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TM-451A/E

CIRCUIT DESCRIPTION

Frequency Configuration

The TM-451A/E transceiver incorporates a digital
variable frequency oscillator (VFQ), based on a phase-
locked loop (PLL) synthesizer system, allowing a chan-
nel stepof 5, 10, 12.5, 15, 20, or 25kHz.

The receiver is a dual-band type covering the 144
and 430MHz bands. Double conversion is used, in
which the received signal is mixed with a first local os-
cillator frequency of 345.05 1o 445.045MHz, 354 95 to
424 945MHz (K,P,M2,E2), and 384 95 10 394 945MHz
(M.E.E3.E9) for 430MHz band reception, or 181.05 to

A

219.045MHz (K,P,M2,E2), 189.05 10 193.045MHz (M),
and 183.05 to 191.045MHz (E,E3,E9) for 144MHz band
reception, to produce the 45.05MHz first IF. The first
IF signal is then mixed with the second local oscillator
frequency of 45 5058MHz 1o produce the 455kHz sec-
ond IF.

The signal in the transmitter system is directly oscil-
lated and frequency-divided by a PLL circuit, and amgpli-
fied by a linear ampilifier, then transmitted.

400~ 1si MCF 2nd CRWMASEE
469.995MHz MIX 45.05MHz MIX  455kHz
ANT RF AMP | IF, AF
Hex PEI™ sw ™ err T’@" peET [™] Amp ‘Eﬂ SP
' | |
-
399.995MHz e P
RF RF D ?
AMP | ane [ i PLL vCO [
144MHz
BE00-
999 9875MH: 136~ 5 and
:ME, EZ) 1?3-9'9 EMiHz R~ T
timeas
LPF - “FB;;"‘P = ‘c 12.8MHz
puLveo [0
430MHz
PA AMP |e 7% DRIVE jeB— band | MIC AMP —(] MIC
A TX 438-449.995MHz (K, P) B: 432-449935MH:z (K, P)

430-439995MHz (M, E, E3, E9)

400-459.995MHz (M2}

410-469 995MHz (E2)
AX  300-469995MHz (K, P. M2, E2)
430-439.995MHz (M, E, E3, E9)
136-173.995MHz (K, P, M2, E2)
144147 995MHz (M)
144-145.995MH:z {E, E3, E®)
B00-599.9875MHz (M2,E2)

E:

430-439.995MHz (M, E, E3, E9)
400~ 469.995MHz (M2
410-469.995MHz (E2)

: 345.05-445.045MHz UPPER (K, P, M2, E2)
354.95~424.945MHz LOWER (K, P, M2, E2)

384.95-394 945MHz LOWER (M, E, E3, E9)
181.05~219.045MHz UPPER (K, P, M2, E2)
189.05-193.045MHz UPPER (M)
189.05~191.045MHz UPPER (E, E3, E9)

754.95-954 9375MHz LOWER (M2, E2)

Fig. 1 Frequency configuration
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CIRCUIT DESCRIPTION

Receiver System
+ QOutline

The signal from the antenna passes through a high-
pass filter and a low-pass filter in the final transmission
stage and then goes through a transmission/reception
selection diode switch to the receiving front end,
where it is amplified by Q301 and unwanted compo-
nents eliminated by a band-pass filter. The resulting
signal is amplified by Q302 and unwanted components
eliminated by another band-pass filter. The resulting
signal goes to the first mixer, Q310.

The 144MHz sub-band signal from the antenna
passes through a low-pass filter and is amplified by
Q303 and Q304, and it goes to the first mixer, Q310.

When RX frequency is 400 to 469.995MHz. un-
wanted components are removed by a band-pass filter,
the resulting signal is amplified by Q302, further un-
wanted signal components are removed by a band-
pass filter, and it goes to the first mixer, Q310

When RX frequency is 300 to 399.995MH:z
(K.P.M2,E2), the signal is amplified by Q313 and
IC302, and it goes to the first mixer, Q310.

When RX frequency is 800 to 999 .9875MHz
(M2,E2), the signal is amplified by Q312, 0313 and
IC302, and it goes to the first mixer, Q310.

The signal is mixed with the first local oscillator sig-
nal from the PLL circuit by the first mixer, Q310, to
convert it to the first IF of 45.05MHz. Unwanted near-
by signals are removed by a two-stage MCF. The first
IF signal is amplified by Q311 and input to the second
mixer Q4. This signal is then mixed with the second
local oscillator signal to produce the second IF of
455kHz.

Unwanted near-by signal components are then
eliminated by an FM ceramic filter and input to the FM
IF HIC (IC1). The signal is amplified to the second IF
signal level and FM-detected to produce an audio sig-
nal.

ANT BPF BPF
RF AMP L302, L303 RFAMP L305 L306 1st MIX IF AMP  Znd MIX CPWMASEE
Q301 TC301, TC302 Q302 TC303, TC304 Q310 MCF a3n 4 455kHz
I " ANT Ir \ f 1 f
HPF —%—= LPF | W _-D_'
1st LOCAL OSC 2nd LOCAL
800-999,9875MH: 300-399.995MHz (PLL)
-
AF AMP
2nd IF RX AUDIO
[:: ‘: AMP, DET AMP
» LPF || || III || =
RF AMP BPF  RFAMP  BPF ._.l_'—" 2nd LOCAL
Q303 L312, L313 Q304 L3165, L3116 45 50EMHz
TC305, TC306 TC307, TC308 $
Fig. 2 Receiver system configuration
ltem Rating ftem Rating
MNominal center frequency | 45.050MHz Morminal center frequency 455kHz
Pass bandwidth +7.5kHz or more at 3dB B6dB bandwidth *7.5kHz or more
Attenuation bandwidth +22kHz or less at 2548 S04B bandwidth +15kHz or less
+35kHz or less at 40dB Pass bandwith ripple 3dB or less
Guaranteed attenuation 80dB or more at +B90-~930kH: Guaranteed attenuation 3548 or more at £ 100kHz
Spurious: 40dB or morewithin +1MH:z Insertion loss 6dB or less
Insertion loss 1d8 or less WO impedance 1.5kf2
peke e e Table 2 Ceramic filter characteristics
Terminaling impedance BO0LY2pF
Table 1 MCF characteristics



TM-451A/E

CIRCUIT DESCRIPTION

+ S-meter circuit Pin No. | Name Function
The S-meter cutput voltage of the FM IF HIC IC1 1 Strobe Enable input
(KCDO04) is sent to the control unit and digitized by the 2 Serial IN | Serial data input
CPU to operate the bar meter on the LCD. 3 Clock Clock input
4 a1 bdain VOO frequency selecton
« Shift register circuit 5 02 Sub VCO frequency selection
The SDT+, SCK+, and LER+ serial data from the & 03 Packet 1200 bps ON. ON : High
control unit are sent 1o ICS (BU4034BF) and 1C4 (WO02- 7 04 Packet 9600 bps ON. ON : High
1830-08) 10 control operations as outlined in the follow- 8 Vss GND
ing table. g Qs Serial data output to IC4
10 Os' (Mot used)
Fin No. | Name Function 11 Qs TX power selection LOW. LOW : High
1 LER+ Enable input 12 * TX power selection MID,  MID : High
2 20T+ Serial data input 13 o 06 (Mot used)
3 SCE+ Clock imput 14 Q5 Sub PLL aircuit ON.  ON : High
4 Vg +EW 15 QUTPUT | Quiput enable. Pulled up 1o +5V
=] GHD GHND 16 VoD v
6 | SQLC ] Squeich level control outpul * Table 3 IC5 : BU4094BF function table
F i SUB+ Sub reception ON. ON: H:Qh
B 360+ 360MHz band ON. ON : High
g 00+ B800MHz band ON. ON : High
* The SOL C (pin 6) is described in the section “Squelch circuil in the
AF signal system’.
Table 4 1C4 : W02-1830-08 function table
________ o e e
TX-RX | CONTROLUNIT | LCD ASS'Y
Ic1 i N |
KCDO4 I |
S I I LD
i : IC401 :
T ] e | o dii
£ I & :..:>' MSM5265GS :> l.lllllll
% | | 1 3 8§ 7 ® OWVER
= | I
g | |
Fig. 3 S-meter circuit
_________ [ —————————————— —
CONTROLUNIT | ics TX-RX UNIT
I a1 P—= vcom.
| a2 £ S VEOS. IC4
IC401 | s PR12s
CPU | 04 p—s= Pr96.
I s 2= SUBPLL. ® . salc
pay A5S0T+ 2o as P2 2] 507+ L suB.
PuB E ﬁ::-—:’: -% CLK a7 -::—- MID: —?— SCK+ —E—- 360+
PI6 STROBE 08 P LOW: LER+ = 300
as

Fig. 4 Shift register circuit
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CIRCUIT DESCRIPTION

Transmitter System

« Qutline . : trols the collector voltage in the Younger final stage.
The transmitter circuit directly produces and modu-

lates the desired frequency by means of a vari-cap di- » Power amplifier circuit

ode. The drive signal is input to power module IC101 and

amplified to the specified level.
+ Modulator circuit

The audic signal from the microphone is amplified = APC circuit
by microphone amplifier IC408 in the control unit. and The automatic transmission power control (APC) cir-
input to 1IC202 in the TX-BX unit. 1C202 consists of 3 cuit detects part of the power module output with di-
pr;-emphasia circuit, amplifier, limiter, and splatter cir- odes D101 and D102, and generates the VDET detec-
cuit that eliminates unwanted high-frequency compo- tion voltage. The APC circuit compares VDET with ref-
nents. (See the section "TX audio circuit.”) The fre- erence voltage VREF by mean of transistor Q103, and
guency modulation circuit directly modulates fre- controls the control voltage with DC amplifiers Q101
auency by means of a varicap diode. and Q102 so that VDET equals VREF, thus keeping the
transmission output constant.
+ Younger-stage circuit The transmission output is switched between low,
The signal cutput from the VCO is buffer-amplified medium, and high with reference voltage VREF by
by Q201 and input to RF AMP HIC IC102. The ampli- mean of transistor Q109. The switching signal is out-
fier provides a stable drive output without adjustment put from shift register IC5.

because of its wide bandwidth. The APC circuit con-

IC202 :
e e s - f'E*“l'E"“l"";"‘E"__.., AT
e iceon | | Iwwr IC205 | azn e o 10 j
M| Pre- Limer Splaner . 1
S e el N o e o

T

wT |

I—" TH #urt Ll POWER
DET

= S Ml

SUB PLL WCO TE+ MIDs  LOW.
L

g
|
|
|
|
|
|
|
|

i
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-
E-—
i
5
T
5

Fig. 5 Transmitter system block diagram
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CIRCUIT DESCRIPTION

« TX audio circuit (IC202 : W02-1828-08)

Figure 7 shows the TX audio circuit,

As explained in the description of the modulation
circuit, C4 and RS comprise a pre-emphasis circuit, IC2
(1/2) is a limiter amplifier, R9 and R10 comprise an at-
tenuator, and IC2 (2/2) and its peripheral circuits com-
prise a splatter filter of 60dB log (f/3k). The output
from the splatter filter is summed with the tone and
the packet modulation data (9600bps) signal, PKD, that

passes through the IC1 analog switch by IC3 (2/2), and
5 output as the TX MOD signal.

The PKD packet modulation data signal can be
switched to 1200bps or 9600bps by the IC1 analog
switch. The switching control signal is output from the
shift register circuit IC5 (BU4094BF) as the PK12+ or
PK96+ signal. In addition, for the packet demodulation
data (1200bps), the RXA signal is amplified by IC3 (1/2)
and output as the PKRD signal.

IC2 (172} =

+5%

V5 ME PRD

Fig. 7 TX audio circuit (IC202 : W02-1828-08)
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PLL Synthesizer Section

The PLL and VCO circuits are housed in a solid
shield case as a hybrid integrated circuit. 1C201 (L78-
0363-08) is for 430MHz band transmission and recep-
tion, and IC203 (L78-0351-08) is for 144MHz band re-
ception. They share the 12.8MHz reference oscillator,

IC201 and IC203 consist of PLL and VCO circuits.
The PLL circuit consists of the PLL control IC (IC1 -
ME1504L), the operational amplifier {IC3 : NJM3404)
that forms a loop filter, RF buffer amplifier Q4, and Q7,
which forms an unlock detector.

The VCO circuit consists of the RX VCO (comprising
vari-cap diode D3 and oscillation transistor Q1), TX
VCO {comprising vari-cap diodes D101, D102 and
transistor Q101) that varies the control voltage (VCONT)
from the PLL circuit, buffer amplifier Q2, transistor Q3,
Q101, which that is controlled via the SHIFT pin
according to the oscillation frequency, and modulation
vari-cap diode D103. The following paragraphs
describe the oscillation frequency and the divide ratio
of the PLL circuit.

Comparison frequencies of 5 and 6.25kHz are pro-
duced by dividing the 12.8MHz reference oscillator fre-
quency by 2560 or 2048 to correspond to the 5, 10,
12.5, 15, 20 and 25kHz channel steps.

For 144MHz, the relationship between fvco (RX)
and each frequency divide ratio is given by the follow-
NG equation :

No. Name Function
1 LE Enable input
2 DT Data input
3 CK Clock input
4 WV BV
56 OsC 12 8BMHz crystal oscillator connection
7 LD Lock signal {Low : Lock)
B V10 11]_".-'
4 out VCO output
10 MOD Madulation sigaal ingut
1 VS8 8Y (Fipple filter)
12 VeomT Lock woltage output
13 GMND Ground
14 SHIFT ‘Frequency band setect signal input

Table 5 Main PLL VCO pin functions
(IC201 : L78-0363-08)

Where :
fWCO =(144 + 45.05) = {(nx 64) + A} xfosC+ R [(MHz]
fvco : VCO output frequency
n  :Binary 11-bit programmable counter setting
value (divide ratio : 16 to 2047)
A . Binary 7-bit prograrnmable counter setting value
(divide ratio : 0 1o 63)
fosc : Reference frequency 12.8MHz
R :Binary 14-bit programmable counter setting
value (divide ratio : 8 to 16383)
5, 10, 15, 20kHz steps : 2560
12.5, 25kHz steps : 2048
In this case, nis 590 and A is 50.
- fvco = { (590 x 64) + 50 } x 12800 + 2560
={37760 + 50} x5
= 189050kHz = 189.05MHz
For 430MHz, the relationship between fvco (RX) and
each frequency divide ratio is given by the following
equation:
fvCOo = (430 - 45.05) = { (n x 64) + A } x fosc + R [MHz]
In this case, nis 1202 and A is 62.
= fvCo = { {1202 x 64) + 62 } x 12800 + 2560
={ 76928 + 62} x5
= 384950kHz = 384 95MHz
The following table lists the pin functions of the PLL
VCO circuit :

No. Name Function

1 LE Enable input

2 DT Data input

3 CK Clock input

4 V5 SV

5 X, Xout | 12 BMHz erystal oscillator connection
6, 10 | Xour, MOD | Not used

7 LD Lock signal (Low : Lock)

8 V10 100

9 ouT VCO output

11 V58 BV [Ripple filter)

12 WeouT Lock voltage output

13 GND Ground

14 SHIFT Frequency band select signal input

Table & Sub PLL VCO pin functions
(IC203 : L78-0351-08)
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Enable input —={ LE
Data input —== DT
Clock input —»={ CK

BV —] V5
12 BMHz crystal ——] OSC
oscillator
connection = 0SC
Lock "L —— LD

SHIFT
GND
VconT
V58
MOD
ouT

V10

Fregquency band
*—gelect signal input

——GND

—* Lock voltage output
— 8V

Modulation

— signal input

= VO output

10V

Fig. 8 Main PLL VCO pin description
{(IC201 : L78-0363-08)

Enable input —
Data input —-
Clock input =
oV —

12.BMHz crystal
gscillator connection

NC —

Lock “L*

LE
DT
CK
V5
X
XouT

LD

SHIFT
GND
VConT
V58
MOD
ouT
V10

Frequency band
+—salect signal input

— GND

—* Lock voltage output
—aV

- N

—= YO output

— 10V

Fig. 9 Sub PLL VCO pin description
(IC203 : L78-0351-08)

r 'l'_ S s || ||| 4
0SC PLL LPF - F.CONT Q101 VCO  MOD | :
—— VCONT | I
128 Ic1 Ica D101,102 |
miz 52| MBI504L | | NJM3404 1T33C x 2 ¢ MoD
| I Q2 AMP
05C| T I | I ' I
_____ L[ 2sc
: : i_ F.CONT 1% 506 | el
LE+ | | HVU202A |
DT+ | | l SHIFT
CK+ Q4 AMP | I a1 sw I :
|
| a7 @ | 1 2o | |
- | \3356/m1 veo }
| R RXVCO | |
| + |
l e — — — s S S e — —— — — — S S S— — — — — —— r
Fig. 10 Main PLL VCO block diagram (IC201 : L78-0363-08)
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LE+ t I ouT
DT+ | | |
CK+ : | Q3, 05 .
: m' ik | RN1304, HSU277 e
25C |
LD 4901 + |
| |
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+ VT (8 V during transmission) and unlock signal
The base of Q106 (1/2) has OV applied to it during
reception (TX+ : Low level), and Q106 (1/2) and Q105
are turned off. No wvoltage is applied to the collector
(VT) of Q105.
The base of Q106 (1/2) has 2.5 to 5V applied to it
during transmission {TX+ : High level), Q106 (1/2) and

TX+
{Transmission start)

Main PLL WCO LD-

(Lock detection) | (]
| 1

Sub PLL VCO LD- | 1

iLock detection) Lt = |

ICI'IDE
IFIN'ITEH

Q105 are turned on, and 8V is applied to the collector
(VT) of Q105. When the main or sub PLL VCO is un-
locked, Q208 is turned on and Q106 (2/2) and Q104 are
turned off, the 8Y applied to the APC circuit is cut off,
and the transmit signal is not output.

VE

Q105
258624

- T

= To APC circuit

Fig. 12 Transmission start circuit

AF Signal System
= Qutline

The audio signal (RXA) from the FM IF HIC (IC1) in
input to the RX audio HIC (IC2). The signal passes
through the mute circuit in IC2, is summed with the
digital recording playback tone, passes through the VR
in the control unit, and goes to IC2 again. The signal is
then summed with a BUZZER signal {beep and DTMF
tones), power-amplified by AF ampiifier IC3, and out-
put to the speaker.

When the remote controller is connected, the vol-
ume is controlled by the electronic VR in IC2 instead of
the VR in the control unit.

+ RX audio circuit

Figure 13 shows the circuit of the RX audio (IC2).
The path of the audio signal through the VR in the con-
trol unit is indicated by the bold line. If the electronic
VR is selected (CS low), the analog switch IC2 (3/4) is
turned off, and the VR in the control unit is isolated. At
the same time, IC2 (1/4) is turned off, IC2 (4/4) is
turned on, and the volume is controlled by the elec-
tronic VR.

The electronic VR consists of 31 resistor elements.
The signal can be output from both ends of each ele-
ment. The element from which the signal is output is
specified using CPU P45 (CS-), P43 (U/D-). and P42
(INC-} signals.
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Digital recording PLAY I A1 5
playback tone 1 i 'I.I'HT
ICE (2/4) A IC2 (474] ‘Il,. Ic3 i
RXA [ 10 11 g vw Elactronic
Ic1 —vi— it 3 | VR
5 IC2Z (1/4] I
1
HAydio muta ——ﬁ]} FiX MUTE 2 I
— E

4
Elecironic
WA

Baap tona BUZZER A—
ODTMF tane
; GND G {202

c |s1le
El-lranlL""I
-

ud @ 58T 11 b4 I }: 3) W
INC ())—9—=| UPDOWN | I | |
e COUMTER |
U P !. |
|
| |
29 ! :
: i | i
bl wpy [ 1
NONVOLATILE i
MEMORY L GREOR ] |
T , THIRTY-TWO , | TRANSFER RESISTOR [ vw =
! DECODER ! | GATES ArRAY |
I
vl = I |
| ! Lyt
- |
STORE AND b | |
» RECALL | } i
Viea CONTROL | | |
CIRCUITRY o | |
GND (A}——=
|
| : rOw
| s
=5 ) v

Fig. 14 Electronic VR (X9313) block diagram
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« Squelch circuit

The squelch can be set with the squelch VR in the
control unit. The CPU in the control unit converts the
squelch VR level to 5-bit digital data and transfers it to
the shift register circuit (IC4). (See the description of
the shift register circuit.)

The shift register circuit converts the digital data to
analog using the shift register and analog switch, gen-

arates the control voltage for IC1 (KCD04) at the SQLC
pin, and inputs it to the IC1 SQ pin.

The BUSY signal output from the IC1 SC pin is sent
to the CPU as the SC+ signal, and at the same time is
output to the hysterisis circuit by Q1, logically reversed
by Q6, and output as the SQC signal for packet trans-
mission.

I I
SOTe —= (@) | IC1 : KCDO4
SCK+ —=(@— Shift register BU4094 | sa__ sC
LER: —=(D—=] g5 Q4 Q3 Q2 Q1 |
|
I

® (BUSY) - e

+5Y

Fig. 15 Squelch circuit

Digital Control Section
+ Outline

The digital control section controls each function
with the microcomputer (CPU)., It consists of the key
rotary encoder input circuit, display circuit, reset and
backup circuits, DTMF circuit, tone output circuit, digi-
tal recording circuit, microphone key input circuit, and
SAL input circuit.

+ Key and rotary encoder input circuit

The keys on the panel are arranged in a matrix, and
signals are input 10 the CPU by key scanning. The ro-
tary encoder is directly connected to the CPU.

B\ P31
ENCODER =i
IRQO
== P10 L e
—_— VED
! IRQ1 P11 f————r"C
MR
P12 f———orC
F
P13}———""c
SHIFT
P14
REV
P15
TONE
T E : |
IC401 BTee
CPU LOW

Fig. 16 Key and rotary encoder input circuits
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 Microphone key input circuit

The microphone UP, DOWN, and function keys are
connected to the analog input of the CPU. The appro-
priate function is activated according to the voltage
generated when a key is pressed.

+5Y
= o a
SELF 5
b R416 1k
PBE
l R415 1k
PE" Jl'.:!‘!
Adid 1k
PHE iy iy I I
IC401 0 J: :L 0 rL
CPU \’
= = . 4 =%
AN o 2 o =
ANO
'IF.?-I'I r ) v ) r '
PTT UP DOWN CALL VFO MR  PF
Fig. 17 Microphone key input circuit

+ Reset and backup circuits

When the power is turned on, a roughly 20ms low-
level pulse is output by the reset circuit according to
the time constant, and input to the RESET pin of the
CPU. This pulse power-on resets the CPU. When the
power is turned off, the +13.8VY line voltage drop is
detected by the backup circuit, the NMI pin of the CPU

goes high, and the CPU enters backup mode.

The signal is input to the NMI pin and the P37 input
port at the same time because P97 is used to check
whether the operating voltage for the backup circuit is
correct after the power is turned on.

D404
I L
!
|
":m? -
5410 = Ve
13 8V O AE&IIH
POWER 3
SW g -2t [ . S
I © | [reser circurT S 1 T
g | cagz  can2 I
- |
| = | ICA01
I CPU
| J
M
|
|
' Pa7
|
|
|

BACK UPCIRCLIT
-l

Fig. 18 Reset and backup circuits
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+ Display circuit

The display circuit in the LCD assembly consists of
an LCD driver, its peripheral circuits, a dimmer circuit,
and an LCD. The LCD is dynamically lit with half duty.
Serial data is transferred from P80, P51, and P52 of the

CPU to the LCD driver.

« Dimmer circuit

TM-451A/E

The dimmer circuit changes the brightness of the
lamp in four steps or turns it off. Q3 amplifies the error
of the stabilized power supply using the 5V reference
voltage. P35 and P36 of the CPU are made high or low
to turn Q5 and Q6 on or off. The output voltage can be
controlled in four steps by combining these ports.

If P37 of the CPU is made low, Q4 is turned off, and
the lamp voltage is not output, making the lamp qo off.

P52 o LCODT i el
P51 o LCDCK ] = CGMB_.-
i e o MSMS5265 LCD
= SEG1-~
S5V —O - - ] sEcr-
SW [:] R18 2.2 25A1244 1Y)
13.8V z
= &
CPU o i E
14 2SA1244 ()
b 03 > FL1
e 25A1162 (Y) E
P
[+
D: E - -rﬁ— u" {E - PLE
25C2712(Y) s —3 =
| | &
s —
i 28C2712 (Y) .
T
F35 sD’lMﬂ- Ay Dimmer P37 Pas Pi6
e b Q5 lewvel
2502712 1Y) d1 H H T
DIM1 - a H : :
e e——
P36 4 o : H :
1k = @ z : L
28C27T121Y) - e = 5 L

Fig. 19 Display and dimmer circuits
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TM-451A/E

CIRCUIT DESCRIPTION

= PLL data output Reference divide ratio  PLL divide ratio
PLL data is output from CPU P47 (5DT+), P46 m

(SCK+), P22 (LEM+), and P23 (LES+). P22 (LEM+)is a SDT+

main band PLL enable signal, and P23 (LES+) is a sub- NS e MR o

band FLL enable signal. SCK+ "“ “““ " "” ———— l”
The data transfer format and data configuration are

Hlustrated below. LEM+ or LES+ |

Fig. 20 Data transfer format

L5B M5B
112|3|4|5]|6]|7|8]|9]|10]11{12]13[14[15]16

Control bit, ———————f ~
Set to high

oo B sine ooy ———{ 51 s2[ s3] s4] ss [ s6 [ s7] s8] sasuo[si]siesa]sa
Pre-scaler divide ratio (Divide by 8 to 16383)

satting bit = oW
Low : Divided by 64

e e o o

LSB M5B

]
o
=
g
o
=
Ly

Swallow counter divide
ratio A setting bit =151 52| 53| 54| 55|56 |57

(Divided by 0 to 63) i
Main counter divide
T e e st | 59 |si0|sn1|s12s1a|sr4| s15] s16]s17] 18
(Divided by 16 to 2047)

o ———

Fig. 21 Data configuration

+ Squelch VR input « Tone output circuit
The CPU digitizes the voitage output by dividing the The staircase waveform corresponding to the set
5V applied to variable resistor VR401 through the ana- tone frequency is output from the DfA converter in the
log port to read the rotation angle of the squelch VR. CPU, filtered and output via buffer amplifier Q405.
Ress *5V
1C401
CcPU
FSC2712BL
DAD

b
j I
C445 0.022

Fig. 22 Tone output circuit

14



TM-451A/E

CIRCUIT DESCRIPTION

« DTMF input/output

The DTMF encode IC404 (TC35219F) and DTMF de-
code 1C405 (LC7385M) share CPU P80 to P83 to con-
trol iInput and output operations.

For the encoder, when data arrives at P80 to P83
and P16 (TE+) is high, the tone corresponding to each
itern of data is output from the IC404 TONE pin. The
output DTMF tone passes through buffer amplifier
Q406 and analog switch 1IC409, and is cutput as the
DTMF modulation signal. The DTMF tone is output to
the AF signal system as a beeper signal together with
the beep tone output from CPU P44.

For the decoder, the detection signal RXD from TX-
RX unit IC1 passes through analog switch 1C406 and is
input to 1C405.

When a valid tone is detected, the STD pin goes
high and CPU P33 is enabled. When the CPU makes
P34 high, data is input to P80 to P83, and the CPU
confirms that it matches the preset DTSS code. The
input from the DTMF microphone can be read when
the CPU switches the analog switch IC406.

pag [—2EEP i
TE+
P16
480kHz 45V
3 0406
PBO-PB3 == DTMP | § 25C2712BL BUZZER
IC404 DTMF
TC35218F
IC401 X
—w——o0rxD
CFU LCT385M r - |
DTMF |2 |~ IC406
decode | | TC4053BF
e
Faale = LII]IJ:!_EEMHI 1, = 1C408 (pin 1)
Pad
Fig. 23 DTMF input/output
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TM-451A/E

CIRCUIT DESCRIPTION

- Digital recording circuit X402 4 09BMH;
The digital recording circuit consists of recording LS| l—||]|—|

IC402 IMSMB588) based on the ADPCM system and

256-Kbit serial register 1C403 (MSMEBS8E). 1C402 is P80-Pa3

controlled by P8O to P83 (shared by DTMF encode/f
decode control), and PG0 to P&3.

Recording is performed by applying the receive au-

dic RXA signal to the 1C402 MIN pin with CPU control.

The playback tone output from the 1C402 Fout pin is

amplified by IC408 (2/2), passes through analog e O RXA
switches IC410 and IC406, is output as the PLAY sig-
nal, and 15 output from the speaker.

The playback tone can be input to the microphone
amplifier IC408 (1/2) and transmitted by controlling the
IC406 analog switch with the CPU. (Same band re-
peater function} In addition, the playback tone is also To microphone  To microphone amp
output to the microphone RD pin. o pm IC408 (1/2)

il

LAY

Fig. 24 Digital recording circuit

« CTCSS input/output (option TSU-8)

The CTCSS unit is controlled by using CPU P47 sDT+ ™ Wga1Xsa0 X'SDs X504 X503 X502 X501 SDOX
(SDT+), P46 (SCK+), P65 (CTE+), and P96 (SDO-). A320X 505 X304 502 X302 X501 X

Figure 25 shows the data transfer formatand Figure 26 sexs [ LI LT LI LI O )
shows the data configuration. When 3 tone from the

CTCSS unit is detected, the SDO- pin goes low, and  cyg, Jik:
tha signal is input to CPU P36 to open the squelch.

Fig. 25 Data transfer format

SA1 | SAD | SD5 | SD4 | SD3 | SD2 | SD1 |SDO | Tane frequency

H H L L L H L H BB.5Hz

Fig. 26 CTCSS data configuration
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TM-451A/E

SEMICONDUCTOR DATA

CPU : HD6473388F-XXX (Control Unit IC401) -K04 - K.P -Wo04 : M.M2,E,E2,E3.E9
+ Terminal connection diagram

T8
¥ o5
€ £ i} Eﬁﬁggﬁﬁéﬂigﬂ
g%?EEEEEEEE dpdecil
OOOOANOO00NOONOOOanOnnr
_ ((BERERERAIRRLiREe8LSBI00 S
RES ] » & 7] Mase
xtaL ] 2 53 [ ] P1ivas
ExTAL ] 2 S M Pasas
Mol ] « &7 [ Pata?
Moo [ 5 56 7] via
v ] & 58 [ Panas
ey [ r & ] P2uAg
wee [ & 53 [ PEzAL0
PixECKD [ 9 &2 1] P
PEURDG ] 12 1 [7) rawniz
PETai [ 19 50 7] rasany
v ] 02 & [ Paiare
PETAWRIT [] 23 w8 [ Perns
Pairg 7] va 47 ] ves
PosAE [T] 15 45 [7] PaTFWY
PeaWR ] 1 45 [ PasFwo
Peafn [ 17 a4 [7] PasTiarn
pazAcn [ 1 43 [ PaaTIa
P1aAcE [ 19 42 [7] PaaTcn
e et i rE R R s aRansy Ry gt RO
U000 0O000oo oo
0% <80 0(®L g s BER
ggcnégﬁléggggégﬂaiyg
ﬁ ? @ E‘ g E‘ & A g E [ g E E' -
PE =&
E £
+_Terminal function (O : Pullup by soft, ® : Pullup by hard, B : Pulldown by hard)
Nao. CPU name Fort name | 1/O |Pullup | Backup Function
1 RES I [ ] Reset pin. Normally : High, Reset : Low
2 XTAL - Crystal input pin.  4.194304MHz
3 EXTAL - Crystal input
4,5 | MD1, MDO | L Operation mode imode 3) setting.  Set to high
6 MM | ® Power supply check.
Backup processing on rising EEE_E and power recovery on falling edge.
7 | STBY I | ® Set to high
8 Ve - Power supply voltage
9 P52/SCKO LCD DT+ o I | LCD driver data output
10 PS1/RXDO LCD CE+ (0] I LCD driver clock output
11 PSOTXD0 LCD LE+ n] | LCD driver enable cutput
12 | Vss - GHD
13 | PO7ANVAIT I I Power supply check. 1 : Backup, 0 : Power supply vollage normal
14 | P9%/e SDO- ] m || CTCSS tone detection. 1 : Mismatch, 0 : Maich
15 F’EIEI'A§ RM+ 0 | DTMF decoder input signal switching. 1 : Receive RXD, 0 : Microphone input
16 | P94/ WR REP+ 0 I | Cross-band repeater demodulation signal output switching.
1 : Microphone amphfier
17 P3/RD RD MUTE+ | © [ Microphone connector RD signal output control. 1 Mute, 0 : Mute cancel
18 | PI2ARQO ENC CE- I [ ] I Encoder clock input
19 | PO1ARQI ENC DT- | | ® | 1 | Encoder data input
e
20 | POONROZADTRG | T MUTE+ (8] | Mot used.
21 PEQFTCI DRS WR- O I DRS write outpul. 0 ; Write
22 | PB1FTOA DRE RD- (8] I DRS read output. 0 : Read
23 PBZ/FTIA DRS CE- 0 I DRS chip enable cutput. 0 : Chip enable

17
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SEMICONDUCTOR DATA

MNo. CPU name Port name | 1/O |Pullup |Backup Function
24 PEIFTIE DRS R5T= 0| | I DAS reset output. 0 : Reset
25 | PBAFTIC M MUTE- 8] I Microphone mute output. 1 : Mute cancel, 0 : Mute
26 PESTFTID CTE- L#) L ] I CTCSS load enable culput
27 PGEFTOBNROG PETS- I ] I Packet PTT input. 1 Space, 0 : Mark
38 | PBIIRGT PSW+ 0 | | SW 13.8V power switch. 1: ON, 0: OFF
29 AVeoo - Analog power supply. Reference power supply for A/D and DfA conversion
30 | PTO/AND upP I I Microphone swatch input (UP, CALL, VFQ)
31 | PTIANI DWN | I | Microphone switeh input [DOWN, MR, PF)
32 P72/AN2 Sht I | S-meter level inpult
33 PT3/ANG ALD I [ Mot used
34 | PT4/AN4 SOL I | | Squeich volume position delection
35 PISfANS AD+ I I Controller connection detection. 1 : Connected, 0 : Mot connected
36 PTGANG/DAD TOME O [ 3B-wawve CTCSS lone output
37 | PTTIANT/DAY BPFC 0 | BPF control voltage control output
38 | AVss - Analog ground. Ground for A/D and D/A conversion
39 | P4OTMCIO ARXMUTE- | O | Demodulation audio mute. 1 : Mute cancel, 0 : Mute
a0 PA1/TMO0O 1750 0 | 1750Hz tone output {for destination E only)
41 P42/TMRID INC- (8] I Electronic volume ncremental output
42 P43 TMCIT U= O I Electronic volume URDOWN selection. 1: UP, 0 : DOWRN
43 | P44/TMON BEEP 0 [ Beep. effect sound output
44 | P4STMAIN Cs- O I Electronic volume chip select output. 1 : Non-select, 0 : Select
45 | P4GPWOD SCK+ 0 I Common senal clock output
46 P&TPWI SDT+ 8] I Common serial data output
47 Vee - Fower supply voltage
a8 | P27/a15 T+ 0 | | TransmiuReceive select output. 1 : Transmit, 0 : Receive
49 P2E/A14 LER+ L I Shift register load enable
&80 | P25/A13 SC+ | ® | SC signal input. 1 : Mo signal, 0 : Signal
a1 P24iang MUTE+ 0 i Speaker output mute output. 1 : Speaker mute, 0 : Mute cancel
52 P23/A11 LES+ (8] I Sub-PLL load enable output
83 F22/A10 LEM+ (8] | Main PLL load enable output
54 P21/A5 MDOT+ Wi o I EEPROM data inputfoutput (ME-1)
55 F20/A8 MCK+ 0 I EEPROM clock output iME-1)
o6 Vs - GND
57 | P17/A7 STE- 9] | DTMF encoder tone selection. 1 : Dual tone, 0 : Single tone
58 | P16/aB TE+ O| m | DTMF encoder tone enable. 1: 0N, 0: OFF
59 P15/AS KINE- I i I Key input. TONE, LOW
60 | P14/ad KIN4= | | O | Key input. REV, DTSS
61 P13/A3 KIN3- I o I key input, SHIFT
62 | P12/A2Z KINZ- I [ © [ 1 | Keyinput.F
63 | P1Al KIN1=- I | O I Key input. MR
B P1vAD KIND- I | O | Kay input. VFO
65 | P30/DO KOUTO- o | Key output

66, 67 | P31/D1, P32/D2 KOUTI= 2= | O I Key output
68 | P33/D3 DET+ I | DTMF decoder detection input. 1 Signal detection, 0 : No signal
69 Fa4/Da DE+ o | DTMF decoder cutput enable output. 1 : Enable, 0 : High impedance
0 P3R5 Dm0+ o I LCD dimmer swalching D1 D2 | D3
Fal FIeDG6 DM+ o | DIMIO 1 ] 1

DirA1 1 1 1]

12 FaroT LAMP+ O I LCD lamp switching. 1: 0N, 0: OFF
73 | Vss - GND

74-77 | PAQ-FE3 D0+ -D3+ o I DRSDOTMF data line DO-D3
78 FE4/TXD1AIRO3 FTT= | e [ PTT input, K bus 50 output. 1 : Space. 0: Mark
79 | PBS/RXD1/iRGA | DWN I | ® | I | KbusSlinput
B0 | PBB/ISCKIIRGS | UP vo| @ | I | Kbus clock output




SEMICONDUCTOR DATA

Power Module : M57788M-27-K2 (TX-RX Unit IC101)

« Terminal connection diagram

1: Input

2-Veed )

3:Vec2

4:Vee @ E} @ @ 'E:' @ @

il e e e e e

6: GND (Flange) “ “

+ Maximum rating (T¢ = 25°C)

Item Code Condition Rating Unit

Power supply voltage Vee 17 v
Current consumption lee 12 A
Input power P Vecl S 125V, 26 = 7L = 5000 800 mvv
Output power Fo &0 W
Operating case temperature | Tclopr) =30 to +100 e
Slorage temperature Tsig =4010 +110 | “C

TM-451A/E
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TM-451A/E

DESCRIPTION OF COMPONENTS

TX-RX UNIT (W02-18XX-08) 1849 : K,P 1850 : M,M2,E,E2,E3,E9

Ref MNo. Use and function Operation/Condition/Compatibility
IC1 2nd local oscillator, IF amphifier, Fh detection, 3, 4 : 2nd local oscillator 45 508MMz 7 - 2nd IF input 455kHz
Loww-frequency amplifer, Noise amphifeer, 8 : Scan control BUSY signal (Busy - OV)
Moise detection. Sguelch switching 10 : Nmse detection voltage output IDC) 11 ; S-meter output
: 12 : FM detection output 14 : RD output 15 : RA output
IC2 AF mute, Adder, Electronic VR See circuill descriplion,
IC3 AF amplifier 1:AF mput 4 AF putput
IC4 shift reqister, Analog swatch (squelch) See circuit description,
ICS Shift registor See circuil descnplion.
101 Faral power el_mp-flllt:rr
IC102 Transnt duwﬂn_a;mplnher
IC103 BV AVR
1C104 BV AVR
IC20 430MHz-band PLL VCO See gircuit description.
1C202 Pre-emphasis, Limiter amplifier, Splatter filver, See circuil descriplion.
Packet modulation data swatching,
Packet demodulauon buffer amphifier
1C203 144MHz-band PLL VCO See circuil descriplion,
IC204 10V AVR
IC205 Analog switch (modulation input ondoff)
iIc208 144MHz-band PLL VCO output amplifier
IC302 I60MHz, BOOMH:z-band AF amplifier K, P type : 360MHz-band only
1C303 RF band-pass filer control,
DC amphfer, RD buler amplifier
Q1 Squelch hysteresis Squelch on : ON
Qz Speaker output mute switch
3 Irwarter SC logig inversion
4 Second mixer
m DC amphifier
Controd voltkge - 138V
Q102 DC amulu-l‘ln-n:.;r_. i G
0103 Differential amplifier (AP cirguit)
P et
gdarpction
Q109 MidAow power change switch
@104
Collatior
Q104-106 | Switching See circuit descnplion.
CHOT, 108 | Switching 13.8vY onfoff
a110 4308 Hz-band RF amplifier
0201 A430MHz-band PLL VOO output amplifier
Q202 PLL VCO BV npple filter
0203, 205 | 144MHz-band PLL VCO power switch 0205 : 5v, 0203 : 8v
G204 Q203 and 0208 cantrol
Q206 Multiphier (Double) K, P type are not used
3208 12 80iHz bufier




TM-451A/E

DESCRIPTION OF COMPONENTS

Ref MNo. Use and function ﬂpu-tinn.r‘ﬂmidithnfﬂnmnlthilitr
Q209 Inverter (PLL lock signal) OFF : Lock
Q210 Packet modulation, Excessive input detection
Q21 Inverter (Packet PTT)
Q212 10V ripple filker
0301, 302 | High-frequency amplifier (430MHz-band reception)
(0303, 304 | High-frequency amplifier (144MHz-band reception)
Q305 SE0MHz, B00MHz-band receive circuit power switch 1/4 : 360MHz-band, 2/2 - BOOMHz-band (Except K, P typa)
Q306 Q305 control
Q3207 430MHz, 144MHz-band receive circuit power switch 172 : 430MHz-band, 2/2 : 144MHz-band
Q308 Q307 (1/2) control
Q309 Q307 (2/2) contral
Qo First maxer
23N First IF amplifier
a2 High-frequency amplifier (BOOMMHz-band reception) Except K, P type
a3 High-frequency amplifier (350MHz. BODMHz-band receptionl | K P type : 360MHz-band reception only
b ]| Lirmiter (First IF}
D101, 102 | Power detection
0103, 104 | Antenna switch
D105 Power reverse-connection prevention
_ D106, 107 | Antenna switch
| D108 VO output switch
| D201 VCO output switch (transmission/reception switchingl
f D203 First local change-over switch (BOOMHz-band ON/OFF) Except K, P type
' D204 First local change-over switch (420MHz/B00MHz) K. P type : 430MHz-band only
D205, 208 | First local change-over switch (430MHz, 360MHz/1 44MH z)
D206 Circuit protection
D207 Unlock signal OR (logic sum)
D208 Packet modulation input signal detection
D301 OR llogic sumi
| D302 RF swatch 4300 H2360MHz
! D303~306 | Vari-cap tuning 430MHz-band band-pass filter
D303 AF switch JEOMHzB00MHz (K, P type : 350MHz-band anly)
D311, 312 | RF amplifier protection
D313-316 | Varcap tuning
D317, 318 | RF switch
D319=-321 OR (logic sum)
D322 RF swilch BOOMHz-band (Except K, P type)

CONTROL UNIT (W02-18XX-08) 1852:K,P 1853: M 1854 : M2 1855: E,E3,E9 1856: E2

Ref MNo. Use and function ﬂpirﬂiﬂ-nfﬂandithnﬂ:nmpalihiﬂw
ICam hMicroprocessor See circuil descriplion,
1C402 Digital recording control See circuil description.
10403 256-kbit serial register See arcuit description.
1C404 DTMF encoder See circuit description.
IC405 DTMF decoder See circuit deschption.
IC406 Analog swalch (multiplexer) 1 : Audio playback modulation output

2 : Audio playback speaker output
3 : Receive audio output (repeater)
12 : DTMF microphone input
14 : Qutput 1o DTMF decoder

4 : Receive audio input
13 : DTMF receive input
15 : Auds playback tone mput




TM-451A/E

DESCRIPTION OF COMPONENTS

Ref MNo. Use and function Operation/Condition/Compatibility
IC407 6V AVR
1C408 Low-frequency amplifier, Adder 1:0utput 4:GND  8: 5V
2 : Microphone input, 1200-bps AFSK data input,
1750Hz tone input, Receive audio input repeater)
6 - Audio playback tone input 7 : Autho playback tone output
IC40a Analog switch DTMF segnal onfalf
IC410 Analog swatch Audio playback tone onfoff
Q401 Reset switch ON for about 20ms when ik e 15140
the power is turned on.
Mormally OFF.
Q402 Backup switch OFF when the 13.8V ling
i5 below E.J W,
Maormally Oh,
Q410 Hysterasis switch ON when Q402 is OFF.
Marmally OFF.
Q403 Microphone muting ON : During reception, OFF : Microphone remote, ON : Repeater
0404 RD muting ON : Digital recording playback
Interlacked wath SOL when the BD mute funclion is on.
G405 Buffer amplifier For tone
Q406 Buffer amplifiar Far DTMF
Q409 Switch DTMF decoder IC40% power save
Lam Reverseflow pravention
D402 Reset detection voltage
D403 Backup detection voltage
D404 Reverse-flow prevention Lithium battery ON when the power is off,
D405 Microprocessor protection
D407T-410 Reverse-flow prevention
D411, 412 | Channel display mode setting D411 is not installed.
D413-418 | Destination setting
D419, 420 Reversedlow prevention

SUB PLL VCO (IC203 : L78-0351-08)

Ref Mo. Use and funetion Operation/Condition/Compatibility
1C1 PLL controller 7 Unlock : Pulse output B : VCO input
IC3 LPF
o VCO
Q2 VCO output buffer
Q3 VCO frequency band switching
Q4 VCO output buffer
ar Lock detector
03 VCO voltage control
D5 High-irequency switch




MAIN PLL VCO (IC201 : L78-0363-08)

TM-451A/E

DESCRIPTION OF COMPONENTS

Ref No. Use and function Operation/Condition/Compatibility
IC1 PLL controller 7 Unlock : Pulse output 8 : VCO input
IC2 Analog sw -".:;!1 Normally OFF. '

Ic3 LPF

'] VCO Recemer VCO,
02 VCO output buffer

Q3 VCO frequency band swilching

04 VCO output hﬁm

ar Lock detector

Q10 VCO Transrmitter VCO.
o102 EwnchME;

D3 VCO voltage contral

D101, 102 | vCO voltage control

D103 Transmit modulation

TX AUDIO (IC202 : W02-1828-08)

Ref No. _ Use and function Operation/Condition/Compatibility
IC1 Analog swilch ' See ciroull description
IC2 (12 Lirmul .;ll'l"-[_]llhi:"r Preemphasis, limiter
IC2 (272} LPF Splatter filer
IC3142) Receive data cutput buffer
IC3 {2/2) Adder '

RX AUDIO (IC2 : W02-1829-08)

Ref No. Use and function Operation/Condition /Compatibility
IC1 (1/2) Adder amplhfer R
IC1 {2/2) Clutiput buffer
IC2 Analng_g.-:-: tch See crcuit description.
I3 Audio electronic VR 12 INC input {Qperate on rising edge.]

2 : Up/down control input 3 : Audio input 4 ; GND
5 Audiooulpul  6:GND  7:Chipselect input  8: +5V

PROG SQL (IC4 : W02-1830-08)

Ref No. Use and function Operation/Condition/Compatibility

i1 Shift regnsu'_'-r- 1:Enable mput  2: Senal datainput 3 : Clock input
4:50L0cutput  5:S0L1 output 6 SOLZ output
7:50L3output  B:GND 11 ; Sub-band reception ON
12 : 360MHz-band reception ON 14 : S0L4 output
15 : Dutput enable mput inormally highl 16 © +5Y

IC2 Analog swilch See circuit description.

an Irverier

RF AMP (IC102 : W02-1831-08)

Ref No.

Use and function

Q1.2

Operation/Condition/Compatibility

Hugh.frc-r_i-_:::n-:'_}- amplifser
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EXPLODED VIEW

Ay-909Z-ESN - (L-4)9x978
Ov-9092-26M: (Llaxgze 9
Ar-909Z-EEN - (D019 X9ZN 8
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ADJUSTMENT

Measuring Equipment for Adjustment
1. Tester
Input impedance: High
2. RF valve voltmeter (RF V.M)
Input impedance: 1M or more, 2 pF or less
Voltage range: Full scale = 10mV to 200V
Measurable frequency range: up to 500MHz
3. Frequency counter (f. counter)
Input sensitivity: About 50mV
Measurable frequency: 500MHz or more
4. DC power supply
Voltage: Variable in the range 10 to 17V
Current: 13A or more
5. Power meter
Measurement power: S50W, 25W, 3w
Impedance: 5002
Measurable frequency: 500MHz
6. AF valve voltmeter (AF V.M)
Input impedance: 1M or more
Voltage range: Full scale = 1TmV to 30V
Measurable frequency range: 50Hz to 10kHz
1. AF generator (AG)
Output frequency: 100Hz to 10kHz
Output veoltage: 0.5mV to 1V
8. Ling detector
Measurable frequency: S00MHz
9. Spectrum analyzer
Measurable frequency: 500MHz
10. Directional coupler
11. Oscilloscope
High sensitivity with horizontal input terminal
12. Standard signal generator (S5G)
The standard signal generator must be able to gen-
erate the 144 and 430MHz band frequencies and
vary the amplitude and frequency:.
Output: 0.1V to greater than 1TmV
13. Dummy load
842, about BW
14. Noise generator
The noise genarator must be able to generate noise
similar to ignition noise containing high-frequency
componeants of S00MHz or more.
15. Sweep generator
The sweep generator must be able to sweep the
144 and 430MHz bands.
16. Tracking generator
17. Adjustment jig
Extension flat cable.

Preparation

Set the controls and switches to the positions listed
below unless otherwise specified.

VOL control Fully counterclockwise
S0L control Fully counterclockwise
POWER switch OFF

iFor fixed stations) OFF

DC power supply POWER swatch

upP DWHN
BC:DC 8V R.D: Transmission band
100mA max. detection output [100mY/10kLH
GND MIC
STBY (PTT) GND (MIC)
Microphone socket

{as viewed from the front of the set)

LUse an insulated rod, such as a plastic rod, for ad-
justment (especially for trimrners, coils, etc.).

To protect the signal generator, never connect the
microphone to the microphone socket when the re-
ceiver section is adjusted.

Before the power cord is connected, make sure the
power switch is off.

See the instruction manual for transmit and receive
operations.
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Common Section Adjustment

ADJUSTMENT

TM-451A/E

Measurement Adjustment
ltem Condition = IL?':_. | unit | Tominet | Unit | Parts Mthod Specifications/Remarks
1. Setng 1} Power supply voltage
- 13.8v DC
POWER SW : OFF
VOL VR, SQL vR
: Fully counterclockwnse
2. Reset 1} Hold down the MR key, and Check All LCD segments on
turn the power switch on
Confirm that ail LCD seg-
ments turn on, then release
thi MH_.IEFI..:_.
3. PLL lock 1} 430MHz band DM TH-RX | TP201 Check M,M2,E,E2 E3.ES
violtage FREC. : 435.000MHz RX: 4. eV
M.M2E.EZE3ES TH : 3.7V
FREC. : 445.000MHz KPP K.P AX:G5AV+1Y
Fecorve and transmit TH : 4.3VE 1V
21 144MHz hand TE202 RX:4.8v+1v
FRED, - 144 SEOMHz
Receive
4. Transmit 11 FREQ. : 435.000MH;z f. counter |Rear |ANT TH-RX [TC201 |435.00070MHz + 100Hz
frequency M.M2.E.E2.E3.ET Dummy load | pamel M M2.E.E2.E3.E9
FREQ. : 445.000MHz K,P 45 000T0OMHz K P
Transrmn
Receiver Section Adjustment
Measurement Adjustment
tem ndition i
S equigment | Unit | Terminal | Unit | Parts Method Spelcttiunaeman
1. BPFF 1) FREQ : 435 040MHz 556G Rear  |EXT. SP | TX-RX
{430MHz band) M.M2EE2EIES Distoriion | panel
FREQ. : 445.040MHz K P ELET
AF VOL : 9 o'clock position Dscilloscope
Connect the distortion meter | AF VTV
to the EXT. SP socket
(Dummy load ; BOY
Connect the S50G 1o the ANT.
2) SSG output © 0 28uv/-118dBm TC303 | Adyust TC3D4, TC303,
WOD - TkHz TC304 [and TCI0M in the
DEVY : +3kH> arcdar listed 5o that
SIMAD is the best.
3) SSG output ; 0. 18pV-122dBm TC301 [ Adjust TCH2, TC301, | SINAD 1248 or more.
MOD : TkHz TC302 [and TC302 in the
DEY : +3kH? ordar listed so that
SIMNAD i the bast.
2. Crystal filter | 1) S5G output : S00uV/-53dBm L317 | Best distorhon rate. | SINAD 35dB or mare.
coil MOD : TkHz
DEY : +3kHz
3 BPF 1) FREQ. - 145 980MH;z
{ 144040 band) AF VOL - 9 o'clock position
Connect the distartion meter
to thie EXT. 5P socket.
Duminy load - 8O
Connect the S5G to the ANT
2) SSG output : 0.28uv/-118dBm TC307 | Adust TC308, TC307,
MOD : TkHz TCI0B |and TCI08 in the
DEV : +3kHz order listed so that
SINAD 15 the best.
3) SSG output : 0.18pv/=122d8m TC305 | Adjust TC306, TC305, | SINAD 1248 or more.
hAOD : TkHz TC306 [and TCI0EG in the
DEY : +3kHz arder listed so that
SIMNAD 15 the best
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ADJUSTMENT

em

Condition

Measurement

Adjustment

Test-
equipment

Lnit

Terminal

Uniit

Parts

Method

Specifications/Remarks

4, Sensitivity

11 430MHz hand
M.M2,E.E2 E3 E9

FREQ.
FREQ.
FREQ.

K.P

FREC
FREL. :
- 449 880MHz

FREQ

 430.040MHz
: 435.040MHz
: 439 980MH:z

. 438.040MHz

445 040MHz

556G nutﬁut : 0.18uV/-122dBm

2} 1440iHz band

E.EZ2.E3.E9
FREQ. : 144 040MHz
FREQ. : 145.040MH;z
FREQ. : 145.980MHz

K.P, M, M2
FREQ. : 144 .040MHz
FREQ. : 145.980MHz
FREQ, ; 147 980mHz

556G output ; 01BuV/-122dBm

856G
Distortion
meter
Dscilloscape
AF YTV

Rear
pane

EXT. SP

Check

SINAD 12dB or more.

Check

5. Major input

SUM ratio

11 430MHz band
FREQ. : 435.040MHz
M.M2 E E2 E3.E9
FREQ. : 445 040MHz KPP
SSG output : 500u\V/-53dBm
AF output : 2 B3VBQ

2) 144MHz band
FREQ. : 145.040MHz
E.E2E3.E9
FREQ. : 145 9B0MH:
K.P.M, M2
556G output - 500pV/-53dBm
AF gutput @ 2 B3ViED

556G

Qscilloscope
AF WTWhA

Rear
panel

EXT. 5P

SINAD 12dB ar more,

Check

SN 4B4B ar more.

S/N 50dB or more.

6. Distortion
ratio

1) 430MHz band
FREQ. : 435.040MHz
M.MW2,E,EZ EZ.E9
FREQ. : 445.040MHz K,P
=506 output : 50p\V-73dBm
AF output : VB0

2) 144MHz band
FREQ. : 145.040MHz
E.E2,E3EQ
FREQ. : 145.980MHz
K.P.M, M2
3306 output ; S0pV-73dBm
AF output : 4ViBQ

556G
Dhastortion
magear
Dzcillnstape
AF YTWRA

Rear
panel

EXT. 5P

Check

B% or less,

5% of less,

7. S-mater

1} 430MHz band
FRELC. : 435.040MHz
M. M2.E.EZ E3ES
FRECQ. : 445.040MHz KP
S5G outpul : 3.5uV/-96dBm

21 556 output : OFF

31 144MHz band
FREQ. : 145.040MHz
E.E2.E3.ES
FREQ, : 145 980MHz
K.P.M. M2
S56 output : B.OuV/-B9dBm

4) 558G output : OFF

SSG

Rear
panel

ANT

TX-RX

VA1

Turn clockwise
gradually until all the
S-meter segments
turn on.

All S-meter segments on.

Check

All 5-meter segments off,

All S-meter segments on,

All S-meter segments off,




TM-451A/E

ADJUSTMENT

Measurement Adjustment
L Saneicion Iqlri?lt';lnt Unit | Terminal | Unit | Parts Method fpsaifications/Ramarkcs
8. Squelch 1} 430MHz band SSG Rear |EXT, SP Check Controd position : 8-11 o'clock
FREQ. : 435.040MHz Dscilloscope | panel BUSY off
M.M2.E.E2 E3 E9
FREQ. : 445 040MHz K.P
556G autput : OFF
Turn the SAL VA until noise
disappears.
2} 556G output : 0. 1pV/-127d8m Squelch is open.
BUSY on.
31 SAL VR : Fully clockwise AF output off.
BUSY off.
4) 556G output : 0.35uV/-116¢Bm Squelch is open.
&) 144MHz band Control position : 8~11 o'clock
FREQ. ; 145.040MHz BUSY off.
E.E2,E3.E9
FREQ. : 145.9800MH?
K.P.M, M2
550G output : OFF
Turn the SAL VR until noige
disappears.
61 556G output @ 0. 1u\V/-127dBm Squelch s open.
BUSY on.
71 SOL VR : Fully clockwise AF output off.
BUSY aff.
B) 556G output : 0.35,V/-116dBm Squelch is open.
Transmitter Section Adjustment
Measurement Adjustment
Hem Condition 2 ;['::.m unte |Temsinat| skt | Pats Method Specifications/Remarks
1) FREQ. : 435.000MHz Power meter | Aear | ANT TX-RX |VR101 | Fully clockwise 37W or more,
M.M2EE2E3E9 |Ammeter |panel
FREQ. : 445 0DOMHz KPP
2} Power : High VR101 | 36W 35-42wW
Transmit 104 or less.
3) Power : Low VR102 | 5W +1W
Transmit
4) Power : Mid Check 10~14W
5 M,M2,E.E2 E3.E9 35-42W
FREQ. : 430.000MHz 104 or less,
FREQ. : 435 000MHz
FREQ. : 439 940MHz
K.P
FREQ. : 438.000MHz
FREQ. ; 445 000MHz
FREQ. : 449, 2400MHz
Power : High
Transrmat
8] Power | Mid 10~14W
Transmit
7) Power : Low 3-8V
Transrmi
B) FREQ. : 400.000MHz M2 J.5W or more.
FREC. : 410.000MHz E2
FREQ. : 469 840MH: M2,E2
Power : High
Transmit
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ADJUSTMENT

item

Condition

Measurement

Adjustment

Test-
equipment

Lnit

Terminal

Unit

Parts

Method

Specifications/Remarks

2. DEV.

1) FREQ. : 435.000MHZ
M M2,E.E2 E3E9
FREQ. : 445.000MMHz K,P
AG 1 1kHz2/25mV
E.,E2,E3.E9
AG - 1kHzS0mY
K,P.M,M2

2 AG D TkHz2 Sm
E.E2,E3.E9

AG  TkHz/5.0mV
K.P,M, M2

Lire
detecior
Deoilloscope
AG

3. TONE

1) FREQ. : 435.000MHz
M, M2.E.E2E3ED
FREQ. : 445.000MHz KPP
TONE key : ON
Transmit
After check TONE key : OFF

4. DTSS

1) POWER SW : OFF
Hold down the F, VEQ, DTSS,
and LOW keys, and turmn the
power switch on,
Transmit
Conlerm, reset, and put the
frequency in memaory aggin_

Rear
panel

AMNT

TH-RX

VR2M

+4,3kHz {larger one)

+200Hz

Check

+2.2~3.6kHz

Leme

datector
Dscilloscope

Rear
panel

ANT

Check

+0.5~1.5kHz

Check the 1633Hz
single tone.,

+2.5kHz or more.

5. Abnosmal
SPUMNoUS
ascillation

11 M,M2,E.E3.E9
FREQ. : 430.000MHz
FREQ. : 435.000MHz
FREQ. : 439.940MHz
K.P
FREQ. : 438.000MHz
FREQ. : 445 000MHz
FREQ. : 449.940MHz
Fower : HighMidLow
Power supply voltage
: 11.5 to 16.0V

Spectrum

analyzer

6. CTCSS

1] FREQ. : 435.000MHz
M.M2.E.E2,E3,E9
FREQ. : 445.000MHz K,P
For onlby units containing TSU-8

Set the tones of the main unit

and monitor unit to the same
Irequency. (Fress the F kay,
then the TOME key.)

Tury SOL VB until noise
disappears.

Adjust mutually,

2) Change the tone frequency
and transmuit it from the
oo unit.

bAontor
wimaf

Check

Spurigus - -60dB or less
There must be no abnormal
spunous oscillation,

Check

Mutual adjustment must be
possible.

The squelch must not be open

7. Protection

1) FREQ. ; 439, %40MHz
M. M2.E E2 E3E9
FREQ. : 445 940MHz K,P
ANT - Open
AMT : Short
Transmal

Armrmater

Check

10.04 or less.
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TM-451A/E

ADJUSTMENT

Adjustment Points

- Top view
I - T
“nrﬁﬁr'.r\llﬁﬂl'qﬂﬂﬁﬂﬁﬁﬁﬁﬁﬁ
[
b b b b b A b b b b b b b B A 3 B
I L_ah_ih.-‘-.-ﬂh_d'-_auuk.dk.-uul-q-ﬂul-_auk—d.
TC201 : Transmit frequency mm'-.r:
TC301~-304 : 430MHz BPF £
TC305-308 ; 144MHz BPF VR0 11 TE308
L317 : Crystal filter coil
VR1 : S-meter (430MHz) €20 S
VE101 : High power . ()] TC302 TC206 I
VR102 : Low power | T304 TCI03
VR201 : DEV. n (@]
| I ' TC308 TCI07

- Bottom view

(
<
(
L
L.
(
1
4
(
(
"
(
(

TE201
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TM-451A/E

TERMINAL FUNCTION

CN No. [PinNe.| Name | Function CN No. [PinNe.| Name Function
TX-RX UNIT Chade 1 DWH MIC SW DOWN, MR, PF input (K bus serial mput)
CH1 1 | GND GND 2 | RD Demodulation signal, DRS playback tone qutput
2 | 5P Speaker output WODULAR (Controller cannection detection input)
Ch2 1 | PED Packet data modulation input FPG 3 | MIC Microphone audic input - (Contreller audio input)
2 | DE GND MC45( 4 | ME Microphone ground (GND)
PGSA | 3 | PKS- | Packet PTT signal input sl Microphone PTT input : (K bus serial output)
Optige) | 4 | PR Packet 9600-bps data demodulation autput 6 | GND GND
5 | PRI Packet 1200-bps data demodulation output L i +8V _
& | soc Squelch control output 8 | UP MIC SW UP, CALL. VFO input - (K bus serial output)
oo |9 GND GND Chag3 [ 1 SCK+ | CTCSS senal clock output
- | E P S0OT+ CTCSS senal data cutput
§ iﬂﬁ; Sl E’:'};’hﬁ&"m'm"’" Cal g TSU8| 3 | CTE+ | CTCSS serial data strobe output
q KIND2- | Frequency band identification data oulput (Option} | 4 MC _
5 | BPFC | Receive RF band-pass filter control input 5 | S00- | CTCSS tone detection input
6 | KIND3- | Frequency band identification data cutput 6 | GND (5MD
7 | MUTE+ | Audio mute control input 7| ¥ +5V
8 | SDT+ | PLL data, shift register senial data input 8 | RD Demodulation signal output
9 | SCK+ | PLL data, shift register serial clack input CN4D4 | 1 | GND | GND
10 | LEM+ | 430MHz-band PLL enable input (main PLL} 2 | sv +5V
11 | LES+ | 144MHzband PLL enable input (sub PLLY | ME-1 | 3 | MCK+ | ME-1 serial clock output
12 | LER+ | Shuft register enable input {Option) | 4 | NC
13 | TX+ Transmission start signal input = MDT+ | ME-1 senal data inputfoutput
14 | MNC CNADS | 1 GEMND GND
15 | NC 2 | KOUTI- | Frequency band identification data outpul
16 | NC TX-RX| 3 | ALD Mot used
17 | SC+ Squelch busy control cutput UNIT | 4 | KIND2- | Frequency band identification data input
18 | SM S-meter gutput CN201 | 5 | BPFC | Receive RF band-pass filter control output
19 | RXA Audio signal output 6 | KIND3- | Frequency band identification data input
20 RXD Demodulation E.F-E.'I'Iﬂﬂ culput 7 MUTE+ | Audio mute control cutput
ChNa0z | 1 NC B SDT+ PLL data, shift register serial data output
2 | UD- Audio electronic VR up/down control input 9 | SCE+ | PLL data, shift register senal clock output
3 INC- Audio electronic VR increment control input 10 | LEM+ | 430MHz-band PLL enable output imain PLLY
4 | Cs Audio electronic VR chip select input 11 | LES+ | 144MHz-band PLL enable autput (sub PLL)
5 | AE GMD 12 | LER+ | Shilt register enable output
6 | A2 Audic input (from AF VOL of control unit) 13 | ™+ Transmission start signal output
T £ Audie autpul 1o AF VOL of contrgl unit) 14 | NC
8 | BUZZER | Beeper input (Beep and DTMF tone) 15 | NC
9 | RXMUTE-| Receive audic mute control input 16 | NC
10 | PLAY Dugntal recording playback tone input 17 | 5C+ Squelch busy ¢control input (To CPL)
11 | ME MIC GND 13 | 5M S-meter input {To CPU)
12 | DTMF | DTMF modulation input 19 | RXA Audio signal input
13 | TONE | Sub-tone modulation input 20 | RXD Demodulation signal input
14 | TMIC | Audia ingut (From the mic amy circuit of control unit) | CN40B | 1 NC
15 [ 1200PK | Packet modulation data 1200-bps output 2 | UD- Audio electronic VR upfdown control output
16 | PKTS- | Packet PTT output TX-AX| 3 | INC- | Audso electronic VR increment control output
17 | PSW+ | Power switch control input UNMIT | 4 | CS- Audio electronic VR chip select autput
18 | VB +BV ChZ0Z | 5 | AE GND
19 | SWI38V | Swatched 13.8V 6 | A2 Audio autput (from AF VOL)
20 | 138v | +138V ¥ | Ad Audio input o AF VOL)
CONTROL UNIT B BULER | Beeper oulput (Beep and DTMF tonel
Chame | 1 LCDDT+ | LCD driver data output 9 | RXMUTE-| Receive audio mute control output
2 | LCDCK+| LCD driver clock output 10 | PLAY | Digital recording playback tone output
LCD | 3 | LCDLE+| LCD driver enable output 1] ME MIC GND
aAssy | a4 TEST+ | Mot used 12 | DTMF | DTMF modulation outpul
5 | DIMO+ | Dimmer control cutput 13 | TONE | Sub-tone modulation output
6 DIM1+ | Dimmer control sutput 14 | TMIC Ao cutput Ifrgm the mic amp carciit)
7 LAMP+ | Lamp drive output 15 | 1200PK | Packet mﬂdglahnn data 1200-bps input
8 | BLANK+| LCD blank display control output. 16 | PKTS- | Packet PTT input
o | GND GND 17 | PSW+ | Power switch control output
b i 5 ::S ﬁﬂﬂ'ﬁ" gmlrtd‘led 13.8Y
. 1
11 | SWI38V | Switched 13.8V & liser | ey
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- TM-451A/E
LEVEL DIAGRAM

Receiver Section

475 040MMHz (M M2.EE2 EJEN

I 445 DUDMHZ (K, P) ) 45 CEMIz | 455kHE | |
| I I | |
| -123dBm 124548m  -118808m  -121dBm  -110.5dBm -113dBm  -93dBm —BdBm Loy & Am l asid
| I .
I| IF Fox, ALID ar awr] |
- - e Ic1 Iz ica | |
|
L3202, L303 LI0%, LI06
qj/v HPF [—] LPF TC301, TC3I02 Tcam, Teao | PH
L3 | ?_J“
I 030 0302 310 aIn } i i
£  M5.9B0MHz [K.P.M,M2) [ 145.040MH; (E E2EJES) I J :
i
I “1245dBm - 120dBm -1220Bm  -116dBm -118aBm : :
| | |
| BPF | |
I e L3912, L343 L35, L318 I |
I TC305, TC306 TC307, TC308 I I
| | |
I 030 Q304 I I
!_ 550G ! AF VTVM I
1 |

Note 1: 12dB SINAD is obtained at this signal generator level when the signal is input from the signal
generator via the 0.01uF coupling at each point tha first IF.

Mote 2: The AF level is measured with the AF valve voltmeter when the 40dBy (-73dBm) signal
generator signal that is modulated by a modulation signal of 1kHz with a deviation of 3kHz is
received and the AF output is adjusted with AF WOL to 0,63V/R0

Transmitter Section

CONTROL
L UNT TH-RX UNIT |
| | | 4
I I I ]
5.0mV | DmV | R o oS5V | /W
| | |
: : DRIVER POWER MODULE |
I I 1C 0 :
I I 1 il l
D—-—-+—D— - LPE p=d HPE ANT ':;
| iCaoe I -
13 I00mW |
|
AF VTVM [ BF YT I PFOWER woltmeter (S0 termimated) I

MNote 1: et the AF generator 5o that the MIC socket input is 3kHz DEV at 1kHz MOD.
Note 2 : The transmit fraquency is 435.000MHz (M,M2.E.E2 E3 E9), 445.000MHz (K. P).
MNote 3 : The High/Low switch is High.
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CIRCUIT DIAGRAM / PC BOARD VIEWS | M-451A/

IC4 : PROG. SQOL (W02-1830-08)
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o G1
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— G) — 79 suB-
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e e & 7
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v s = HHEC gL
: ™ 27K | |

GND @R— L. e

= | I .0 :T :
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IO ! ETRITLIET Cry S T 11| I | _ N
IC4 : PROG SQL (W02-1830-08) IC4 : PROG SQL (W02-1830-08)
Component side view Foil side view

] Component side
[T Foil side
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A 8 | c LB E [
TM-451A/E Ppc BoARD VIEWS
IC2 : RX AUDIO (W02-1829-08) IC2 : RX AUDIO (W02-1829-08)
Component side view Foil side view

| A pattern L A pattern
B pattern [C1B pattern

[ 1C pattern [ 1C pattern
D pattern £ D pattern
Component side
A pattern ——
LTS
C pattern —
A
D pattern —
T IS
6 B pattern —
Foil sida
@ A and B connected @ A, Cand D connected
® A and C connected B B, C and D connected
B A and D connected & A, B, Cand D connected
[3] B and C connected O Aonly

A B and D connected ] B only
& Cand D connected A Conly
® A BandCconnected O Donly
60 @ A, B and D connected Mo mark is not connected




IC2 : RX AUDIO (W02-1829-08)
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IC102 : RF AMP (W02-1831-08)
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IC202 : TX AUDIO (W02-1828-08)

Component side view

P - | N b ____

IC202 : TX AUDIO (W02-1828-08)
Foil side view

L1 A pattern
B pattern

1 A pattern
1 B pattern

Component side

A pattern
C pattern —4
D pattern —
B pattern —

s
P Frri

A

Foil side

A and B connected
A and C connected
A and D connected
B and C connected
B and D connected
C and D connected
A, B and C connected
A, B and D connected

@ekrEERCO

[ C pattern
1 D pattern

@ A, Cand D connected

B, C and D connected

& A, B, Cand D connected
(8] A only

O B only

A Conly

QO Donly

Mo mark is not connected

{1 C pattern
D pattern
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TM-451A/E

PG-5A (DATA CABLE)

PG-5A External View PG-5A Wiring
Pin Mo, | Wire color
= T Braun
A Red
3 -Cl-raﬁ;ie
4 el
] Green
E 1 BI-\\JE' =5
E Shield

Plug (6P mini DIN)

PG-5A Dimension

Data cable (E30-3202-05) 1 BRN

i F e 2 RED
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TM-451A/E

SPECIFICATIONS

Genaeral
Frequency range
hain band........ R S S S S e 438.000~449 995MHz - KP 430.000-439 SO5MHz : M M2 E.E2 E3ED
Sub band (Fecevel ... e o R e T e e e SR 1484 000-147 995MHz @ K.P M M2 144 000145 995MHz : E.E2 EZED
1 o R e eSS R T s . F3E
AN ITIDEOENIGE . i i s R R e oA E00
Lsable tempPerature faMGE .o sssssmeis samieisiiameses s ssmsmenssanases ~20°C ~+80°C
P AR e e S DC13BV £ 15% (11.7~15.8V)
CATOITRIY PN ... - s s s Negative ground
Currant
TISNENE IR - e s s S st e ) 10,08 or less
Receive (no signal) ............. S Rams TaRaReEs L B R R 0.6A or less
Frequency stabilty
Rt Y RN v v e LR R S S b v WWIHIN 2 10ppm
Sub bond Iracsiva) -............ooecciins s rismrer s msanassies . Within +10ppm
Dimensions (W x H x D) Projections not included ................ . 140 x 40 & 1680mm
LT o] Tk
Transmitter
Power oulput
B D e 38w
o e e e D S s e b i Apprax. 10W
U P ey cy e Approx. 5W
PO B e SR L b Reactance
S UINOUS BIMIES BINE .. cuvviiiancscossraasissbimsncsss s ianns orirsmsaratan vereees =B0dB of less
PAaximum frequency DEVIATION ............cccccvvvmemeeee e nsmrens s +5kHz
Audio distortion [at B0% modulaon) ... 3% or less
L [T o g LT QT T =L g - G000
Receiver
A NN oo o 5 S e e R N R e aR R Double conversion superheterodyne
Intermieckate requency C1SWERdD .o 45 0sSMHzAS5kH?
Sengativity (T2dB SINAD) ..o it siniores masscrrsmamsres 0. 18V or less
Selectnaty
S e e e B p b 12kHz or more
I e e e e S vrannensvasmsarsrsianae s SORHE OF 1258
SOUBICH SENSITVIEY ... s smnmee e T 0. 1Y or less
Audio output (B, 5% distoriond ...........ccoovvveeee. veemeereenanees 2WW OF igher
Ao OUTDUT INMDBIATIOR ... corirs ssmmserissanessss s ssmssssrdassns sesmmmmnes B0

KENWOOD CORPORATION

14-6, Dogenzaka Ychome, Shibuyaky, Tokyo 150, Japan

KENWOOD SERVICE CORPORATION

P.O BOX 22745 2201 East Dominguer Street, Long Beach, CA 90301-5745, US A
KENWOOD ELECTRONICS DEUTSCHLAND GMEBH
Fembrocker 51 15, BIRE Hevsenstamem, GEimarme

KENWOOD ELECTRONICS BENELUX N.V.

Meachelsasteernwag 418 B-1330 Javentem, Balgium

TRIO-KENWOOD FRANCE S.A.

13 Bowleward Mey. T5018 Pans, France

TRIO-KENWOOD U.K. LIMITED

EENWOOD House, Dwight Road, Watfoed, Hers, WD 3EB United Kingdom
KENWOOD ELECTRONICS NEDERLAND B.V.
Amsierdamseweg 35, 1422 AC Unhoorn, The Netherlands

KENWOOQD ELECTRONICS ITALIA S.p.A.

Vie G Simon, 79 20189 Milano, Italy

KENWOOD ESPANA S.A.

Bolivia, 739-08020 Barcelona, Spain

KENWOOD ELECTRONICS AU%TFIALIA PTY. LTD.

AC M 00T 439 074 e

P O Box 504, B Fugtree Drive, Australia Centre, Hdhabush, M5 W 2140, Austiala
KENWOOD & LEE ELECTRONICS, LTD.

Lirat IT12-3724, Lewel 37, Towed one Metrgplaca, 223 Hing Fong Road, Kwa: Fong, M.T., Hong Kong

KENWOOD ELECTRONICS CANADA INC.
G070 Kestrel Fioad, Mississauga, Ontanig, Canada LT 158



