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TM-451A/E

CIRCUIT DESCRIPTION

Frequency Configuration

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

The recewver 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 10 445.045MHz, 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 189.05 to 191.045MH:z (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 506MHz 1o produce the 455kHz sec-
ond IF.

The signal in the transmitter system is directly oscik
lated and frequency-divided by a PLL circuit, and amgli-
fied by a linear amplifier, then transmitted.

400~ 1s1 MCF 2nd CRWMASEE
469 995MH:z MIX 45.05MHz MIX  455kHz
AT RF ArP IF, AF
HPF PEI™'sw ™ ser T’@" peT [™] amp '{ﬂ =
' |
3
399.995MHz 45.505MHz
= ~ D -
AMP o amp ™ i PLL vCO [
800- 144z
999.9875MH: 136~ : Hang
:ME, E2} 1?3-995'“‘H1 - T
times
E - “FE;J;-"P = ‘:: 12.BMHz
pLveo [0
430MH?
PA AMP |e TX. DRIVE fe2—| band | MIC AMP —(] MIC
A:TX A438-440.995MHz (K, P) B: 438-449.995MHz (K, P)

430~439.995MHz (M, E. E3, E9)

400-469.995MHz (M2)

410-459.995MHz (E2)
RX  300-469995MHz (K, P, M2, E2)
430-439 995MHz (M, E, E3, E9)
136~173.995MHz (K, P, M2, E2)
144~147 995MHz (M)
144-145995MHz |E, E3, E
800~999.9875MHz (M2,E2)

k=

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




TM-451A/E

CIRCUIT DESCRIPTION

Receiver System
+ Qutline

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, 0310.

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.

wWhen 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 399.995MHz
(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 0312, 0313 and
IC302, and it goes to the first mixer, Q210.

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  2nd MIX CPWM45SSE
Q301 TC301, TC302 Q302 TC303, TCI04 Q310 MCF Q3N 04 455kH:
ANT
EHPF“I—I-LPF"*EW ||'||—-D—-I|"; i1l
15t LOCAL OSC and LOCAL
B00-999.9875MHz 300-399.995MHz (PLL)
-
AF AMP
312 313 IC302
2nd IF RX AUDIO
™ 'ﬁl AMP, DET AP
—# LPF —
RF AMP BPF  RFAMP  BPF .Jl__' #ng LOCAL
Q303  L312,1313 Q304 L315,L316 $ 45 E05MHz
TC305, TCI06 TC307, TCI08
Fig. 2 Receiver system configuration
tem Rating ftem Rating
Mominal center frequency | 45.050MHz Mominal center frequency 455kHz
Fass bandwadth +7.5kHz or more at 3dB BdB bandwidth +7 5kHz or more
Attenuation bandwadth +22kHz or less a1 2548 S0dB bandwadth +15kHz or less
+38kHz or less at 40dB Fass bandwith ripple 3dB or less
Guaranteed attenuation 80dB or more at +B90~330kHz Guaranteed altenuation 3548 or more at £100kHz
Spurious: 40dB or morewithin +1MHz Insertion loss 6dB or less
Insertion loss 1d8 or less /O impedance 1.5k{}
ppie 24K of laas Table 2 Ceramic filter characteristics
Terminating impedance BO0LY2pF

Table 1 MCF characteristics



TM-451A/E

+ S-meter circuit

CIRCUIT DESCRIPTION

The S-meter cutput voltage of the FM IF HIC IC1
(KCDO4) is sent to the control unit and digitized by the
CPU to operate the bar meter on the LCD,

« Shift register circuit

The SDT+, SCK+, and LER+ serial data from the
control unit are sent to IC5 (BU40S4BF) and 1C4 (W02-
1830-08) 10 control operations as outlined in the follow-

ing table.
Pin No. | Name Function

1 LER+ Enable input
' 20T+ senal data input
3 SCE+ Clock input
4 v +5\
5 GMD GND
B SoLC Squelch level control outpul *
7 SUB+ Sub reception ON.  ON : High
B 360+ 360MHz band ON. ON : High
8 BO0+ 800MHz band ON. ON : High

* The SOL C {pin 6) is described in the section “Squelch circuil in the
AF signal system’.

Table 4 IC4: W02-1830-08 function table

Pin No. | MName Function
1 Strobe Enable input
2 Sanal IN | Senal data onput
3 Clock Clock input
4 o1 hain VCO frequency selection
5 02 Sub VOO frequency selection
& Q3 Packet 1200 bps ON. ON : High
7 Q4 Packet 9600 bps ON. ON : High
8 Va5 GHND
9 Qs Senal data output to IC4
10 Qs (Mot used)
11 o3 TX power selection LOW. LOW : High
12 ov TX power selection MID.  MID ; High
13 g 06 (Mot used)
14 Qs Sub PLL circuit ON.  ON : High
15 QUTPUT | Ouiput enable. Pulled up 1o +5V
16 VoD 5V

Table 3 IC5 : BU4094BF function table

LCD
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:,I:>' MSM5265GS

1 a 5 T b
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————— —I- —— — — — — | —
TX-RX | CONTROLUNIT
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ECD04 |
|
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I [C401
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= |
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|
CONTROL UNIT |
|
|
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CPU |
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Fig. 4 Shift register circuit
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TM-451A/E

CIRCUIT DESCRIPTION

Transmitter System

« Qutline

The transmitter circuit directly produces and modu-
lates the desired frequency by means of a vari-cap di-
ode.

+ Meodulator circuit

The audic signal from the microphone is amplified
oy microphone amplifier IC408 in the control unit, and
input to IC202 in the TX-RX unit. 1C202 consists of a
pre-emphasis circuit, amplifier, limiter, and splatter cir-
cuit that eliminates unwanted high-frequency compo-
nents. (See the section "TX audio circuit.”) The fra-
quency modulation circuit directly modulates fre-
gquency by means of a varicap dicde.

+ Younger-stage circuit

The signal cutput from the VCO is buffer-amplified
by Q201 and input to RF AMP HIC IC102. The ampli-
fier provides a stable drive output without adjustment
because of its wide bandwidth. The APC circuit con-

trols the collector voltage in the Younger final stage.

« Power amplifier circuit
The drive signal is input to power module IC101 and
amplified to the specified lavel,

« APC circuit

The automatic transmission power control (APC) cir-
cuit detects part of the power module output with di-
odes D101 and D102, and generates the VDET detec-
tion voltage. The APC circuit compares VDET with ref-
erence voltage VREF by mean of transistor Q103, and
controls the control voltage with DC amplifiers Q101
and Q102 so that VDET equals VREF, thus keeping the
transmission output constant.

The transmission output is switched between low,
medium, and high with reference voltage VREF by
mean of transistor Q109. The switching signal is out-
put from shift register IC5.

T N M M S — —— — - e e e e ——— — — AMT
we iceos | | Ivnwr IC205 | | azn ave e 101 I
Fri- Liningr Cplanas 2 Pk
":"lw_ s Tt el I o I wo i mh_‘ﬁ*"n*"#
N ——————— s | T |
CONTROL UNIT ] : il i
Paet ot G600- B ™ | I
A it | L= i
I PLL = mmn || arc POWER
I I BT Uit DET
&
———————— o | ! i
SUBPLLWCD  TX. MiDe  LEWY
LOs
Fig. 5 Transmitter system block diagram
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TM-451A/E

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, RS and R10 comprise an at-
tenuator, and IC2 (2/2) and its peripheral circuits com-
prise a splatter filter of 60dB log (/3k). The output
from the splatter filter is summed with the tone and
the packet modulation data (9600bps) signal, PKD, that

=]
IC2 117d) .

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

The PKD packet modulation data signal can be
switched to 1200bps or 9600bps by the IC1 analog
gwitch. The switching control signal is output from the
shift register circuit 1C5 (BU4034BF) as the PK12+ or
PKS6+ signal. In addition, for the packet demodulation
data (1200bps), the RXA signal is amplified by IC3 (1/2)
and output as the PKRD signal.

THXMOD

+5

V5 ME PR PET12s

PETIE+ AoxA,

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



TM-451A/E

CIRCUIT DESCRIPTION

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 -
MB1504L), the operational amplifier (IC3 : NJM3404)
that forms a loop filter, RF buffer amplifier O4, 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 O3,
Q107, 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 BMHz 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-
ing equation :

MNo. Mame Function

1 LE Enable input

2 DT Dalla input

3 CK Clock input

4 V5 Y
2.6 OsC 12 8MH7z crystal oscillator connection
7 LD Lock signal iLow : Lock)

B V10 10V

9 OUT | VCO output

10 MOD Madulation signal input

11 VSE 8\ (Fipple filter)

12 Voot Lock voltage output

13 GND Ground

14 SHIFT Equﬂn{ry band select signal input

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

Where :
fCO = (144 + 45.05) = { (n x 64) + A} x fosc + R [MHz
fvco : VCO output frequency
n : Binary 11-bit programmable counter setting
value (divide ratio : 16 to 2047)
A Binary 7-bit programmable counter setting value
(divide ratio : 0 10 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
= 188050kHz = 189.05MHz
For 430MHz, the relationship between fvco (RX) and
each frequency divide ratio is given by the following
equation:
fvCO = (430 -45.05) = { (n x 64) + A} x fosc + R [MHz]
In this case, nis 1202 and A is 62.
= fveo = ({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 By

L] X, XouT 12.BMHz crystal oscillator connection
B, 10 | Xout, MOD | Mot used

7 LD Lock signal iLow : Lock)

8 V10 10V

9 ouT VCO output

11 V38 BV (Ripple filter)

12 VeouT 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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CIRCUIT DESCRIPTION

. Frequency band . Frequency band
Enable input —={ LE SHIFT [*— salact signal input Enable input —={ LE SHIFT p*—galact signal input
Data input —==| DT GND —GND Data input —a= DT GND ——GND
Clock input —{ CK VCONT [— Lock voltage output Clock input ——={ CK VEonT — Lock voltage output
BY —— Wh V58 f——a8v B —— V5 V58 ——av
Modulation 12.8MHz crystal
12 .BMHz ¢crystal —| OSC MOD fe—signal input oscillator connection X MOD fa—NC
oscillator
connection —— OS5 OQUT —=vCO output NC —— Xout OUT —=VvCO output
Lock *L* =—— LD V10— 10V Lock °L" LD V10— 10V
Fig. 8 Main PLL VCO pin description Fig. 9 Sub PLL VCO pin description
{IC201 : L78-0363-08) (IC203 : L78-0351-08)
5 | SR T 1
0SC T LPF . | F.CONT Q101 VCO  MOD |
128 o= Ic1 ca 1YCONT 1 5401102 : |
miz B2 | | meisosr [T numasos i R | Y Mon
OSC] =3 I | | l I
| | o : ouT
| | I FOOMNT 1 |
03
LE+ | | " Hvuz024 L e
DT+ |
CKa | Q4 AMP : 1' ! Q18w :
|
P ORREC .
3356
I a1 vco
LD @ | | I
I I

I T I I T T S S S S S A SESSS A ASEE— S— I S S SN S SN T S S S AN (S S

I

Fig. 10 Main PLL VCO block diagram (IC201 : L78-0363-08)

9
il PLL LPF 5 F.CONT |
1M
IC1 o IC3 i D3 I
2 MB 1504L "1 NJM3404 - HVUI307 [
I VCONT
i A l |‘
|
| ' '
| |
DT+ |
CK+ : | Q3 D5 |
- - SHIFT
: a7 Q4 AMP | RN1304, HSU277 }
25C
o —+(E)- ()— |
| |

Fig. 11 Sub PLL VCO block diagram (IC203 : L78-0351-08)
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CIRCUIT DESCRIPTION

* 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 01086
are turned off. No voltage 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)

D207
155301

Main PLL VCO LD- L
(Lock detection) I I

| 1
Sub PLL YOO LD- | 1
iLock detection) | LS |

ICI'IDE
|Fthl'l'.|'04

Q105 are turned on, and 8V is applied to the collector
(VT) of Q105. When the main or sub PLL VCO is un-
locked, Q209 is turned on and Q106 (2/2) and Q104 are
turned off, the 8V 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 amplifier IC3, and out-
out to the speaker.

When the remote controller is connected, the vol-
ume 15 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 audic signal through the VR in the con-
trol unit is indica_ted 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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CIRCUIT DESCRIPTION

Digital racording PLAY 1 i T A1 3
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Fig. 14 Electronic VR (X9313) block diagram
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CIRCUIT DESCRIPTION

» 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-

IC4 - WO02-1830-08

NN EE——— E————— — — . S .  — —

erates the control voltage for IC1 (KCDO4) 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 1o the hysterisis circuit by Q1, logically reversed
by Q6, and output as the SQC signal for packet trans-
mission.

| !
SDT+ ___@_-_ | IC1 : KCDO4
SCKe —={(3}—— Shift register BU4094 | 0 sc
LER+ —"-@—- Q4 Q3 Q2 :
|
|

& (BUSY) - 54

+5Y

sQc

Fig. 15 Squelch circuit

Digital Control Section
+ Outline

The digital control section controls each function
with the microcomputer (CPU). It consists of the key
rgtary 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.

ENCODER =58
IRCO
P L] —
— VFD
- IROT P11 ——uT
MR
Ptz-—-a"""
F
P13 }———o" T
SHIFT
P14
REV
P15
TOME
T E: [
IC4m Hiss
CPU LOW

Fig. 16 Key and rotary encoder input circuits
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CIRCUIT DESCRIPTION

 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.

+ 5
o
ke A416 1k
FEE
1 R415 1k
PB4
R414 1k
PR < i I I
IC401 Q Jﬁ tIJ (¥ l:
CPu \b
d == 3 =
AN ] 2 £ =
AN
ﬁ.?i" e . o F r o
PTT WUP DO CALL RO MA 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 +13.8Y 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 P87 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.

D408
¥ 1 o
|
| S—
IC407 b
5410 = Ve
« 13 8V Cr—i— .:'HTH
POWER A
SW g -
I © | [ReseT cmcurt 1 AEEET
| oz  cao2 I
| s I
| = | IC401
| CPU
|
W e s i e i e - L g ey el
. { . MM
Q402 I
I P97
|
|
|
|

BACK UP CIRCUIT
-l

Fig. 18 Reset and backup circuits
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CIRCUIT DESCRIPTION

« 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 i1s transferred from P50, P51, and P52 of the
CPU to the LCD driver.

« Dimmer circuit

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 twrn 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 go off.

P52 oLL0DT - [COMA __|
PS1 o-LCOCK —f o jEOME_,
pso f—— o LCDLE »| MSM5265 G
sV SEG1-
Q7
R18 2.2 2541244 1Y)
SW SB
13.8V y T
3! 8
o (1]
CPU al i =
IC401 2541244 1Y) PL1
= 3
o 2SA1162 (Y) E
=
[+ o]
a = Y PL2
az sl sl gl
25C2712 (Y) oF _T a=
T e =
04 —
P37 25C2712 (Y) I 2
r T
—- o2IMO A Dimmer | P37 | P35 | P36
R21 1k 05 Il
25C2712 (Y) d1 H H H
DIM1 . i d2 2L L ) H
P36 o W o d3 H H L
R20 1k Q& d4 H L L
25C2T121Y) - OFF L 5, B

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 (SDT+), P46 ﬁ

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

main band PLL enable signal, and P23 (LES+) is a sub- M e ot R e 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

Control bit ——————f ~
Set to high

Reference divide
ratio R sotting it ———1 51| 52| 53| 54| 55| 56 | 57| 58 5| suafsni[srz[safsra

Pre-scaler divide ratio (Divide by 8 to 16383)
satting bit = SW
Low : Divided by 64

e e o

LS8 M5B

Contral bit - c
Setto low

-

Swallow counter divide
ratio A setting bit =151 52| 53|54|55|96|57

(Divided by 0 to 63) i
» 58 s3] sr0|sn[siz|siafsa|sis]s16]s17] 18
(Dividad by 16 to 2047}

e

Main counter divide
ratio M setting bit

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
5\ applied to variable resistor VR401 through the ana- tone frequency is output from the D/A converter in the
log port to read the rotation angle of the squelch VR, CPU, filtered and output via buffer amplifier Q405.
Resa *5V
1401
CPU
FSC27T126L
DA

R460 470

i

Ca45 0022

Fig. 22 Tone output circuit
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CIRCUIT DESCRIPTION

= DTMF input/output

The DTMF encode IC404 (TC35219F) and DTMF de-
code IC405 (LC7385M) share CPU P80 to P83 to con-
trol input and output operations.

For the encoder, when data arrives at P80 to P83
and P16 (TE+) is high, the tone corresponding to each
itemn of data is output from the IC404 TONE pin. The
output DTMF tone passes through buffer amplifier
Q406 and analog switch IC409, and is output as the
DTMF modulation signal. The DTMF tone is cutput 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.

p-*; ﬁp— =
TE+
1
P E mHE +5v
Q406
: DTMF | *
PB0-PB3 jo= siccts 1 25C2712BL BUZZER
IC404 DTMF
TC35218F
N
G401 IC405 l
I—Wv—{} RXD
Lt LCT385M r-
2 ] I IC406
[ | TC4053BF
L9 _
1 - Microphone amp
Fa3 3. 58MHz L I IC408 (pin 1)
P34

Fig. 23 DTMF input/output
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CIRCUIT DESCRIPTION

« Digital recording circuit

The digital recording circuit consists of recording LS|
IC402 IMSMB588) based on the ADPCM system and
256-Kbit senal register 1C403 (IMSMBS586). 1C402 is
controlled by P80 1o P83 (shared by DTMF encode/
decode control}, and PB0 to P63.

Recording is performed by applying the receive au-
dio RXA signal to the 1C402 MIN pin with CPU control
The playback tone output from the 1C402 Fout pin is
amphfied by 1C408 (2/2), passes through analog
switches 1C410 and IC406, is output as the PLAY sig-
nal, and 1s 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
output to the microphone RD pin

+ CTCSS input/output (option TSU-8)

The CTCSS unit 1s controlled by using CPU P47
{SDT+), P46 (SCK+), P65 (CTE+), and P36 (SDO-).
Figure 25 shows the data transfer format and Figure 26
shows the data configuration. When a tone from the
CTCSS unit is detected, the SDO- pin goes low, and
the signal is input to CPU P36 to open the squelch

X402 4 rBEMMz
i

1C402
MSMESEE

Pag-Pad

g333
l

IC401
CPU

To microphone
RD pin

To microphong amp
ICA08 [1/2)

Fig. 24 Digital recording circuit

SDT+

K SA1 X SA0 X SD5 X SD4 X 503 X SD2 XSD1 X SDOX
e v Al i) o (e O v ) 5 4 ) A O
Jk

CTE+

Fig. 25 Data transfer format

SAD | SD5 | SD4 | SD3 [ SD2 | SD1 | SDO

Tone frequency

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

Fig. 26 CTCSS data configuration




TM-451A/E

SEMICONDUCTOR DATA

CPU : HD6473388F-XXX (Control Unit IC401) -K04 - K.P -W04: M,M2,E,E2,E3,E9

+ Terminal connection diagram

2B
i8¢ BEE3EREE332
£ G -
ifispspeciiannoaaiid
Hinininininialininlnialslialsininlaiaials)
_ (BRREE R IRRreE8LS2328 5
Res ] » 6 7] s
utaL ] g ] Pisas
ExTaL [ 2 5 (7] Pree
Mot O] # &7 ] PaTaa?
moo [ & 55 7] vaa
hikd | [ 55 | ] Po0AS
ey [ & 7] P2uag
wee [ @ 53 I P20
razscen [ 9 &z ] PaAn
PERDG ] 1@ 51 7] rawaiz
PEoeTa0 [T 10 5 [7] P2sand
Vs ] 02 £ [ PaivaTe
PARANEIT [ 13 & ™ PETAIS
PO 3 E LT 47 ] wes
Pasas [ 15 46 [] PaTswY
P W ] 45 7] Padw
ewan [ 17 44 7] PasTMRi
Paz@cn [ 1w 43 [7] PaartDy
piqu:'":T. E 1% daz ] P Tl
R L teanARnsRs e zags e’ PJrommw
U000 OO0 o o9
0 X ROOIRE 38 = =B =
Eg::nr@@:ﬁi%%ééﬁﬁiié
BoBB3g8E £% nﬁiéi 93
5 E
+ Terminal function (O : Pullup by soft, @ : Pullup by hard, B : Pulldown by hard)
No. CPU name Port name | 1/O |Pullup | Backup Function
1 RES I [ ] Resetpin. Normally - High, Resel : Low
2 XTAL - Crystal input pin,  4,194304MH;z
3 EXTAL - Crystal input
4,5 | MD1, MDO I »® Operation mode imode 3) setting.  Set 1o high
o —
[ MNAAI I L Power supply check.
Backup Processing on rising edge and power recovery on falling edge.
7 | sTBY B Set to high
8 Viee - Power supply voltage
] P52/SCKD LCD DT+ 0 | LCD driver data output
10 | PS1/RXDO LCD Ck+ 0 I LCD driver clock output
1 PSOTXD0 LCD LE+ o I LLCD driver enable output
12 | Vss - GHD
13 | PO7TANVAIT I I Power supply check. 1 : Backup, 0 : Power supply voltage normal
14 | P96/a SDO- I ] | CTCSS tone detection. 1 : Mismatch, 0 : Maich
15 | Pas/AS AM+ 0 1 DTMF decoder input signal switching. 1 : Receive RXD, 0 : Microphone input
16 | PoafWR REP+ 0 I | Cross-band repeater demodulation signal output switching.
1 : Microphone amphfier
17 | PR3/RD RD MUTE+ | © I Microphone connector RD signal output control. 1 : Mute, 0 : Mule cancel
18 PI2ARCO EMC Ck- [ L I Encoder clock input
19 | POVRQ ENC DT- | | ® | 1 | Encoder data input
20 F'EUI’FFIEEI'A[)THG T MUTE+ o | Mot used.
e PEOFTCI DRS WR- O I DRS write output. 0 : Write
22 | PEIFTOA DRS AD- 8] I DRS read output. 0 - Read
23 | PB2FTIA DRS CE- 0 I DRS chip enable output. 0 : Chip enable
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SEMICONDUCTOR DATA

No. CPU name Port name | /O |Pullup | Backup Function
24 PEIFTIB DRS R5T= O . [ DRS reset output. 0 : Reset
25 | PB4FTIC M MUTE- 8] I Microphone mute output. 1 : Mute cancel, 0 : Mute
26 PESTFTID CTE- 0| @ I CTCSS load enable oulput
27 | PBRFTOB/IROE | PKTS- | | ® | 1 | Packet PTTinput. 1: Space, 0: Mark
28 | PB7/IRQ7 PSW+ 0 | | SW 13.8V power switch. 1: ON, 0: OFF
29 | Avco - Analog power supply. Reference power supply for A/D and DfA conversion
30 P7O/AND uP I I Microphone switch input (UP, CALL, VFQ)
31 | P71/ANY DWHN | I | Microphone swatch input [DOWN, MR, PF)
32 Fr2iaN2 Shd I | S-meter level inpul
33 P73/AN3 ALD I I Mot used
34 | PT4/AN4 SaL | | Squelch volume position detection
35 | PTS/ANS RD+ | | Controller connection detection. 1 : Connected, 0 : Not connected
J6 FTafaMEDAD TOME L] I 38-wave CTCSS lone outpul
a7 | PT7/ANT/DAY BPFC 0 I BPF control voltage control output
28 Alsg = .ﬁ.nalng_gfmnd- Ground for AT and D/A conversion
a3 | PAOTMCIO RXMUTE- | O [ Demodulation audio mute. 1 : Mute cancel, 0 : Mute
40 P41,TMO0 1750 0 | 1750Hz tone output {for destination E only)
41 PAZTMRID INC- 0 I Electronic volurmne incremental output
q2 P43TMCIT L= O I Electronic volume UPDOWN selection, 1:UP, 0: DOWN
43 | Pa4TMON BEEP 0 I Beep, effect sound output
44 | PASTMAN CS- 0 | Electronic volurne chip select output, 1 : Non-select, 0 : Select
45 | P4GPWO SCK+ o I Commaon serial clock output
46 | P4TAWI SDT+ 8] I Common serial data oulput
47 Vee = Power supply voltage
48 PZTIAL5 Tx+ 0 I Transmit/Receive sﬁlam output. 1 : Transmit, 0 : Receive
49 | P26/a14 LER+ o I Shift register load enable
&80 | P25/A13 SC+ | ® I SC signal input. 1 : Mo signal, 0 : Signal
a1 P24/A12 MUTE + (8] I Speaker output mute outpul. 1 Speaker mute, 0 : Mute cancel
52 P23/AM LES+ o | Sub-PLL load enable output
53 F22/AN0 LEM+ o 1 Main PLL lcad enable output
54 P21/89 MDT+ Wi o | EEPROM data inputfoutput (ME-1)
55 F20/n8 MCK+ 0 I EEPROM clock output (ME-1)
b+ 17] Va5 - GMND
o7 P17/A7 STE- 0o | DTMF encoder tone selection. 1 : Dual tone, 0 : Single tone
54 P16/AG TE+ O | m I DTMF encoder tone enable. 1: ON, 0 : OFF
59 P15(AS KNS I (9] | Key input. TONE, LOW
G0 Pld/a4 KiNg- I o I Key input, REV, DTSS
61 P13/A3 KIN3- | | O | Key input. SHIFT
G2 P12/a2 KINZ2- I () I Eey input. F
63 P11/A1 KIN1- I O | Key input. MR
B P1O/AD KINQ- | Q I Key input. VFO
65 | P30/DO KOUTO- o | Key output

66, 67 | P31/D1, P32D2 KOUTI=, 2= | O I Key output
68 | P33/D3 DET+ I | DTMF decoder detection input.  1: Signal detecticn, 0 : Mo signal
69 | P34/Da OE+ o | DTMF decoder output enable output. 1 : Enable, 0 : High impedance
70 P35D5 DIMO+ (8] | LCD dimmer swilching D1 | D2 | D3
Fal FI6MD6 DIKAT + O I DIMO 1 ] 1

DIiM1 1 1 0

12 F3T07 LAMP+ L | LCD lamp swatching. 1: 0N, 0: OFF
73 Was - GND

74-77 | PEO-FE3 DO+ -D3+ Vo I DRS/MDTMF data line DO-D3
78 | PB4/TXDVROZ | PTT- VO| @ | | | PTTinput, K bus SO cutput. 1 : Space, 0 : Mark
79 | PES/RXD1/IRGA | DWN I | ® | | | KbusSlinpul
BD | PBB/SCKIARGS | UP VO| ® | | | Kbus dock output




SEMICONDUCTOR DATA

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

+ Terminal connection diagram

¢ Input

: Veeld

tVee2

: Veo

: Qutput

: GMD (Flange)

D e L RS S

=)
®

— mmm =

I . S S - — —

C
®

Maximum rating (Tc = 25°C)

Item Code Condition Rating Unit
Power supply vollage Voo i7 W
Current consumption [ 12 &
Input power P Veel s 125V, 76 = 71 = 5002 800 mvy
Output povwer Fo 50 W
Operating case temperature | Telopr] =30 to +100 o
Slorage temperature Tslg =10t0 +110 | “C

TM-451A/E
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DESCRIPTION OF COMPONENTS

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

Ref No. Use and function Operation/Condition/Compatibility
IC1 2nd local ascillator, IF amphfier, FM detection, 3. 4 : Znd local oscllator 45.505MHz 7 - 2nd IF input 455kHz
Low-freguency amphfier, Noise amphifer, 9 : Scan control BUSY signal (Busy : OV)
MNoise detection, Squelch switching 10| Noise detection voltage output IDCH 11 ; S-meter output
12 ; FM detection output 14 - RD owtput 15 BA output
IC2 AF mwte, Adder, Electronic VR See circull descrption,
IC3 AF amplifer 1:AF mput 4 AF putput
IC4 Shift register, Analog swatch (squelch) See circuil desonplon
ICS Shift reqister See circuil description.
IC101 Firal ponwier e|:1'rp’.|l|t:!r =
IC102 Transmut drives émplaher
IC103 BV AVR
IC104 BV AVRA
1C201 430MHz-band PLL VCD See circuil description.
1202 Pre-emphasis, Lumier amphfier, Splaner filter, See circuil desonplion.
Packet modulaton data swalching,
Facket cemaodulation bufler amphfier
10203 144MHz-band PLL VCO See circull descrnplion,
1C204 100V AVR
IC205 Analog swilch (modulation input andaff)
IC208 144MHz-band PLL VCO oulput amplifier
IC302 360MHz, BOOMH:z -band BF amphifier K. P type : 360MHz-band only
IC303 RF band-pass filler control,
DC ampiifier, RD bulfer amplifier
Qi Squelch hysteresis Squelch on | ON
Oz Speaker output muta swilch
a3 fnwerter SC logic inverson
4 Second maxer
o DC amphfier
Conrod voltegn = VIRV
0102 DC amphhar
03 DIH-EIEI'I1I_.EI.rhi;I;'I:||Z.:I|I|_I-E-.‘r (APC oircuit)
Maver
darpciion
0109 Middow power change switch
Coe
Callecior
Q104-106 | Switching See cwcuit descriphon
107, 108 | Swatching 138V onjoff
a110 430MAHz-band RF amplifier
201 A30MHz-band PLL VOO output amplifier
Q202 PLL VCO BV npple filter
0203, 205 | 144MHz-band PLL VCO power switch Q205 : 5v, Q203 . 8v
204 2203 and D205 comirol
Q206 Multiphier (Double) K, P type are not used
Q208 12 8MHz bufler




TM-451A/E

DESCRIPTION OF COMPONENTS

Ref No. Use and function Operation/Condition/Compatibility
Q208 Inverter (PLL lock signal) QFF : Lock
Q210 Packet modulation, Excessive input detection
Q2n Inverter (Packet PTT)
| G212 10V ripple filter
| Q301,302 | High-frequency amplifier (430MHz-band reception]
0303, 304 | High-frequency amphifier [144MHz-band recepion)
Q305 360MHz, B00MHz-band receive eircuit power Switch 1/2 © 360MHz-band, 2/2 : BOOMMHz-band (Except K, P typel
Q306 03205 control
Q307 430MHz, 144MHz-band receive cireuit power swaitch 1/2 : 430MHz-band, 2/2 : 144MHz-band
Q308 Q307 (1/2) control
Q309 Q307 (2/2) control
Q310 First mexer
(HERR First IF amphfier
Q312 High-frequency amplifier (BOOMHz-band reception) Except K, P type
313 High-frequency amplifier (350MHz. BOOMMHz-band recepbonl | K, P iype - 360MHz-band reception only
B Lirmater (First IF}
D101, 102 | Power detection
0103, 104 | Antenna switch
D105 Fower reverse-connechon prevention
D106, 107 | Antenna switch
| D108 VCO output switch
| D201 VCO output switch ltransmission/reception swilching]
: D203 First lecal change-over switch (BOOMHz-band ON/OEF) Except K, P type
D204 First local change-over switch (420MHz/B00MHz) K. P type : 430MHz-band only
D205, 209 | First local change-over switch {430MHz, JE0MHZ1 44MHzZ)
D206 Circuit protection
D207 Unlock signal OR (logic sumi
D208 Packet modulation input signal detection
D3 OR (logic surm)
D302 RF swatch 430MHz/260MHz
D303~306 | Vari-cap tuning 430MHz-band band-pass filter
D308 AF switch JEOMHz/B0MHz (K, P type : 360MHz-band anly)
D211, 312 | RF amplifier protection
D313-316 | Van-cap tuning
D317, 318 | RF switch
0319-321 | OR ilogic sumj}
D322 RF swatch 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 No. Use and function Operation/Condition/Compatibility
ICa Microprocessor See circuil descnplion,
iIC402 Digital recording control See circuit description.
1C403 256-kbil serial registor See arcut description.
IC404 DTMF encodes See circuit description.
IC405 DTMF decoder See circuit descnption,
IC406 Analog switch {multiplexar) 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 : Audss playback tone mput
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DESCRIPTION OF COMPONENTS

Ref No. Use and function Operation/Condition/Compatibility
ICa07 6V AVA
ICa08 Low-frequency amplifier, Adder 1:O0utput 4:GND  B:5Y
2 : Microphone mput, 1200-bps AFSK data input,
1750Hz tone input, Receive audio input lrepeater)
6 - Autho playback tone input 7 : Audho playback tone output
ICa0s Analog switch DTMF signal enfoll
IC410 Analog swalch Audio m;vback tone onfoff
Q4 Reset switch ON fior about 20ms when P G Hﬁ
the power 15 urned on.
Mormally OFF
Qa2 Backup switch OFF when the 13.8V line
i5 below B3V,
Mormalhy 0N,
Q410 Hysteresis switch ON when Q402 is OFF.
Mormally OFF,
Q403 Microphone muting ON - During reception, OFF : Microphone remote, ON : Repeater
Qa4 RD muting ON : Digatal recording playback
Interlocked wath SOL when the RD mute funclion is on
Q405 Buffer amplifier For tone
Q406 Buffer amplifiar For DTMF
2409 Swatch DTMF decoder IC405 power save
D401 Reverse-flow prevention
D402 Resel detection voltage
D403 Backup detection voltage
D404 Raverse-flow prevention Lithium battery ON when the power s off,
D405 Microprocessor protection
D407-410 | Reverse-flow prevention
D411, 412 | Channel display mode setting D411 15 not installed
D413-418 | Destination setting
D419, 420 | Reverseflow pi'Eu:Eniu:rn

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

Ref Mo. Use and function Operation/Condition/Compatibility
Ic1 PLL controllar 7 : Unlock : Pulse output B : VCO input
IC3 LPF
1 vCO
a2z VCO output buffer
Q3 VCO Irequency band swatching
Q4 VCO output bufier
ar Lock detector
03 VCO voltage control
D5 High-frequency 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 : VCOinput
IC2 Analog sw itch Normally OFF, a
Ic3 LPFE
o1 VCO Recesvar VCO.

02 VCO output buffer

03 VCO frequency band switching

04 VCO output t.ﬁmér

a7 Lock detector

a1 ViCO Transmutter YCO.
0102 Switching .

D3 VOO waltage control

D101, 102 | vCO voltage control

D103 Transmil modulation

TX AUDIO (IC202 : W02-1828-08)

Ref No. _ Use and function Operation/Condition/Compatibility
K1 Analog swilch See croult descniption
2 (1/2) Lumit amplifier Preemphasis, limiter
IC2 (242} LPF Splatter filter
IC3(142) Receive data cutput buffer
Ic3 221 | Adder '

RX AUDIO (IC2 : W02-1829-08)

Ref No. Use and function Operation/Condition /Compatibility
IC1 (1/2) Adder ampliior =
IC1 12/2) Output buffer
L2 Analog switch See circuit descnplion
I3 Audio electronic VR 12 INC input (Operate on nsing edge.|

2 : Upfdown control input 3 Audio input 4 ; GND
5. Audiooutput  B:GND  7:Chip select input  B: +5V

PROG SQL (IC4 : W02-1830-08)

Ref No. Use and function Operation/Condition/Compatibility

IC1 Shift reglsre-r- | :Enable input 2 - Senal data nput 3 : Clack input
4:50L0output 5:SOLY output 6 SOLZ output
7:50L3cutput  B:GND 11 Subband reception ON
12 : 360MHz-band reception ON 14 : SQL4 output
15 : Output enable mput (normally highl 16 @ +5Y

IC2 Analog swilch See circuit descnphion.

a1 Inuverier

RF AMP (IC102 : W02-1831-08)

Ref No.

Use and function

0,2

Operation/Condition/Compatibility

High-frequency amplilser
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EXPLODED VIEW

Connecior

:NO09-2234-08

B M2ExB(0C) : N33-2606-46

C 226x6(T)

M52-2606-46
s N53-2606-45

B1x2

D @26x6(F-T)

A
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ADJUSTMENT

Measuring Equipment for Adjustment
1. Tester
Input impedance: High
2. BRF valve voltmeter (RF V.M)
Input impedance: 1M or more, 2 pF or less
Voltage range: Full scale = 10mV to 300V
Measurable frequency range: up to S500MHz
3. Frequency counter (f. counter)
Input sensitivity: About 50mV
Measurable frequency: 500MHz or more
4, DC power supply
Voltage: Varable in the range 10 to 17V
Current: 13A or more
5. Power meter
Measurement power: S0W, 26W, 3w
Impedance:; 5002
Measurable frequency: B00MHz
6. AF valve voltmeter (AF V.M)
Input impedance: 1M or more
Voltage range: Full scale = 1mV 1o 30V
Measurable frequency range: 50Hz to 10kHz
1. AF generator (AG)
Output frequency: 100Hz to 10kHz
QOutput voltage: 0.5mV to 1V
8. Line 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 (SSG)
The standard signal generator must be able to gen-
erate the 144 and 430MHz band frequencies and
vary the amplitude and frequency.
Cutput: 0.1uV to greater than TmV
13. Dummy load
842, about 5W
14. Noise generator
The noise generator must be able to generate noise
similar to ignition noise containing high-frequency
components of 500MHz 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
FOWER switch OFF

iFor fixed stations) OFF

DC power supphy POWER swatch

Up DWN
BC DL 8V R.D: Transmission band
100m& max. detection output (100mY/10kLH
GND MIC
STBY (PTT) GMND (MIC)
Microphone socket

{as viewed from the front of the set)

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

To protect the signal generator, never connect the
microphone to the microphone socket when the re-
cever 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.

45



TM-451A/E

ADJUSTMENT

Common Section Adjustment

Measurement Adjustment
Item Condition Hicatio
cqueobent | Unit | Terminal | Unit | Parts Method i b e
1. Setteng 11 Power supply voltage
- 13.8¢ DC

FOWER 5W : QOFF
VOL VR, SOL VR
' Fully counterclockwise

2. Reset 1} Hold down the MR key, and Check All LCD segments on
turn the poswer swatch on
Conlirm that all LCD seg-
MEnTs tuen on, than release

the MH,E"?.".’.
3. PLL lock 1} 430MHz band D TX-RX | TP201 Check M.M2,E.EZ E3ES
viltage FRELC). : 435 0000Hz R - 4. ey
M.M2E.EZ2E3ES TX : 3. 7VE1V
FREQ. - 445.000MHz KP K.P AX:54VE1Y
Recsrve and teansmil TH 4.3V
21 144hiHz hand TR202 Rx:4.8V+1V
FREC. @ 144 980MHz
Receive e
4. Transmil 11 FREQ, : 435 000MHz f. counter |Rear |ANT TX-RX | TC201 |435.0007T0MHz + 100Hz
frequency M M2.E.E2ZE3E9 |Dummyload | panel M.M2.E.E2,E3.E9
FREQ. - 445.000MHz  K.P 445 000TOMHE: K.P
Transrm

Receiver Section Adjustment

Measurament Adjustment
. Coniioon qu?tm;lt Unit | Terminal | Unit | Parts Method Dessiiidionsenies
1. BPF 1] FREQ. : 435.040MHz S5G Rear |EXT. SP |TX-AX
{430MHz band) MM2ZEE2ZE3E9 |Distortion | panel
FREQ. : 445.040MHz KPP |meter
AF VOL - 9 o'clock position | Oscilloscope
Connaect the distorhion meter | AF YT
to the EXT. SP socket
{Dummy load : BL)
Connact the 556G to the ANT
2) 558G output 0 28uv/-118dBm TC303 | Adust TC304, TC303,
WAOD - TkHz TC304 |and TC3I in the
DEY Bk order listed so that
SINAD 15 the best.
3) S5G output © 0. 18pV-122dBm TC301 |Adust TC302, TC301, | SINAD 12dB or more,
MOD © TkHr TC202 |and TCI02 in the
DEV : +3kiHz ofdar listed so that
SINAD 15 the best.
2. Crystal filber | 1] 556G output < S00uV/-53dBm L317 | Best distortion rate. | SINAD 35dB or maore.
coil MOD . TkHz
DEV ; +3kHz
3. BFF 11 FREC - 145 880MH;z
{ 1440z band) AF VOL 9 o'clock position
Connect the distartion meger
to the EXT, 5P socket
Dumimy load - B
Connect the 55G fo the ANT
2) SSG output : 0 28pv/-118d8m TC307 | Adust TCI08, TC307,
MOD : TkHz TC308 | and TC308 in the
DEV : +3kHz order listed so that
SINAD 15 the best
3) 856 output - 0. 18uV/=122dBm TC305 | Adjust TC306, TC305, | SINAD 12d8 or more.
MOD - TkHz TC306 [and TCI0E in the
DEY ; +3kHz arder listed so that
SINAD 15 the best
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TM-451A/E

ADJUSTMENT

e

Condition

Measurament

Adjustment

Test-
equipment

Uinit

Terminal

Linit

Parts

Method

Specifications/Remarks

4, Sensitivity

1] 430MHz hand
M.M2.E.E2 E3.E9

FREQ.
FREQ.
FREQ.

K.P

FREQ.
FREQ.
FRECL

CA30.040MMHz
: 435.040MHz
;4359 980MHz

: 438.040Miz
¢ 445 040MHz
+ 440 9B0MHz

535G output ; 0.18u\W/-122dBm

Z) 144z band

E.E2.E3.E9
FREQ. : 144.040MHz
FREQ. : 145.040MHz
FREQ. : 145.980MH:

K.P,M M2
FREQ. : 144.040MHz
FREQ. : 145 980MHz
FREQ. : 147.980MHz

556 output ; 0.18uVI-122dBm

258G
Distortion
meter
Oscilloscape
AF VTV

Rear
panel

EXT. 5P

5. Major input

SUM ratio

11 4230MHZ hand
FREQ. : 435.040MHz
M.M2 E.E2E3.E9
FREQ. : 445.040MHz K.P
SSG output : 500uV/-53dBm
AF cutput © 2 B3VED

2) 144MHz band
FREQ. : 145.040MHz
E.EZ2.E3.E9
FREO. : 145 9800Hz
K.P.M. M2
535G output - 500pV/-53dBm
AF output | 2 B3vED

5350

Oscilloscope
AF VTV

Rear
panel

EXT. 5P

Check

SINAD 12dB or morne,

Check

SINAD 12dB or mare.

Chock

6. Distortion
ratio

1) 430MHz band
FREQ. : 435 040MHz
M. M2,E.E2 E3.E9
FREQ. : 445.040MHz KPP
250G cutput : 50pVY-73dBm
AF output : 4V/BG

2} 14abHz band
FRECQ. ; 145 (40MHz
E.EZE3ES
FREC. : 145.980MHz
K.P.M.M2
350G output ; 50pV/-73dBm
AF oulput : 4V/BQ

356G
Dastoetion
maar
Dsoilboscope
AF YTV

Rear
panel

EXT. 5P

S/N 46dB or more.

SN 50dB or mode.

Check

5% of less,

B% of less,

1. S-meter

1} 430MHz band
FREQ. : 435.040MHz
M.M2.E.EZE3E9
FREC. : 445 040MHz K,P
556 output : 3.5uV/-96dBm

21 55G oulput : OFF

31 144aMHz band
FREQ. : 145.040MHz
E.E2.E3.ES
FREQ. : 145.9B0MHz
K.P,M. M2
556 output : B.Op\V/-B3dEm

4) 556G output - OFF

SSG

Rear
panel

ANT

TH-RX

VA1

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

All S-meter segments on.

Chgck

All S-meter segments off,

All S-meter segments on,

All S-meter segments off,




ADJUSTMENT

TM-451A/E

Transmit

FREQ. : 410.000MHz
FREQ. : 469.940MH: M2E2
Power : High

E2

Measurement Adjustment
L oo ,qu‘;‘,‘;m Unit | Terminal | Unit | Parts Method Specifications/Remarks
B. Squelch 1} 430MHz band 556G Rear |EXT, 5P Chack Control position ; B~11 o'clock
FREQ. ; 435 040MHz Decilloscape | panel BUSY off
M,M2.E.E2.E3.ED
FREC. : 445 040MH KP
550G oulput ; OFF
Turn the SOL VA until noise
disappears.
2} S8G output : 0. 1u\V/-127dBm Squelch s open.
BUSY on.
31 SOL VR : Fully clockwise AF output off,
BUSY off.
4) 535G output : 0.35u\v/-116dBm Squelch is open.
51 144hiHz band Control position : 8=11 o'clock
FREQ. : 145 040MKHz BUSY off.
E.E2,E3.E9
FREQ. : 145 9800MH?
K.P,M,M2
S50 output : OFF
Turn the SOL VR until noise
disappears.
61 55G output : 0. 1uV/~127dBm Squelch is open.
BUSY on.
71 SOL VR : Fully clockwise AF output off.
BUSY off
8) 55G output : 0.354V/-116d8m Squeich is open,
Transmitter Section Adjustment
Measurement Adjustment
Hem Condition @ ;r'::.m unit |Terminel | Unit | Parts Method Specifications/Remarks
1) FREQ. : 435.000MHz Power meter | Rear | ANT TX-RX |VA101 | Fully clockwise ITW or more,
M.M2.EE2,EZE9 |Ammeter |panel
FREQ. : 445 DDOMHz K.P
2] Power : High VR101 | 36w 35-42W
Transmit 104 or less.
31 Power : Low VR102 [ 5W +1W
Transmit
4) Power : Mid Check 10~ 14W
5l 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
FRECQ. : 449 940MHz
Power : High
Transrmal
6] Power : Mid 10-14W
Transmit
T Power : Low 3-8\
Transmi
B) FREQL. : 400.000MHz M2 J.5W or more.
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TM-451A/E

ADJUSTMENT

tem

Condition

Measurement

Adjustment

Test-
B Ui pmant

Linit

Terminal

Unit

Parts

Method

2. DEv.

1) FREQ. : 435.0008MHZ
M.M2,E,EZ E3.E9
FREQ. : 445.000MHz K.P
G TkH2 2E5mY
E,E2,E3E9
AG - TkHz/50mV
K.P.M,M2

2) A5 = TkHz2f2 B\
E.E2,E3.E9

AG : 1kHz/5.0mV
K.P.M.M2

3. TONE

Limg
detecior
Deolloscope
AlG

Rear
panal

ANT

TA-RX

VR201

Specifications/Remarks

+4 3kHz {larger one)

+200Hz

Check

+2.2~3.6kHz

1) FREQ. : 435 000MHz
M M2 E.EZE3.ED
FREQ. : 445000MHz KP
TONE key : ON
Transmit
After check TONE key : OFF

4. DTS5

1) POWER SW : OFF
Hold down the F, VEQ, DTSS,
and LOW keys, and turn the
proneear Swatch on,
Transmit
Confirm, reset, and put the
frequeancy in memony again.

Lerig

datacton
Dzolloscope

Rear
panel

ANT

Check

+0.5~1.5kHz

Check the 1633H;
single tone,

4+ 2 5kHz or mone.

5. Abnormal
spunous
ascillation

11 M,M2,E.E3.E9
FREC : 430.000MHz
FREQ. : 435.000MHz
FREQ. : 439.940MHz
K.P
FREC. : 438.000MHz
FREQ. : 445 000MHz
FREQ. : 449 940MHz
Power : HighMidLow
Power supply voltage
y 11.5 10 16.0V

6. CTCSS

Spectrum

analyzer

Check

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

1] FREQ. ; 435.0000Hz
M.M2.E,E2,E3 E9
FREQ. : 345000MHz K P
For onby units containing TSU-8

Set the tones of the main unit

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

Turn SOIL VR until noise
disappears,

Adjust mutually,

2) Change the tone frequency
and transmit it from the
mornior unit,

Monstor
Limaf

Check

Mutual adjstment must be
possible.

The squelch must not be open

7. Protection

1) FREQ. ; 439 9408MHz
M.M2.E.E2 E3ET
FREQ. : 449 240MHz K.,P
ANT - Open
ANT - Short
Tramsrrut

Ammater

Check

10.04 or less.
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TM-451A/E

ADJUSTMENT

Adjustment Points

- Top view
™ e
ﬂr‘”ﬁ“ﬁfl‘l'l‘!ﬂnﬁﬁﬁﬂﬁﬂr\ﬁ
I
O e e | e |
} L—ah—ﬂh.-‘-.-ﬂh.ﬂ'n—ab.ﬂh.ﬂ‘-.ﬂk.-h.ﬂh..a‘-—.ﬂh—dl-_avhr-.
VR12
TCZ201 2 Transemut frequency "
TC301-304 : 430MHz BPF ““‘
TC305-308 ; 144z BPE WR201 TC301 TC308
L317 : Crystal filter coil B [
VR1 : S-meter (430MHz) ca & |8
VR101 : High power . 2 TC202 TCIOE I
VR10Z : Low power | TC TEH3
VA201 : DEV. L[]
| ) : teaos ) @) ream
_—l-.""#
- Bottom view
| — =
= SREAR - AR
rl
1]
b A b A A b Ak j A b AR AR A
TP202
o]
TP201
® = ®
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TM-451A/E

TERMINAL FUNCTION

CN No. [PinNo.| Name | Function CN No. [Pia No.| Name Function
TX-RX UNIT CNag2 | 1 DWHN MIC SW DOWN, MR, PF input - (K bus senial mput)
CH1 T | GND GND 2 | RD Demodulation signal, DRS playback tane autput
2 | SP Speaker output MODULAR (Controller connection detection input]
v FrC 3 hAIC Microphane audio input - (Controfler Budio input)
B [ TD | s e | 3 |t | Moo e
PG-5A 3 PES- Packet PTT Ejﬂ'l'lﬂ| input 5 PTT Mnﬂrnphnne FTT imput - {K bus senal WIFHJ“
Optor) | 4 | PRS Packet 9600-bps data demodulation output 3 E;D E‘;l?
; EEI: E;‘;';T;‘fj’,f;?ﬁiﬂi:;{’ SRR DU g | up MIC SW UP, CALL, VFD input - (K bus serial output)
N2 | 1 | GND | GND CN403 | 1 | SCK+ | CTCSS senal clock output
) 2 DT+ CTCSS senal data cutput
g i?-uﬂn Ef:nq:ﬂﬂ:tﬁ Tgfghﬁ:&ﬁllflcallﬂﬁ data input :I;ISU'E; i EEE-t CTCSS senal data strobe output
4 | KIND2- | Frequency band identification data output i
5 | BPFC F"uEi:qewe I=:I-'I'SFF band-pass filter contral input > | S0O- | CTCSS tone detection input
6 | KIND3- | Frequency band identification data cutput 6 | GND (GND
7 MUTE+ | Audio mute controd input 7 sV +5V
8 | SDT+ | PLL data, shift register serial data input 8 | KD Demodulaven signal output
9 | SCK+ | PLL data, shift register sefial clock input CN4D4 | 1 | GND | GND
10 | LEM+ | 430MHz-band PLL enable input {main PLL} 2 |8V +5V
11 | LES+ | 144MHz-band PLL enable input {sub PLL) ME-1 | 3 | MCK+ | ME-1 serial clock output
12 | LER+ Shift register enable input {Option) | 4 NC
13 | TX+ Transmission start signal input = MDT+ | ME-1 senal data inputfoutput
14 | NC CH405 1 END GND
15 | NC 2 | KOUT1- | Frequency band identification data output
16 | NC TH-RX] 3 ALD Mot used
17 | SC+ Squelch busy control cutput UNIT | 4 | KIND2- | Frequency band identification data input
18 | SM S-meter output CN201 | 5 | BPFC | Receive RF band-pass filter control cutput
19 | AXA Audio signal autput 1] KIND3- | Freguency band idenufication data input
20 RXD Demodulation s:gnal output 7 MUTE+ | Audio mute controd output
CN20Z | 1 M B | 5DT+ | PLL data, shift register senal data oulput
2 | UD- Audio electronic VR up/down contral input 9 | SCK+ | PLL data, shift register senal clock output
3 | INC- Audio electronic VR increment control input 10 | LEM+ | 430MHz-band PLL enable output {man PLLY|
4 | Cs Audio electronic VR chip select input 11 | LES+ | 144MHz-band PLL enable output {sub PLL)
& | AE GND 12 | LER+ Shaft register enable outpu!
G a2 Audee ingut (from AF VOL of controd unit) 13 TH+ Transmission start signal output
7 AT Audio output (to AF VOL of control unit) 14 | NC
8 | BUZER | Beeper input (Beep and DTMF tone) 15 | NC
9 | RAMUTE-| Receive audio mute control input 16 | NC
10 | PLAY | Digital recording playback tone input 17 | SC+ Sguelch busy control input (Te CPU)
11 | ME MIC GND 18 | SM™ S-meter input {To CPU)
12 | DTMF | DTMF modulation input 19 | RXA | Audio signal input
13 | TOME Sub-tone modulation input 20 | RXD Demodulation signal input
14 | TMIC | Audio input (from the mic amp circuit of contral unit) | CN406 | 1 | NC
15 | 1200PK | Packet modulation data 1200-bps output 2 | U= Audio electronic VR up/down control output
16 | PKTS- | Packet PTT output T%-RAX| 3 | INC- Audio alectronic VR increment contral output
17 | PSW+ | Power switch control input UNIT | 4 | CS- Audio electronic VR chip select autput
18 | vB +BY CN202 | 5 | AE GND
19 [ SWI3BV | Swtched 13.8Y 6 | A2 Audio output (from AF VOL)
20 | 13.8V +13.8V 7 Al Audio input (o AF YOL)
CONTROL UNIT B BULER | Beeper output (Beep and DTMF 1one)
Cwaor | 1 LCDDT+ | LCD drver data output 9 | R(MUTE-| Receive audio mute control output
2 | LCDCK+| LECD driver clock output 0 | PLAY | Digital recording playback tone output
LCD | 3 | LCDLE+ | LCO dnver enable output 11| ME MIC GND
Ascy | 4 TEST+ | Not used 12 | DTMF | DTMF modulation output
5 | DIMO+ | Dimmer control output 13 | TONE | Sub-tone modulation output
6 | DIM1+ | Dimmer control output 14 | TMIC | Audio output from the mic amp circut)
) LAMP+ | Lamp drive output 15 | 1200PK | Facket mndylaiu:un data 1200-bps nput
8 | BLANK+ | LCD blank display control output. 16 | PKTS- | Packet PTT input
g | GND GND 17 | PSW+ | Power switch control aulput
el ighs :: ﬁww Swached 1380
11 | SWI3EV | Swatched 13.8Y 20 | 138v | 1138
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- TM-451A/E
LEVEL DIAGRAM

Receiver Section

A5 040MMz (M M2 EE2 EJESN

BFF
L3NE, L33
ad TC305, TC306
Q304

556G AF WTVM

I 445 D4OMHZ (K P) i 45 CEMMz | 455kHE | |
| | | | I
| -123dBm 12458m  -11858m  -121dBm  -110.5dBm -113dBm  -93dBm —BBdEm E5mV £ 3ImV | i
| I .
ll IF X AL ar amp] |

aPe 5 i Ic1 w2 IC3 I
L1302, L303 L3I0, L306
@/ HPF [—] LPF TCI01, TC302| Tcam, Tesoa [ HH | g}'v
L3603
: a0t €30 oo QI | ?—J]:;i
2 Ly 145.9BO0MHz [K.P.M,M2) / 145.040MHz (€ E2.ELES I :
]

I -124548m  -12048m -122dBm  -118dBm ~118dBm i
| |
| |
| |
| |
| |
| |
!_ |
I i

Mote 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 the 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 JkHz is
received and the AF output is adjusted with AF WOL to 0,63V/BL:

Transmitter Section

CONTROL
| UNT TH-RX UNIT I
| | |
| | |
L O l IHm I R 0oLy LS | I
| | |
: : DRIVER  POWER MODULE |
| | 02 Ic101 :
I I 1 T 1 i l
D—-—ff—{:)- - LPF |—{ HPF ANT
! ICA08 i I
13V H00emW :
AF VTvM | RF YTVM I FPWER woltmeter (500 termanatid) I

.

Note 1: Set the AF generator so that the MIC socket input is 3kHz DEV at 1kHz MOD.
Mote 2 : The transmit frequency is 435.000MHz (M, M2.E.E2 E3 ES), 445 0000MHz (K, P).
Mote 3 : The High/Low switch is High.
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X B L & .| 0 b . F

CIRCUIT DIAGRAM / PC BOARD VIEWS | M-451A/

IC4 : PROG. SQL (W02-1830-08)

|
|
| —IC1 : i
LER= @ - i rrong - el |
B : 1 : %‘-Ei:é‘u:u HUTPE;@ 4 il
: ﬁﬁ:ﬁﬁ: :;: 3 E I :
SCK+ I.:_ ’ﬂ—tn “:3_"’91' nm‘fém . 5§ 3s0- .
Lalga 1
: - /;E :] S ;-
] |
! \¥/ = |
! |
I T |
| | I
| i |
: 1c2 e |
I 3 3k _'_'zr-;:: mu.:s |
| === EE@E;—-—*E—; m |
] L= EonTd OUTE G 3 |
| | ; i RE il
i 6. Bx 27K | :
GND '-.____ cx -_' |
| I Q.0 ..T |
| T T |
L_ ______________________________ ] 14
|
IC4 : PROG SQL (W02-1830-08) IC4 : PROG SQL (W02-1830-08)
Component side view Foil side view

[ ] Component side
[T Foil side

59




A | — N c L@ ] E o &
TM-451A/E pc BoARD viEws
IC2 : RX AUDIO (W02-1829-08) IC2 : RX AUDIO (W02-1829-08)
Component side view Foil side view

___| A pattern | A pattern
[T B pattern [ B pattern

[ 1C pattern [_1C pattern
71 D pattern 1 D pattern

Compaonent sida

A pattern ——
Eiiies o€ T,
o T
D pattarn —
TS
& B pattern —
Fall side

@ A and B connected @ A, Cand D connected
® A and C connected [B] B, C and D connected

B A and D connected A A, B, Cand D connected
2] B and C connected O Aonly
A B and D connected O Bonly
& C and D connectad Ac only

® A BandCconnected ©Q Donly
60 @ A, B and D connected Mo mark is not connected
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=14 -

————— — — —— i — — — — — — — — — e — — i — — — — — — — — — B, e e, e . . S e e e s

¥xie

¥ g

=
—

61



IC102 : RF AMP (W02-1831-08)

I cag _!
I 11-4:!.'-295- = " J? roaT
CE Sy o
I a1 i I
FECAAGT 15
PIkM l i LT'I flr':ﬂ t‘
’. H;U'T“ Mo —— [ e |
I
| |
¥ & a " 1(_ z
| STR & R IRATEITL s £ 45 |
i I . |
T ik
| ﬁ! g T
LT |
i e =
| alg 2l Elx  moo als %lo |
(T2 : DT uTa
| = o i Eram
D1
| 1SE3I02 I
T T T I
|

e s S L S N e e e 2
IC102 : RF AMP (W02-1831-08) IC102 : RF AMP (W02-1831-08)
Component side view Foil side view

1 Component side
T Foil side
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TM-451A/E

PG-5A (DATA CABLE)

PG-5A External View PG-5A Wiring
i Fin Mea Wihire color
1 Braun
2 F‘f_e::b
3 Drange
4 Yallow
5 |Grasn |
& Blue
E Shiekd
Plug (6P mini DIN)
PG-5A Dimension
E
Data cable (E30-3202-08) 1 BRN
4 2 HED
3 OAG
e Jinm %S | 3 o
P __1m _ — 5 GAN
& BLL



TM-451A/E

SPECIFICATIONS

General
Frequency range
L e P e A LA o ok o~ 438.000~-440 9950Hz < KP 430.000-439 906MHz : M M2 E.E2 E3EQ
Sub band [receive) .............ocee. T AR TR R LT 144 000-147 995MHz : K.P.M M2 144, 000~ 145.995MHz : E.E2 E3ES
PR o e S U S e R e e e F3E
Antenna impedance ....... e R T T S s i . B0
Lisabie temperaluie FANDE ..o ssieessseenrss s semmessens . =20 C=+B07C
PO BRI T oo B e DC138BYV £ 15% (11.7~15.8V)
LOON O IR ... oo conicminnms s mimab oA it A MNegative ground
Current
R O e i s S e e - 10.08 or less
Recarne (M0 SIGNEI ..o s 0.64A or less
Frequency stabilty
P PRI i b e ot o i e b e Within + 10ppm
Sub band [recBivel ... i e crereeersrraemeresas Within + 10ppm
Dimensions (W x H x D) Projections notincluded .............. . 140 x 40 x 160mm
WVBIGRL ...ccoorei oo res s rmsn e e annerrssasmmnss st L Tkg
Transmitter
Fower oulput
Y e R bl TF e 35W
ML o b e e A T ey e A U e el Approx. 10W
U S0 st st S e e Approx. 5W
ek T e e e A o o e L T S el e Reactance
BOUNOUS EITIEBIONE .oicviiiain v issmisn bk s pisdisssmsrsas oo, =B0dB of less
Maximium frequency DeVIEEON ... ......ccocveeeeerereeeeer e emerrees +5kHz
Autho distortion (at 60% modulation) VLS A, 3% or less
MICIOPRONE IMPBOANCE . .....oveieer s srmnressassre s aasssssssmsesns s 6005
Receiver
e 1L e R i R KA AR KR Double conversion suparheterodyns
Intermediate frequency (1SU2nal e 45 0SMH#455kHz
Sengativity (Y2dE SINADD ..o sy s 018V or less
Selectmvity
e e e i e 12kHz or more
R ot e e e R e e 28kH: or less
SOUBICH SEMSHIVIEY ...eeeeerersseooree s saere s samse s e ss s esmsas b sraneneas 0.1V or less
Audio output (B, 5% distortion] ................... g 2W or hagher
Audio output impedante.............. s s B AR B
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13 Bouwleward Mey. T5018 Pans, France

TRIO-KENWOOD UK. LIMITED

KENWOOD Houwse, Dwight Road. Watfoed, Herts, WD 8EB Umited Kingdom
KENWOOD ELECTRONICS NEDERLAND B.V.
Amsterdamseweg 35, 1422 AC Unhoorn, The Metherlands

KENWOOD ELECTRONICS ITALIA S.p.A.
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Bolivia, Z39-08020 Barcelona, !‘mﬁ;g -
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