1.8 10 29.7 MHz). The signal from the third mixer goes
through the low pass filters C156, €158, C159, and L89,
and is amplified by the wide band amplifier Q15 (25C2570).
The signal then goes through the wide band transformer T13
and low pass filters C164, C165, and L90, and is further am-
plified by wide band amplifier Q16 {25C2538). The signal
from the Q16 goes through the output transformer T20 and
is used as the drive output.

In FM mode, the PLL VCO is directly modulated. The audio
signal from (F unit IC4 (UPC1158HZ} is fed into the RF unit
via the FMI pin. In the RF unit, the audio signal is amplified
by Q36 {25C2459) and Q37 {25C2603), and goes through
the limiter circuit consisting of Q38 {UPC4558C) and low
pass filter circuit, and is sent to the PLL unit via the FMD
pin. In the PLL unit, the 36.22 MHz VCGC is modulated. 039
(25C2603) is a switching circuit to prevent the modulated
signals from being emitted from the PLL unit in @ mode other
than FM.

For “*S" model radios the output from the RF unit is
amplified to a 100 W power level by Q1 {25C2075), Q2
and Q3 (28C2509), and Q4 and Q5 (2SC2879) in the
final unit. The 100 W output goes through the LPFs which
differ by bands, and is sent as output to the antenna via the
AT unit and transmit/receive switching refay. SWR and
AlLC detection is performed at the output of the LPFs.

1) Antenna tuner

The antenna tuner operates when the AUTO/THRU switch
is in the AUTO position and the AT TUNE switch is ON. The
antenna turer is driven in the CW mode and power is reduced
to B0 W by the microcomputer regardless of the mode select-
ed before the AT TUNE switch was turned ON. The range
of operating frequencies is determined by a microcomputer
program, and is from 3.5 MHz to 30 MHz.

* AT unit operation

Powver transmitted by the final unit passes through the cur-
rent and voltage detecting transformers L1 and L2 using
toroidal cores. Current and voltage components detected
by the transformers are supplied to pins 9 and 13 of IC2
for wave shaping and their phases are compared by IC3
HE10131. The output from pin 3 of IC3 depends upon
the phase of the voltage and current waveforms applied
to IC3. The signal from IC3 pin 3 is sent to pins 10 and
15 of buffer IC IC3 HD10125. Qutput from pins 12 and
13 of IC3 goes through level shift Zener diodes D5 and
D6 to control the input circuit of motor drive IC IC5
BAS109U 2. The output signal is used to drive motor M1
10 adjust the variable capacitor VC1 so that the phase
difference between voltage and current components is
reduced.

The current and voltage components output from the cur-
rent and voltage detecting transformers is also supplied
to the voltage comparator IC1 NJM2903D. The compa-
rator output is used by motor drive IC IC8 BAS109U2 to
drive motor M2 to adjust variable capacitor VC2 so that
the amplitude difference is reduced. That is, the phase con-
trol variable capacitor VC1 is controlled so that the cur-
rent is in phase with the voltage and the voltage control
variable capacitor VC2 is controlled so that the amount
of amplitude difference between the current and voltage
is reduced (SWR1, an SWR of 1 to 1, is obtained when
the current and voltage are in phase and the amount of
amplitude difference is 0). VC1 and VC2 are designed to
operate independently of each other, but since phase
difference affects the amount of amplitude difference and
vice versa, VC1 and VC2 will normally rotate together.

Forward and reflected waves detected by the filter unit are
converted to SWR control signals in the SWR arithmetic cir-
cuit in the control unit and are sent to the ISW pin of the
AT unit. Since the SWR control signals are current wave-
forms, the signals are converted from | to V waveforms by
IC8 {b/4) in the AT unit and to obtain the corresponding vol-
tage mode SWR signals are generated. The SWR signals are
then fed into the SWR comparator (C8B {C/4). The reference
voltage pin 9 of the ICB {C/4} is supplied with a voltage cor-
responding to an SWR of 1.25 to 1 via a potentiometer.
Therefore, when the actual SWR value exceeds 1.25, pin 8
of SWR comparateor IC8 (C/4) is H, so the motor drive vol-
tage control transistor Q5 turns on and the collector of G4
is supplied with voltage from pin 145. The voltage is also
used tao turn the tuning LED on. The inverted input pin of IC8
{d/4} is supplied with triangular waves generated by IC7, and
its non-inverted input pin is supplied with the above SWR vol-
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15-4408

CIRCUIT DESCRIPTION

Ve is compared with voltage from IC8 pin 8 (5.5 V).
When SWR increases, Vg lowers and the voltage level
of ICB pin 8 rises. At IC7 pin 3, a triangular wave is moni-
tored. The triangular wave is compared with the wave
from IC8 pin 8 and output. The triangular wave is con-
verted to a square wave by IC10 and sent to switch O3
and Q4. This voltage is used as the SWR contral voltage.

3) FULL/SEMI BREAK-IN and VOX circuits

Output voltage from IC8 pin 2 consists of the voltage com-
pared with Vzr/Vgr and + 5 DC voltage. It is distributed
to IC4 the level shift/meter amplifier to move the needle
in the SWR meter and IC5 the V-l convertor to control the
AT440.

YR14 is used to adjust the SWR meter ZERG point.
VR13 is for SWR meter adjustment

RL TXB RXB

| | ]

STAND-BY SW
- STAND=BY CONTROL

J_{/D”_" MICROPROCESSOR CIRCUIT ~1 POWER sUPPLY

CONTROL
J:ﬁf/ . CIRCUIT
MIC
VOX
D— CIRCUIT

’ Fig. 9-1 FULL/3ENMI BREAK-IN block diagram

When the standby switch, the key, or the VOX switching
transistor are activated, a ground is applied to the input pin
of the control circuit, which causes a standby signal to be
fed to the microprocessor to determine if a valid transmit con-
dition has been met. When that condition has been met, the

I | | | I | A ONE SHOT B c
MULTI-
KEYING VIBRATOR

STAND-BY
VOX

DELAY
TIME

ONE SHOT{ |

standby circuit in the IF unit will be turned on.

A keying signal is generated by the controf circuit, whenaver
the key is depressed, to control the keying circuits in the IF
unit. This keying signal is also used as the transmit/receive
signal during break-in operations.

O KEYING (FULL)

—0 CONTROL{FULL)

KEYING {SEMI)

CONTROLI(SEMI}

[ [MULTI-

' VIBRATOR'

FYTY
VYY

TEZ





































































































































































































































































































































































