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3. THEORY OF OPERATIONS

3.1 RX Unit

3.1.1 PLL circuit
The FLL circuil congists of three bigcks: PLL IC QRz0:
charge pump QATS and UR15 and low pass fiter RRS
CREZ, RR40, CRET, RRLT asd CRES, The X502 TCHO
iz uzed o generale the 12,6 MHz reference cscillation
frequency, Either 1/84 or /85 can be sslected as the
frequency division ratio far operaticn at a reference
frequaency of zpproximarely 136 XMz at 1584 or
approcimaiely 193 kHz =t 1785,

3.1.2 Front end

Tha AF signals supphed from JAQT pins 15 ang 37 pass
thraugin helical coil LRG4 o RF ampliier GR03. The RF
amplifier DF03 amplifies these signals by 15 d2, outouts
them irom its callectar, and thes they are again ingut 0
felical coil LAOY. AF amplifier ORO3 provides class.d
amghtication & improve the secondary and tertiary
dizstortion charzcterigiics, The AF signals cutput from
LREO7 are supplied to the double balanced mixer (DEM)
&nd malching attenuator [ATT). The atienuaior is
composed of resistors ARES, HEE4 and BRES, and i
pravicas a 1 dB attenuation.

4.1.3 15t mixer circuit and |F amplitler clreuit

Treg first misear circuil s 2 double balarced mixer (DEM)
type, DBEM is configured as a unit and composad of LR21,
LRZ2 ard (IR04, The focal signal is ampdified 1o 10 dBp
marg tham the output by QRGS and supglied o DBM, The
FF signal, which hes been switched by the local signal,
gives rgne b a diferance from the lecal signal, and this
difference i3 oulpul as the IF sigrnal (44,55 MHZ) from
DEM. The IF signal cutput is supplisd to the 2-stzge
44.93 MHz MCF {erystal filber) FROT and FRGZ via DEM
matching atenualors BEEQ, BEET and RRES, After the
corverted spurcus emissions have been filtered cut Dy
thi 2-staga MCF, the IF signa! is canvaried into the 455
kHz second |F signal by the second mixer, The saccnd
ocal signal is gengrated by XE01, and 115 lequency is
44 495 MHz. It is supplred from ORT2 ping 1 and 2, Afer
convarsion to 453 kHz, the 2nd IF signal i= output fram
CR12 pin 4, passas through tha FRO2 and R4 ceramic
fifters, and @ 2galn guppited from pin 8. 1t is then subjecr
io a /4 3 phase delay by quadreture coil LR1T,
corwirigd into the audio signai by ihe intarmal phase
comparatar, and auiput from QRT2 pin 11, The audi
signal i now dhvided intg fwo: one signal is cutput fo the
gomircl umit fram JRGT gen 7 &2nd the other is suppifed to
tne DIET 1 neise ampliier where itis sgeuelched,
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3.1.4 Squefch sircuit

Tre noise amplified by QR11 is defected by QR10, and
twa signais are cutput. One signal is oulgut as the
squelch sandral to pin 5 of JOST on the volume P.OB
mm JEQT pie 3, This is hen oulpuat from JRQT cin 5 e
JUOT zén 4 of the display unit, The ather signal iz supclied
b pin 15 of squelch OMIOFF circuit QR12 is convered
inta an QMOFF sigeal by ke intermal comparater and
auiput from OR12 pin 16, The signal passes thepugh
JRQ1 pin § and is supplied 2o .J001 pin 4 of Ssplay unit.

3.2 TX Unit

3.2.1 PLL gircuit
Tne PLL gwonat congisis of three blocks: PLL IS C774:
sharge pump GT12 and OT13; and low-pass flter BTS2,
CTSd, ATS1, ©T53. R75D0 ard CTH2. The XTH TOXD is
used ta generate the 12.85 MMz raference osciflation
fraquancy. Either 1584 gr 185 can be salected as Ine
frequency divisian ratio for aperation at & referance
frequancy of approximaiely 195 KMz at 1/64 ar
aparogmately 153 kHz &t 1/85.

3.2.2 RF amplifier circuit

T WO Q708 AF output is supplied to buffer 2maplitier
OT05 and then to AF amplifier OT04, Aler amplificztion
L QT4 f0 20 m\W the signal is suppded to AE amplifier
GTOZ whers it i amplified o between about 50 and &0
i and lurhar supgded o final-stage RF amplidier QTOT.
The maximum autput of QT i appraximately 1.5 W,
The QTO1 output is supplied 1o the low-pass filter o
fgmgvd harmanic spurious emissions. s outpet is
supplied fo boogier unib JWO wia JTOT pins 18 and 32,

3.2.3 APC [aute power sonbrol] cireuit

The detected signals from the boaster wnit are suppied
frem JTO1 pin 20 fo the besae of OT20. By the fluctuston
ot e valtage suppdied to OT20, the Q715 basa voltage is
shifled, the resistance Dabwesn the collécior and ermitior
aof 2T12 |3 waried and the APC amplifier OT3% basze
vioflage is contwolled. By controlling this base voltage the
valtage drap betwesn the colfesicr and emstter of 0T00 is
contralled, the QT03 collector wobtzge i3 adjusted, and
auiomabc poeeer canfrol is achieved,

J2ATE low

The signal for the woitage which was thermally detected
ingide the bocsfer is supplied to TX umit JTO7 Sin 21 wvia
the contral unil. The ingul vodtage is supplied hrgegh
OTH9 to the same crouat 25 the ARG cncuit. In the TX low
moce, lhe OT20 bage voilage i3 contralled by a conmsiant
woltaga sa that the :-uzpuz' signal of the booster will be 3
da.



3.3 Booster Unit

The AF sigral {apprax. 1.3 W) supplied by JWOT I1s
amplified by AF sower amplifier OW01 1o about 8 W. It is
theen further emplified to 15 W by AF power ampglitier
OWoO2 and supplied o final-stage RF powers amplifier
CWO3E. The 15 W RF signal is amplified o batween 55
and 60 W by UWO03 and output from JW04 via the 3-stege
low-pass filker which provides an atanuation of 0.8 dB.
Thia AF signal for APC is detedted by the dirgctianal
coypier compaged af the pattern from betwean QW03
and its outout, is detected by BF detecisr QW04 and
cutput From JW02E Hin 3 ag a D0 signal. Two posistors are
provided dor femperature compansatian, One, QWOS, 5
controllad By tha contral unid 33 hat the outpul power
reduced by 3 05 wihen e heat sink temperature excaacs
ES *C aor 0. The gther, OWOS, is controlled by the control
unil 5o that fan motor MGOT is automaticglly activated
wiien the haal sink lemperaiire excesds 85 0,

343 TX LED driver
T AF poawer delection signal, which i input to 101 pin
0 [TX RF DET), turns on the TX indicatars (030,
Q034) an the front panel by means of BF detesior
amplifier QL12. lis fevel is adjusted by APC volume
contral RLS4, and the signal is fad back 1o the APC circuit
int the TX umit.

A.4.4 Fan driver
The femperature delection gignal, which has Seen input to
JLOT pin 3 (TEMP FAN], drives fan motor MGOT winich is
mounted o the heal sink of e bocster unit by mesns of
fan switches QL1135 2nd QL14. Whan the temperaiure of
e Bocster unil has Asen above a speciic level, fen
mgior M0 15 ratated in order to air-coad the wait,

345 Low power .
The temperature detection signal, which has beern input io
JLOT pin 24 (TEMP LOW), s siored in the memory by fip-

fles cirepid QLES, QL16 and QL1Y. A 3 dB reduction in fre

|:;_F;l;.3.4 Control Unit
low power lavel is producad by low power volumea controd

4.1 AX audio cireuit

The RX audio signal which is isput 16 JLO1 pin 7 [BX
Ayctia) 5 supplied o STOSSE 10 OLGE and analog switch
QLGS (204, A4, While the repeater is operating, s level
of the audic signal is first adjusted by AL33, OLO3 (4/4] is
rmied OM, and the audio ssgnal = mized in TX unit JTM
oin 23 viz JLO3 pin 23, Afler having passed rough QLO3
{34}, the audio signal passes through the nigh-pass filtter
contained in CTCRS 1S QLOS which thossughby flbers gut
tha unnacassary apdio signals below 300 Hz. De-
emphasis circuit QL0S then de-emphasizes the ampiified
audio signel with a § ¢Bloct frequency response over 4
fraguency range of 300 to 3000 He, and amplifies the
audio level. Aller passing threugh preamolifiar circuit
DLod, the level of the signal is then adjusted Sy walurme
contral ROS1. The signal is applied 1o audle amplifier
L0 and amplified 10 a level sutficient to drive speaker
MEDT,

-2 TH audia cirewil

The TX audio zignal, which is supgiied to microphone jack
JDB1 gin 1. is input to JLO1 pin B [Mic Audio). It iz
adjusted 1o & level for standard modulation By ALZS and
than supplied to microphons amolifier GLOY, Alter béng
amplified by QLOY, the audiv signal passes through
anelog switch QL0 for migropnone muting, and mixer
amplifier 311 {1/4) and the pre-amphasis crewit OL11
[2/4] pre-emphasize the ampiifed avdic signal with a &
dEiact frequency reaponse over 3 frequency sange of 300
to 3000 Hz, and amplify the awdic ewel, The audio signal
is thar supplied to limier amplifier QL1 (3] acd low-
pass Ber GL11 (458) and s maamum modukalicn e is
adiusted by mic deviaien ALSO in order to grevent
avermodulabian. 1 2 mixed with the RX sudio signal when

tha repaater is oparating and sent.

ALEE, When the temperaiure of the boogter undt hag rison
above a specific leval, the RF powesr is reduced durng
cordinuous fransmission in ordes 1o prévent e boostar
benyg destrayed by heat, When BX mode {5 restared from
the TX mode by the JUOT gin 22 (SET PTT) input signal,
the flig-Neo cirtal i fegel.

3.4.8 Code guard [CTCSSE)
CTCES 18 OLOE provides enceding and decoding in
accordance with the tone codes suppliad by 3 signals
[DATA, CLOCK and STB) from misroprocessor Q001
Encoding -
‘When the micrephone {CMPE20E]} FTT swilch is pressad
(6T pin 2 ard ground are shorted), sub-audio signaks
carrezponding te the tone codes supplied from
microprocessor D001 are oulpet fram CTOSS 10 GLOG
pin 16 [TOME QUT) as sine waves. Their level s first
adjusted by ML23, and then the signals are mixed with he
TX avdio signals and sant
- Decading -
Wren the sub-sudio zignals contained in the AX audic
sigrals input 0 CTCSS IC GQLOG pin 24 {DEC IN) match
the tone codes supplied from microprocessor Q00
CTCES I QLO6 pin 13 (DET) cutputs a low-laval (0 V)
signal. Conversaly, if they do ol mateh, it sulpuls a high-
level (5 W) sigral. This DET signal is supplied o
microgprocessar 2001 and wsed &3 the code guard
lursitian,
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3.5 Dizplay Unit

3.5.1 Micropracessor
The funeticss of the micraprocessor {Q001) ports are deseribed in the tzble batow,

InfQut Pori Descrigtions Tzhle 341
Fin Mao. | InfOwt Namsa Cescription
1 o Q DAT BT bus lime data sutput.
2 o CLK P s line Sk outpet,
3 - ] VO | Connact to power stpply (+5 V).
4 | ! MWD | Mode saiting inputl: connect 1o WG,
5 P MO | Mode seting ingut: connact 10 VOO,
| ] ) | (. MC2 Mode zetling input; connect ta WCC,
[ 7 [ I FE= | Micraprocessar raset input.
5 [ MM | Mon-magkabie intamupt input; cannect to WSS,
3 [ - W33 { Connect i grownd.
w0 DB | Dana bus sutput for LCO, key matrx,
| m [a] CB&1 | Data bus gutput for LCO, ey matei,
12 o oaz | Oata bus output for LOD, key mais,
{F T s B oes | Data bus outzut far LED, key mairix.
14 o T oB4 o Data bus outpet for LOD, key mainix.
15 | 0 oBes | Data buzs getpud for LCD, key matriz.
s | 0O | DE& Data bus culput for LCD, ey matrix.
17 ] DET Data Dug output for LCD, key matrix.
18 ] F30 Data bus output for LOO contrast.
1% 12 731 | Data bus outgut for LOD contrast,
20 o] paz Cata bus output for LOD eantrast,
21 0 Paa Data bus cwtpud lor LGD contrast,
iozz o R LD reqister selection ouspus.
23 o RAANY LD readdhwrite cutput.
24 o E LD data readfwrite drive outpui.
23 e SETPTT TX powar controd cetpet, Low @ THeB on High ; Ta«2 off
26 g P4 Cata bus imput for key matrix,
oy I P Data bus inpat for key matrix,
25 I Pz Data bus input for key mabix
29 | P43 Data bus input for key mataix,
3 | CH 5w ! Mo connection.
3 I CH 5wz Mo connectan,
a1z | OH SW3 Ne cannadction,
33 I CH S Ao epnneclion,
54 - wios Connest o pdwar supphy [+5 W
35 a PLL OATA PPLLIG, GTCES IC data output.
35 [ PLL CLOCK FLL 1S, STCSS [C clock output.
X o AX PLL 5TB R PLL IC strobe qulput,
34 o BEEF 10000350 Hz square wave outpul.
34 O TH PLL STE | TR PLL IC straba oulgut,
40 o CTCES 3TE A | Tone AICTCES IC) strobe output.
41 ] CTC3S STB H Taorme 3 (CTCESS 1] sirche cutul,
4z o D05 STE A I mat yzed,
43 - WES | Cannect to ground.
44 ~ | Auas | Connect ta ground.
43 . MIZ FTT | PTT SW ingut Law - PTT SW an High : 5TT 3W oft
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Pin Ho. I 1] Name } Deseription
i | Program ang clene mede inhibit input.
45 r b PROGREAM INHI Low : Program and clone made enable
o High | Pregram and clone mode inhibit
AX signal detection inpul.
47 I COR Low @ Mo RX =ignal
High : RX signal availabie
{PLL loop circuit status detection input.
49 I PLL UNLOCE Low @ Locked
High : Unlocked
43 - ANICC Connest 1o power supply (5 WV,
20 0 SERCP Claning data oulput,
£1 I ZERIP Cloning data input.
Repeater TX audio signal mute output.
g2 Q AF MUTES Low - Muting on
High : Muting off
| B¥ audie signal mute autput.
>3 o AF MUTET Low © Muling on
High : Muting off
Microphone audio signal mute output
i £d . MIC MUTE Low : Muting on
iy N High 1 Muting aff
Busy indicator ON outpui.
85 o BUSY LED Low : Busy indicator OFF
High : Busy indicator ON
56 - V5SS | Connect 1o ground,
av | EXTAL | Connect reference crystzal oscillator.
a8 B | ] ETAL ) {Connect reference crysial ascillator,
54 | o DCS STE B Mot used. i
Tene B (CTCSS IC] decode resull detection inpul.
&0 I TOME DET B Low : Tane code matched
High : Tone code nob matched
Tone A {CTCSER IC) decode result detection input,
B1 I TOME DET A Low | Tone code matchead
o High : Tone code not matched
IFC bus ling interrupt input.
&2 | 32 INT Low : Imterrupt available
. High : Mo interrupt
'w i 8 T.O.T TRIG TX timer fime-out cutput.
| B 0 FWER COMNT Mot sed
3.5.2 EEPROM

The EEFROM (O0D02) is an electrically erasahble pro-
grammable, read-out memary whose data can be
changed. Data is ransferred with the microprocesser
[{Q00) via the PG bus.

383 Aesel

The BWED +5 % output from the 5V regulator [QD05] is
supplied o the resel 1C {QDOT). When the input vallage
iz less than 4010 4,4 Y, the gcuiput voltage is setto OV,
sething the micreprocessar Q00T pin 7 fevel law and
resatting the wnit
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3.6 Power Supply Circuit
The pawer supply wnit in the BEEDY i3 45 shown below.

DC 132V PROTECTOR FOWER SWITCH
EGo1
JGaT QG2 =5
SGO1
DISPLAY UNIT
+5% REGULATOR
oDos
—- 5% CONVERTER
apa7
+B8YV REGULATOR
, apos
NG
+8Y REGULATOR
R LMIT OR14
+5Y REGULATOR
QR13
CONTROL UNIT
+5% REGULATOR
QLzo
+5V REGULATOR
TH UNIT OTo2
+8Y REGULATOR
aTza
w BOOSTER UNIT

Flgure 3-1  Block diagram of power supply circuit
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