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TS-820 SPECIFICATIONS

FREQUENCY RANGE ..........ccoooviminins 160 meter band — 1.80 to 2.00 MHz
80 meter band — 3.50 to 4.00 MHz
40 meter band — 7.00 to 7.30 MHz
20 meter band — 14.00 to 14.35 MHz
15 meter band — 21.00 to 21.45 MHz
10 meter band — 28.00 to 28.50 MHz (A)
10 meter band 28.50 to 29.00 MHz (B)
10 meter band — 29.00 to 29.50 MHz (C)
10 meter band — 29.50 to 29.70 MHz (D)

AAY — 15.0 MHz (receive only)
[, [0 1 = T St SO Rl 8 USB, LBS, CW, FSK
POWER REQUIREMENTS .................... 120/220 VAC, 50/60 Hz operation 13.8V DC operation
Receive 45 watts (heaters on) 5A (heaters on)
26 watts (heaters off) 0.6A (heaters off)
Transmit 280 watts (maximum) 15A (maximum)
PLATEPOWERINPUT ... 120/220 VAC. 50/60 Hz operation 13.8V DC operation
200 watts PEP for SSB operation 120 watts PEP for SSB operation
160 watts DC for CW operation 90 watts DC for CW operation
100 watts for FSK operation 60 watts for FSK operation
AUDIO INPUT IMPEDANCE .................. 50 k ohms (high impedance)
AUDIO OUTPUT IMPEDANCE............... 4 to 16 ohms (speaker or headphones)
AUBIOOUTPUT ........co i iiiininin More than 1.5 watts (with less than 10% distortion) into an 8 ohm load.
RFOUTPUT IMPEDANCE...................... 50 ~ 75 ohms
FREQUENCY STABILITY ............ccociinine Within 100 Hz during any 30 minute period after warmup
Within +1 kHz during the first hour after 1 minute of warmup
AUDIO FREQUENCY RESPONSE .......... 400 to 2600 Hz, within —6 db
CARRIER SUPPRESSION ...................... Carrier better than 40 db down from the output signal
SIDEBAND SUPPRESSION ................... Unwanted sideband is better than 50 db down from the output signal
IMAGE RATIO ..cooooivvincnnmsmsies Image frequency (8.83 MHz) better than 60 db (50 db for 10 meter band) down
from the output signal
HARMONIC RADIATION ............coevvennn. Better than 40 db down from output signal
SPURIOUS RADIATION .........c.occvvvinnnine Better than 60 db down from output signal (without spurious radiation)
IFREJECTION ..o IF frequency is 80 db or more down from output signal
RECEIVER SENSITIVITY ...l 0.25 uV S/N 10 db or more
RECEIVER SELECTIVITY ........................ SSB: 2.4 kHz bandwidth (—6 db down)
4.4 kHz bandwidth (—60 db down)
CW*: 0.5 kHz bandwidth (— 6 db down)

1.8 kHz bandwidth (—60 db down)
* (with optional CW filter installed)

TUBE AND SEMICONDUCTOR ............. 3 Tubes
COMPLEMENT 5 IC's
30 FET's
74 Transistors
167 Diodes
DIMENSIONS ... 13.2" wide x 5.9"high x 13.2" deep

WELGHT ... 37.4 Ibs.



TS-820 BLOCK DIAGRAM

IF UNIT
[T oo, PR S SR S Y N N R R S N Y S O F O M RS SR Sy R S S G N S S SR Sy =
l- Q27 ALC AMP 026 ALC AMP 028 455 05C o9 Butt AMP :
25A
: COMP METER 495(Y) @ % % |
I |
| - SMETER ALC METER I RF UNIT
34 BM -5
| 22 PROC AMP  neo 023 455AMP Q24 455AMP 25 Butt AMP 38 Q30 AF AMP Q4 METER AMP 1|| @ acave _ |
I CFl 25¢ CF2 CF3 | Q¢ Bas CONT T
| 945(R), I °
| | l 156 733(Y) R | ‘gﬂ;
4 RF NFB
| h 3 FINAL UNIT
| COMP LEVEL | | r e e i o s —
| [I Q1 8Mi r |
| 02629 BM K I
s 020 AF AMP Q21 AF AMP N0 QL8 Bult AP Q1 1F AMP f{ Y1 Drive AMP |
| |
XF1 SSB
I 25€ 1000 & W W 35K35 —— Pt 3543 I P Net work _l_!
b /
I " Q17 Buif 8 8IMHz ll J.f .L‘ I L
IC GAIN -~ CONUTER | l
| CARLEVEL B = e WO M | PLATE LOAD
| . XF2 CW A I| T 7 | "
% Ve — T N L (e O e A — .|
Il_____ ¢ e & | il PLL ASSY
F::::::::::::::_____:::_ _____ | ——— |1
I CW FSK 88307 : = ——— e _._,I CAR FREO
X1 FSK(N)8830 53
| FSK(W)8829 85 Q1 CAR? 0SC 02 Buft k.. V7T TrTY 1Tr7"/""—"—"/""" e Meet FRER 03¢
b4 I 0 25C 25C : | LSB 8828.5 CAR1
=i ai 460(8) 460(8) N usB 8831.5 CARI
: ‘
I I
5'” XLLSB FSKR Q1 CARI 0SC 3 b : | CW(T) 8830.7 CAR2
0| sgzgy =l i i — —_— ' cw(r) | 88315 CAR1
X 25¢ 2
< | reusom —0 UIMVDE QI AMP i Q2.3 Mull 04 ANP 1 | FSK § 8830.7 CAR2
88315 -
g | 25K19 ATy SCaT3 3 FSKMN | 8830.53 | CAR2
O L IF SHIFT e : | FSKMW | 8829.85 CAR2
—— e e B e e 1 | I eoiers | wmem | mam
| 03 AF P 02 AF AMP SW GATE | 03 Bulf AMP Q2 REAMP :
I A 25¢ o1 -4 - Iy |
| < 7201F, A 10001GR | 151587 | ' H HET RFEQ(VCO)
| 5 oy I ' BAND FREQ
I AF GAIN TONE SH | I
C_ oyt = r——————_——_——— | | LY wwv 23.83-24.33
— ——— ———— — — — — — — S — — — — I
3 | ] 1.8 10.63~11.13
|— —— — —— — — — — — — — — —— — . — — — — — — — — — !
r = ' i ‘e iy 35 12,33~ 12 83
: Q78 SHUNT  QQRL CONT e e e ] 7 15.83~16.33
| 2507330Y) —>J2sasea(y) i 14 22.83~23.33
| RLI RL2 21 29.83~30.33
7 ©
I 28 36.83-37.33
Q4 VOX AMP P (. _—————— 4 Fm——————— 4 pemem———— -
: Q5 AMP 06 DELAY Q13 0COC 0SC D20 -23 REC } ycoour } } 1 :— 1 r 1 28 .5 37.33~-37.83
b= 1 1 [ NT [ 1
L 29 37.83-38.33
= jML 25A562(Y) —o125K735(Y) ] 151555 fa ! PLL ASsy ! ! DISPLAY i COUNTER | v AVR !
% | VOX GAIN s ' : \ ™1 Assy ' : ¥ : 295 38.33-38.83
| DELAY | | ! 11 [ I
x| FIXCH [ | L. LI b e e R S 1l e o J Rl
g | Q12 SIDE TONE OSC Q1 0sc Buff AMP 03 Buff é é (F) (aj_
2s¢ 256 VFO AR
>|< : KEY 133(1) (E) i assy P CAR
E L 5.5~ 5.0MHz
e - T T = === =1 AF—AVR UNIT
| o vro osc Q2 Buft AMP 03 Butt

|

|

I

| .

1 )T-SS 50 MHz
[ W— — — — — — — — —— — — ——— — — —

VFO UNIT



FEATURES

. HF all-band SSB/CW/RTTY transceiver employing
PLL system

This equipment is a SSB/CW/RTTY transceiver covering
1.8 to 29.7 MHz frequency bands (WWV; 15 MHz) in
which an ideal circuit configuration has been achieved
by employing a newly developed PLL technique.

. Excellent spurious radiation characteristic and
receiving two-signal characteristic

Thanks to employment of a FET balanced type mixer in
each of the transmitting and receiving circuits and com-
bination of MOS FET and a single conversion system,
excellent performance is obtained in both the spurious
radiation characteristic and receiving two-signal
characteristic.

. Built-in IF shift circuit

The IF shift circuit used, also called a pass-band tuning
circuit, shifts the pass-band of intermediate frequency
without changing the received frequency. Where there
is radio interference, the pass-band can be shifted or the
receiving frequency response can be set to a desired
band only by manipulating one control knob.

. Built-in RF processor

This transceiver is provided with & unique speech
processor developed by KENWQOD. This circuit serves
for compression with small time constant at 455 kHz.
Due to processing at high frequency, the resulting distor-
tion 1s minimized and deterioration of the tone quality is
prevented unlike clippers.

. Employment of RF negative feedback

RF negative feedback is applied between the final
transmitting stage and the driver stage to SUPPress cross
modulation distortion. The good-reputation high-quality.
transmission radio waves are improved further by com-
bination use of the amplifier type ALC and RF negative
feedback.

. Newly developed analogue dial

Due to combination use of the newly developed
monoscale dial and subdial, it I1s very easy to read fre-
quencies. Since such a circuit that a carrier frequency is
kept unchanged regardless of change-over of operation
mode is employed, each frequency is accurately in-
dicated only by one dial index.

. Rigid construction and excellent operability

Since die cast is employed for the front panel and the
chassis is constructed in the sufficient consideration of
strength, the transceiver maintains high mechanical
stability even when installed on a vehicle. The reduction
gears of the PLATE and LOAD knobs. the shape and
arrangement of knobs designed on the base of human
engineering permit superb operability together with the
dial construction easy to read.

8.

10.

11.

12.

13.

14.

15.

Built-in monitoring circuit

Unlike conventicnal transcelvers, TS-820 incorporates a
maonitoring circuit that permits the cperator’'s speech to
be monitored by himself during transmission. This cir-
cuit can be used to check the modulated conditions or
adjust the RF processor.

. Audio frequency response change-over circuit to be

used during SSB or CW receiving.

During CW receiving, audio frequency band is
automatically narrowed to obtain tone quality easy to
receive.

Built-in fixed channel circuit with RIT (crystal; op-
tion)

This transceiver is provided with a fixed channel circuit
having RIT. Since cross operation is possible between
this circuit and built-in VFO, high technical operation is
enjoyable.

Transverter connection terminal provided

This transceiver permits combination use with
transverter TV-502 (for 2m) only by connector
connection. Automatic change-over can also be

effected between HF and VHF by using the power switch
provided on the transverter.

Built-in AC power supply and attachable DC-DC
converter

Muobile operation of the transceiver can be performed by
equipping a DC-DC converter unit (DS-1) available at
option.

Wide variety of auxiliary circuits and divice

This transceiver is provided with wide variety built-in
accessory circuits such as a noise blanker, VOX circuit,
side tone circuit, maker gircuit, built-in speaker, AGC 3-
position change-over switch, heater switch, IF QUT ter-
minal and connection terminals for a linear amplifier.

Systematized optional equipment

Optional equipments are fully provided such as remote
VFO VFO-820. external speaker SP-520, CW filter YG-
88C, digital display DG-1. transverter TV-502
microphone MC-50 and low-pass filter LF-30A.

Use of digital display dial DG-1 (option)
1) Digital display dial

The digital dial of TS-820 indicates transmit and
receive frequencies using carrier, VFO and local
oscillator signals instead of converting VFQ
frequencies. Thus, accurate frequencies can be
read at all times at any band and any operating
mode.
Since the accuracy of frequencies is set up only by
the 1 MHz standard oscillator. frequencies can be
read accurately up to 100 Hz order by calibrating
the oscillator with WWV
The green indication on the dial assures many hours
of fatigueless operation,

2) D H. (display hold) switch
By pressing the D.H. switch, the frequency read on
the digital remains on, thus serving as a memory

system.
5



OUTLINE / CIRCUIT DESCRIPTION

OUTLINE

The block diagram of TS-820 is shown on page 4.

The receiver part employs a single superheterodyne system,
‘while the transmitter part employs a single conversion
system having a filter type SSB generator. The intermediate
frequency used is 8830 kHz.

The local oscillator employs a phase locked loop (PLL) circuit
controlled by VFO and the mixer circuit is of a balanced mixer
type using dual-gate MOS FET in each of transmission and
reception. Thus, spurious radiation is minimized during
transmission, and the desired signal can be received without
being interferred by large signals of adjacent channel or
spurious radiation, thus obtaining superb transmitting and
receiving performances.

The IF shift function (electronic pass-band tuning) is also
realized by making the most of PLL characgeristic and use of
one SSB filter permits the same effect as in use of exclusive
filters for USB and LSB

In addition to the conventional accessory functions, the
various circuits newly developed such as RF speech
processor and transmission monitor are provided.

CIRCUIT DESCRIPTION

TRANSMITTER SECTION

A voice signal applied to the microphone is fed to IF unit and
amplified by microphone amplifiers Q19 ~ Q21, which per-
forms faithful amplification using low-noise type transistors.
The audio frequency signal, after amplified, is applied to a
ring modulator consisting of four diodes D26 ~ D29, The
DSB output of the ring modulator is passed through buffer
amplifier Q18 and a crystal filter. Then after converted into
SSB signal. the output is further IF amplified by Q1 to be
applied to the transmitter mixer in RF unit.

The transmitter mixer is of a double balanced mixer con-
figuration using two MOS FETs Q1 and Q8 (3SK41). In turn
the output of VCO (voltage controlled oscillator) controlled
PLL is used for the local oscillation, thereby minimizing
spurious radiation. The SSB signal, the transmission signal
converted into the desired frequency., is amplified by
transmitter driver tube 12BY7A and then 1s applied to the
final stage power amplifier.

The final stage tubes are operated in AB1 class to amplify
SSB signal with low distortion and the output thus obtained
is fed to the antenna through a = matching circuit,

RF negative feedback is applied between the final stage and
the driver stage to suppress the cross modulation distortion
further.

RECEIVER SECTION

The incoming signal is passed through RF ATT switch and
after attenuated by approx. 20 dB. if necessary. is applied to
RF unit, and then RF amplified by Q2. The amplified signal is
passed through buffer amplifier Q3 and is mixed with the
VCO output by balanced mixer consisting of two dual-gate
MQOS FETs Q6 and Q7, thereby being converted in IF signal
of 8830 kHz.

This signal is fed to IF unit and, after passing through the
noise blanker circuit and crystal filter, is amplified by three
stages amplifiers Q1, Q2 and Q3 (3SK35) and then con-
verted into AF signal by a ring detector consisting of four
diodes D9 through D12.

The AF signal thus obtained is applied to AF AVR unit and
amplified by Q1, Q2 and Q3 to a sufficient level enough to
drive the speaker. The frequency response of the AF
amplifier is changed over to that for CW or SSB in interlock-
ing with MODE switch.

UNIT

IF UNIT (X48-1150-00)

The IF unit is a very principal unit provided with many func-
tions in both transmission and reception. It consists of a
microphone amplifier, ring modulator, crystal filter,
transmitter/receiver IF amplifier and ring detector as well as
a noise blanker, AGC amplifier, S meter amplifier, speech
processor and monitoring circuit.

Crystal filters are equipped only for SSB, but CCW filters
available at option can be attached easily.

RF UNIT (X44-1150-00)

This unit includes the ALC amplifier and the block bias cir-
cuit, centering around the transmitter and receiver RF
amplifier stage and mixer circuit. They are arranged together
with the coil pack unit of centralized tuning circuit.

COIL PACK UNIT (X44-1140-00)

Individual interstage coils of each band, band change-over
rotary switch and variable capacitors are arranged neatly in
this unit, while operating in combination with the RF unit.

PLL ASSEMBLY UNIT (X60-1010-00)

This consists of PD unit (X50-1340-00) and VCO unit (X50-
1330-00) to compose transmitter and receiver local os-
cillators. Oscillation output having the same stability as in
the built-in VFO is obtained for each frequency band.

The PD unit consisting of crystal oscillators for respective
frequency bands, two mixers, a wave shaper and a phase
comparator generates a control voltage for VCO (voltage con-
trolled oscillator) as a reference oscillator, and also con-
figurates an electronic IF shift loop arrangement using the
carrier signal supplied from outside.

The VCO unit consists of oscillator for respective frequency
bands using FET (VCO), buffer amplifier and the oscillation
output stopping circuit, which stops the oscillation output
when PLL fails, and its output frequency is controlled by the
control signal fed from the PD unit,

Both units use diode switches for band change-over.

COUNTER ASSEMBLY UNIT (X60-1020-00)

(DG-1: Option)

This unit consists of a countermixer unit (X54-1150-00)} and
a counter unit (X564-1160-00); the former mixes VCO output
(the local oscillation signal of mixer) with a carrier signal into
actual operating frequency and the latter counts the digital
value of that frequency.



CIRCUIT DISCRIPTION / FUNCTIONAL DISCRIPTION

These circuits are strictly housed in a shield case. Since all
local oscillator signals are read after combined with carrier
signals, actual operating frequency can be always counted.
The output of the counter is picked out as a signal for driving
the display tube and supplied to the display unit.

DISPLAY UNIT (X54-1170-00) (DG-1: Option)

The operating frequency counted by the counter unit is in-
dicated by a 6-digit fluorescent display tube. Use of blue dis-
play color won't weary the operator's eye,

5V AVR UNIT (X43-1220-00) (DG-1: Option)

This unit is a b-volt stabilized power supply for the counter
unit. Due to use of ICs, the specified voltages are obtained
without making any adjustment.

CARRIER ASSEMBLY UNIT (X60-1000-00)

This unit consists of a CAR-1 unit X50-1310-00 and CAR-2
unit X50-1320-00. CAR-1 unitincludes oscillater circuits for
LSB and USB transmission and reception and for CW and
FSK reception. while CAR-2 unit includes oscillation circuits
for CW and FSK transmission.

These oscillators are crystal oscillators that serve as carriar
generator during transmission and as BFO for the ring detec-
tion during reception. Part of the output is applied to the PLL
unit and counter unit.

AF-AVR UNIT (X49-1080-00)

This unit includes AF amplifier in the final stage of the
receiver section and the 9-volt stabilized power supply. The
frequency response of the AF amplifier can be automatically
changed over to that for CW or CCW with tone switching
diodes D1 and D2 by changing over the band switch

FIX-VOX UNIT (X50-1350-00)

This unit includes a fixed-channel oscillator circuit, VOX cir-
cuit for performing stand-by operation by means of voice and
— 6-volt generator circuit for block bias

VFO UNIT (X40-1110-00)

Since the PLL circuit is controlled by VFO signal, the frequen-
cy stability of TS-820 is essentially determined by that of
VFO. The circuit consists of 2 FETs, 2 transistors and 3
diodes, and the oscillation frequency is 5.0 to 5.5 MHz,

MARKER UNIT (X52-0005-01)

A signal of 100 kHz is generated by driving a crystal quartz by
Q1. This oscillation frequency can be fine adjusted by
ceramic trimmer TC1 inserted into the collector circuit. The
output of Q1 is wave-shaped by diode D1 and thereby the
free-running multivibrator Q2, Q3 is triggered. Although the
free-running oscillation frequency exists around 25 kHz, it is
accurately synchronized with 25 kHz by the synchronizing
signal of the output of the crystal oscillator. This oscillation
frequency is phase inverted by Q4 and then taken out as the
output.

FINAL UNIT (X56-1200-00)

This unit includes the final stage power amplifier compart-
ment except for the output-side = maitching circuit.

RELAY UNIT (X43-1190-00)

This unit consists of a stand-by relay and smoothing
capacitors for DC low-voltage power supply and a 5-volt
stabilized power supply for the PLL circuit. The relay in this
unit is mainly used to change over DC signal such as block
bias or “cross” operation control.

HV UNIT (X43-1110-00)

This unit includes voltage-dividing resistors for measuring the
plate voltage of S2001A and voltage dropping resistors for
reducing the screen voltage of SZ001A with the MODE
switch set to TUNE position.

RECTIFIER UNIT (X43-1090-02)

This unit contains all the rectifier circuits of TS-820. The
high-voltage line of BOO-volt uses voltage doubler rectifier,
the 300-volt/210-volt/C line uses a half-wave rectifier and
the 14-volt line uses a bridge receitifer

INDICATOR UNIT (X54-1180-00)

TS-820 permits 16 kinds of the so-called “cross” operations
using internal VFO, remote VFO and internal fixed channels
to be optionally selected. by the operation of the function
switch. To perform this operation smoothly it should be able
to be checked instantlh which is in operation among two
VFOs and internal fixed channels. Thus, this unit indicates
the individual operations of “VFO", "ATT", “FIX" and "RIT”
using GaP light-emitting diodes.

VOX-VR UNIT (X54-1190-00)

Three variable resistors VOX GAIN, ANTI VOX and DELAY
are directly mounted onto a printed circuit board.

FUNCTIONAL DESCRIPTION

SINGLE CONVERSION SYSTEM

Almost all conventional transceivers for amateur use employ
the double conversion system as shown inFig. 1, particularly
with the first local oscillator fixed and the second local os-
cillator variable. This double conversion system has also
been employed by KENWQOD in the transceivers up to TS-
520,

The double conversion system has the following features.

1. Multiple-band arrangement can be obtained com-
paratively easily by selecting the first local oscillator fre-
quency.

2. The first IF frequency is fairly free 1o be set

3. Mixer noise is apt to increase due to twice frequency
CONversions.

4. Excessive level signals are fed to the second mixer.
Thus, the 1two-signal characteristic might be
deteriorated.

5. Due to many internal oscillators and mixers beat in-
terference and spurious radiation are liable to be caused.

7



FUNCTIONAL

AF AMP FILTER

IFAMP

AF AMP

Mix IFAMP FILTER IFANMP

Fig. 1 Typical double conversion type

In turn the single conversion system has a simple circuit con-
figuration, as compared with the double conversion system,
as shown in Fig. 2, and it is considered to be provided with
the following features.

1. Since only one mixer is used, mixer noise level is low.

DISCRIPTION

AFAMP MiX EILTER IFAMP

RFaMP

MixX FILTER IFAMP

Fig. 2 Single conversion type

TS-820 is designed to enhance the two-signal characteristic
in receiving and on suppression of spurious radiation in
transmitting. Thus, it employs the single conversicn system
with PLL type local oscillator. Employment of the PLL system
permits various merits such as unification of the dial pointer

2. Since the number of oscillators can be reduced, beat in- and IF shift function.
terference in receiving and spurious radiation in The circuit configuration of TS-820 is as shown in the block
transmitting are eliminated comparatively. diagram. As shown inFig. 3(Frequency diagram) TS-820 is
3. It is comparatively difficult to increase the number of of a single conversion type using PLL local oscillator and
bands. Thus, the local oscillator circuit configuration crystal filters of 8.83 MHz IF frequency.
becomes complicated.
4. IF frequency cannot be set to a higher frequency (due to
the IF crystal filter used).
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Fig. 3 TS-820 frequency diagram



FUNCTIONAL DISCRIPTION

RF SPEECH PROCESSOR

During DX communication, TS-820 can increase talk power
by using the speech processor, in which audio freguency
signal is converted into 455 kHz SSB signal and compres-
sion processing is performed with a small time constant.
Thus, signal distortion is minimized and tone quality is
prevented from being deteriorated, as compared with the
cenventional clipper system. The compression level can be
adjusted by the COMP LEVEL knob, while watching the
meter scale.

The audio frequency signal applied to the microphone is
amplified by Q22 to the level required for the balanced
modulator circuit D31 to D34 and converted into 455 kHz.
Q28 is an oscillator for 455 kHz and Q29 is a buffer
amplifier. The voice signal converted into 455 kHz is
amplified sufficiently by Q23 and Q24, subjected to
automatic gain control by Q26 and Q27, and compression-
processed.

The processor level is adjusted by changing the emitter bias
of Q23 with the RF PRO variable resistor.

The signal sufficiently compression-processed is buffer
amplified by Q25 and balance detected by D35 to D38 to be
converted into audio frequency again (refer to Fig. 4).

BM 25C945(R) 3

FROM Rz

MIC AMP

R10S 10K

RID6 3 3K
T
RI07 IK

MONITORING CIRCUIT

Since T5-820 is provided with a monitoring circuit that per-
mits the operator to hear his voice during transmissicn, it can
be used to check the modulated condition or to adjust the RF
speech processor. This circuit is incorporated in the IF unit.
When the MONI switch mounted on the front panel is turned
ON, the monitoring circuit is biased and operated. The
signal is passed through the IF crystal filter of 8.83 MHz,
amplified by one-stage IF amplifier, buffer amplified by Q12
in the monitoring circuit, further amplified by Q13, product
detected by FET Q14, and thereby demodulated into AF
signal. The AF signal thus obtained is then applied through
VR4 to Q3 in AF AVR unit and thereby power amplified.
This circuit is energized only in SSB transmission. D16 and
D17 act as a dicde switch to prevent the carrier from leaking
into IF circuit (refer to Fig. 5).
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FUNCTIONAL DISCRIPTION

PLL CIRCUIT

Fig. 6 shows the circuit configuration of the PLL system
developed in TS-820. In this system. VCO signal is mixed
with HET signal and thereby converted into a signal of 3.33
to 3.83 MHz common to all bands, which is further mixed
with a carrier to be converted into 5.5 to 5.0 MHz. This
signal 1s phase compared with VFO signal of b.b to 5.0

The HET mixer serves to convert the different frequencies of
individual bands into the same freguency, whereas the
carrier mixer acts to keep the transmitting and receiving fre-
quencies constant regardless of change-over of the MODE
switch by applying a carrier signal to the PLL loop and to per-
form IF shift. Fig. 7 shows the block diagram of the PLL part.
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FUNCTIONAL DISCRIPTION

VCO is provided with independent oscillators for the respec-
tive bands up to Q1 to Q11, which can be changed over by
the band switch. The stability of this circuit is determined by
HET, CAR and VFO. Since HET and CAR are crystal os-
cillators, it is considered to be determined only by the stabili-
ty of VCO. The high stability of VCO itself is also essential as
the major point in design in order to improve C/N of VCO
output and prevent unlocking due to temperature variation.
Thus, FET is used as the oscillator transistor to strictly com-
pensate for temperature variation in the coils. The output of
this VCO is applied to the transmitter and receiver mixers
through Q13 and Q14 which serve as a buffer and also
switching amplifier.

As in VCO, HET is provided with independent cscillators for
the individual bands, which are changed over by the band
switch in interlock with VCQO. This change-over is effected by
-+ B power and switching diodes. The oscillator is a Colpitts
type non-adjustment circuit.

The CAR mixer preceded by the HET mixer uses MC-1496G
for balanced mixer to prevent spurious radiation and a band-
pass filter is inserted at its output. If a spurious signal is con-
tained in the output of this carrier mixer, it may be mixed with
the output of PD and appear at VCO.

The carrier oscillator circuit is divided into CAR 1 and CAR 2;
the former is in charge of CW (receive), USB, LSB, FSK

QI8 TD3400AP

(receive) and the latter is charge of CW (transmit) and FSK
(transmit), The crystal oscillators used are three of 8828.5
kHz, 8831.5 kHz (AR1) and 8830.7 kHz (AR2) and other os-
cillators are of a variable frequency type using varicap diodes.
The signal to be applied to PLL loop is generated at the CAR
1 side. Thus, when CW or FSK signals, the frequencies of
which are different between transmitting and receiving, are
transmitted, PLL loop is composed of CAR 1 and the
transmitting carrier is generated by CAR 2.

The output of the carrier mixer, after amplified by buffer
amplifier Q15 and Q18, is wave shaped by NAND gate Q18
(TD3400AP) and applied to MC-4044P. Meanwhile, the
output of VFO, after amplified by buffer amplifier Q13, Q14,
is wave-shaped by Q18 and fed to MC-4044P.

MC-4044 consists internally of a phase detector (PD), charge
pump and amplifier, and it is used in this transceiver as
shown in Fig. 8. The output of PD #1 is fed to the varicap of
VCO through the charge pump and active filter. The output
D2 of PD #2 becomes high level {constant) when either (or
both) input signal is removed. By utilizing this quality, it 1s
used as OFF circuit for VCO. If the TS-820 function is chang-
ed over to remote VFO without connecting remote VFO, PLL
is not locked. Thus, under such a condition, VCO output is
automatically turned OFF.

F_ T T T~ g ul PU UF g8 i?
pom can wix =L o DoyLo- -o—o e
144P 2
PD Charge - DAMP ::RD
| | To VCO vancap diode
| WA | %1 FumP
v D, PD R24
| | l—o—ao—
| I
| I
i ' v
From VFO —— 0
| | PD
l | Ci5 C14
| AN | e e
L | 55 R16
cwal D12

D13

To VCO OFF circuitry

Fig. 8 TS-820 phase detector circuit
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FUNCTIONAL DISCRIPTION

This PLL part consists of two printed circuits boards of YCO
part and PD/HET part. These printed circuits boards are
shielded from each other and the overall unit is housed in a
shielding case, thus achieving full shield effect.

The PLL circuit of this transceiver is provided with the follow-
ing features.

1. Since the phase comparison is performed at a frequency
as high as 5 MHz, the response speed is rapid and C/N
is improved. When “cross” operation is performed
together with remote VFO or fixed channels by using
VOX, the signal is interrupted at the beginning if the lock
time is not long. When the reference frequency is as
high as 5 MHz, the cut-off frequency of the active filter
can be selected at high frequency and therefore no
problem is offered here.

2. Since VCO is used independently in each band, the C/N
of the oscillator is improved.

3. Since the output of VCO is applied directly to the
transmitter and receiver mixers, the spurious
characteristic is excellent. This is one of the large
merits, as compared with the premix system.

4. Since MC-4044 is used for phase comparison and
therefore the variable range of VCO is narrow, there is no
possibility of unlocking.

5. Since VFO uses the conventional range of 5.6 to 5.0
MHz, TS-820 has compatibility with other KENWOQD's
transcelver models.

The VFO used is basically the same as the traditional VFO.
VFO-b20 can be used as remote VFO as it is.

Relay unit
{Xa3- 1180-00}
RLT

IF SHIFT CIRCUIT

This IF shift operation shifts the carrier frequency by +1.7
kHz and thereby moves IF frequency and the pass-band of
the crystal filters. Thus, AF output can be received in the
frequency response of 1.7 kHz high-cut or low-cut. As
shown in Fig. 9, the IF shift circuit is energized only during
receiving and deenergized during transmitting, fixed by VR1
in CAR-1 unit. This function is achieved by employment of
use of PLL circuit in the local oscillator part. The feature of
the IF shift circuit is as follows:

1. Tone quality adjustment and interference elimination du-
ring SSB receiving. During USB mode operation, the
receiving characteristics of low-cut and high-cut are
obtained by turning the IF SHIFT knob clockwise and
counterclockwise respectively. (Opposite to the above
during LSB mode operation.) Thus, the received signal
can be heard in the desired tone quality, and inter-
ference from the sidebands of adjacent channel signals,
if any. can be eliminated by using the IF shift circuit.

c2 L2 R2
W) LsB
Dl
c1
TC1 R
—] "
& X1 L3 R1
- --k? G'Tw —0 USB
[ C RS cB
Hé_ TC3 —I ; I
? =cC3 = -

mi

| Txe

giLE 'RE

R11Z C

CAR-1 umt (X50-1310-00)

Fig. 9 IF SHIFT circuit
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FUNCTIONAL DISCRIPTION

2. Adjustment of tone quality during CW mode operation
O When no CW filter is installed:

When the main tuning knob is adjusted so that the beat
tone becomes approx. 800 Hz while receiving CW signal
with the IF SHIFT knob set to the center position and the
RIT switch turned OFF, the transmitting frequency of the
own station can be set to that of the party station. After
this zero-in, turn the RIT switch on and turn the RIT knob

to sound clear. When there is interference. it might be
eliminated by turning the IF SHIFT knob. However,

attaching of the exclusive CW filters is more effective

(YG-88C at option).
O When CW filter is installed:

Set the IF SHIFT knob at the center position and turn
OFF the RIT switch. While receiving a signal, set the
main tuning knob until S meter indicates maximum. The
received tone then becomes approx. 800 Hz and the

transmitting frequency is set to that of the party station,

Turn ON the RIT switch, adjust the RIT knob to the desi-
red position and set the |IF SHIFT knob to the highest

receiving level.

O When the digital display is provided:

The digital display indicates the frequency of carrier sig-
nal (BFO signal) and therefore during CW receiving, it
indicates the frequency shifted from the transmitting
frequency of the party station by the receiving beat
frequency (when the IF SHIFT knob is set to the center

position, the lower-side beat frequency is indicated).
If zero-in operation is performed by using the digital
display. follow the procedure shown below.

Turn ON the RIT switch and turn the RIT knob, while
operating the stand-by switch, until the frequency
indication is kept unchanged regardless of change-over
from transmitting mode to receiving mode and vice
versa. Leave the RIT knob as it is and turn the main tu-
ning knob until the zero beat is obtained with respect to
the transmitting signal of the party station (the zero beat

is easy to obtain by turning the IF SHIFT knob). Through

the above proc-edure, the transmitting signal can be set

to that of the party station. Turn the RIT knob until the
desired position Is obtained.

Receiving CW FILTER
CAR position SSB FILTER
Fm—mmm—m——m— o
: ) r 3R}
| I I Iy
] 1 |
] I \
1 ! 1y
1
| i
] 1 ]
' | T l T i
8828 8829 / 8830 8831  8832(kHz)
Mark {wide}
8829.85
Mark (narrow) Space
8830.53 8830.7

Fig. 10 RTTY frequency

3. When FSK (RTTY) is operated

For the RTTY operation, a demodulator and a
teletypewriter are necessary. Demodulators that are
operated with audio input signals with filters of 2125
/2295 Hz (NARROW, 170 Hz shift) or 2125/2875 Hz
(WIDE, 850 Hz shift) incorporated can be all used for
this purpose. For keying of the FSK circuit in TS-820,
insert a relay coil into the closed loop circuit of the
teletypewriter and connect the relay contacts 1o the
RTTY KEY jack on the rear panel.

Fig. 10shows the relationship between the transmitting
and receiving frequencies used in TS-820, Although the
frequency deviation in the FSK circuit has been set to the
NARROW side in our factory, it can also be set to the
WIDE side by switching the connector as shown in Fig.
11. When making FSK operation in the WIDE side, turn
the IF SHIFT knob counterclockwise by approx. 1.2 kHz
until balance between mark signal and space signal can
be obtained during receiving.

When the CW filters available at opticn are equipped,
they can be used during the NARROW side operation by
switching the connectors in the IF unit.

When the MODE switch is changed over to FSK
position, the input voltage of the final stage is
automatically reduced. Thus, the continuous
transmission of this transceiver can be enjoyed without
any anxiety,

FSK NARROW
@
| O
z O
5 O]
©3ol| o
© ofl o
o_ollo
@ _ 16
\ J

Fig. 11 Switching of FSK, WIDE-NARROW
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FUNCTIONAL DISCRIPTION

AGC CIRCUIT

AGC signal is taken from the IF final stage Q3, and after
amplified by Q15 and Q16, is fed to Q1, Q2 and Q3 in the IF
circuit and the first stage Q2 in the RF amplifier, thereby
performing GAIN control. On the collector side of Q16, each
control operation of AGC-SLOW, FAST, OFF and RF GAIN is
carried out. Q4 and Qb act as the meter amplifier for AGC in
receiving and as the meter amplifier for ALC during
transmitting. D20 is used for AGC discharge and D21 for
prevention of reverse current flow. During transmition, Q2
and Q3 are cut off since they are reversely biased by the RB
line voltage.

RF NEGATIVE FEEDBACK AND NEUTRALIZING
CIRCUIT

In TS-820, the tone quality of transmitting signal has been
examined more thoroughly. Without careful overall design
over the entire circuitry improvement of the tone quality can-
not be achieved. For example, distortion in the low
frequency stage, its frequency response, distortion in the high
frequency stage, level distribution and ALC have been tho-
roughly examined and in addition cverall balance design has
been considered.

To minimize the distortion in AF stage, the negative feedback
is often employed as general circuit technigque. However, the
negative feedback for the RF circuit is actually difficult to
employ since stable operation is not easily obtained due to
restriction by parts arrangement and frequency response.
TS-820 applies negative feedback to the so-called tuning
type amplifier circuit including interstage LC tuned circuits.
(Refer to Fig. 12).

Balanced Mixer Neutralization Drive

In the tuned type negative feedback, the plate impedance of
the final stage tube and the gain are greatly changes when its
7 matching circuit is adjusted. Thus, it is necessary to
prevent possible undesired oscillation from occurring
regardless of the set positions of the plate variable capacitor
and the drive variable capacitor. TS-820 is designed so that
undesired oscillation won't occur when the gain increases up
to three times as large as optimum condition.
Neutralization also has large effect on the stability. If it is
imperfect, phase variation increases proportionally and it is
difficult to have effect from low band to high band in the case
of all-band transceivers. Where variable capacitors are used
for interstage tuning, sufficient neutralization is said to be
difficult as compared with the p tuning type, thus causing
unstable negative feedback.

Although TS-820 employs the variable capacitor type neutra-
lization, the rotors and stators are floated from ground and
neutralization is applied and thereby the same effect as the u
tuning type is obtained.

Although the negative feedback has one effect in audio
circuits since the bandwidth becomes wide, the selectivity is
deteriorated in tuning type amplifiers. Thus, sufficient
selectivity is required to be obtained before the driver stage
in the case of such transmitter that the spuricus cha-
racteristic should be improved in the driver and final stages.
Since TS-820, employs a balanced mixer in the IF stage, it is
not necessary to attenuate adjacent spurious signals in the
driver and final stage. Thus, the driver stage is placed
immediately after the mixer and negative feedback is applied,
there. This transceiver applies negative feedback of approx.
6 dB by C5 and C10 and improvement of approx. 10 dB is
effected by the tertiary cross modulation products.

NFB FINAL
5 e L5, L6
? S2001A

35K4| ; fox]]
d .
i 12BY7A
8
R52 ca4

ci

— T.

._I '_ vCl ve2

c1

W
Al

25 TC1 Neutralization

Fig. 12 RF-NFB circuit
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FUNCTIONAL DISCRIPTION

NB CIRCUIT

The NB unit roughly consists of a signal system and noise
system,

The signal converted into IF signal of 8 83 MHz is purified
through a filter for removing adjacent large input interference
(+15 kHz at —6 dB point in case of X1 and X2) and fed 10
the crystal filter through balanced type blanking gate circuit
D1 ~ D4 and matching transformer T4.

When NB switch is turned ON, the received signal passed
through the input filter circuit is buffer amplified by FET and
its noise component only is picked out through transistors
Q8. Q9 and Q10 and rectified by D13 and D14 to trigger
blanking gate D13 to D4 through Q11. Q6 acts as AGC in
the noise blanker circuit. The noise amplified by Q8, Q9 and
Q10 is rectified by D13 and D14 and applied to the base of
Q6, and then applied to Q8, Q8 and Q10 as AGC voltage.
AGC time constant circuit Q6 is designed to be inoperative
against pulse noise, but operative against continuous signal
having short period such as SSB. Thus, Q8, Q9 and Q10 are
operated nearly in maximum gain state, and against conti-
nuous signals they are operated in the condition that gain is
suppressed by AGC voltage. Now, assume that Q11 is tur-
ned ON by pulse noise when the NB switch is turned ON.
The collector voltage of Q11 is reduced suddenly and D1
through D4 connected to the collector of Q11 are reversely
biased for a specified time by the time constant circuit
consisting of C8 and R2, thus placing the signal line to OFF
state. That is, the pulse noise is then eliminated (such as ig-
nition noise of automobiles) D15 is a diode for setting the
switching level.

This NB circuit is incorporated in IF unit.

AUX BAND

AUX position in BAND switch is empty channel because of
circuit configuration.
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PARTS ALIGNMENT

Meter Front glass Front glass Knob Knob Knob x 2

(B31 0241-05) (B10-0195-14) [B1O 0197 03) (K21 0266 04) 1K21-0315-04) (K21 0268-04)
Pacddle switch « 4 Knob Front glass Cahbration knob| Knob < 4 Knob x 3
1$44-2020 05) 1IK21.02739-04) (B10-0196-14) 1K29-0269 04) 1K21-0269 04) (K21-0267 04)
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Phone jack Knob < 2 Dial escutcheon Knob Knob Eomogaw switchis 3
(E11-0034-25) |  (K23.0239 04) 1801 0105 06) |  (K23-0709-03) (K23-0241-14} 1S59.2020 05}
4P microphone socket Paddle switch Knob x 3 Knob = 3 Panel
IEQB 0403 05) 1544-2016 05) (K23 0240 04) [K29-0166 04) (A20-1030-05]
Cap nutx 2 US socket 3P phone jack 9P MT socket
(N14-0069-14) (E01-0801-05) (E11-0005-15]) (E01-0903-05)
M type receptacle Fan Rocker switch US jack IP pin jack
(E04-0102-05) {F09-0041-05) (§69-2017-05) (E11-0014-05) {E13-:0101-05)

Butterfly nut 12P connector socket US jack

(N14-0020-04) {E08-1208-05) (E11-0003-15)
Shde switch IP pin jack 12P connector 2P pin jack Shde switch
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PARTS ALIGNMENT

IF unnt c23 C24
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PARTS ALIGNMENT
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