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C}IAPTER 1

IHTRODUCTIOU

1-1. SCOPE

a' Trris manual provides instruetions for the maintenance of the ItF Radio

seL PB.C-220CI .

b. Detailed explanations of equipment block diagrams and circuit anaiysis
are given in Chapter 2.

c, Chapter 3 provides mainceaance inslruetions.

d' Equipment maintenance procedures and forms conform to standard user
practice.

e- For operating, installat ion, and

instructions refer to Ehe operatorts manual.

f. Throughout this manual the following natatio&s are

organiaaEional rnaintenance

used:

CP*20031PRC-z2fi0 are(1) The designarions of rhe RT-2001/pRC-z200 and

abbreviated as RT-2001, and CP-2003, respectively.

(?) The designat.ions'rhigh logic 1evel'* and "low logic level" atre

abbreviated as "high levelttand "low leveltt, respectively.

(3) Active-1ow legic lines are designated by an asterisk, *, following
the name of the line.

l-l/7-2 blank
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CHAPTER 2

TI{EOXX OT OTEfiATIOI{

Seclion I- NASIO SET ELOCK DIAORAI'I ANALYSIS

NOTE

The A,J, SEC, CCW, INTERI{AL HOIEM, FLAEH, DUAL, NCII and/or A}I

oodes sr* optional" Throughout this chapter refer fo the
circuits, performances requireuents, signals, lines, tests,
sr neasurements related to these modeg as opEional.

2-L. Functional Block Diagram

Radio SeE PRC-2200 is a high-frequency (HF), single sideband (SSB), and
amplicude urodulation (eu), portable radio receiuingltransmitting set which

ihe frequency range of 1.5000 
l

to 29 .9999 Mltz.

a. gomrlnication Servicej provjded by the pRC-2?00.

(1) Signal modes. Three selections are provided:

(a) VOICE - for speech and modem signals.
{b) C!{ * Cl.I tel.egraphy usiag norsal receiver bandwidth.
(c) NCI,I - cw telegraphy using narrow receiver bandwidth for

increased range and reduced interference"

The selecrion of a mode instructs rhe radio set to use Ehe optimum
parameters for the selected mode.
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(a) Lnternal modem - for 50, 75 or 150 baud synchronous or
.asynchronous operation. The iaterface is RS*232C" This
permits traosuissi-on sf teletypewriter signal wiEhout

additional. 
"c":OTu".: 

r,rhile providing the 
lrotlction :t

:::":: ^:^:"rt-jaruaing 
operarion' hc*ever rhis fearure is

no$, an optron.

{b} External moderrr - for any data rate, as the data rate depends

otr modem characteristics. Usual 1y, rhe ruaximum rate is
2r+00baud. Encryption/decryption rnusl ther also be prcvided

by external eguipoent,

(3) Signal proteciion frrnction, Three selections are prcvided:

(2) Dat* t.ransrnission. Two basic selections are provided:

Aati- jarming (AJ ) operation is al so ca11ed "frequency
noPPrng".

j

,

I

z*2
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(4) selective calling. PRC-2200 uses digital selective calling, which

&eans that fhe radio transmits an address (a digital identificaticn
code) at the beginning of each transmission. The address code is also
repeated during the cransriscion, Eech radio that receives the
transmission checks the code againsc its receive address, and allows
the received audio signal Eo pags to the output only when the codes

natch. Each address has two digits, and Ehe operator selects both the
transmitted address and its receive address.

a1 of 31 addresses: 27 individual, 3 group and one

broadcast address.

(a) The transuission of an individuxl addreee causes onry the re-
ceiver loaded with that address to pass the received message.

(b) The transmission of a group address (00, 10 or 20) causes the
receivers pertaining to that group (receivers with receive
addresses sLarting sith Ehe sarne Eens digit) to pass the
received message.

(e) The transmission of the broadcast address (Art) causes all
receivers to Sass the nessage.

The ue* of salective calling permits frequency reuse, greatly reduces
operator fatigue (because the receiver output is muEed at all times,
except when receiving a &essage addressed Eo thaE Farticular receiver)
and is very useful for implenenting autouati*. retransmission statioas.
tlhen using clr telegraphy, $elective calling ie the olr1y way to mure

audio output when desired, signals are received.

{5) Speech processing. The PRC-2200 provides
processing, to increase the average transmiE porrer

standard speech

(5) $quelch lypes. Tlre FRC-2200 provides two rypes of squelchl

(a) Active squelch, using digital coding. This squelch is very
reliable and can be used together with selective calling.

2-3
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(a) The radio sef continuously scans the frequencies in Ehe

selected tab1e, and evaluates their qual ity (background

nsise, transuissions from other *tations ! ete) while
searching for transrnissions addressed to it.

(b) When a transmission is sEarEed, the calling radio set automa-

tically selects the best free freguency, according to the

conditions determined during the scan. 0n this frequency, the

calling radio set transmits the address of the called set.

{e} When the called radi.o set detects this transurission, it scops

on its frequency, and auEomatically transmits an acknowledge-

raeol to the calling sfafion after calling transuission ends.

z-4



In response, the calling stetion
If qualiEy is saEisfactory, the
acknowledgement. If quality is
station repeats sfep (b), on Ehe

(d) After the ecknorrledgernent of
radin sets display a READy

frequency, and the operator can

HA 2187-09501_s0
lssue 1

. eval.uetes reception guality.
calling BLation transmits ail

noE satisfactory, Ehe ca1 I ing
next best freguency.

the selected frequency, both

tnessage and the selected

start, the transnission"

frequency as long

the oper.ators can

a frequency and

or disconnect. Ehe

!

(e) The radio sets continue to use the selected
aE it is good enough. If quality degrades,

csmand the radio set$ to sel ect again
conLiilue the link on the fierl frequency,
I LNK.

(f) The iink iE maintained as long as there is traffic betveen
the stations: about 40 seconds after traffic stops, the radio
seEs start ecanning again. The operator can also pres$ the
R$? butcon to break Lhe link at any t.ime and $tart scanning
again- This action is accompanied by the uessage BTSC0NNECT

in the displays of both radio sets, so that the oEher

operator is also notified,

te) rf the link cannot be esrablished on any of rhe frequencies
eontained in the selected frequency tabte, [,he radio set
displays a NO C0l1 message.

I.lhen making a graup *r a broadcast cal I , thg AUT0CALL proces s is
similar, except that after address transnission endsr the calling radio
set do*s not wait for an acknoryledgemeflt before displaying READy"

b.

niEter
PRC-2200 Units. The PRC*2200 comprises tr*o main unitx, Receiver/Trans-
RT-2001 and Antenna Coupler, Cp-2003.

2-5
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Figure 2'L shows the block diagram of the PRC-2200, and identifies lhe main

modules.

(1) Receivery'Transmitter RT-2001 modules.

l{odule AIISIO ontains the

circuit.
analog audio signal proce*eing

Hodule IF -

Hodule RF -

Hodsle Alt -

Hodule l"{CU -

Hodul* $Y!{T -

llodule PA$EI, -

contaiRs the SSF and AM mndulators and demodula*

Ears, the IF filters whieh deteruine rransuitter
and receiver bandwidth, and AGC circuit.

contains the freguency translators of ttre

transmitter and receirrer r rransmitter drivers
receiver input circuits, and RCV filters.

csntains the power anpl.ifier of the transmicter,
and TX filterc.

contains a microprocessor syslem, t*hich csntrsls
the operation of Ehe radio Bet, in conjunction
r",ith the microprocessor in the CP-2003 and

performs digitat signal processing, encryption and

i:::::l*'":: 
controls fresuencv hopping and

AUTOCALL operation.

contains ihe synlhesizer systeml xhich provides

the various frequencies required by the RT-2001.

contains the front-panel displays, and the

interface Eo the front-panel controls. It also

contains a microphone amplifier, and the AUDIO and

RHT/DATA connectors.

i':

?-6

!{odu1e PS - contains the power supply circuits of the FRC-2200.
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(2) AnEenna Coupier Cp-2003 modules.

Module HI{c - containr a uicroproces$or systetn, 'rrhich controls
the operation of the Cp-2003 and performs che

sntenna matching *1 gariLhrn.

llodules Rrl, - contain the antenna maEching network and various
RF2 and RF3 Beosors required for antenna matching.

2-2. Traneuit path Block Diagran

The functional block diagran of the transmit path is shcr,rn in figure 2*2.

a. lnput $igryrls, The lransmit path can receive audio sigaals from the
fo1 lowing sources :

(1) Front panel microphone signal. This signal is amplified by rhe
uicrophone anplifier before being apptied to.rhe AUDro moduLe.

t2) Rear connector and t{MT/DATA microphone signal (220mv).

(3) B.!''T/DATA TXBB 1ine, for use with internal and external moderns.

b. Audio s,ignal Processiri8. The input signal corresponding to the current
operating mode is selected by rneens of the input selecEor of the AUDIO

module , The processing appl ied Eo the selected s ignal depends on the
operating mode;

(l) External modem: Ehe signal appiied to che TXBB line is connecred

r

(2) Anatog voice: the - signal is ampl ified and filtered, and rhen
ccnnected ts the TX amplifier. i

?-Q
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In che firsr stage, the 5.25M{z signal generated by rhe IF module is converted
to a 109.351{I{z IF signal, by rrixing it with the F2 signal generared by rhe
synthe*ieer. Ft frequency is 10&.1M1{e for LSB cperatioa and 1Ur.6l{}Iz for USB

and A!1 operation. The 109.35ltlte signal is filtered by a crysral fiiter and
then converted to the final transoit frequency by rnixing rith the fl signal
genereted by the synthesiear. The f1 signatr ccvers rhe 110.85 to 139.3499MH2
range in 100Ha sEeps.

The transmit signal, in the i.5000 to 29.999910{z raflBe, is ampl ified and
applied to Ehe AM module. In the Al't module, the rransmic signal is anplified
to the,leluireA output 1evel by th* 201^I pou*r auplifier. Rr- output poirer is
controlied by an ALC system, which includes Ehe uicropf,ece$sor located in the
l'lCU uodule ' The output power is ad jusEed ro the desired va1ue, while
uonitoring the current drawn frou the battery pack.

The RF output signal of the AK module is filtered by a sub-sc.tave bandpass
filter. There are seven fiiters, and the filter corresponding co the
operating frequency is inserted into the signal path under microprocessor
control. The filtered sigaal is applied to the natching network tocate6 in
Ehe Cp-2003,

The antanna natching process is control'ted by a matching network conErol
circuir, which includes a microprscessor, This microprocessor receives
frequency information frsm the RT-2001 frequency bus and frolo lhe
microprocessor tocated in the HCU module of the RT-2001, and auEomatically
performe afitenn& matching, to achieve maximum sensitivity and f,ransnit po$er.

In the CP-2003, the RF transmit *ignal pasees ihrough the oatching network to
the connector of the antenna selected by the operator.

(l ) rn fixed-frequency operation, matching occurs on the first prr
pressing. on subsequent. tran*oissions, matching is checked again and

corrected if necessary. rf entenna cannot be matched (because of
physical damage, or becau$e the antBnna $eiector on the Cp-2003 shifr€d
to an incoreet position), the operator hears sn alarm Esne and uhe

message NO MATCI{.

2-13



HA 2187-09501-00
Issue 1

{2} Uhen using frequency tables, such &c during AJ or AUTOCAI"L, a

special matching process, ca11ed rrlearningt', is perform*d, Learning

occurs when PTT is presse<i. The uatching is perforaed by the PRC-2200

rrithout operator intervenEion, by transmitting on each frequency and

ttlearning" the correct matching for each one.

Z*3. Receive Path Block triagrara

In the IF $odule, the IF signal is filrered by the filfer eorresponding to the

selected op*rating mode, and applied to the Itr amplifier. The gain of the IF

amplifier is controlled by an AGC voltage, such as to obtain a constanE IF

z-14

I
I
jl

l
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signatr level, ?he auplified IF signal is appli.ed to the $$B and *14 demodula*

tors. The SSB deoodulator is a synchronous detector, which receives a 5.251fr12

signal from Ehe synEhesizer. The AI1 demodulator is an envelope detector.

The dernodulated signal ssrre$ponding to the operating raode is selected by the
AltlSSB selector and applied to the audio ampiifier. The amplified demodulaced,

signal is applied to the AUDICI module.

b. Audio Path.

(1) Signal processing. ?he audio path

the same circuits, starting from the

output of the variable tow-pass filter
transmit path (see para. ?-2"b):

through the AUDIO module uses

inpuc selector and up to the

2, that sre also used by the

(a) The CW signal is filtered by variable filEer 2.

(b) The digital voice signal is converted by the codec to digiral
data, processed by the microprocessor and returned via the
codec. I{hen using the internal modeu, the signal is not
returned via ihe codec, but exits vis the aodea selector to
tlre RJ(BB line on the RMTIDAT& connector.

I_t

!

-1

(c) The external modem signal passes Ehrough the infernal rnodea

selector directly to the RXBB line in Ehe RMT/DATA connect,or.

The received audio signal is also applied to the syllabie squelch
circuit" whose output is applied Io the HflU nodule. ?he MCU module

processes the syl labic squelch signal: or Ehe active squeleh

informaE ion, and conErol s the RCV gate . Idhen a use ful s ignal is
received, the R.CV gate closes and connects the signal to the FIX AUDIO

and earphone arnptifiers. When operating with squelch oft, the RCV gate

is always closed.

The FIX AUDI0 and earphone aoplifiers also receive indication aad alarm

signals, generaEed by the lkHz generaEor.

2*17
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t2 ) Processing of s ignal ing tones . Ttre demodulated aud io s ignal
received from the IF nodule is also applied to the FSK BPF FILTER and

detectors, r*hich detects lhe preseirse and type cf signaling tones. The

signaling tones are used for active squelching, selective calting,
AU?OCAIL cperat.ion arrd $ecure operation modes. Fsur signaling tones

are uEed. During the call establishment phase, all four tones &re

used. AfEer the call is established, only tno high Eones reaain i.n use.

2-4. Power Supply SysEem

( figure 2-4)

!'igure 2-lr sholrs the power supply systen sf block diagram of the PRC-2200.

a. Por,rer Source. The PRC-2200 is powered by a battery pack providing a

ffi..:J::.u- 
of lZY. ?he barrerv pack is insralled ia the Rr-2001 barrerv

b, PRC-2200 Power Sub-systen.

(1 ) Distribution of primary power. The positive battery 1 ine is
connected to module PS. Module PS conLains a fuse which protects the

supply line, and a resislqr, connecfed in series r*it.h the supply line"
The voltage drop across the resisfor, directly proporLional to the

current dratra by thre RY-2001 , is arnpl if ied and sent to lhe

uicroprocessor localed in module UCU. During transuiesion, the

mieroprocass&r eonlrols the RF oulput poeer, using the ALC systerr of
module All, such that the total current drain does nol exceed Ehe

allarable limits,

The primary power line exits module PS and passes through a jumper

tqealed in the C?-2003. The jumper serves as an inte?lock Eha[

prevents aperation $ithoul the CP*2003. The protected prinary power

line is connected to uodule PS, and to module Al1.

2-18
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Q) Ilain po$er supply. The oain po$er supply of r,he RT-2001 is
located in madule PS. Module PS converts the primary porrer to
regulated voltages for all the RT-2001 snd Cf-2003 circuits.
the pain po$er supply is tgrned on by grounding a control line. Ground

is usually connected by setting the fronE-panel function aelector to
CLXI SEC, A,J, or ERS. Hith the function selector at R!!T, ground can be

connected via a special control tine, SId RXHOTE, iucluded in the reer
connector.

(3) TX pouer supply. The TX power *upply, also located in module PS,

provides to the CP-2003 a regul*ted voltage +5V during the transmit
mode. This +5V vfiltage replaces the +2V volEage provides in the
receive mode, by the main power supply.

(4) Voltage doubler. The voltage doubler, located in uodule AU,

provides +12V in the receive mode, and +80V in the transnit mode. The

+12Vl+80V voltage is used by the CP-2003.

(5) liodule AH. The 20l.I pouer anplifier in sodule AM is por*ered

directly from the primary voltage line.

2-5. Control Sub-System

(figure 2-5)

General. Th* control sub-systeo of FRC-2200 is shotrn in figure 2-5.a.

(1)

the
The P&C-2200 coatains two nicroprocessors locaEed in module MCU of

R{-2001, and in the MNC module of rhe CP-2003, respectively.

(a) The microprocessors in the MCU and MNC modules cormunicate by

means o f tr,ro ser ia1 dara 1 ines , TX SERIAL REAR and

RX SERIAL REAR, accompanied by the cormrunication request line
CO!fi'l REQ REAR (see para. b. belon).
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Figure 2-5. PB.C-2200 Control Sub-System
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The operation of the PRC*2200 is controlled by the micropracessor
located in modute ltCU.

(2) 0peraEor interface is via the PANEL module. The PANEL module

contain* an interface which monitors the front-pane1 controls and

keypad snd transfers operatar inputs to the microproeessor data bus.

The interface also transfers information froo the microprocessor to the

various displays and indicaEors. This microprocessor receives operator
cornsandsr entered via the front-panel conErols, and cofferts them to
control signals for the various modules. The control signals are
distributed by ueans of che motherboard (UA), which includes interface

the microprocessor bus and the controlled modules.

Hhen a control handset is used, the microprocessor detects its presence

and uses the cotmands entered by means of handset controls, instead of
those entered via the correspondiag front-panel controls.

t

b.

al so receive reuoEe

conErot comnands via ar RS-232 ext*nsion of the internal serial dara
lines (tx SERIAL FRONT and FJ( SERIAL FRoMr lines accompanied by rhe

cormunicati.on request line C0HH REQ FRONT). These lines are available
in the RMT/DATA connector.

t1)

(4) In addition by cownands regarding the desired operating oode, the
oieroproce$sors also deEeruine the operating freque.ncy. Frequency daf,a

is lransferred on a separate br.rs, the frequeney bus {see pare. c.
below).

Serial Control ComsunicaEion.

System confi.guration (fig. 2-6).

(a) The control comraunicaEion usea a bus configuraeion, sith
nasterfslave discipline. The bus uses three lines: trdo date
Iines designated TX SERIAL, R-{ SERIAL, and a control line,
COM p€q. All the uniEs parLicipaEing in the communication
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bus lines. Each unit
System configuration

systeu are connected in parallel to the

has a unique identificatian (r'addressrr).

is shown in fig . 2-6.

Figure 2-6. Control Conmunicati*n System Configurat ion

In rhis configuration, one of the units connected to the bus

is designated Easler. Iil lhe PRC-2200, and also in all the

vehicular configurations buitL around RT-200I, the bus master

is the microprocessor located in module MCU"

(b) Bus discipline is imposed by having the master unit address

the other units, designated slaves, and requesting a specific
type of response from the addressed uniL,. The COM REQ line
is used to enable slava units to initiate cormunication: the

slave uniL activates a corr*unication request Eo the master

t

unit, and waits for Ehe rraster approval. The master

therefore remains in control of the bus al all tiaes.
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(c) The naster unit transmits to the slaves on the Tx sERrAr

1ines, and receives on RX SERIAL line. The slave units
Lransuit on Ehe RX SERIAL line, and recei?e on the TX SERIAL

1ine. The bus lines extend Eo the rear connector of Ehe

RT-2001, and to the RHT/DATA front-panel connector. The

connection Eo the RMT/DATA connect,or passes through an RS-232

interface, as shorn in figure 2-5. This enables connecEion

of external opEional equipmenl, such &s &utortatic tesE

equipment, data loaders, remote control units, et.c.

In the PRC*2200, the only slave unit is fhe microprocesscr in
rnodul e ltNC of the CP-2003 .

(a) General, The cornmunicaEion berueen the RT-2001 and the sther
system units Eakes place asynchronously, 3E a rate of
2400baud.

rn Ehe vehicular configurations, ihe slaves are Ehe RF power

anplifier and the antenna coupler as well as other optional
equipment thaE may be connected by Ereails of the vehicular
BounEl.ng.

{2} Corqunication format.

I

The information is transferred by tneans of messages
( frames ) . Each message consists of several words t.hat are

transmit.Eed or received serially.

tb) I'Iord format. Each word consists of 11 bits, as followslI
'-1

1 start bit
8 daca bits (Utre last significant bit is transruiLEed

firs t )

1 parity bie
1 srop biE
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rd frame structure consists of a

Eessage header (2 words), several data words (up to t5) and

one checksum raord. The header containE the sending unit
address field, type of csmmand and the numher of, data words

in ttre frame. The checksum sord is used for error detection
(para. (d) below).

iihen the $essage includes only a command, a shortened frame

is used. The shortened frame consists of an one-uord header,

or of two header uords and one checksum word.

(d) Error detection" To ensure data integrity, several error
detection methods are used:

!. Parity bits * provide parity checking for each

transmitted uord.

2. ?rame checksum - a word transmitted at the ead of a

word is the arithnet ic surE

(modulo ?i6) of. the words couposing the frame.

J_. Frame length check - correct reception of all the frames

containing more chan one rord is checked by comparing

the nurnber of words actually received with the number of
words indicated in t.he header.

!". Time*out protection - the time-out mechanism msRitors
crilical time interval s , such as the interval betr,*een

consecutive words in a frame, or the interval between

the lasE word of a frame sent by the master and the

first uord of Ehe slave response.

If atry of the msnitored inrervals exceeds che maximum

al lor*able duralion, Ehe Eime-out mechanism c'lears the

fault and. restores normal data Eransfer.
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S_er i_al Frequency Infornat.ion.

(1) The serial frequency information is transmitted in frames. Each

frame consists of 96 bits. The frequency informaEion is carried on Ehe

FREQ DATA line, and is accompanied by rhe frequency data bus clock
(FRQ CLK) and Lhe "end of frequency hopping', (HOp SLANX) signal which
is used as a strobe for the serial daEa. The timing and data format
used on Ehese 1 ines are shown in figure 2-I.

-4.Bmsac

Figure 2-7. Serial Frequency Bus, Tiuing and FormaE

FREO OATA

FREO CLK

HOP BLANK

;ori-l
CA,RE

(2) The frequency daEa is provided by the microproces$or in module HCU.

(*) rn the RT-2001, Ehe frequency data is read by a control latch
conEained in the MB module. The control latch generaEes a

delayed frequency word for module syNT, and drives the filter
select.ian lines for modules RF and AH. The daEa is latched
into Ehe modules upon the rising edge of rhe HOp BLANK signal.

(b) In Ehe CP-2003, t.he microprocessor in the module llNC reads
the frequency received on the frequency bus and automatically
performs antenna matching.

:

*l' 
x'r x'!' x''; x''J x 

*r 
x'r x-r x'y
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2-6. BIT Systen
( figure 2-l )

a. On-1ine Honitoring. The microprocessor in module I,ICU monitors the
outPuts of various signal sensors, located ac critical poinEs along the
various signal paths in the PRC-2200 mod,ules " Using the*e senssrs, the
microprocessor determines if a mal funct ion is detected . Several al arms

indication$ are provided in case a problen is deEecEed, and stop after the
probleo is corrected. The alarm indicaLions are as follows:

(1) Yisual indication. When a malfuncLion is detected, the rAULT tED

lights provided lighting is on. In addition, failure codes or messages

are displayed (refer co b. below).

(2) Auditory indication. IkHz beeps are heard in Ehe earphones or in
the speaker.

In addition, the relative value of the transmitter RF power, received signal
strength or battery condition are indicated by the number of arrows appearing
on the LEVEL display.

b. FAIL Hessages. Failure codes or naessages can be displayed on Ehe

message display' Only lsessages of interest to the operaEor are auEomatically
displayed. Technical failure codes do not appear automatically on the
display, but are stored in a BUG LIST. To enter the BUG IIST, press the TEST

key several tines until the message BUG LIST appears on the display, Ehen

press ENT. The BUG LIST conEains three tables:

(l) HRD-ERR table. This table conEains Ehe harderare failure codes of
malfunctions detected during the execution of the off-line self-test
(initiated by the operaEor, or autorilatically perforued upon Eurn-on).

{2) PRSNT-ERR table, This rable conrains rhe alarms or failures srill
present uhen the table is displayed. These failures are detected
during the automatically-performed continuous on-line tests.
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(3) PASS-ERR table. This table contains the alarms or failures that
were detected during the current operating period (from the last
turn-on), but rrere corrected and are no longer presenE.

These failures are detecued during the auEomatically-perforrned,
continuous on*line tesEs.

To enter one *f these tables, press TEST several tires until the designation
of the required table appears on the display (HRD-ERR, rRSHT-ERR or PASS-EB.R),

then press ENT. The failure codes are listed in rable 3-4.

Note ihat some of
password has been

c. Setf-test.

the alaras and failure csdes can be displayed only afEer a

entered (see para. 3-6.c, ).

Tlro types of tests are available'.

( 1 ) Cont inuous on- I ine tes t* ,

microprocescor in the HCU nodule,

of batt,ery voltage and curreftt,
and antenna matchinB, porder supply

Q', operator-initiated off-1ine self-rest.
by the setf-test are listed belor*:

automatically performed by the

?hese inctude continuous monitoring

RF outpuE pokrer, synthesieer locking
failure, etc.

Soue of the tests covered

Th is

(a) Controller E.ests (microprocessor system self-test and EesE,ing

of cor,,munication between microprocessors ).

(b) Testing of power supply voltages,

(c) Front-panel operational test (display and keyboard).

test is performed irteractively with the cperaLor.

(d) Audio path Lesting, This test is performed by injecting
audio s ignal s and c los ing the I oop betr"reen Ehe transmit
ouEput and the receive input of the AUDIO module.

(e) Syn[hesizer lock indication lest
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(f) Receiver tesL. An internal RF signal is injected at the

input to the receive path. The microprocessor in Ehe !'lCU

module tunes the receiver fo the tesc frequencies and

determines the received signal level.

(g) TransmiEter tesE. The microprocessor in the MCU module Eunes

the f,ransmitter to each of lhe Eesf frequencies. At each

frequency, the ouEput power 1evel, matching capability and

synthesizer functions (locking) are checked. The Eransmitrer

lesL is performed only upon operator reguesL.

At Lhe end of the self-lest procedure, the $ysfem dieplays test
results to che operator, If E.he radio set has faiied the tesE,
the system provides messages indicating the corrective actions eo

be Eakea in order t.a repair it,

(3 ) Initiarion of off-l ine Eest, The off-1 ine sel f-test is initiated
in E.he f o1 l owing cases:

(a) Power-up. Part of the off-1ine self-tesE functions are

auEomatically acLivated every Eime the PRC-2200 is turned
on. Lf a major problem occurs, a failure message will appear

on the display. To see lnore detailed results, check lhe BUG

LIST (see para, b" above)"

(b) BIT activation. To activate the off-line self*test, perfor$
the foilowing actions:

l. Press the TEST key until Lhe Eessage BIT appears, then

press ENT. The message BIT QN appears.

2". AfEer a few seconds, Ehe test resul ts: TEST-OKl or

TEST FALL uil1 appear on the display.

!

2*30
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*- TEST tr'AIL tueans thaL one or lnore failures have been

detecEed.

To see the detailed BIT results, check the BUC LIST
(para- b. above).

' (c) Battery test. To acEivate the off-line battery Eest, perform:
!

. the following actions:
1r. Press Ehe TEST key until the message BATT appears, then

press ENT.

Z-. The test resultr BATT-OK or LOW-BATT: will appear on

Ehe display.
BATT-OK means that baEtery supply voltage is within
the al lowable I imits.

- BATT LOW: lneano that the battery voltag* is too low

for normal operation.

In addition, the relative battery voltage is indicated
by the number of arrows appearing on the level display.

- Five arrords indicates Ehat the battery is full.
- One arrow means that the battery is aluost enpty and

should be replaced as soon as possible.

l. Enter CW mode and repeat steps 1 aad 2 while pressing
the PTT.

(d) Display test. To activate Ehe display Eest, perform the
fo1 lovring actions:

]-. Press the TEST key until the message DISPLAY appears,

then press ENT.{

2.. In response , a1 1 the characEers shoul d appear in a

predetermined seguence on the disptays.
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2-7 . Conuec t.ors

Tables 2-l thru 2-4 list the pin allocations aud pia functions in t.he

RT-2001 RI.1T/DATA, AUDIO and rear connectors.

Table 2-1. RMT/DATA Connector

Pin Des ig*ation Function ?o/From
RT

Etec tr ical
Characteris tics

S RX SERIAL FRONT Receive line of serial
control bus

To RS-232C

T TX SERIAI FRO}M Transmit line of serial
control bus

From RS-232C

}T COMH REQ FRONT Renote device identificacion/
reguest to comoufiicate,
By this line:

a) the RT identifies connec-
tion of a device t.o Ehe
RMT/DATA connector.

b) Enables lhe connected
device co iniriate comnuni-
caEion wirh Ehe RT-2001,
via the control bus.

To RS-232C

B sl{ BATT OUT 12V Filtered battery volEage,
present while Ehe RT-2001
operates

From 10.5v ts 14.5V
100 mA rnax

M GND Ground Both 0v

v PTT D PTT for dat.a transmi-ssion
(ttr,)

To Accivel 0V
Non-active: +5V

or oPen

\, P}IONE Audio outpul for speaker To Level depends on
setting of VOLUI1E
conErol: ainimum
+3V with volume
control at maximum
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Table 2-1. RMT/DA?A Connector (C*nttd)

-l

rln Des ignalion Func tion To/Frou
RT

Elec tr ica 1

Charac,leris r ics

P RXD Data receive i.ndication

DCI{ Ione is identified in rhe
receive signal
DCI.I Eone not identif ied

From RS*232C
Active: +5V
Non-active; -5V
-5V

+5V

R RXV Yoice and DCW receive
ind icat ion

From Active: 0V
Hon-acEive: +5V
sr oPen

L TXBB Inforuation input for data
Eransmis s ion

To !,Iith internal
modem: RS-232C
l{ith external
modemi OdBrnl500ohn

F t]$B CtK Exlernal clock for frrnsltrit-
ring data to inEernal modeo

?o RS-232C

RXXB CLK Internal clock for transuit-
ting data to inEernal modem

From RB-232C

lt C?S DATA Clear to send indication from
internal oodem

From RS-232C
Active: +5V

lilon-active: -5V

D [,IIC EXT FRONT High level microphone input To 220nVRM$ across
150 ohm

C F:,X A,UDIO OUT Fixed audio output Froro ?2OnVRHS across
150 ohu

N IiARGE Charge input for NiCd bartery To 10.5V to 14.5V
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Table 2-1. RMT/DATA Cqnnector (Cont'd)

Table 2-2. AUDIO SPKR Connector

!-

Pin Designation Function TofFrom
RT

Elec trical
Charac terist ics

J TXV FROT{T PTT for voice transmission
internal modem

?o Acrive:0V
Non-act.ive: +5V

or open-circuit

u TXD PTT for data transmiesion Ts RS-232C
Active: +5V

Non*acEive: -5V

K RXBB Beceived information oucpu! From i.Iith internal
modem: RS-232C
(+5v=trQrt, -5V=itlrt)
0ther aodes:
0dBm/600 ohn

No. Des ignat ion Pin Function To/From
RT

Leve 1 s

I GbID A Cround Both 0v

2 SPKR GND E Ground for loudspeaker Both 0v

3 PIIOT{E B Audio output for speaker
or earphone

From Depends on
volume positiou,
+3V with volume
control at
maximum

4 PTTV c Voice input PTT To Active:0V
Not activer
Open-circuit

5 !{Ic D Hicrophone input To 5aV/ 150ohm
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Table 2-3. AUDIO CSNT Conuector

:

i

t

:

-.;

Table 2-4. Rear Connector

No- Des ignat ion Pin Funct ion To/From
RT

LeveI s

1 GI.ID .& Ground Both 0v

2 CHANNSL CONT E Channel selection by
handset

To 0-5v

3 PHONE B Atdio output for speaker
or earphone

From Depends on
volume position.
+3V with volume
control at
maxl-Itrurtr

4 PTT1I c Yoice input PTT To Active: 011

Not active:
Open-circuit

5 UIC D Microphone input To 5mV1l50 ohm

6 FT]NCTION CONT F Function (operating oode)
selection by handseE

To 0-5v

Pin Designation Func t ion To/From
RT

Elec trical
Charact,er is cics

1 vcc lzv rN Supply voltage input To 10.5 to 14.5v

2 BATT OUT Supp1y voltage output From 10.5 eo 14.5v

3 SIGNAI GND Ground for audio signals Both OV

4 80v/ 12Y Supply liae for CP From Receive: 1?V
Transmit:80V
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Table 2-4. Rear Connector (contrd)

Pin Des ignaEion Func tion TolFrom
RT

E1 ectrica I
Character is t ics

5 rIX AI]BIO RTAR FIX LEVEL audio output Froa 220mV across
150ohrn

6 ?TT OU? TrensmiE on iadication From Transuit: 0V
Recerve: )V

-t TXV REAR Voice PTT input To Active: 0V
Non-active: +5V
or open'circuit

8 IIOP BLANK Tirning signal for frequency
bus used to latch a new
frequency data word (strobe)

Frou Aetive: (new

frequency is
latched) 5v
Non-active: 0V

9 FBEq DATA Frequency bus/serial data line From OV or 5V

10 FREq CLOCK Frequency bus clock line From 0v or 5V

11 BT ON II{D ON/OFf indication From ON: 0V
OFF: Open circuit

12 RT'GND Cround for RF signal Both 0v

13 RT Transmicted or received RF
s ignal

Both RF signal across
50 ohm

14 I'IIC EXT REAR llicrophone input To 220mV RMS/ 150ohm

15 5v /2v Supply line for Cr-2003

Elry line in VRC
configurat ions

From Transmit: 5V
Reeeive. 2V
Active reception:

5V
Other condit.ion:

2V
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Table 2-4. Rear Connector {Cont,d)

I

Secrion II. RT-2001 CIRCUIT AltA,LySIS

2-8. Xodule AUDIO

(fig. 2-8 thru 2-1?)

a. Block Diagran Analyeis (fig. 2-8 and 2-9). Figure 2-S shows Ehe block
diagran of the signal processing circuits of module AUDIo and figure Z-g shotrs
the blsek diagran of the interface circuits.

The operation of module AUDIO is controlled by module MCU.

(1) Signal parh in the transmir oode.

(a) Lnpui selector and auplifier. The input eelector selects the
signal.to be processed by the Eransait path (MICR/HIC C9MB F/
?XBBIN), by the receive path (DEH SIG), or by rhe self-test
sub-system (gff Z). The transnit path signals are:

i

Pin Des ignat ion Fuactian To/Frorn
RT

El ec trical
Charac ter ist ic s

L6 5v Supply line for Cp-2003 Froro 5V

l7 Not used

i8 PIIONE REAR Variable volume audio output From 0-3V across 5Oohm

19 CF VRC CND Cround for CP-2003 or VRC
sys teB

Both 0v

2CI SW REUCITE External onloff control To ON: 0V
UII: open c]-rcu]-t

2l col,l XEQUEST Request to uqe serial ccntrsl
bus

To Active:0V
Non-active: 5V

22 TX SERIAL Transnit line of serial
control bus

Frou ilOft:0Y
rtl rtr 5v

23 RX SERIAL Receive line of serial
eontrol bus

To rtOtt: 0V
rtl rr. 5

24 Not used

25 RF CND Same as pin No. 12 Both 0v
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1".

FronE panel microphone signaL (from the microphone ampli-
f ier on the PANEL module ) , designared MIC COI'18 F. This
signal is received from the AUDIO connectors through a
microphone auplifier Iocated on the front panel asseubly

or via I'iIC EXT FR0NT line in the RMT/DATA connecror"

Rear microphone signal
sets ) , des ignaced I'iICR.

(used only on vehicular radio

External signal, applied Eo the TXBBIN

RMTIDATA connecEor. This signal is applied
selector via the TXBB amplifier that
impedance of the signal to 3kohru/600ohm,

the EXT I-l0DEM or RS-232 operational modes.

line in the

to the input
rnatches Lhe

according Eo

The selected signal is applied
aaplifier gain ehanges aecording
as Eo obtain the saure nominal

variable low-pass fil ter 1 for
TXBBIN signal. The level of the
half of the nominat teveI, to
avaitable for the rnodem signals.

to the input amplifier. ?he

to the selected signal, such

tevet at the input of the

*11 sources, except for the

TXBBIN signal is adjusted to
increase the dynanic range

(b) Signal paEh in analog voice uode. Hhen operating in the
analog voice mode, Ehe output signal of the input amplifier
is filtered by the variable lor*-pass filter L?Fl - The

filrered signal passes Ehrough the codec input selector and

is applied to the codec on the MCU module, Ehrough the CODEC

IN line (see para. (d) below). The processed data returns
from the MCU module via Lhe C0DEC OUT line, passes via rhe

CODEC BYPAS$ srirch and is filtered by the lors pass filter
tPF II. The filtered signal is applied ro the TX signat
selector. The TX signat seLector passes the signal io the TX

adder. The TX adder is used to add ihe FSK tones which carry
the signals required to escablish and mainlain ea1ls in the
sel ective eal 1 modes.
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Froo the TX adder, the voice signal passes through an
automatic level control (AlC) amplifier and the ALC BypASS

switch to the TX output amplifier. The ourput signal of the
Tx output amplifier is senE to the rF module. when Ehe

tranemitter operates normal1y, a sidetone is provided by
connecEing Ehe output signal of Ehe input anplifier, via the
SIDETONE gate, to the FIX AUDIO and earphone amplifiers.

-i

a*o"rf
SYNT 

L

rROM
MCU

TO AUDIO

1

Figure 2-9. Module AUDro, rnterface circuits, Block Diagram

(e) signal path in exrernal modem mode. when using an external
modem, the modeu signal applied Eo the TXBBTN line in the
RI'{T/DATA connector is applied ro Ehe TXBB amplifier. The TXBB

amplifier output signal, is directly connected to the TX sig-
nal selector. Then the signal follows the saue path described
in para. (b) above. No oEher signal is added to it, but. in
the AJ mode, the output signal of the TX adder passes direcEly
via the ALC bypass snitch to the TX output arnplifier.

{OUTPUT POftT$ TO
INPUT PSfiTSI

cs/Ar ' a3
MCU/AUOIO

COMMUNICATIOI{
IilTENFACE
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(d) Signal path wirh digiral voice processing. $hen using digiral
voice processing, the outpuc signal of the input ampiifier is
applied to the variable lour-pass filter 1 (LPFI). The cur-off
frequency of the low-pass filter is controlled by the MCU

module, by means of the FREFI and CLOCK-I signals,

The filtered signal passes through the codec inpuE seleetor
and is applied to the codec oo the L1CU module, through the

CODEC IN line. The codec is an analog/digital (A/D) and dig-
ital/analog (u/A) converter, eepecially designed for optimal
processing of speech. The transmit path uses Ehe A/D secfion
of che codec to convert the input signal to digital daEa.

The processed data returns frorr the HCU module after i-t is
converted back to an anatog signal in the DIA secEion of the

codec. Ihe codec output signal is filtered by the variable
low-pass filter 2 (LPFIl), whose cut-off frequeney is
controlled by the FREFZ and CLOCK 2 signal provided by module

l'{CU. The filtered signal passes through the TX signal
seleeLor to the TX adder, which adds the fSH tones. The

resulEing transmit signal can pass Ehrough the paEhs:

In all operationat modes, except t,he AJ mode, the signal
passes via Ehe ALC ampl if ier and the ALC bypass s',rit.ch

to the TX auplifier.

I

n In the AJ mode only, the signal pasaes through the ALC

bypass switch to the TX output amplifier.

The output signal of, the TX amplifier is sent ro the IF
uodule on the MOD SIGNAL line.

(e) Cli operation. Hhen operating in the CW mode, an lkl{z keying
Eone is generated wheRever the telegraphy key is depressed.

The lkHz Eone is obtained by dividing t.he frequency of the
l0kHz signal received from module SYNT. The lkHz Cl.l tone is
conaeeted by the TX signal selector fo the TX adder.

2*4?.



( f) FSK tone Eransmission. The MCU module can generaEe four
different FSK tones. The FSK tones are generated whenever

digital sigaal processing i* being used. The four FSK tones

have frequencies of 24OQTlz, ?700Ii2, 3000Hs and 3300H2. The

tones selecced for transuission are determined according to
the operating oode:

When operating in the digital CI,t mode or when using the

internal modem, one of the four FSK tones is transmitted
via the 3500H2 low-pass fitter.

In ttre CLR, sEC, AJ and VOICE f,odes, only the 3000I{z or
3300ltz trSK tones are used. The appropriate tone is
transmitEed via the 3i50Hz band-pass filrer and added to
the speech signals. In the CLR mode, the speech signals
have a bandr*idth of 300 ro 2700H2. In the SEC and AJ

modes r the bandwidth is reduced ro 300 ro 24AAHz. The

FSK Eone is 8dB below the nominal speech signal 1eve1,

in arder to teave *ufficient poqrer for the speech

Eransmiss ion.

t2) Signal path in reeeive mode.

(a) Input selector and input amplifier. In the receive mode, the

input selector and input anplifier always pass the demodulaLed

receiye signalr DEM SIC, received from the ltr'uodule.

HA 2187-09501_00
i;;;.-;

The output s ignal of Ehe adder passes through the ALC

amplifier and the ALC bypass switch to the TX output ampli-
fier, and is then senr via the MOD SIGNAL line to module IF.

(b) External modem signal path.
(1) I{tren operating wiEh an external ucdem, the output signal

of the input arnplifier is rsuEed by the BXBB selector-l
ts the RXBB buffer, and applied ro che R.I(BBF line in the

RMT/DATA conneccor lhrough the RXBB selector-2.

1.

4
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i2) Hhen operating with au R5-232 syscea, rhe RXBB D signal
(+5V) from module llCU is applied to the AUDIO module and

passes through the RXBB eeleetar-3, lhe RI(BB f line and

the l.tCU module to the RMTIDATA connector.

(c) Signal palh in analog voice mode. In the analog voice mode

(sq off), Ehe output signal of the input anplifier is
connected by the codec bypass switch to Ehe variable low-pass

filter 2. the filtered signal is connected by means of the
RCV gate to the FIX AUDIO amplifier and to the RX adder. The

RCV gate is always open in the transmit mode, and closes
during astive reception. The fIX AUDIO amplifier drives the

BIX AUDIO line in the RI'IT/DAtA conneclor. The output signal
of the RX adder is amplified by the earphone amplifier and

applied to 
:t: 

rEoNE lines in the 
fronl-raoel 

AuDl0

connectcrs and in th* rear comector. The leve1 of the PHCINE

output signal is contrslled by Ehe fronE paner. tUI{E eontrol,

The tr.:o audio paths also receive the signaling generated by

the lkEz gererafor. $ignaling type (continusus tone, beeps

or no signaling at all ) is controlled by &ean$ of Ehe

signaling suiEch. In Ehe PIIONE path, the signaling level is
controlled by the volume potentiometer.

(d)Detect'ionofFSKL0nes.HhenusingAU?0cAtt,se1ectivesque-
lch andlor any other foru of digital signal processing, the 

isignal transmitted hy the rernste radio set a1*o includes fsur i

FsKLones,havingfrequenciesof2*00Hz,2?00Ha,3000Hzand
3300H2 (when using SQ OI'f trithout SELECTM CALI, no FSK Eones 

.areadded,tqthesigira1}.Thetonedelectionsub*sysLemrec,.
eivestheoutputsigna1oftheinputamp1ifierandpassesiE
through a four-channel band*pass filter (one for each rone) 

i
thefi1rercenterfrequenciesarecontro11edbythe}',tCU
ru:dule, by means of 100Kttz and 350KHz frequencies, selected 

,

:1*:rt""uo'"- 
frequencv seleclor c*ntrol1ed by rhe BPF. Dla

iZ-t*6
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Before active reception starEs, the detection sub-system

continuously searches for the four tsnes (transrnitted

tor a short time when the PTT is pressed at the

transmitter). To increase detection probability and

ioprove response ti.mes, digiral processing Eechniques

are used: the output signals of the four Eone deLectors

are applied to the codec inpuL selector, via the SOFT1

thru S0FT4 lines. The information is sent co the MCU

msdule aod digitized by the codec. The l'rCU uodule

eonpares the energy of Lhe four tones and determines

which tone is received. When the HCU module establishes

Ehat active reception shoul,d start, it generates Ehe

AUDIO GATE signat, which closes the RCV gate, and

sommands the input selecior to disconnect lhe SOFT1 lhru
SOFT4 lines and connecE instead the ouEpuE signal of the

LPF*1 input selector to the CODEC lll 1ine.

After aclive reception starts, only the 3000ltz and

3300H2 tones are used. Iherefore, a different. detection
uethod is used: the output signals of the 3000H2 and

3300H2 detectors are applied to a couparaEor, whose

output signal, HAB.D, FSK is processed by Ehe HCU rodule.
The I'{CU module determines that active reception

continues as long as the IIARD FSK signal changes betueen

1ow and high logic leve1s.

The IIARD FSK signal is used during reception because lhe

codec performs speech proces*ing and canno! digitize the

S0FT signals.

other cases, the SOFT signals would be transferred to
MCU module, beeause they contain msre inforu.ation

can lead tn better decisions.

Signal paLh rith digital voice processing. tr{hea using any

form of digital signal processing, the output signal of the

L;

In
the

and

(e)

2*45
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input anplifier is rauted to the MCU uodule and returned, as

explained in para. (1).(d) above with respect to transmit
signal processing. The analog signal appearing at the codec

outpuE is filtered by the variable low-pass filter 2 and

connected Lo the receive paih by means of the RCV gate.

(f) Internal modem operalion. l,lhen using Ehe internat modeu, lhe

signat returning from the MCU module on the RXBBD line is
roufed by means of the RXBB selector-Z to the B.XBBI"1ine, in
Ehe RllT/DATA connector.

(g) Squelch operation. Squelching is performed by controll ing
the RSV gate" The squelch is controlled by the digital
signal processing circuits in the MCU module. When using

syllabic sguelch, the processing of the received signal is
performed by analog circuits on the AUDIO roodule, and the

result is sent for evaluation to module MCU by means of Ehe

SQ out control signal.

(3) MCU/AUDI0 coumunication inlerface {figure 2-g). ?he conmunication

between Ehe microprocessor in the MCU nodule and Ehe porEs in the AUDIO

rqodule takes place via an interface circuit locaEed on the AUDIO module.

?his interface
located on the

module.

(4) Se1 f-teet
the l,tCU module

transfers conlrot signals lo and from the microprocessor

MCU module and tlre various control line of the AUDIO

sub-syslera. During setf-testing, the microprocessor on

initiates the following tests:

(u) Codec operational test, via the BITI line.

(ai Audio psth test, by closing the loop between ihe lransmit
output and the receive inpuE via the BIT2 1ine.

z-+o

(c) Audio and earphone amplifier test



b. Transmit Path Circuir Analysis (fis. 2-10 thru 2-16)

(1) TX data buffer (fig. 2-10.D and 2-1I). The TX

built around aruplifier U6-8 and the analog svitch U5.

diagram of the circuit i* shorn in fig . 2-lt.
The TXBBIN signal from Ehe RMT/DATA connecEor is
inverting input of U6 (pin 9). Zener diodes CR7 and

switch U5-4 against excessive voitage.

I'{A 2187-09501*00
ISAUe I

dala buffer is
The simplified

applied to the

CRg prctect the

The TXBBIN signal is routed according to the operaEing mode:

rtr, the control input (pin 9 ) of
switch U5 receives a lon level from the UCU/AUDIO interface
via the LOA line. As a result, the stlitch closes and Ehe

outpuE U6-B is connected Eo its inverting input (pin 9) via
feedback resistor R69.

The TXBBIN signal is arnplified accordiug to the raEio of R69

to R64, and applied to Ehe inpur selecror (pin 15 of UI).

(b) Hhen using rhe internal modem, line LOA is at a high leve1,
the feedback loop of arnplifier U6-8 is disconnected and U6-8

operates as a cOmparator.

Ln this case, there is a virtual ground aE the junction
8"74 and R64, therefore, rhe input iupedance is determined

R64 (500 ohms).

In this case, Ehe input impedance is very high as long as

input voltage dces not exceed the breakdosn voltage of
Zener d,iodes CR7 and CR9.

of
by

the

the

{2} InFut selector (fig. 2-f0.D), The various audio signals are

applied to pirrs 12 thru 15, 1 and 4 of the inpur selecror U1. Ul
passes the audio signal corresponding to Ehe selected operating mode,

according to the control signals Dov, FoR and rur. These cooErol

2-47
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signals are applied from the UCU/AUDIO interface (flg" 2-10.A) to pi.ns

10,11 and 9, respectively.
Tahle 2.-5 1i*ts the selected input signal ording to the binary code

applied to the control inputs of Ul.

Table 2-5 " Input Selector Ul

I

t-

(3) Irput anplifier (fig. 2-10"0). The audio signal passed by the

input selector is araplified by the inpuE amplifier built around U7-8.

The gain of each audio signal ie deEermined by the feedback resistor
R20 and by the resistqrs connected in series with UI inputs.

(4) SIDETONE gate. The SIDETONE Bate U5-14 is controlled by Ehe STC

line froo nsdule l{CU. When the STC line rises to a high level, the

outpuf signal of arnplifier U?-8 is transferred to the FIX AUIIO and

earphone amplifiers, via the SIDET0NE line.

l

Control $ignal
Se lec ted

Input. Selected Signal
FMI

(Pin 9 )
DOV

(Fin 10 )
FOR

(Pin 11 )

0 0 0 Pia 13 Rear-panet rnicrophon* signal -
l..1ICR

0 0 1 Pin 14 Front panel uicrophone signal
- l'lrc couB F

0 1 0 Fin 15 IXEB signal from the TX data
buffer U6-8

n 1 1 Pin 12 Demodulated receive signal DEM
SIG

1
I 0 0 Pin 4 Tesl signal BITZ

I t 1 Pin 1 Dea.odulated receive s ignal
DE}l SIG

2.-1*8













r'1A 2187-09501-00
Issue 1

TXBBIN FROM

lFMrloAtr;1 TO INPUT
SELECTOR
ut-15

I'igure 2-11. TX Dara Euffer, $inplified Circuir

(5 ) Variable lore-pass filter t (fig, 2-10.D). The variable 1ow-pass
filter 1 is built around the pcH nonolithic filter u14, Hhen using
digical voice processing, the output signal of anpl ifier u7-g is
applied to pio 2 of u14. u14 is conrrolled by rhe cLKol signal,
received from the HCU/AUDI0 inrerface (pin g of u26). The cut-off
frequency of the lor-pass filter is controlled by the MCU nodule, by

Beans of Ehe FREFI signal applied to pin l? of ui4. ul4 is disabled
when a high level is received from MCU/AUDI0 interface U27-Z to pin 13,
via the SAVE-I tine.

( 6 ) Codec inpuE selec Eor ( fig. 2- 10 .C . ) .

selects the signal to be processed by

according to the binary code applied to
10, 9) via the SEIO, SELI and SELZ l^ines,

The cadec input selector U15

the cadee (in uodule MCU)

lhe control inputs (pins 11,

respectively.

Table 2-6 lists the selecced signal according to the operaE,ing mode.

2-5 I



Operaling },lode Se 1 ec ted
U15 lnput

Selected Signal

Searching for FSK tones

Pin

Pin

Pin

P].n

i3

14

15

t2

SOFTI from 2400Hz deteclor

SOFT2 from 2700ltz detector

$OFT4 from 3300H2 detector

S0FT3 from 300082 deteccor

Se I f-tes t Pin 1 BIT1 signal from the CODEC

OUT signal

AUTOCALL function Pin 5 S-}iETER received signal 1evel

DC voltages testing Pin 2 AUDIO SEN signal of AUDIO
SENSOR

Voice transuission or reeeption Pin 4 Output of low-pass filter 1,
ul4-4

MA 2187-09501-00
Issue 1

Table ?*6. Input Signals of the Codec Input Selector

(7) Variabl.e low-pass filter 2 (fig, 2-10.D). The variable lor*-pass

filter 2 is built around monolithic PClt fiiter U18. The analog output
signal from the CODEC OUT line is applied rhrough swirch U9-15 ro pin 2

of Ul8 . Ul8 is control led by the CLK02 s ignal appl ied from the

I-ICU/AUDIO inrerface (pin 12 of U26). The cut-of f frequency of Ehe

lor*pass filcer j.s conrrolled by means of the FREF2 signal applied to
pin 12. U18 is disabled uhen a high leve1 is received fronr MCU/AUDIO

inEerface U28-15 t.o pin 13, via che SAVE-2 line.

(S) Tx signal selector (fig.2-10.8). The Tx selecror U3 (fig"
Z-10,b) selects t.he signal ro be transmitted. U3 is conlroll.ed by the

control l ines TXO and TXl . TXO is received directly f rom module I.iCU

and TX1 is the output of NOR gate Q9 (fig.2-10.A). Table 2-7 lists
the selected TX signal according ro the operating mode.

L
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Table 2-7. $elected TX Signal

(9) TX adder (fig. 2-10.8). The TX adder is built around operaEional
amplifier ul7-14. The anplifier combines the following two signals:

(a) The attenuation of th€ voltage-controlled artenuator depends

on Ebe drain-source resisLance of the JFET Q8. This

resistance is direct proporEional to the gate voltage.

(a) The output signal of Ehe TX selecror U3-3.

(b) The output signal of the 3l5OHz band-pass filter, via
resistor R90.

The leve1 of each signal is derermined by the ratio of RI13 to RgO and

the resistors connected in series Eo U3 inputs.

(10) A].c amplifier (fig. 2-10.8, 2-12). The Arc amplifier comprises
the voltage-controlled sttenuator builE around Q8, the ampl ifiers
U7?-7, Ui7-l and the rectifier built around Q7.

0perat ing llode Selected
U3 Input

Selected Signal

Analog voice Pin 1 Gl - output signal of input
aurplifier U7-8

ExEernal modem

Digital voice processing Pin 5 Y0 - output signal of
low-pass filrer 2

Internal modem

CI.I operation Pin 2 lkHz CW signal

Transmission of FSK tones Pin 4 Output signal of 3500H2
low-pass fil ter

2-5 1
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(b) The output vollage of the atlenuator is amplified by Ul7-7

and U17-1. The volEage aE the output of U17-1 is applied via
C59 and Rl14 to the base of Q7. Q7 operates as a rectifier.
Rl01 is a Eemperature compensation thermisEor.

VARIABLE
ATTENUATOR

AMPLIFIER
R11B

l=

Rr10

FROM
TX AOOEB

u17-14
TO ALC
BYFASS
swlTCt.t
u16-5

RECTIFIER

t'
R101r

(c)

Figure 2-L2, AIC Amplifier, Simplified Circuit

As long as the input voltage is t:r, t.he peak-to-peak volcage
appearing aE Ehe output of U17-l is not enough to cause Q7 to
eonduct, Under these condiEions, ihe vol tage appl ied to the

gaLe of Q8 is oaximal,

The resulting drain-source resistance is also maxioal, and

the input signal is essenE,ially not attenuated.
When the vol Eage increases beyond Ehe AI,C threshold
(determined by the bias applied to Q7), Q7 starts Eo conducE

on positive signal peaks, capacitor C49 discharges and the

vclt.age across iE decreases- The dynamic resisEance of Q2

decreases and the atEenuation of the input signal increases.
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As a result, the ouEput votlage of U17*1 remains at a

constant level, in spite of increases in the input voltage.

(11) ALc b,ypass ecitch u16-4 (flg. z-10.8r 2-12). rn the AJ mode,
since the ALC periods are too l.ong, the coat.rol input of Ul6 (pin g)

receivas a high 1eve1 from Lhe !,ICU/AUDIO inrerface U27-15, via the ALC

BY line' Ae a result, the switch eonnects the output of the TX adder

u17-14 (input Y of u16) to the TX ourput amplifier u17-B and the ALC

circuit is bypassed.

(12) Tx outpur amplifier (fig. 2-10.8).
built around operational amplifier UI7-8.
U17-8 is determined by C66, R13l and R106

anplif,ier is sent to the IF nodule, via the

The ?X oucput amplifier is
The tranefer fuacEion of

. The output signal of the
t'10D SIGNAL l ine.

(13) Transmission of F$K tones (fig. Z-10.8).
FSK tones is performad as fo11*ws..

The transnission of the

(14) Frequency dividers (fig. 2-10.A). The dividers receive rwo

reference frequenciee (3.5 MHz and l0 KHz) from the SYNT module.

(a) 3500H2 1ow-pass filter. This low-pass filter is built around
ampl if ier U6-7 . !,lhen us ing the incernal modem or in DCI,J

mode, one of the four FSK tones received from module MCU via
FSK cEN line, is filtered by U6-7 and then applied ro pin 4

of [he TX signal selector U3.

(b) 3150}tz band-pass filter. Thris band-pass filter comprises
amplifier U6-1 and swirch Ut0-4. In the CLR, SEC or AJ

rnsdes, a high level is applied to rhe control input of the
switch (pin 9 ) , fro.m Ehe MCU/AUUI0 inrerface U27-19 via Lhe

HTX line. As a resulr, rhe 3000H2 or 3300H2 FSK tone passes

through the band-pass filrer Eo t,he TX adder Ul7-14.

(a) l.Ihen operating in the CW mode. U22-13 opereres
divider-by-I0 to obtain 1 lCiz from 10 KHz.

a$
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(a ) i.ltren 1 ines LoA and RXBB Drs are both at a lou l evel , ug-14
and u9-4 select rhe received signal, applied from the input
amplifier U7-8 ro rheir X inpurs (pins 5 and 12).

(b) tlhen line LoA is er a high 1evel, u9-14 selecEs rhe RXBB.D

signal applied from MCU module to irs y input (pin 13)"

The output signal of U9-4 is applied to the RX <iata buffer built around
u4-1. The outpuc signal of u4-1 is senc via u9-14 and rhe RxBBr'line
to the P&T/DATA cannector.

.l
l

;]
;l

i*
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(16) fSK tone detectisn circuits (fig. 2-10.C).

{a) Band-pass filters. Ug contaias four band-pass filters. The

center frequency of each band-pass filter is tsrned to one of
the four FSK tones. The four filters have a cormon input (Cf

line) and a eommon clock input, The clock input, can receive
two frequencies: 100 KHz for normal filter operacion and

350 KI{z f,or quick discharging of filter energy. These

frequeacies are applied from the selecEor U23*/r (controlled
by nodule MCU, by rneans of the BPF. DMP signal).

(b) 240QHz deEeclor. This detector is builc around anplifiers
U).2-74, U12-8 and switch U10-15. The output signal of rhe

Z4OAHz band-pass filter (pin 2 of. US) is rectified by rhe

fu11-wave rectifier coaprising U12-14, CR17 and CR18. The

rectified signal is filtered by the circuit coroprising Ut2-8,
C48 and R104. The switch U10-15 is connected in para11e1 ro
C48, in order Eo reduce the discharge time of C48 during
frequency hopping (or r*hen operating in the AUTOCALL mode).

In these modes, lhe switch can be closed by Ehe band-pass

filter comraand (BPF.DIP) received from the MCU module: when

the skritch is closed , C48 discharges rapidly.

The output signals of U8 (pins 2, 4,10, 12)- are applied via
coupling capacitors to 4 identical detectors. The operation
of the 2400H2 delectsr is described in para. (b) below. The

operatian of the oEher detectors detaited in para. (c), (d)

and (e) below is sirsilar.

(c) 2700Ha detector. This detector is built around amplifiers
U7-14, U7-1, sr*itch U11-15 and rectifierE CR8 and CR6.

(d) 3300H2 detector. This detector is builr around ampl ifiers
lJ7-7, U2-8, switch Ul1-14 and rectifiers CRl1 and CRl2.

(e) 3000Ha deteetor. This deteetor is built ar*und anplifiers
U12-1, U12-7n switch U11*4 and rectifi*rs CR16 snd CR13.
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(f) Ssitch u23-15. This suitch is controlled by the LOIi line
from U27-9. lJ*ually, I-0I1 is et e 1ow leve1 , and the switch

passes the output signal of the 3300H2 deEector to lhe

non-inverting inpur (pin lt) of the comparator Ul3.

I

(ra; gi*t*ling switch (fig. 2-10.8).
is applied ro the Y input (pin 13)

switch is conLrolled by the SIGCON

connects the lkHz signal to the Rx

amplifier U4-8.

In the CH mode, the lkHz signal
of the signaling swiEch Uto. The

1ine. A high 1evel oB this line
adder U2-1 and to the fIX AUDIO

(19) RCV gate (fig,2-10.8). The RCV gate U23-74 is controlled by Ehe

AUDIO 6ATE line applied from the MCU/AUDIO interface U27*6 to the

control input (pin 11) of UZ3. l,Jtren a speech signal is derected by the

squelch circuits (acEive reception), the AUDIO GATE line rises to a

high level and the output signal of the variable low-pass filter 2 is
applied to Ehe RX adder Uz-l and the PIX AUDIO anplifier U4-8. In
other cases, the line is at a 1ow level and the path is blocked.
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the amplifier
is shown in

(20) Rx adder (fig. 2-13).
U2-L and U2-14. the simpl
tr-g,2-14,

VOLUME I

POTENTIOMETER J

The RX adder is built
ified diagram of rhe

(b) [,Ihen operating with active squelch, then if no signal is
received , Ehe control l ine (guoro Drs. ) from the l,lcu/AuDro
interface (pin 6 of U26) rises ro a high 1evel, Q1 and Q2

conducE and the gain is reduced.

AUDIO DIS
FROM U26.6

(a) Usua11y, the transistors are cuE-off and

function of U2-1 is determined by R5 and C2.

SIDE TONE
FROM U5.]4

SIGNALING
FROM UlO-14

RCV SIGNAL
FROM U23.I4

!oK

=
FRONT PANEL VOL BIT EN

t.he trans fer

TO EARPHONE
AMPLJFIER
ITHROUGH U2-14I

Figure 2-13. RX Adder, Simpl ified Diagram

2-67



MA 2187-09501-00
lssue 1

(c) U2-1 combines the following signals:

SIDETONE signal from U5-14. The tevel of this signal is
fixed and cannot be changed by the volume control.

Received si.gnal frora RCV gate U23-14. The 1eve1 of
received signal is controlled by the volume control
the front pane1.

Signaling from U10-14. This signal is applied ro rhe

amplifier via two resistors, R43 and R10. Only the level
of the signal applied via R43 is controlled by the volume

control signal, reached from selector U16-14. R10 provi-
des a path that ensures the signaling would be heard

even with the volume control at the minimum position.

The built-in-test (BIT) mode needs maximum signaling
ampl itude, irrespective of the volume potentiometer
posirion. Therefore, during Bl0, the resistor, R128 is
appl ied frou selector U16-14 , controlled by the
VOL.BIT.EN signal.

ampl ifier
push-pu 1 1

1 imit ing .

1.

1

3.

the

on

(21) g.rrno,r. amplifier (tl"g. 2-10.B). The earphone
comprises the power transistors Q4 and Q6, connected j.n a

configuration, and the transistors Q3 and Q5, used for current
Diodes CR3 and CR4 reduce cross-over distortion.

(a) The output signal of the RX adder u2-14 is coupled by c2l and

C22 and applied via R118 and R119 ro rhe bases of Q5 and Q7,

respectively. The signal appearing at the emitters of Q5 and

Q7 passes through curren!-sensing resistors R39, R46 and via
coupling capacitor C7 to the AUDIO connectors.

(b) Current limiting under overload

Drring normal operation, the voltage across current.

sensing resistors R39 and R46 is 1ow, therefore Q3 and

Q5 are cut-off.

1.
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When the power consuuption exceeds above the lirnit, the

vol tage across R39 or R45 causes the corresponding

transistor to conducE. Consequently, the current applied

to the bases of power transistors Q4 and Q6 is reduced.

(c) Bias Eo Q4 and Q6 is provided from the +12V line through R32,

CR3, CR4 and R38. The bias holds the transistors at Ehe

conduction threshold, t,o reduce cross-over distortion.

(22) FIX AUDIO amplifier (fig. 2-14). The tr'IX AUDIO amplifier U4-8

combines the SIDETONE signal from U5-14, the received signal from RCV

gate and the signaling from U10-14. U4-8 gai.n is determined by R48.

The ouEput signal of U4-8 is sent to the Rl'lT/DATA connector, via rhe

FIX AUDIO 1 ine.

.,

RCV SIGNAL
FROM U23-14

SIDE TONE
FROM U5.14

SIGNALING
FROM UlO.14

Ftx Auoto

ro lnurzoaTE

Figure 2-14. FIX AUDIO Anplifier, Simplified Diagram

(23) Syilabic squelch circuirs (tig. 2-10.D, 2-15, 2-16)

(a) Principle of operation (fig. 2-15, 2-16). The squelch

c ircuit sends Ehe SQ . OUT cormand to the llCU modul e to turn
the RCV gate off, unless a speech signal is detected in the

receive signal. In order to detect the characteri.scic speech

waveforms, the received si.gnal is applied to tuo para11el

paths, one processing the signal to extract the speech

waveform, and anoEher for setting an adaptive Ehreshold.

The bLock diagram

fig. 2-r5.
1n

c24

of the sy1 labic squel ch 1S shown
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Signal processing path. The received signal is
atEenuated and then filtered by a 500H2 band-pass
filter. The filtered signal is rectified by an envelope
detector, whose output is filtered again by a band-pass
filter centered on 5Hz. This filter passes the amplitude
variaEions caused by the syllab1es. The output filter
of thi"s band-pass filter is rectified and filtered Eo

obtain a DC voltage proportional to the syllabic
modulation in the received signal. This DC voltage-is
applied to one of the sguelch comparator inputs.

Threshold generation. The rectified received signal is
amplified and then rectified by a peak rectifier. The

resulting DC signal is applied to the other input of the
sguelch comparator. The integrators located at the end

of the two paths provide the reguired timing for the
comparison of the two signals. The squelch comparator
sends a command !o turn the RCV gate on whenever the
processed signal exceeds the threshold. To prevent gate
chattering, a delay circuit delays the turn off of the
gate for a short time, thereby bridging across shorE
interruptions. This prevents interruption of the
received signal between words. Fig. 2-16 shows typical
waveforms in the squelch circuits.

(b) Sguelch circuit operarion (rig. 2-10.D). The filtered audio
signal appearing at pin 4 of the low-pass filter 2, Ulg, is
simultaneously applied to the inputs of the signal processing
path and to the threshold-generation path.

Signal processing path. The input voltage passes through
a voltage divider, composed of RI4 and R19, and is Ehen

fil tered by a 500H2 band-pass fi1 rer , buil r around

U2-7. The outpuE signal of UZ-7 (f in fig. Z-t6> is
applied to an envelope detector, built around CRl.

t.

1

1.
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The rectified voltage (C in fig. 2-16) is filtered by a

5Hz band-pass fi.1ter, built around U4-74. The ouEpur

signal of, lJ4-14 (n in fig. 2-16), which is Ehe envelope

of the received signal, is again rectified by the
fu11-wave rectifj.er composed of U4-7, CR5 and CR10, and

then fj.ltered by the integraror R57 , C17 (n in
fig. 2-16 ).
The voltage across C33 is applied to the non-inverEi_ng

input (pin 7) of the squelch comparator, U13-1.

Threshold generation. The input volrage is amplified by

ampl ifier U24-1, according to the ratio of Ri16 to
R111. The output voltage of U24-l is rectified by CR20,

filtered by the integraEor R106, C54 and then applied Eo

the inverting input (pin 6) of the squelch comparator,
U13-1. A sma11 DC bias is applied to the inverring input
of U13 from the voltage divider comprising R103 and R121.

When the received signal contains speech, the voltage aE

che non-inverEing input of U13-1 exceeds the voltage at
its inverting inpuE. ConsequenEly, the output of U13-1
(C in fig. 2-1,6) rises ro a high 1eve1 and capaciror C52

charges rapidly through CR19 and R98. When the voltage
across C52 exceeds the voltage applied to the inverting
input of the squelching delay U13-14 (pin 8) via the
voltage divider comprising R125 and R129, the ouEput of
U13-14 rises Eo a high 1eve1. The high 1eve1 is sent Eo

the MCU rnodule via the SQ-OUT 1 ine. In response, the
MCU module sends a cormand to close the RCV gaEe (para.
(19) above), allowing the received signal ro pass to the
audio amplifiers.

When the received
voltage applied to
the voltage applied

s ignal does not contai.n s peech , the

the inverting input of U13-1 exceeds

to its non-inverting input.
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Consequently, the output U13-1 fa11s to a 1ow 1eve1 and

C52 slowty discharges through R98. llhen the voltage
across e52 decreases below the volt.age at the inverting
input of U13-14 the output of U13-14 fa11s Eo a low

1eve1. This tevel is sent to the MCU modute, t.hat opens

the RCV gate so the received signal cannot pass to the

audio amplifiers. The slow discharge time constant of
C52 ensures that short negative pulses appearing at the

output of U13-1 do not change the state of the RCV gate.

Figure 2-16. Typical Waveforms in the Squelch Circuit
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(24) Audio sensor. Thi.s sensor adds the following voltages; 12v,
5v-P, 5v-N, and provi.des a si-gna1, AUDro sEN (approx. +2.5v), on the
anode of cR14, when all the voltages appears correctly. This signal i.s

applied to pin 2 of the codec input selector Ul5.

(25) Mcu/AUDlo interface (rig. 2-10.A). This inrerface comprises four
latches, u25, lJ26 and v2? and u28. The latches are used to transfer
control signals from Ehe microprocessor located in the MCU module to
Ehe internal control lines of module AUDIO. The syllabic sguelch ourput
signal (SQ oUT) is transferred to the MCU rnodule.
The microProcessor writes data to the latches via the bidirectional bus
l ines, DBI"10 to DBl"17. since the data bus is connected to all the
latches, a chip select signal is used to select the desired latch
(cs/a:. selecrs tJ25, cs/A2 selecrs u26 and cs/a,: selecrs u27 and u2g
through the selector U5). The microprocessor sets each bit of the data
byte according to the desired function. Upon the rising edge of the
chip-select signal, the data byte is latched into the selected 1atch.
All the four latches can be reset by the RESET* line: a high on the
RESET* line enables the four latches, and a low leve1 disables them.

(26) self-test sub-system. During self-test, the following tests are
performed in the AUDIO module:

(a) codec test.
operation of

The

the

to

is
l

microprocessor in the l"1CU module tests the
codec U4 as follows:

The microprocessor sends a

digital i.nput of the codec.

digital representation of rhe

known data stream

This data streao
desired test signal

the

Ehe

2.

1

The codec converts
transfers it, via
back to the analog

the data Lo an analog signal and

the BIT1 line and rhe selecror 1J26,

input of the codec.

The codec converts the analog signal
sends it back to the microprocessor.
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!_. The microprocessor compares the received data vith the
previously-sent data, and determines whether the tesE is
passed or failed.

(b) Audio path cest. The microprocessor in the },tcu module EesEs

the transmit and receive path circuits by closing a loop from

Ehe output of the transmit paEh to the input of Ehe receive
path, via the BIT 2 1 ine.
This tesE is performed in a similar way to the codec test
described above.

(c) Receive path test. A lkHz sinusoidal signal is applied via
the DEM SIG line to the receive path circuit. The ouEput

signal of the earphone arupl ifier is sent to a deEector
located on the MCU module, which checks the signal level.

2-9. Module IF
(tig. 2-17 shru 2-23)

This paragraph covers Ehe theory of operation of module IF. Module IF has

!t o vers ions:

- A full version that enables operation of PRC-2200 in the AM, NCI.I and

SSB modes.

A downgraded version, thaE enables operation of pRC-2200 only in the
SSB mode.

The version actually installed in the PRC-2200 determines the manufacEurer
catalog number of the pRC-2200.

This paragraph covers the theory of operation of the ful1 version.

Details on circuiLs that are specific for the versions of the module are given
in Note 6 of figure 2-18.
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a. Block Diagram,Analysis (fig.2-17). Figure 2-17 shows the block
diagram of module IF.

(1) TransmiE parh.

(a) Transmit signal path. The transmit path receives the
modulation signal from module AUDIO and modulates it onto the
5.25Wlz carrier signal, supptied by the synthesizer. The

modulation is perforraed by a double-balanced modulator. The

operation of the modulator is controlled by the AM/SSB* line:

l. In the SSB mode, the modulator generates a -
double-s ideband signal .

L. In the AM mode, the modulator adds a carrier to the

output signal, to obtain an amplitude-modulated signal.

The modulator output signal is buffered and applied to the
filter corresponding to the selected mode: SSB filcer, NCW

filter or AM filter. The required filter is inserted into
the signal path by electronic switches, control led by the
filter control circuit. The filter control circuit converts
the SSB and AM/SSB* control signals, received from the MCU

module, to drive signals for the filter switches.

The filtered signal passes through a buffer which provides
impedance matching and is then sen! to the RF module.

(b) Control of transmit paEh. The Eransait paEh is powered only
in the transmit mode, under controt of the pTT OUT* iine.
The PTT OUT* line controls the transmit path supply switch.

Q) Receive path.

(a) Signal path. The 5.25t*tz RF signal received from the RF

module passes through a matching circuit to the filter bank.
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The filtered signal is applied to the IF amplifier. The gain

of the IF amplifier is controlled by the AGC voltage provided
by the If ACC time constant control circuit (see para. (2)

below). The IF amplifier provides an If signal of constant

amplitude, which is applied to the deuodulation circuits:

In the SSB and CW modes, the received signal is
demodulated by a synchronous SSB demodulator. The

demodulator receives a 5.25la[z signal frorn the

synthesizer. The demodulated SSB signal is applied to
the AH/SSB selector.

In the AM mode, the received signal is amplified by an

additional IF aoplifier, and then applied to an envelope
deEector. The demodulated A),1 signal is amplified by an

audio anplifier and applied to the A*Y/SSB selecEor.

AM/SSB selector, The AM/SSB selector selects the

appropriate deoodulated signal, under control of the
AM/SSB* 1ine. The selecred signal is amplified by an

audio amplifier and sent via the DEUOD SIG line to the

audio processing circuits in the AUDIO module.

(b) IF AGC sub-system. The If AGC sub-system generates an ACC

signal which controls the gain of the IF amplifiers. The

dynanic response of the IF AGC signal depends on the selected

operating mode.

If AGC detector. The IF AGC detector rectifies the If
signal and converts it t.o a DC voltage which follows the

envetope of the IF signal.

IF AGC time constant control circuit. This circuit
processes the output signal of the IF ACC detector, to
obtain rhe AGC control voltage.

l.

a

3.

t.

L.
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The processing parameters depends

as indicated by the state of
NORMAL/FAST* lines.

on the operating mode,

the VoICE/DATA* and

a. Voice modulati.on. When using the sguelch-off voice
mode or CW modulati"on, in fixed-freguency operation,
the AGC attack t,ime is normal, but Ehe release time
is long (approximately one second), to maintain
constant gain when the received signal changes

abruptly, such as during short pauses occurring
between words. When using at data modulation, the
release time i.s shorter, about 0.1 second.

When using frequency hopping, the attack time is
made shorter, under control of the NORMAL/FAST*

1ine, to allow rapid acguisition of received signal
after hopping. During hopping (while the actual
freguency transition takes place), a RESET AGC

pulse is applied to the AGC control circuif. The

RESET AGC pulse resets the AGC voltage to the value
corresponding to a signal at the sensitivity
threshold. When a signal-appears, the rapid attack
time of the circuit a11ows rapid acguisition and

adaptation to the signal level received on the new

freguency.

U. Data modulation. During active-squelch voice
transmission or data transmission, the release time
is made much shorter, because no pauses are

expected in the modem signal.

(c) Rf'AGC sub-system. To increase the dynamic range of rhe

receiver, RF AGC is used. Under strong signal conditions,
the RF AGC circuit attenuares the signal applied to Ehe

receive amplifier located in module RF, Eo prevent IF
ampl ifier overloading.
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The output of U9A in the RF AGC sub-system is also used
the transmit mode, to monitor the output signal of the
module.

The rF signal appearing at the J1 connector is amplified and
applied to a RF AGC detector. The RF AGC detector provides a

DC voltage proportional to the envelope of the RF signal.
The output signal of the Rr Acc deEector is processed by Ehe

RF AGC time constant conErol circuit, which provides
processing functions sirnilar to those of the rF AGC time
constanc control circuic (para (2) above). The RF AGC signal
is sent via the RF AGC line to the RF module.

(d) lndications.

IF IIO LEVEL indicarion. In the transmit parh, the
output signal is amplified by rhe IF I/O LEVEL anplifier
and sent to Ehe MCU module, for monitoring.

S-METER indication. The S-METER anplifier combines rhe
IF AGC and RF AGC voltages, and generates a DC voltage
proportional to the received signal leve1 over a wide
range of input signals. The S-METER signal is sent ro
the MCU module, where it is used to display the received
signal leve1. The s-llETER signal is also sent to oodules
AUD10, and MCU where it is used as an inpuE for the
AUTOCALL algorithm, because it indicates the background
1eve1 on the various frequencies used by the AUT0CALL

procedure.

Itr' SENSOR indication. A resistor network provides
indication of the condi.tion of the supply voltages
module IF Eo the l'{CU module.

b. Transmit Path circuit Analysis ( fig. ?-18 ) . The rransmir parh is
activated when the PTT OUT* line is grounded. Current then flows from the
emitter of Q2 to the base of Q1, and Ql saturaEes. As a result, the -5vF

in
1r

1

)

3 an

of
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supply volrage is transferred to the -5V IF TX line, connected to the transoit
path components.

(1) Double-balanced modulator. The modulator built around mixer U13

is a double-si.deband modulator which performs the modulation of the

5.2511112 carrier i.n all operating modes.

The mixer is powered by the +12VF voltage (filtered by L501 and C603),

and by the -5V IF TX voltage (filtered by L600 and C605). The -5V

IF TX voltage is present only during transmission.

The 5.251*12 carrier signal arriving from module SYNT is coupled through

C600 and R604 to the carrier input (pin 7 ) of U13. Bias to the carrier
inputs is provided by means of resistors R605 and R606.

The modulated signal, arriving from module AUDI0, is applied to the

signal input (pin 1). The netlrork comprising R600, RV600 and R601 is
used to apply a sma11 offset voltage for obtaining maximum carrier
suppression at the output of Ul3 (pin 9). This is done during SSB

operation. When operating in the A-!1 mode, a carrier must be added to
Ehe output signal. Therefore, a high level is applied from th" Alt/SSBo

line via CR600 and R616, causing the modulaEor to be unbalanced,

Ehereby a carrier is added to ics output signal.
I'lodulator gain is decermined by the ratio of the load resistor R610 and

the gai-n-setting resistor R608. The double-sideband signal appears

across load resistor R610 and is coupled through capacitor C606 to
potentiometer RV601.

(2 ) Buffer, Q600. The signal appearing at the wiper of the
poEentiomeEer RV60i is coupled via capacitor C607, to the base of

Q600. Q600 bias is applied via resistor R613 and R612. The value of
the collect.or load resistor R6i4 is selected to match Ehe input
impedance of Ehe three IF filters FLl, FLZ and FL3. PIN diode CR601 is
reverse-biased in the transmit mode, Eo prevenE the 5.251fr12 RF signals
to leak Eo the receive path. The ouEpuE signal of Q600 is applied to
the three IF filters, via capaciEor C207 .
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(3 ) CrysEal fil ters and associated control switches . Three crysEal
fi-lrers tr'Ll, FL2 and FL3 are inserted inr,o Ehe signal path by prN diode
switches. The swiEches are controlled by Ehe SSB* and AI1/SSB* lines
applied to Ehe control inputs of analog switches UlA and UlB.
In the down graded version of the aodule, FL1 and FL2 are disconnecEed
(see note No. 6 on figure 2-18).

(a) The SSB filter, FLl, passes Ehe upper sideband of rhe 5.25W72

IF signal (+lSO to +3300H2 above the IF freguency). This
fi-1ter is inserted into the signal path when Ehe Au/ssB*
line, connected Eo the eonErol input of U1B (pin 10) falls Eo

a 1ow 1eve1. As a result, DC current flows from the +5VF

line Ehrough R210, CR2O2, R202 and rhrough R200, CR2OI and

R201 inEo pin 2 of UlB and Eo ground.

The remaining PIN diodes are reverse-biased, t,hereby blocking
signal transfer Eo the other filters. Capacitors C2Ol and

C202 shunt the RF vol t,ages , appear ing across M0 1 and Fi2O2 ,

to ground.

(b) The NCW filter FLz has a passband of 25OHz, centered on a

frequency of 5.25MHz +lkF.z. The filter is inserted inEo Ehe

signal path when Eh. Alt/SSgo line falls to low 1evel and the
SSB* line rises to a high leve1. As a result, DC currenE
flows from Ehe +5VF 1 ine through R2 10, CR204 , R204 and

through R200, CR203, R203 inEo pin 12 of UlA, and via UlB
(pins 1,15) t,o ground.

(c) The AM filter FL3 has a passband of +3kHz. The filrer is
inserted inEo the signal path when Ehe AM/SSB* and SSB* lines
rise to a high leve1. As a result, DC currenE flows from lhe
+5VF 1 ine through R210 , CM06 , R206 and Ehrough R200 , CR2O5 ,

R205 into pin 13 of U1A and via U1B (pins 1, 15) Eo ground.

(4) I"laEching circuit, Q100. The f iltered rF signal from rhe selected
crystal filter is applied to the base of Q100, via capacitor c106.
During lransmission, q100 receives bias from the -5v rtr'Tx 1ine, via
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R100, R101, CR100 and R102. The value of Ehe emitter resistor R104 is
selected to match Ehe input impedance of module RF transmit path.

The output signal of Q100 is applied to module RF, via C103 and coaxial
connector J1.

c. Receive Path Circuit Analysis (fig. 2*18 and 2*19). When operating in
the receive mode, the PTT OUT* line rises Eo a high 1eve1. Transistors Q2 and

Q1 are cut-off and the -5V IF TX supply voltage is disconnected from the
transmit paEh circuits.

(1) Matching circuit. The received 5.251fr12 IF signal arriving from
module RF is coupled through C1O3 to the maEching circuit. In the
receive mode, the -5V IF TX line is disconnected, therefore transistor
Q100 and diode CR100 are cut-off. Capacitors C102, C104 and C105 are
practically short-circuirs at RF freguencies, so rhe maEching circuit
comprises now resistor R104.

Q) Crystal filter and associated control circuit. The received
s ignal 5 .25w2, attenuated by R103 is coupled by c106 to the three
crystal filters FLl, FLz and FL3, which provide the required
selectivity for the receive path. The filrers are inserted into the
receive path according to the sane Al"1/SSB* and SSB* commands used in
the transmit path (para. b.(3) above).

In the down graded version of the aodule, FL1 and FLz are disconnected
(see note 6 on figure 2-18).

(3) IF amplifier.
(a) The filtered IF signal is coupled through C2O7 and C302 ro

pin 1 of U11. U11 is a differential input, differenrial
output RF amplifier with AGC capabiliry. C303 decouples the

second input of Ul1 (pin 3). L300 and R309 provide a bias
path to pin 3. U11 gain is conErolled by the AGC voltage
applied from U10C-8 (see para. (7) below) Eo pin 2 of U11,

via resisEor R300. The ourput voltages appearing at pins 5

and 6 of U11 are coupled by transforrner T301 to U12, which is
identical ro U11. U12 gaia is controlled by the IF AGC
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volrage applied from U10C-8 to pin 2 of U12, through diode

CR300 and resistor R301. The output load of U12 is the
tuned-primary transformer T302, adjusted together with C305

to a resonance frequency of 5 .251&lz.

(b) There is an opti.on to limit the maximum gain of the

amplifier. This option can be performed by applying a low

leve1 at the DELAYED AGC* 1ine. The low 1evel is inverted by

U6B. CR301 is forward-biased and CR300 is reverse-biased,
thereby blocking the AGC voltage provided to pin 2 of 1112.

(c) The +7VF supply voltage for the IF amplifier is filtered by

an active filter, built around U9A and Q300.

(d) The IF voltage appearing at the

through C313 to a buffer stage

Q301 is supplied via resistor
temperature-compensat ion diode.

secondary of T302 is coupled

built around Q301. Bias for
R312 and R313. CR303 is a

(4) SSB demodulator. The SSB demodulator is built around the mixer
U14, which operates as a product detector. The IF signal appearing

across the emitter resistor R314 is coupled via C314 to the signal
input (pin 1) of U14, and Ehe 5.251{[12 signat is connected to irs
carrier input (pin 8). The audio output voltage appearing at pin 4 of
U14 is filtered by R901 and C900, and is then applied via C901 and R902

to pin 5 of the Al,t/SSB selecror UlC.

(5 ) AM demodulation circuits. Figur e 2-28 shows the simpl ified
diagrau of the AM desodulaLion circuiEs. The IF voltage appearing

across Ehe emitter resistor of Q301 is coupted through C400 to a buffer
stage built around Q400.

The output voltage of Q400 is coupled Ehrough transformer T400 to the

envelope detecEor comprising L400, CR400, C406 and R407, via resistor
R406 and capacitor C405. The secondary winding of T400 is tuned to
5 .Zltftlz by CV400.
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To improve detection linearity, the envelope detector receives a sma11

forward bias, developed from the voltage drop across the emitter base

junction of Q401.

The output signal of the envelope detector is amplified by the audio
amplifier built around U7B and applied Eo pin 3 of the AH/SSB selector
U1C, via C902 and R903.

(6) All/ssB selector. The AM/ssB setecror ulc is conrrolled by rhe
All/ssB* 1ine. A high leve1 on rhis line selecrs rhe A],1 signal,
connect.ed to pin 3 of ulc, and a 1ow level selecEs the ssB signal
connected to pin 5. The output signal of ulc (pin 4) is aoplified by

u10A and senr ro module AuDro, via rhe DEt'loDuLATroN srGNAr line.
The 1eve1 of the AI,t signal is deterroined by the ratio of R904 and

selected resistor R903, and the leve1 of the SSB signal by Ehe ratio of
R904 ro R902.

In the downgraded version of the nodule, U1 is discoonected.

(7) IF AcC and S-UETER voltage generarion (fig. 2-18 and Z-ZA rhru
2-22). Figure 2-2a shows rhe simplified diagram of rhe rF AGC rime

consEant circuits and Ehe S-},IETER anplif ier.

(a) The outpuE signal of the IF amplifier (para. (3) above) is
rectified by transistor Q402. The peak-rectified signal
appearing at the emitter of Q402 is applied to the Eime

constanE network, consisLing of capacitors C700 and C70I and

resistors R700 thru R705. The AGC time constanr is
determined by means of switches according to the operating
mode (see para. (c) Ehru (g) below). The DC volrage
appearing at Ehe output of the time constant circuit is
amplified by Ehe non-inverting anplifier U10C. The gain of
U10C is deteruined by the ratio of R705 to R707 and RV700.

The output voltage of U10C passes Ehrough R300 Eo the gain
control input of Ul1 and through CR300 and R301 to Ehe gain
control inpuE of U12 (see (3) above).
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Release time coflstant
signal. The equivalent

is shown in fig . 2-31.

(b) S-METER amplifier (fig. 2-29). The S-IIETER amplifier, builr
around U10B, combines the IF AGC and RF AGC signals and

generaEes a DC voltage proportional Eo the received signal
1eve1. The IF AGC signal is taken at the input of U11. The

RF AGC voltage provided by the RF AGC circuit is applied to
the non-inverting input of U10B, via voltage divider R910,

R911. Ul0B combines the AGC signals and amplifies them

according to the ratio of R907 to R908. VR900, CR904 and

R906 are used to decrease amplifier gain when 1ow-1eve1 RF

signals are received. The output signal of Ul0B is filtered
by R913 and C904 and sent to rhe MCU module. CR902 and CR903

are protection diodes.

(c) Attack time constanE, normal operation (fig. 2-29 and 2-30).
During normal operation, switches U2C, 1J2D, U3C and U3D are

open and switch U2B is closed (ttre HOLD AGCrk line is at a

high 1eve1). The equivalent tirne constant circuit for this
case is shown in figure 2-30.

When the received signal strength increases, capacitors C701

and C700 charge. The voltage developing across C700 and C701

is anplified by U10C, and sent ro the IF amplifiers Ul1 and

U12 to reduce rheir gain.

(d) for slow changes in the received
ti.me constant circuit for this case

When the received signal decreases s1owly, capacitors C701 and

C700 discharge s1ow1y via resistor R700 and the AGC voltage
sent to the IF amplifiers U11 and U12 increases their gain.

(e) Release time constant for fast changes in the received

signal. When the received signal changes abruptly, such as

during short pauses occurring betvreen words, it is necessary

to increase the release time constant (to approximately 1 sec
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TO
AMPLIFIER
u10c

TO
AMPLIFIER
u10c

is
the

c?oo

The audio signal provided by Ehe audio amplifier
rectified by CR700, R716, R717 and C703 and applied
non-inverting input (pin 11) of the comparator U8B.

U7B

to

T

-r
I

l-
=

Figure 2*27. Time Constant Circuit During Attack Time,

Eguivalent Circuit

FROM
RECTIFIER

Q402

Figure 2-22. Equivalent Time Constant Circuit for
Slow Decrease in Received Signal

for voice modulation, and 0.1 sec for data modulation) in
order Eo mainEain a constant gain.

The control circuit cooprising CR700, UBB, U8C, Q7O0 and U2A

performs envelope detection of the audio signal and controls
the release time constant.

R702 R703
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The inverring input (pin 10) of U8B receives a reference

voltage, determined by the ratio of R720 to R718 and R719.

The anplifier U8C provides hysEeresis. During normal

recepEion, the rectified voltage exceeds the threshold and

U8B output is hi-gh.

When the received signal decreases abruptly the DC voltage
applied to pin 11 of U8B fal1s below the reference voltage at
pin 10, therefore a low leve1 appears at the output of U8B.

This 1ow leve1 is applied to the control input (pin 13) of
switch U3A. The switch is opened and C700, C701 discharging
via R700 stops iumediatety.

Sirnultaneously, the 1ow leve1 is applied to the base of

Q700. Q700 cuts off and capacitor C7A4 starts charging via
resistor R123. When voice modulation is used , lhe

VOICE/DATA* line is at a high 1eve1, and capaciror C705 is
connected in paral1el to C7A4, by raeans of switch U2A, to
increase the hold t.ime to 1 sec. If the output of U8B does

not return to a high leve1, C104, C7A5 eventually charge and

the voltage across C704, C705 exceeds rhe threshold of U5D.

U5D then generates a 1ow 1eve1. Capacit,or C709 discharges
rapidly via diode CR701 and a low 1evel is applied to gates

U5A and U5B. As a result, switches U3B, U3C and U3D c1ose,

and capacitors C701 and C700 discharge via R701. When after
the hold time, a signal is received again, the output of the

cotrparator UBB rises to a high 1eve1, resistor R700 is
connected and R701 disconnected.

(f) When using freguency hopping, the AGC voltage is reset before

starting reception on the new frequency, to obtain maximum

sensitivify. The reset action is controlled by Ehe RESET

AGC* pulses, appl i"ed while the actual frequency changes

(hops) take p1ace. The pulses are applied Eo the control
inputs of swiEches U2C and U2D (pins 6 and 12, respectively).
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The switches close and the outpuE of u8D is now connecEed Eo

capacitors C701 and C700. As a result, Ehe output of Ehe

S-}'IETER amplifier u10B is connecred to rhe input of amplif ier
U10C, via amplifier UBD, and a loop is formed. Capacitors
C701 and C700 then discharge Eo rhe ourpur volrage of UgD.

At the end of Ehis rapid discharge process, the output
voltage of the s-t'lETER anplifier fal1s to a value of 0 volt,
t,hich is equivalenE to the sensitivity threshold of a

received RF signal (-110dBB).

To make the attack t ime shorEer during hopping, the
NORMAL/FAST* line fa1ls to a 1ow level, which closes switches
u3c and u3D. Resistors R703 and R704 are short-ci.rcuited and

the atEack time is made shorter.

(g) when the received signal is very strong (above -50dBm), a

reset cormrand is provided froa the RF AGc circuit, and the
IF AGC circuit is reset as described in (f) above.

(B) RI'AGC generation (fig. 2-23). Figure Z-23 shows rhe simplified
diagram of the RF AGC tine constant circuits.

(a) The rF signal from module RF is amplified by a rqro-stage
transistor amplifier, consistiag of Q500 and Q501 and it is
then applied to the detecror cR500, c505 and R506. The

deiecEor provides signifieant signal only under strong signal
conditions. The peak detected signal is anplified by u7D and

appl ied to the t ime constant circuit consis t ing o f diode
cR800, resistors R800 rhru R803 and capacirors c800 and cgol.
The time constant of the RI AGC circuit is determined by Eeans

of switches, according !o Ehe operation mode (see para. (b)
lhru (d) below). The DC voltage appearing across capacitor
c801 is auplified by rhe non-inverting aoplifier u1oD. The

inverting input (pin 13) of u10D receives a reference voltage
of approximately 2 Yolt from the buffer lJ7c, via resistor
R805. The output signal of U10D is driven by Q800, via rhe
RF choke L800 to the AGC attenuator in Ehe RF module and Eo

the S-METER amplifier (see para. (l)(b) above).
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(b)

(c)

Time constant during normal operation. During normal

operacion, (norutAl/rest* line ar high 1eve1), rhe swirches

U4A, U4C and U4D are controlled by the S-METER signal, applied
to the conparator U8A (pin 8). As long as the S-I'IETER voltage
applied to pin 8 of comparator U8A is above the reference
voltage at its non-inverting input (pin 9), switches U4A, V4C

and U4D are open-circuited. Switch U4B is closed, because the

HOLD AGC* line is at a fixed high level. When the received

signal increases, beyond the level at which the RF AGC starts
operating, capacitor C801 charges via R800 and R801, and capa-
citor C800 charges via R800 thru R803, As a result, the RF

AGC voltage sent to the AGC attenuator in Ehe RF nodule incre-
ases and the attenuation of the received RF signal i.ncreases.

When the reception of a Eessage is finished, the S-MITER

voltage fa11s and comparaEor U8A generates a high leve1. As

a result, switch U4D closes and CBO1 and C800 discharge

rapidly to the output voltage of U7C (approximately 2 volt).

During frequency hopping, while actual frequency changes take
place, RESET AGC* pulses (low 1evel) are applied to pin 9 of
gate U6D. As a resulE, switch U4D closes and capacitors C800

and C801 discharge rapidly to the output voltage of U7C, to
obtain maximum sens it ivi-ty.
To make the atEack time shorter during hopping, the

NORMAT/FAST* line assumes a low 1eve1. Therefore, gate U6A

generates a high level, and switches U4A and U4C close. R802

and R801 are short-circuited and the attack tine is shorter.

(d) The RF AGC and IF AGC circuits are also reset when a very
strong RF signal (above -40dBn), usually caused by pulsed

interference, is received. The output signal of aoplifier
U7D is applied via the differentiator C805, R815, RB16 to the

base of !ransistor Q801. When the FAST mode is used (1ow

1evel on the NORI,IAL/FASTiI line), transisEor QBO1 is biased.
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When the voltage applied to the base of Q801 rises suddenly,

Q8O1 saturates, pin 12 of U6D receives a 1ow 1eve1 and its
ouEput rises to a high leve1. As a result, switch U4D

closes, and the AGC circuit is reset.

(e) IF l/A 1eve1 indication. The output signal of rhe P$'AcC

detector, appearing at pin 14 of U7D, is amplified by the IF
I/O LEVEL amplifier U9A and sent Eo the microprocessor in Ehe

UCU module. This indication uses for monitoring the IF
transmit 1eve1, or the received RF signal.

d. IF SENSOR Indication. The resistor network composed of M2, M1, M0,
U3, R24, averages the supply volEages of -5V, +5V, +7V and +12V, respectively,
across resistor R24. When all the voltages appear at the module inputs, a

volEage of approximately +2.2V appears across resistor R24. This voltage is
sent to the microprocessor in Ehe I'iCU module. This indication is used f or
rnonitoring the supply voltages to the module.

2-10. Module Rtr'

(fig. 2-24 thru 2-26)

a. Block Diagran -Analysis ( fig. 2-24 ) .

diagram of the RF module.

Figure 2-24 shows the block

(1) Transmit paEh.

(a) Activation of transmit path. The transmit path is activated
by turning on its supply voltage switches, under control of
the PT?* line. Concomitantly, the supply voltages of Ehe

receive path are disconnected by the receive patn supply

switch, thereby disabling rhe receive paEh.

(b) Signal path. The transmit path receives the modulated

5.251{fI2 signal generaEed by the IF module via the connector

J3. The input signal passes through the TX IF amplifier.
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The output signal of the TX IF araplifier is applied to the

first transmit mixer. In Ehe mixer, Ehe transuit signal is
mixed with the F2 signal to 109.35MH2 (para. c.(1) below).

The freguency of the F2 signal is 104.lMllz for LSB operation,

and 114.6M1{z for USB and AI"1 operation.

The 109.35M1t2 output signal of the mixer passes through the

TX/RX switch No.1 to the 109.35M1I2 crystal filter. The

filtered signal appearing at the filter outpuE passes through

TX/RX switch No.2 to the second transmit mixer. In this
aixer, the 109.35M12 signal is mixed with the F1 signal
(110.85 ro 139 .3499 Mltz), to converr ir ro rhe final RF

frequency.

The output signal of the second transmit mixer is filtered by

a low-pass filter, which a11ows only the difference frequency

- in the 1.5 to 29.99991'IHz range - to pass. The f iltered
signal is anplified and applied to the PRC/VRC selector.

The PRC/VRC selector
c ircuit :

is control 1ed by the TX/RX control

the PRC*2200, the selector routes the signal to the

uodule via the AH DRIVE line (connector J5).

Wtren the RT-2001 is part of a vehicular radio set, the

selector routes Ehe signal to a 100mW amplifier. The

amplified Rtr'transmit signal is then connected by the

100mW TX switch to a 1.5 to 3OMllz band-pass filter. The

filtered signal is then sent to module AI'1 (para. 2-12)
via connector J4.

!. rn

AI,1

o

(c) Blanking the RF transmit pach.

path is an active mixer, which

11.5V and +SV-TX 1ine. The DC

the TX supply switch, under

Each mixer in the transmit
receives DC power frorn the

supply can be turned off by

control of the RFS* 1 ine.
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This a1 lows interrupting the RF output signal during
frequency changes, component switching in the matching
netsork, e!c.

Q) Receive path.
(a) Activation of receive path. The receive path is activated

by turning on its supply voltage suitches, under control of
the PTT* line. At the same rime, the supply volEages of the
transmit path are disconnected by the transmit path supply
switch, thereby disabling the transmit path.

(b) Signal path. The received RF signal arrives from Ehe AM

module, and is applied to a 1.5 to 3OMlIz band-pass filter.
An input protection circuit liraits the uaxiaum amplitude of
the input signal, to protecE the components at the inpuE of
the receive path.

The output signal of the 1.5 to 3OMIlz band-pass filter is
appl ied to another band-pass filter. There are seven

sub-octave band-pass filters, and the filter corresponding Eo

the operating frequency is inserted in the signal path by

means of PrN diode switches. The prN diode switches are
controlled by a filter controt circuit. The filter conErol
circuiE receives the FrL sEL conmands from the microprocessor
in nodule MCU and converts thea to drive signals for the prN

diode srsiEches.

The filtered signal is then applied to the RF AGC attenualor,
which is controlled by the RF AGC voltage provided by module

IF. The RF AGC attenuaEor starts aEtenuating the input
signal 1eve1 only when the received signal strength is Loo

high and could overload the IF amplifiers. The output signal
of the RF AGC attenuator is applied to Ehe first receive
mixer. In the first receive mixer, the received signal is
up-converted to a frequency of 109 .35Mttz by nixing r*,ith Ehe

Fl signal. The mixer output signal passes through the

TX/RX swiEch No.2 to rhe 109.35M1t2 crysral filter.
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The filtered signal passes rhrough rhe TX/RX switch No.1

the second receive mixer, where it is mixed with the

signal. The resulting 5.251fri2 upper-sideband IF signal
amplified by the RX IF amplifier. The amplified signal
sent to the IF module via connecEor J3.

(3) Paths of F1 and F2 signals.

to
F2

is
is

(c) The gain of the F1 and F2 amplifiers is determined according
to the operating mode: during transmission, the gain is
higher than in reception.

(4) Test sub-system. The test signal generator is activated during
self-test. The test signal generator receives a TAOkHz reference signal
frorn the sYNT module, and generates a comb signal having a known ampli-
tude. The tesE signal is applied to the input of the receive path.
The microprocessor in the MCU module measures the received signal
strengLh, to check that the receive path circuits are operational.

Transmit Path Circuit Analysis (fig. 2-25 and 2-26)
(1) TX and RX path supply swiuches

around transistor Q12 and gate U4F,

and RFS* 1ines. The RX path supply
and gate U4E, is controlled only by

(a) The F2 signal is received from module SYNT and

the F2 anpl i.f ier located in the RF rnodule. The

signal is routed to the first transmit mixer or
receive mixer, according to the operati-ng mode,

PIN diode switch.

(b) The Fl signal is received from module SYNT and

the F1 amplifier located in rhe RF module. The

signal is routed to the second transmit mixer or
reeeive mixer, according to the operating mode,

PIN diode switch.

. The TX path

is controlled
switch, buil t

the PTT* line.

amplified by

amplified F2

to the second

by means of a

amplified by

ampl ified Fl
to Ehe first

by means of a

supply switch, built
by means of the PTT*

round transistor q11

2-to2









r'{A 2197-09501_00
Issue 1

(a) During transmission, when the prr is activated, the pTT* line
fa11s ro a low leve1. As a result u4F receives a high 1evel,
via u4E and R75, and its outpuE fa1ls to a 1ow 1eve1. This
1ow leve1 activates transistor Q12. Therefore, the +5V-IN

supply voltage passes Ehrough the filtering neE$rork Lg2,
c147, c187 and through Q12 ro the +5v-TX 1ine, connected ro
Ehe circuiEs of the transmiE paEh, and Ehe transmit paEh is
activated. concomitantly, when the prr* line fa11s to a 1ow

leve1 ' transistor Ql1 is reverse-biased and t,he supply
voltage +5v-M of the receive path circuits is disconnected,
thereby disabling the receive path.

(b) I,Ihen the PTT is not activated, rhe prr* line rises to a high
1eve1 and causes an opposite response - the +5v-rN supply
voltage passes via el1 to the receive path supply I ine
+5V-u(, powering receive circuits, aod the transmit path
supply voltage is disconnected.

(c ) The Rtr's* corumand is used to blank the RF transmit paEh

slhenever necessary (during freguency changes, conponent
switching in natching network, etc.).
?o blank the transmiE path, the Rl's* line fa11s to a 1ow

1eve1. As a result, u4F generates a high 1eve1 and Q1z is
cut-off, thereby disabling the transmit path.

t2) Tx rF aropl i.f i.er. The Tx rF ampl if ier is built around Q20 . The
5.251fr12 signal, arriving from module IF (para. Z-g) to the coaxial
connecior J3, is coupted through c156 to the base of Q20. The

amplified signal passes through the coupl ing capacitor c150 to the
f irst transoi.t mixer.

(3) First transmit mixer. The amplified rF signal is attenuated by
potentiometer VRI and is Ehen applied Eo pin 4 of balanced mixer Ug.
Pin 5 (Lo inpur ) of u8 receives rhe F2 signal ( 104.1lttz for LSB
operaLion, 114.6MH2 for USB and Al,t operaEion) from the FZ amplifier
(para. d.(1) below), via the forward-biased pIN diode CR44.
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Diode CR/+2 is used to apply the F2

The 109.35 l&tz signal is amplified by

signal to the receive path mixer.
an internal amplifier in UB.

(4) Crystal filter. The 109.35M112 output signal of the first transmir
mixer passes through the forward-biased PIN diode CR45 to the 109.35MH2

band-pass filter.

The filtered signal passes through PIN diode CR46 (also forward*biased
during transmission) to the input of the second transmit mixer. PIN

diode CR38 and CR43, used to insert the filter to receive path, are

reverse-biased during transmission.

(5) Second transmit mixer, lJ7. This mixer is identical to the first
transmit mixer, U8. The input signal is applied to pi.n 4 of U7 through
a winding of transformer T4, that is used for impedance matching at a

frequency of 109.35MH2.

The Fl variable synthesizer frequency (110.85 to 139.3499Mi2), received
from the collector of Q5, is applied via PIN diode CR34 (forward-bi.ased

by the +5V-TX voltage during transmission) and via C224 ro pin 4 (t O

input) of U7.

The mixer output signal is passed through a low pass filter comprising
R105, L9 1, C172, L90 and C173. The filter passes rhe difference
signal, uhich is at the required operating frequency in the 1.5 to
29.9999tft12 band.

The DC operating voltage of V7 is controlled by Q31 and Q32. In the
receive mode the operating voltage of U7 is blocked by Q32. In the
transmit mode, the base voltage of Q31 is obtained from the +5V-TX

supply volEage via resistor R141. Transistor Q31 saturates and turns
on transistor Q32. As a result, the +9V voltage is connected by Q32 to
pin 7 of U7.

(6) TX/Rx CoNTR0L. The simplified diagram of the Tx/RX conrrol
circuits (including the AM drive amplifier and the 100mW amplifier) is
shown in fig . 2-26.
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ruixer, at the RF baod

amplifier built around

The RF signal is coupled via capaciEor cl74 to che base of Q24. The

anplified signal developing at rhe collecror of ez4 is roured ro the
100mw amplifier or directly ro the Al,r module, according to rhe pRC/vRC

cornmand received via the PTT 20W line:

(a) when the RT-2001 is used in rhe pRC-2200, rhe prr 20w line is
at a high 1eve1. ?he high level is inverted by U4D ro a 1ow

leve1, which causes transistor Q25 to conduct. As a result,
diode CR48 is forward-biased and Ehe RF signal appearing at
the collector of. Q24 is coupled by T14 and routed to module

AM, via connector J5.

(b) when the RT-2001 is parr of a vehicular radio set, rhe pTT

20l.I line is at a 1ow level. u4D inverts this low level and

causes diode cR51 to be reverse-biased. During transuission,
the PTT line, from rhe ?X and RX parh supply swirches (pin 12

of U4E), assumes a high 1evel. This high leve1 is applied to
the base of transistor Q15, via resistors Rl10 and R124.

Transistor Q15 is activated and activates transistor Q26. Dc

current flows through the primary of transformer T15 and

through diode CR49 to transisEor Q24. As a result, diode
cR49 is forward-biased and the RF signal from che collecEor
of Q24 passes via CR49 and is coupled through transforoer Tl5
to the 100mI.I push-pull anplifier, builr around Q27 and Q28.
Simultaneously, when transistor Q15 is activated during
transmission of the vehicular radio set, a DC loop is closed
via diode CR52, the secondary of transformer T16 and

transistor Q15. The DC vol tage is suppl ied from the Al,I

BYPASS line or froo rransistor Q29:

When the RT-2001 is used in the PRC-2200, rhe DC volEage

is received from module Al'1, via the .{,.Y BYPASS line.
1.
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When the RT-2001 is a part of a vehicular radio set rhat
does not contain the Al4 module, the DC voltage is
supplied by means of transistor Q29.

The 100mW RF si.gnal generated by the push-pu11 ampli.fier
is coupled via T16 and forward-biased diode CR52 to the

1.5 to 30Mllz band-pass filter. The filtered signal is
then sent to module A}.1' via connector J4.
During reception, when the PTT line is not active, diode

CR52 does not conduct, thereby the outpuE of then 100mW

anplifier is disconnected.

Receive Path .gircuit Analysis (fig. 2-25).

(1) Input protection circuit. The received RF signal arriving ac the
J4 coaxial connector from roodule AI,t is appl ied to the 1 .5 ro 3OMllz

band-pass filter. The band-pass filter and other components at the
input of the receive path are protected by an input protection
circuit. The input protection circuit comprises diodes CR1 and CR3 and

Zener diodes vR2 and vR4, which conduct and linit the input signal
whenever it exceeds their conduction threshold.

(2) Bandpass filters and associated control circuit. The output
signal of the 1.5 to 30MHz band-pass, cooprising capacitors c1 rhru
c10, c70, c71 and inductors Ll thru L5, is applied to the 7 sub-ocEave

band-pass filters. The filter corresponding to the operating frequency
is inserted into the signal path by means of PIN diodes connecEed to
the input and output of each filter. The prN diode swiLches are
controlled by the filter control circuit built around demultiplexer U1

and the transistor network U2. The conlrol circuit receives the binary
FIL SEL conrmands from the microprocessor in module MCU and converts
them to drive signals for the PIN diodes. For example, when operating
in the band of 1.5 Eo 2.21ff12, the binary code 00i is applied Eo rhe

conrrol inputs of Ul (pins 9 , 10, 11 respecrively). Swirch Ul-14 is
closed (ttre other seven switches of U1 are open) and the appropriate
transistor (U2-7,8) is activated.

2.
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As a result, PIN diodes CR12 and CR5 are fornard-biased and connect the
1.5 to 2.2W.2 band-pass filter into the receive path.

Diodes CR19 thru CR25 are used to
filter is dj-sconnected. Therefore,
filcer is inserted to the receive
other six diodes conduct.

prevent leakage when the band-pass

r+hen the 1 .5 to 2.2}4J.2 band-pass

path, diode CR19 cuts-off and the

Table 2-8 1i.sts the selected band-pass

cornmands.

fil ter according to the FIL SEL

Table 2-8. 7 Bandpass Filters Control

(3) RF AGc attenuator. The filtered RF signal is applied
RP AGC attenuator comprisi.ng prN diodes cR29, cR30 and cR31

diodes receive the Rr'-AGc voltage supplied by the rF module.
received signal strength is normal, cBl and cR29 are cut-o
conducts, and the RF signal is not attenuated. when the

to the

. These

When the

ff, cR30

rece ived

2-1 13

FIL SEL
Cournands

(Ul Inputs)
Closed
Switch

Ac t ivated
Trans istor

Forward-b iased
PIN diodes

Se 1 ec ted
Bandpass Filter

Pin 9 Pin 10 Pin 11

0 0 0 ul- 13 Q30 Used for test signal
generation (see para.
e. below)

0 0 1 ul-14 u2-7,8 cR5, CR12 1.5 to 2.2l{Jrlz

0 1 0 u1-15 u2-9 ,10 cR5, cR13 2.2 to 3.4lfrlz

0 1 t ul-12 u2-4,5 cR7, CR14 3.4 to 5 .2:lrya^z

1 0 0 u1-l u2-12 , 1 1 cR8, cR15 5.2 to SMllz

1 0 1 u1-5 u2-14,13 cR9, CR16 I ro 12.3MHz

1 1 0 u1-2 u2-2,3 cR10, cR17 12 3 to l9MIlz

1 1 I u1-4 u2-1,15 cR11, CR18 19 ro 3oMllz
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signal strength exceeds a certain threshold, the RF AGC volEage starts
increasing, so that diodes CR31 and CM9 are now forward-biased. The

dynamic resistance of diode CR30 is determined by the currenE flowing
through it as a result of the RF AGC voltage: when the Rr AGC voltage
increases, the resistance of CR30 decreases and the attenuation of the
RF signal increases.

G) First receive mixer. The RF signal at Ehe AGC attenuator output
is applied, through transformer T1 to the emiccers of the four
transistors Ql to Q4. The transistors foro an active, wide-dynamic
range mixer with improved linearity and noise figure. The 1oca1

oscillator signal i.s the F1 variable freguency, from the F1 amplifier,
Q5. The F1 signal is connected to the bases of the four transi'stors,
via transformer TZ and diode CR32 (forward-biased during reception).
The collectors of the transistors are connected to the tuned

transformer T23, whose primary is adjusted by c122 to resonate at the
109.35MH2 freguency appearing at the output of this mixer.

(5) crystal filter. The output of the first receive mixer is
connected, via PrN diode cR38, to the 109.35MH2 band*pass filter, which
selects the difference freguency generated in the mixer. The filtered
signal pass through PrN diode cR43 ro the input of the second mixer.

(6) Second receive mixer. The second receive filter is built around
transistor Q7 and Q8. The filtered 109.35MII2 signal is applied ro the
bases of Q7 and Q8. The emitters of the two transistors receive the F2

signal from the F2 amplifier (Q19) via PIN diode CR42 (forward-biased
during reception). The resulting 5.z1l{'lz rF signal is applied to the
RX IF amplifier.

(7) RX IF amplifier. The RX IF amplifier is built around transisEor

Q18. The gain of the amplifier can be adjusted by ueans of resistor
R71. The amplif ied 5.25}'{i.2 Ir. signal developing at the collector of
Q18 is coupled by transformer T7 and capacitor C155 and sent to the IF

module via connector J3.

2-lUl



MA 2187-09501-00
Issue 1

d. F1 an_d F2 amplifiers.

(1) Fl amplifi.er. This amplifier is built around Q5. The I'1 signal
(1I0.85 to 139.3499M112), arriving from module SYNT to the coaxial
connector Jl, is coupled through C126 to the base of Q5. The amplified
signal developing ac the collector of Q5 is taken to the operative
rnixer (via CR34 during transmission or via CR32 during recepcion).

(2) FZ amplifier. This amplifier is built around Q19. The F2 signal
arriving from module SYNT (104.1MH2 for LSB and 1 14.6MHz for USB

operation) to connector JZ is coupled through the hi.gh pass filter
consisting of. C202, R70 and Cl42 to the base of Q19. The gain of Q19 is
determined by the emitter resistance. During transmission diode CR41

is forward-biased, capacitor C111 is connected in para11e1 to resistor
R67 and therefore the gain is increased. The amplified signal is
conneeted to the operative mixer through switching diode CR42 or CR44,

e. Tes-t Sub-s)rstgL The tes E

flip-flops U3A and U3B.

signal generator is built around Ehe

(1) Flip*f1op U3A is enabled when the binary code 000 is applied via
the FIL SEL lines to the control inputs of Ul. This acEivates rransi-
stor Q30 and a high 1eve1 is applied ro rhe D inpur of u3A (pin 12).
U3A is clocked by Ehe 700kHz clock receives from the SYNT module. The

Q output is connected Eo the reset, input of the flip-flop via u4A, so

that the flip-f1op is reset inmediately aad therefore generates a comb

signal. The comb sigaal appearing at Ehe q* output of U3A is filtered
by the network comprising c102, R4, c103 and R5, and applied direcrly
to the R-F AGC aEtenuator (the 7 band-pass filterg are bypassed).

Q) The operation of flip-flop u3B is the sane as that of u3A, except
that the comb signal generated by U3B passes through all the receive
path, including the 7 band-pass filters. Therefore, u3B is activated
when the FIL SEL lines apply the binary codes 001 thru 111 (each code

connects one of the seven band pass filter, see para. c.(2) above).
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f. Power Suppbr Filter. The power supply filter is built around amplifier
U5A. The 12V supply voltage is filtered by the network comprising R56, CR37,

SB , R57 and C154. The f il cered 11 .5 volt signal is buf fered by U5A and

driven by Q9.

2-11 . Module A[i

(f.igure 2-27 rhru 2-29 )

a. Block Diagram Anarlysis (Figgre 2*27). Figure Z-27 shows the block
diagram of oodule AI1.

( 1) Routing of RF signals. The routing of the RF signals in the A-1.1

module is controlled by two signals: FRONT/REAR and pTT 20W.

(a) The FRONTIREAR signal select,s the RF connector: the fronE
panel RF OUT connecEor, or the rear panel connector.

(b) The PTT 20w signal selects between the receive and transoit
paths, and conErols the operation of the power amplifier in
module All:

l. In the receive mode, Ehe PTT 20t\I signal turns of f the
20W power amplifier and routes Ehe received RF signal
passed by the FRONT/REAR swiEch ro rhe RF module, via
the bypass switch.

L. The bypass mode is similar !o Ehe receive oode, except

that the bypass switch connects the 100rnW RF transmit
signal from Ehe RF module to the FRONT/REAR switch.
In addition, during transmission aE the 100mW 1eve1, a

+5V DC voltage is supplied Eo Ehe RF module, via the A!1

BYPASS 1ine.
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In the transmit mode, the p?T 20W signal rurns on the
20W power amplifier in module Al{ and disconaect the RF

path rhrough the bypass switch. The 1ow-1eve1 AM DRIVE

signal received from module RF is amplified by the 20W

power amplifier aod exits via the FRONT/RIAR srcitch.

{2) Operation of 20w power amplifier. The 2OI.J RF power amplifier is a

high-efficiency polder amplifier which uses switching technigues ro
maximize efficiency.

(a) Principles of operation. The 20I.I power amplifier uses the
fact that a modulated RI'signal can be described as the
product of two signals: a constant-amplitude signal, having
the instantaneous frequency and phase of Lhe modulated RF

signal, and a signal describing the instantaneous anplitude
("envelope") of the modulated signal. using this principle,
the 201.l power araplifier separates the two components and

applies each one to a hi.gh-efficiency amplification path:
one for the envelope signal, and the other for the Rf
signal . The ampl ified signals are then rnultipl ied to
regeneraEe the high*power modulated signal.

(b) Functional analysis.

!. SeparaEion of Rf' signal conponents. The 1ow-Leve1

from module RF,aodulated RF signal, AH DRM, received
is applied to two signal processors:

A limiter, which extracts the constant amplitude RF

coEponent.

An envelope detector, which extracts the Low-frequency
nodulating envelope.

Constant araplitude path. The output signal of Ehe

liniter is amplified to the required level by a driver
ampl ifier.

t.

2.
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Envelope processing. The output signal of the envelope
detector is applied to a variable aoplifier, whose gain
is controlled by the PWR CONI bus, The variable
amplifi.er is the control element of the auEomatic leve1

control (ALC). The gain of rhe variable arnplifier is
varied by the microprocessor in module MCU such as to
obtain the reguired output power.

The output signal of the variable amplifier is amplified
by a high-efficiency switching poirer ampl ifier, Eo

obtain the control signal for the mixer.

Regeneration of high-power RF signal. The output
signals of the driver and of the power auplifier are
applied to the mixer. The mixer operates as

multiplier. The PA OUT signal appearing at the mixer
output is an amplified replica of the AM DRM signal.

(3) output filters. The pA our signal is filrered by a 1ow-pass
fi1 ter. There are seven sub-octave filters, and the filter
corresPonding to the operafing freguency is inserted in the signal path
by means of PIN diode switches. The PIN diode switches are controlled
by a filter control circuit. The filter control circuit receives the
FIL SEL corrnands from the microprocessor in module MCU and converts
them to drive signals for the pIN diode switches.
The filtered signal is roured by the FRONT/REAR relay ro rhe rear
connector, for driving the antenna connected to the cp-2003 or to the
front connector.

(4) Honitoring of power amplifier operation, module presence and

module operating voltages. The microprocessor in module MCU can

moniror the operation of the 20W power amplifier and the condiEion of
the operating voltages supplied to the module by means of several
sensors. Sensor outputs are connected to lhe AM l,lUX line by means of a

multiplexer, controlled by the I"IUX SEL 1ines.

3.

4.
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The available seasors are:

(a) Power amplifier current sensor. This sensor provides a DC

voltage, designated CURRENT, proportional to the currenc
drawn by the 20i.J porer amplifier, used for BIT purposes.

(b ) AI"I DRM envelope detecEor. The output signal of the

envelope detector can be monifored by the microprocessor.

(c) Power detector. The oulput power of the 20w power amplifier
is monitored by a power detector, which provides two signals:
a fast attack/fast release signal designated AIC LVL, which
follows PA our envelope, and a TX LVL signal, which indicates
the peak 1eve1 of the PA OUT signal.

(d) rndicarion of module AM presence (AM Exrsr). A DC voltage
abour +2v applied to the MUx indicates that the AI1 module

properly installed in its place. This indication can

monitored by rhe microprocessor for BIT purposes.

(e) Indication of module operating voltages. A DC voltage of
about +2V applied to the MUX indicates that the +12V voltage
is appearing at pins I and 16 of J1. This indication can be

monitored by the microprocessor for Brr purposes. A DC

volcage of 0v applied to the I'rux indicaEes that the +5v and

-5V voltages are appearing at pins 7 and 5 respectively of
J1. This indication can be monitored by the microprocessor
for BIT purposes.

(5) Control of 20W po\der amplifier.

(a) Power arcplifier activation. The power aoplifier is acrivated
by connecting the baEtery volEage, arriving on the FUSED-I2V

1ine, to the power amplifier circuit. The connection is made

by means of che supply switch, conErolled by the pTT 20W*

control circui.t.

of
is
be
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(b) Output power control. The output power is controlled by an

ALC system, which includes the mi.croprocessor as the AIC

controller. In addition, the output power is also effected
by a curreot sensor located in the PS module. The PS current
sensor monitors the total current drawn by the PRC-2200 from

Ehe battery and immediately reduces the peak output power

(c)

when the current is too high

RF power control algorithm.

Initial setting. When starEing transmission or changing

frequency, a lkHz matching tone i.s generated. This tone

has a known leve1, and the uicroprocessor can read the

ALC LVL output while the natching tone is present and

make a rapid adjustment of the RF output power, using
the PWR CONT bus.

Routine control. After the initial seEting, the

microprocessor uses the TX LVL signal to stabilize the

RF output polrer at the desired average 1evel.

Current consumption considerations. The microprocessor
monitors the current drawn from the battery, and checks

that it does not exceed the maximum a11owab1e value.
This keeps the current drawn from the battery within the

a11owab1e limits

Local current limiting. To obEain maximum protection,
t,he current sensor can also control directly the variable
amplifier. When Ehe current exceeds the oaximum avail-
able, the DC voltage proportional to the power amplifier
currenE reduces the gain of the variable aoplifier, even

without the intervention of the external ALC loop.

t

.)

1

4.
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(6) Voltage doubler. During transmission, it is necessary Eo generate
a high voltage of about B0V. This voltage is used to reverse-bias pIN

diode CR531, disconnecting the bypass switch and to disconnect six of
seven 1ow pass filters. rn addition, the voltage doubler output is
Eransferred to the Cp module via rhe lz9 /g}v 1 ine (lZV during
reception, 80V during transmission).

Circuit Analysij (fig. 2-28, 2-29)
(1) 20W power amplifier.

(a) Power amplifier activation. rn Ehe transmiE mode, the prr
201{ line rises Eo a high 1eve1. Transistor e2o2 saturates
and rurns on transistor Q201, As a result, the lzv battery
voltage, filtered by L201 and C201, is connected by Q201 to
Ehe various circuits of the power amplifier.

(b) Limiter and driver. The low 1evel modulated signal, AI'I DRrvE,

received from module RF, is applied via coupling capacitor
c102, to the limiter comprising u10r and U102. u101 and ul02
are wide-band amplifiers, which are connected in series via
coupling capacitor c106. The constant-arnplitude RF component

appearing at the output (pin 5) of U102 is applied ro the
driver built around transiscor Qr01. Q101 receives bias from
the 12V battery volrage, via Q201, R105, R105 and CRi01. CRl01

is a ternperature-compensation diode. The output signal appear-
ing at the collector of Q101 is applied via c112 and c301 ro
another driver, builr around FET Q301. R301, R303, R304 and

VR301 are used to supply a gate bias voltage to Q3Ol. The

amplified signal appearing at the drain of Q301 i.s applied Eo

the mixer conprising T301, Q302 and T303 (para. (3) below).

(c) Envelope detecLor. The AI,l DRrvE signal, arriving from rhe RF

module, is coupled by T261 to Ehe envelope detector comprising
CR261 and C262. The peak-derected signal is applied via the
inverting buffer U2028 to inpur VREF of D/A converter U201.
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(d) Variable amplifier. The variable ampli-fier is built around

the D/A converter U201 and rhe amplifier U202A. The gain of
the variable amplifier is controlled by the microprocessor in
module I'{CU. ?he control 1ines, designated PWR CONT, are

applied to pins 5 thru 11 of U201. These lines deEermine the

eguivalent resistance between the VREF input (pin 15) and the

0UT1 output (pin 1), connected to the inverting input of
U202A. The RFB output (pin 16) is connecred ro the OUT1

output, via an internal resistor having a fixed vatue. The

inverting input (pin 6) of U2028 also receives rhe ouEput

volEage of the currenr sensor (para. (7)(a) below). When the

current drawn from the battery is too high, the output voltage
of the current sensor increases. The envelope signal applied
to the inverting input of U202B is always negative, therefore
when the current sensor output increases the peak output
signal of U202A is reduced.

(e) Power anplifier. The power arnplifier is a high-efficiency
switching arnplifier built around the pulse-width sodulator
(PWM) U401. The simplified dlagram of the power amptifier is
shown in fig. 2-38.

U401 contains an oscillator thaE provides a sawtooth

signal. This signal is compared with rhe voltage applied
Eo the COMP input (pin 9) of U401. The COMP inpur
receives two signals: a constant reference volEage via
R402, and a vottage inversely-proportional to the

envelope signal provided by the amplifier UTOZB, via Q401

and Q402. When the output voltage of U2028 increases,
the voltage across R401 decreases. Therefore, Ehe base

current of Q402 decreases and the collecE,or-emitter
voltage of Q402 and Q401 increases. The result is that
Ehe volcage applied to Ehe COMP input decreases. Diode

CR409 protects against negative voltages.

1.
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The comparator included in u401 provides a signal whose

duty cycle is inversely-proportional to the voltage
applied to the C0Mp inpur: when the voltage aE Ehe COW

input decreases, the duty cycle
vice-versa.

increases, and

The output signal of the comparator is processed by the

out,put circuit of U401 and then applied to the gates of
rhe FETS Q403 and Q404.

Q403 and Q404 are rhe switching transistors, that
control the current pulses flowing t.hrough the primary
of transformer T401 . The vol tages appearing at the
secondary of T401 are rectified by CR405 and CR406 and

filtered by a 1ow-pass filter, which attenuates the
switching freguency of U401. The resulting signal is
sent to the mixer (para. (3) below).

(2) Voltage doubler (fig. 2-28, 2-29). The voltage doubler generares
a voltage of 12v in lhe receive mode, and a voltage of approximateLy
80v in the transmit mode. The vol tage doubler is buil t arouud
capacitors c406 and c407 and diodes cR403, cR404, cR4o7 and cR40g.

(a) rn the receive mode, t.he power amplifier is disconnected,
therefore no pu1 ses appear across the secondary of the
transformer T401. The +12V supply voltage passes through
CR403, CR407, CR404 and CR408 to rhe Cp module and co rhe
cathode of PIN diode Cp531.

(b) During lransmission, the power anpl ifier is acEivated and

pulses appear across t.he primary windings of step-up trans-
former T401. The turns ratio of the transformer is approxi-
mately 3.3. These pulses charge capacitors C406 and C407.

The voltage developed across Ehem is Ewice t,he voltage of the
pulses at the secondary of T401. The pulses are rect.ified by

cR407 and cR408 and filtered by L405 and c416. The resulring

?_

3.

L
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DC voltage, of about 80V, is applied to the Cp module and to
the carhode of PIN diode, CR531, which is now reverse-biased
and applied to disable six of the seven filters.

(3) Mixer. The mixer comprises T301, Q302 and T302, operates as a

multiplier. The output signal of rhe driver Q301 is applied to the
balun transformer T301. T30i splits the signal into tero equal signals
having a phase difference of 180". The two signals are coupled via C304

and C305 to the gates of the two FETs contained in Q302. The drains of
the two FETs receive the output. signal of the power amplifier through
the transformer T302. The mixed signals are combined by balun

transformer T303 and coupled via c309 through c312 to the seven

1 ow-pass fil ters .

(4 ) Low-pass fil ters and associated control ci-rcuit . The ouEput

signal of the mixer is applied via L571 to the 7 sub-octave 1ow-pass

filters. Two types of filters are used: one type includes low-pass
filters 2,3 and 4. The other type includes 1ow-pass filters 1, 5, 6

and 7, which are diplexers that present a constant input impedance of
50 ohm even at frequencies in their stop-band.
The fiiter corresponding fo the operating frequency is inserted inLo
the signal path by means of PrN diodes connected to the input and

output of each filter. The PIN diode swiEches are controlled by the
filter conErol circuit built around demul tiplexer U503 and the
iransistor Q501, Q506, Q507 and Q602 Ehrough Q605. The conrrol circuir
receives the binary FIL SEL conmands from the mi-croprocessor in module

MCU and converts them to drive signals for the pIN diodes.

For example, when operaEing in Ehe band of 1.5 to 2.21{Hz, the binary
code 00 I i.s appl ied to the control inpurs of U503 (pins 9 , 10, 1 1

respectively). The X1 ouEput (pin l4) of U503 rises Eo a high level
and the other six outpuEs of U503 fa11 Eo a 1ow level, and transistor
Q501 is activated. As a result, PIN diodes CR511 and CR50t are

forward-biased and connect the 1.5 to 2.2l/[lz low-pass filter (tilter
No. 1 ) into the transmit parh. U503 is control 1ed by rhe PTT 20H*'

1ine, applied to its chip-selecE input (pi.6) from Ehe collector of
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a high leve1 is appl ied ro

filters are disconnected.

Table 2-9 lists the seleeted filter according to the FIL SEL counands.

Table 2-9. 7 Low-pass Filters Control, Hodule Al'1

(5) Rear/fronE RF switch. This switch selects between the front panel

RF OUT connector and the rear panel connecEor.

(a) In the PRC-2200, usually rhe fROtmIREAR line applied ro rhe

base of Q511 is at a low teve1. Q5t1 is cut-off, and the
relay K1 transfers the RF output signal of the selected
1ow-pass filter to the rear panel connector.

(b) In vehi.cular configurations, the FRONT/REAR line is at a high
1eve1, Q511 saEurates and Kl is energized. As a result, Ehe

RF signal is transferred Eo the front panel connector.

(6) Bypass mode. The 20W amplifier is bypassed in the receive mode,

and also when transmitting at Ehe 100o1^l 1evel.

(a) In the receive mode, the pTT 20W line is at a low 1eve1,

therefore the base of Q5 12 receives +5V via res isEor kl46 .

2*131

FIL SEL Comnands
(u503 Inpurs)

Active
Output
of U503

Ac tivated
Trans is tor

Forward-Biased
PIN Diodes

Operat ing
Frequency

Pin 9 Pin 10 Pin 11

0 0 1 x1 (pin 14) Q501 cR501, cR511 i.5 to 2.21&lz

0 1 0 X2 (pin 15) Q602 cR502, CR612 2.2 to 3.4Milz

0 i 1 x3 (pin 12) Q603 cR603, CR613 3.4 to 5 .21{[lz

I 0 0 x4 (pin 1 ) Q604 cR604, cR614 5.2 to SMtz

1 0 1 x5 (pin 5) Q60s cR605, cR615 I to 12.3HHz

1 1 0 x5 (pin 2) Qs06 cR506, cR516 t2 .3 to l9MItz

1 1 1 x7 (pin 4) Q507 cR507, CR517 19 to 3OMilz
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As a result, PIN diode CR531 is forward-biased. Current
flows through it via R503, L531 , L533 and Q512 to rhe

AM BYPASS l ine . The AI"1 BYPASS 1 ine is connec ted Eo Ehe j
band-pass filters in the RF module (para. 2-11), and the DC

path c1 oses via the PIN diodes of the selected band-pass

filter. When CR531 is forward-biased, the recei-ved RF signal
passes via K1, C591, C592, C595 and C596 to rhe RX 100oW

1ine, connected to the RF module.

(b) When transmitting at a 1evel of 100mW, the PTT 20w line is at
a 1ow 1eve1. The DC path is closed as module, described in
para. (a) above, except that in the RF the DC path is closed
via rhe TX/RX conrrol circuit (CRSZ, T16, T112 and Q15).

(7 ) Llonitoring circuits,

(a) Current sensor. The current sensor, comprising transistors
Q502, Q503 and Q504, generates a DC volrage proportional to
the current drawn by the 20W power amplifier. This voltage
is applied to the multiplexer U502, for monitoring. In add-
ition, the current sensor reduces immediately the peak output
power when the current drawn from the battery is too high.

The current flowing via Ehe tr'USED l2V line from module

PS is sampled by the current sense resistor R508. The

voltage developing across this resistor is applied to
the emitter-base junction of Q503, via resistor R524 and

transistor Q502. Q502 operates as a diode
(forr.rard-biased by the DC current flowing from the FUSED

12V line via R508, Q502, R521 and Q202 ro ground). Q503

collector is connected to the vol tage divider N522 ,

R523. The voltage appearing across R523 is proportional
to the current flowing via R508. ?his vo1 tage is
applied via R532 to pin 1 of the multiplexer U502.

!
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The voltage appearing at the collector of Q503 is
applied to the emitter of Q504, which functions as a

comparator. The base of Q504 receives a reference
voltage of +5V. When Ehe voltage at the emitter of Q504

increases above approximately +5.5V, Q504 starts
conducting and drives a DC current, via R525, into the

inverting input of the anplifier U20ZB (para. (1) (d)

above). This current reduces the peak output power.

(b) Power detector. The output voltage of the 20I^I power amplifier
is applied through one of the seven 1ow-pass filters to the
envelope detector, comprising CF.5Z7, CR528, R526, R527 and

c538. This detector has a fast artack/ fast release
characteristic. This signal is applied to pin lZ of U502.

rn addiLioa, the output si-gnal of the envelope detector is
applied to pin 3 of the amplifier v2ozc. uzozc rogeEher wiEh

CR529 operate as a peak detector, and generate a voltage
proportional to the peak level of the power amplifier output
signal. This voltage is applied to pin 2 of U502.

(c)

L

I'lultiplexer U502. U5OZ passes one

applied Eo its inputs (pins 14, 1,

according to the MUX SEL corunands

inputs (pins 9, 10 and 11). Table

selecEed by U502.

of the seven signals
12, 2, 4, 5 and 15 ),

appl ied to its control
2-10 lists the signals

The output signal of
by U202D, filtered by

the MCU module via AH

the multiplexer U502 (

R531, C533 and L532,
MUX 1 ine.

pin 3) is buffered
and Lhen sent to
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Table 2-lA. U502 Operation

['lUX SEL Commands
(uSoz rnpurs) Se 1 ec ted

Inpur Selected Signal
Pin 9 Pin i0 Pin 11

0 0 I x1 (pin 14) Existence of the AM module

0 I 0 x2 (pin 15 ) Average of +5V and -5V voltages.
Shal1 be 0 volt when both voltages are
pre sent

0 1 1 x3 (pin 12) ALC LVL - envelope of the transmitted
s igna 1

1 0 0 X4 (pin 1) CURRENT - DC voltage proportional to
Lhe current drawn from the
b at tery

1 0 1 x5 (pin 5) +l2V - +2V DC voltage, when +12V DC

SAMPLE is appearing at J1(1, 16)

I 1 0 x6 (pin 2) TX LVL - Power amplifier output 1eve1

1 1 1 x7 (pin 4) ENVELOPE- The output signal of the
envelope detector CR261,
c262
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2-t2. Module SYNT

( fig. 2-30 thru z-34)

a. Block Diagran Analysis - ( f ig. _ 2--30-)-.

diagran of module SYNT.

(1) Output signals. The synthesizer
output signals:

(a) Fl signal. The frequency of
100IIz incremeats over the
139.3499MH2. Its freguency

operating frequency.

(b) F2 signal. Its freguency is
114.6MH2 for USB.

MA 2187-09501-00
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Figure 2-30 shows the block

module provides the following

this signal may be varied in
freguency range of 110.85 io
is exactly 109.35MH2 above rhe

104.1I,1H2 f or LSB operation and

is used by module IF. The

is interrupted i.n the AI,1

(d)

(e)

(f) 700kltz signal for the RF rnodule, used during test.

(2) synthesizer freguency control. The nain output frequency of the
synthesizer is controlled by the frequency bus. The freguency bus

carries serial data which indicates the required operating frequency.
rn freguency operation, the freguency bus is controlled by the
microprocessor in module MCU. The frequency data, designated DATA, is
accompanied by a clock signal, and loaded into the variable divider
control circuit. The variable divider control circuit also receives a

IIOP signal, which indicates the ead of received data control word. The
variable divider control circuit processes the frequency data and

Senerates Ewo internal control words, one for each vari.able divider.
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(c) 5.251{[lz carrier.
generation of the

receive mode.

This frequency

5.25MItz signal

10kHz signal for the MCU and AUDI0 modules.

3.5ltlz reference for the AUDIO module.
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(a)

The 100kHz reference
(Ptt ) is obtained by

freguency for
dividing the 3

Ehe Fl phase-lock loop

.S}{f,lz freguency by 35.

(3) Generation of fixed frequencies

Synthesizer frequency standard. The frequency standard is a

3.5MHz temperature controlled crystal oscillator (TCX0). The

3.5l,lllz reference f requency is al so sent to the I-ICU and AUDIO

modules.

(b) Generation of internal reference frequencies.

1.

1S
n

1

4.

5.

5.

The 1Okilz s i"gnat for
obtained by dividing the

The reference frequency

obtained by nultiplying
to obtain 10.5MH2, then

Ehe MCU and AUDIO modules

100kHz F1 reference by 10.

for the FLOCAL PLL, 60kHz, is
the 3.5MHz freguency by three,

dividing this frequency by 175.

The 5.251il72 frequency for the IF nodule is obtained by

dividing by 2 the 10.5Mllz frequency. The divider is
disabled in the AM receive mode, under control of the
PTT and AI4/SSB lines.

The 700kHz test signal for module RF is obtained by

dividing the 3.5MItz reference by 5. The divider by 5 is
enabled during setf-test, by means of the L.TEST 1ine.

The F2 signal, used by module RF, is obtained from

separate crystal oscil lator. Its frequency

controlled by the USB/LSB line and changes as listed
para. (1)(b) above. The outpur signal of the

oscillator is sent via a buffer to the RF module.

a

is
in

F2
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The internal 93.6MHz frequency is obtained by rnixing the
outpuE signal of the F2 oscillator with the 10.Smtz

signal, or with its second harmonic, 2ll&lz. The ?lbGir-

signal is obtained by doubling the frequency of the

10.5Mllz signal, and attenuating the higher harmonics by

a 251{}iz 1ow-pass f ilter.

When operating in the SSB/LSB mode, FZ frequency is
104.11'1Hz and rhe 93.6Mtz signal is obtained by

taking the difference freguency between F2 and

10.5MI12.

When operating in the SSB/USB mode, F2 frequency
114.6Mltz and the 93.6MHz signal is obtained
taking the difference between F2 and 2ll&lz.

The 93.6MHz signal is filtered by a bandpass filter and

anplified, before application to the mixer M3.

(4) Generation of 100I{z steps. The 100H2 steps are obtained from the
ourPur signal of the FLocAL PLL.

(a) The FLocAr PLL generates frequencies in the range of. 240 to
299.41fr12, in 60kHz steps (step size is dereruined by rhe

60kHz reference freguency). The pLL uses a dual-uod,ulus

&O/41) prescaler, and a variabte divider. The division
ratio of the divider is prograrrmed by Ehe DATA v control
word, serially received from the variable divider control
circuiE. A new control word is loaded into the variable
divider by means of a CLK (c1ock) signal, whenever the 10kHz,

lkHz and 100H2 digits of the operating frequency are
changed. The load comnand is provided on the EN line.

Following the change in the di.vision ratio, the phase-1ock
loop action changes the VCO freguency such as to obEain lock
at the prograflrmed frequency.

1_.

1S

by
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The UNLOCK line sent to module I'ICU indicates the state of the
FL0CAL loop.

(b) The output freguency of the FLocAL plt is divided by 600, to
obtain a freguency which changes in 100H2 step within the

range of 400 to 499.9k1I2. This frequency is mixed by mixer
I'13 with the 93.61*lz si.gnal (para c.(2)(g) above), ro obrain
frequencies in the 94.0 to 94.0999MI12 rarlle. The output signal
of the mixer M3 is filtered by a narrow-bandpass filter. The

filtered signal is applied to the mixer Ml, in the Fl pLL.

(5 ) Generation of Fl signal . The Fl signal covers the 1 10 .85 to
139.3499MI12 range in 100H2 steps. The Fl PLL uses tr.ro techniques to
obtain the required freguency resolution:

(a) 100kHz steps are introduced by changing the divi,sion ratio of
the dual-modulus variable divider included in the Fl pLL.

The division ratio is controlled by the DATA T control word,
sent by the variable divider control circuit.

(b) The smaller steps are introduced by changing the freguency of
the FLOCAL PLL. This introduces an "error" in the loop, by

shifting the frequency of the signal appearing at the output
of mixer MI, and applied to the input of the dual-modulus
(10/11) prescaler.
The PLL reacts by changing the control voltage applied to the

VCO, such that its output freguency shifts in the direction
required to cancel the "error" caused by the change in the
FLOCAL signal.

b. Xircuit Analys* (fig. 2-31 rhru 2-34).
(1) Generation of 100H2 steps.

(a) Ihe 3.5Mltz reference freguency generaled by the temperature

controlled crysEal oscitlator (TCXO) U16 is applied to a

frequency multiplier by 3, via contacrs 1 and 2 of the jurnper

JM2 (when using an external 3 .5Wz freguency, conEacts 2 and
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3 of J!CI are connected). The nultiplier by 3 is built around

Q8, Q9 and Q10. Transistor Q8 oscillates betnreen cut-off and

saturation, thereby generating harmonics of 3.5ffiiz. The

third haruonic, at a frequency of 10.5Mt2, develops across
the resonant, circuit comprising L14, L15, C46 and C47, and is
then applied to the amplifier builr around Q9 and Q10. These

transistors receive DC bias via R39, R4O, CR72 and R41. CR7

is a temperature compensation diode. The tuned collector
circuit of Q9, cooprising L16, C49, C51 and C52, resonates at
10.5MlIz. The output signal is applied via coupling capacitor
c102, the amplifier comprising inverLer u15B and resistor R94

and via the eoupling capacitor C118 to pins 21 and 22 of Ul2.

(b) Frequency division by t75 and phase detecrion. These

functions are performed by the circuit built around the
integrated circuit u12. The block diagram of u12 is shown in
f igure 2-t+1.

Divider by 175. This circuit divides rhe frequency of
the reference signal provided by the rnultiplier by 3, to
obtain the 60kHz internal reference freguency of the
FLOCAL PLI. The circuit comprises a buffer, a prescaler
and a progrannqable divider. The 10.51'Illz signal is
applied to pin 22, and the divider output appears at pin
26. In U12, the signal is applied via a buffer to rhe

prescaler. The prescaler division ratio is determined
by inputs NSO and NS1, according ro Table 2-11.

Table 2-11. Reference Prescaler Control

I

NSl NSO Division Ratio

0
0
1

I

0
1

0
1

1

2
1o

I00

2-145



MA 2187-09501-00
Issue 1

L.

1

In Ul2, NSO is connected to ground and NS1 usually
receives a 1ow leve1 from the SW2 output of the two-bit
shift register contained in Ul0 (para. ( f) belor,).
?herefore, the prescaler division ratio is usually set

to 1.

There is an option to operate the unit with 10Hz steps.
In this case, the NSl input receives a high 1eve1 and

the prescaler division ratio is set to 10.

The division ratio of the programnable divider division
ratio can be changed in the range of 1 to 1024, under

control of the input lines A0 thru A9. The division
ratio is the decinal value of the binary number applied
to the control lines A0 thru A9. In U12, the division
ratio is set to 175.

Phase detecEor. The input signals of the phase detector
contained in U12 are the 60kHz reference signal, and the

output signal of the variable divider, comprising UlO,

Ul18, U17A and U9. the phase detector generates a

voltage proportional to the phase difference between the

two signals. Typical waveforms are shown in figure
2-33. The 60kliz reference freguency is applied to the R

input of the phase detector (pin 25 of U12). The

divided VCO signal from U17A is applied to rhe STB inpur
of the phase detector (pin 2 of U12), and to the V input
of the phase modulator (pin 1 of U12). The momenE the V

signal fal 1s to a low 1evel , Ehe phase podulator
generates a signal, V'. Vr is a negative pulse Ehat

discharges the external capacitor C114 connected to pin
5 of U12. When pulse V' ends, C114 starts charging.
Charging continues as long as a high leve1 is present at

lhe R input of the phase detector. When a low 1eve1

appears at the R input, capacitor charging stops, and

its vo1 tage is proportional to the phase difference
between signals V' and R.
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U12 iniernal circuits transfer C114 voltage to C115.

The vottage across C115 is connecEed through a buffer to
the deEeetor ouEput (pin 8 of Ul2). Phase deEector

output signal is connected Eo the loop filter U13 via
resistor R97.

u12-1

u12-25

FROM PHASE
MODULATOR

IN U12

VOLTAGE
ACROSS

c114

t

TCA

4.

_ VDO

:a- - vss

Figure 2-33. Typical Phase Detector I{aveforms

Lock detecEor. This circuiE contains a lock detecEor
which moniEors loop sEate, and a phase deEector which
operates when loss of tock is detected.

3. The loek circuit indicates loop state. When the loop
is locked, a los level appears aL the O/L output (pin
4 of U12). A high leve1, indicaEing rhar the loop is
not locked, appears in the fol lowing cases:

- The R signal precedes the V signal.
- No pulses appear at the R input.
- No pulses appear at the V input.

The OIL signal from pin 4 of U12 is send through CR19

and the voltage divider R103 and R104, to the I'1CU

module, via the UNLOCK line.

PULSE WIDTH
DETERMINED 8Y THE
PHASE MODULATOR
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L. The phase detector has a wide dynami.c range, up to
360'. This reduces the time required to regain
1ock. The input signals of the detector are the

60kHz reference signal and the V signal from the

phase modulator. The phase detector generates a

vol tage proportional to the phase dif ference betr.reen

the two signals.
The phase detector output (pin 9 of U12) is connected

Co the loop filter U13 via the filtering network

CR17, CR18, C722 atd resistor R98.

(c) Loop filter. The loop filrer of Ehe FLoCAL pLL is builr
around arnplifier U13. The loop filter receives Ehe ouEput

signals of the phase detectors contai.ned in U7Z. Usually
when operating !ri.ch 100112 channel spacing, transistor Q22 is
cut-off and the transfer function is determined by R97, R98,

C112 and R90.

When the option of 10Hz spacing is used, the gate of e2Z
receives a high 1eve1 from from U10-15. As a result, elz
conducts, so R89 and C111 are now connected in para11e1 to
R90 and C112.

(d) Volrage-conrrolled oscillaror (vco). The VCo of rhe

FLOCAL PLL is built around Q21 and q20. Oscillarion
freguency is determined by the resonant circuit comprising
Ehe variable capacitance diodes CRl1, CRl2 and CR13 and the
inductor L32. Diodes capacitance is controlled by the DC

output voltage of the loop filter U13-6. Q20 and Q21 receive
bias via R75, R76, CR10 and R77 . CR10 is a tenperature
compensation diode. C88 and C90 are coupling capacitors.
C86 blocks DC current. The output signal of the oscillator
taken from a tap on L32, is buffered by Q20. The output
signal of Q20 is coupled by T5 distributed via by R81, R82

and R83 to Ehe freguency divider by 500, comprising U7 and

U8, and to the 4A/m prescaler, U9.
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Figure 2-34. Variable Divider U10 and Prescaler 40/41 Ug,

Sirnplified Circuit Diagram
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(e) 40/41 prescaler (fig. 2-34). The VCO output signal is
applied via R81, R83 and C99 Eo the clock input of divider U9

(pin 6). U9 is a dual-modulus divider, which can divide by

40 and 41.

The output signal of U9 (pin 3) is applied through C109 to
the clock input of U10 (pin 10).

The divisi.on ratio of U9 is determined by the control signal
arriving fron pin 8 of U10, via resistor R86.

1. When pin 8 of U10 is at a 1ow level, a 1ow 1evel appears

at pin 1 of U9 and rhe division ratio is 41.

?-. When pin 8 of U10 is at a high 1eve1, the division raiio
is 40.

(f) Variable divider (figure 2-34). Ul0 receives serial division
conErol data from the variable divider control circuit (U17f,

Ul8) and divides accordingly, rhe outpur signal of rhe 40141

prescaler Eo achieve a frequency equal to that of the

reference frequency (60kHz). U10 block diagram is shown in
figure 2-43.

l. Loading data into the shift registers. Each low-ro-high
EransiLion on the CL0CK line (pin 11) loads one bit of
the 19-bit serial data, presents on the DATA 1 ine
(pin i2) at lhe time of the positive clock transition.

The serial data, arriving from the variable divider
coatrol circuits (para. (6), be1ow, provides programming

information for the A counter (l bits), for the N

counter ( 10 birs ) and for the Ewo switch control
signals, SW1 and SW2.
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Enabling the latches. After the 19-bit word has been

loaded into the shift regisrers, the ENABLE line
(pin 13 ) rises Lo a high 1eve1. As a resulr, rhe

content.s of the shift registers are t.ransferred to the
lat.ches, the prograrmable counters, and the swit.ches Si^Il

and SW2.

When data Lransfer is complered, the ENABLE line falls
to a low 1evel, and Lhus a1 lows changes to be made in
the shift regisLer data without affecEing counter
progra'r'ming and swiEch outputs.

Prograrmable counters A and N. The positive-edge
triggered A and N count.ers are clocked by the outpuE
signal. of rhe 40141 prescaler, applied via C109 ro rhe

Fin input of U10 (pin 10).

The division ratios of the progranrmable counters are
determined by the data stored in the latches. At the
beginning of a division cyc1e, t,he counters are loaded
with the latch daEa, and st.art. counting down according
Eo the clock rate appearing at the out.put of the 40/41
prescater.

Dlodulus controt systen. At the beginning of the
division cycte, the division uodulus control line is at
a 1ow leve1, hence, prescaler divisi.on racio is set Eo

41. This line stays at a low 1eve1 until divider A ends

its division cyc1e. Then, the line rises to a high
leve1, and Ehe division ratio of t.he prescater is set to
40. The control line remains at a high leve1 until the
division cycle of divider N ends. When divider N cycle
ends, the control line fal 1s to a low 1eve1, and

dividers A and N are reloaded with daca from the latches.

3.

4.
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:-. SWl and 51,12 outputs . SW1 and SW2 ( pins 14 and 15 ,

respectively) provide latched outputs corresponding to
the first two data bits of the 19-bit word. These two

bits are used to select rhe 10112 spacing option. When

this option is being used, SW1 and SW2 rises to a high

1eve1.

9. D flip-f1op Ui1B. U11B is activated only when using the

10Hz steps option. Wtren using the 100H2 steps, SW1

output (pin 14) is at a 1ow Ieve1, therefore the a

output (pin 9) of U11B is forced to a 1ow 1eve1, and

diode CR16 is reverse-biased. As a result, the

I"IODULUS CONTROL signal (pin 8 of U10) is applied via R86

and U17A to the phase modulator and phase couparator
contained in U12. When the 10Hz steps option is used,

SW1 rises Eo a high 1eve1 and enables the D flip-f1op
U118. As a resul t , rhe I,IODULUS CONTROL s ignal , appl ied

to the CLK i.nput (pin 11) of U11B is divided by two, and

then sent through CR16 and U17A to U12.

(g) Divider by 600. The ourpur freguency of rhe FLOCAL pLL is
divided by 600, to obtain a frequency which changes in 100H2

sreps wirhin the range of 400 ro 499.9kH2. The divider by

600 is built around the dividers U7 and U8. U7 is a

dual-modulus 40/41 prescaler. The modulus control input of
V7 (pin 1) receives a high 1eve1, therefore U7 is divided by

4A. U8 is a divider by 15. The ourput signal of rhe VCO

(Q21, Q20) is applied via R81, R82 and C95 ro rhe clock inpur
(pin 6) of U7. u7 divides signal fregueney by 40 and applies
it to the clock input (pin 4) of the divider by 15, via U8.

The output signal of U8 (pin 7) is filtered by R84, C97, L33,

C98 and L34, artenuated by R51, R60 and R59 and then applied

to the mixer t'13 (see para. (3) below).
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(2) Generation of F2 and 93.6MHz freguencies.
(a) F2 oscillator and associated control circuit. The F2 signal,

used by module RF, is obtained from a separate oscillator
built around transistor Q15 and crystals yl (resonance

frequency of 104, iMilz ) and Y2 (resonance freguency of
114 .6Mtz ) .

The oscillation frequency is deEermined by the resonant
circuit comprising the variable capacitance diode CRg,

capacitors C74, C73, C12 and transformer T4.

CR9 capacitance is controlted by the DC voltage applied by

the control circuit built around UlA, Q18 and Q19. The

control ci.rcuit is control led by the USB/LSB cormand as

fo1 lorls :

During LSB operation, rhe USB/LSB line fa11s ro a lou
leve1. As a resulc, transistor Q1S euts-off and

t,ransistor Q19 saturates. As a result, pins 2 aod 1 of
switch UIA are connected and pins 3 and 4 are
disconnected. The DC voltage developing across R112 is
sampled, and applied via pin 2, 1 of U1A and via L31 to
the cathode of CR9, to determine a resonant freguency of
104.1MI12.

During USB operaEi.on, the USB/LSB line rises Eo a high
leve1. Now, Q19 cuEs off and Q18 saEuraEes, Eherefore

pins 3 and 4 of U1A are connecced and pins 2 and 1 are

disconnecEed. As a result, the DC volcage developing
across R111 is sampled and applied Eo Ehe cathode of
CR9, so Ehe crystal oscillator oscillates now aE a

freguency of 114.5M112.

The output signal of che oscillacor is coupled by T4,

splic by R57, R5B and R69 and applied Eo tvo buffers:

buffer built around Ql4 buffers the F2 signal ro

RF nodule, via the F2 104.11 114.6MH2 1ine.

!.

2.

- The

Ehe
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The buffer built around Q16 and Q17 buffers the F2

signaL to pin 4 of the mixer M2.

(b) Mixer M2. The mixer l{.2 is used to generate the 93.6MHz

internal frequency. This frequency is obtained by mixing the

output signal of the FZ oscillator (pin 4 of M2) with the

10.51,1It2 signal, or with its second harmonic , 2)1ff12 (pio 1 of
142). The 271&12 signal is obtained by means of transistor
Q11. Q11 generates harmonics of the 10.5MHz signal. The

higher harmonics are atteouaEed by the 25l{[lz low-pass filter,
comprising C55, L18, C56, L19, R47, R48, R49, while passing

the second harmonic.

(c) Bandpass filter and amplifier. The 93.6MHz signal appearing
at the outpuE of the mixer ylz (pir 2) is amplified by rhe

two-stage bandpass filter and amplifier built around

transistors Q12 and Ql3. The resonanE network of the first
stage comprises L2l, C59 and C60. The resonant network of
the second sEage cooprises L22, C64 and C63.

The 93.6MHz signal appearing at the output of the bandpass

fi.lter is applied to pin 4 of the mixer M3.

(3) llixer M3. The ouEpur frequency of Ehe divider by 600 (para.
(1)(e) above), which changes in 100H2 steps within rhe range of 400 ro
499.9kH2 (pin 1 of M3) is urixed $ith the 93.6tfrt2 signal (pin 4 of M3),
to obtain frequencies in the 94.0 to 94.O999MIfz range.

(4) Bandpass filter F1. The output signal of rhe nixer !13 (pin 2) is
filcered by Ehe narrow bandpass filter FI. The filtered signal is
applied to the mixer I'11 in the Ft pLL (para. (5) (e) below).

(5) Generation of Fl signal.
(a) The 3.5MI{z reference frequency

controlled crystal oscil lator
coupling capacitor C19 to pin 22

generated by Ehe tenperature
(tcxo) uI6 is appl ied via
of the integrated circuit U3.
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U3 contains a reference freguency divider, phase detector and

lock detector, that are identical to the circuits conEained

in U12 (para. (1)(b) above). The block diagrarn of Ul2 is
shown in figure 2-41. The block diagram of U3 is similar to
the block diagram of Ul2, but the pin connections are

different (see fig. 2-31).

Pin 23 and 24 of U3 ( tqSO and NS1 ) are 'connected to
ground, therefore the division ratio of the U3 prescaler
is always 1.

Ihe binary number applied to the control line A0 thru A9

sets the division ratio of the programrnable divider
included in U3 is 35.

Loop filter. The phase deEector output signals (pins I
and 9) are applied to the loop filter of rhe Fl PLL.

This loop filter is built around the amplifier U2. The

Eransfer function of tJZ is determined by R16, R17, R14

and C15.

The output signal of lJ2 (pin 6) is filtered by a 100kHz

low-pass filter comprising C14, L6, C13 and C12.

Variable voltage divider. The variable voltage divider
cornprises resistor R10, Rl1 and Rl2 and the switch UlB. The

switch is controlled by the SWI and SW2 biEs frorn U6 (pins 14

and 15), in accordance with the operaiing freguency, ds

listed in Table 2-12.

(c)
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Table 2-12. Variable Voltage Divi-der Control

(d) Fi VCO. The voltage-controlled oscillator of the Fl PLL is
built around transisEor Q3. The oscillation freguency is
determined by the resonant circuit comprising the variable
capacitance diodes CR1 and CR2, transformer T3 and capacitor
C139. The diodes capacitance is controlled by the DC voltage
applied from the loop filter U2 thru the 100kl1z low-pass

filter and the variable volt,age divider.

The output signal of the oscillator is coupled by T3 and C8

and then split and applied to two buffers:

t, The F1 buffer, built around Ql and Q2, applies the F1

signal (in the frequency range of 110.85 Eo

139.34999M12) to the RF module.

?". The loop buffer, built around Q4 and Q5, applies the Fl

signal to pin 4 of the mixer M1, via resistor R9 and

coupling capacitor C11.

Opera t ing
Frequency

Control Bits
(U1B tnputs) Resistor Connec!ron
SWI

(pin 6)
sw2

(pin 12)

1.5 - 7.9999t*rz 1 1 R10 and Rl1 are connected to ground

8 - 14.9999Mt2 I 0 R10 - connected to ground
R1 1 - disconnected

15 - 21.9999MI12 o 1 R1 1 - connected t,o ground
R10 - disconnected

22 29.9999bav 0 0 R10 and Rl1 are disconnected
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(e) Mixer M1. The output signal of the loop buffer Q4, Q5 ar the
freguency range of 110.85 to 139.3499MIf2 (pin 4 of Ml) is
mixed with the output signal of the bandpass filter, covering
the range of 94.0 to 94.0999MH2 (pin 1 of Ul) in sreps of
100H2. The output signal of the mixer (pin 2) is filtered by

a bandpass filter, having a passband of 16.8 to 45.3Wt2. The

filter conprises C31, L8, C32, L9, C33, L10 and C34. The

filtered signal is amplified by a two-stage ampli"fier
coraprising transistors Q6 and Q7. The arapl ified signal
appearing at the collector of Q7 is coupled by C141 to the
10/11 prescaler U5.

(f) 10/11 prescaler. U5 divides signal freguency by 10 or 11,

according to the control line from the variable divider U6

(pin 8, via resistor R34):

When pin I of U5 is at a low level, the division ratio
of U5 is set to 11.

When pin 8 of U6 rises to a high 1eve1, rhe division
ratio is set to 10.

The output signal of U5 is applied via C42 to pin 10 of the

variabte divider U6.

(g) Variable divider U6. U6 is an integrated circuit which

receives serial division control data from the variable
divider control circuit (Ul79, Ul8) and divides accordingly,
the output signal of the 10/ 1 1 prescaler, to obtain a

frequency equal to that of the reference frequency (100kHz).

U6 operation is similar to the operation of the variable
divider U10, described in para. ( 1 ) ( f) above (U10 block
diagram is shown in figure 2-43).

(6) Variable divider control circuit. The variable divi.ders of Ehe

FLOCAL PLL and Fl PLL are controlled by serial data, ryhich indicates

I

2.
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Ehe reguired operating frequency. The data is processed by the conErol
circuit comprising ui8 and u17B. u18 is a 19-bit shifr regisrer and

U17B is a 1eve1 shifter.
The 38-biE data word arriving from the microprocessor in the l,1CU module

via the DATA line, is connected to Ehe variable divider U6 via line T

and lo Ehe input (pin 6) of the shifr regist,er U18. The last 19 bits
form the control word of the variable divider u6 (rt pr,r), and the
first 19 bits form the control word of Ehe variable divider UlO

(ff.OCel PLL). Therefore, the control bits of UlO are delayed by the
19-bit shift register u18 before being applied ro u1o (via rhe v line).

The daEa bits are accompanied by a CLOCK signal, which is applied to
both variable dividers via line u, and is used to load the data into
Lhe shifi registers included in Ehe variable dividers (see para. (1)(f)
above) and into the shift register U18.

The HoP signal is used as a slrobe for the seriat data. After the
38-bit word has been sent, a positive pulse appears on the HOP line and

the data is latched into Ehe variable divider. The leve1 of Ehe HOp

pulse is shifted by u17B from +5/0v ro +10/0v, before applied to rhe
variable dividers, to improve pulse shape

(7) Generation of fixed ouEput freguencies. The synthesizer module

provides the following output signals:

(a) 10kHz signal for rhe MCU and AUDIO modules. This signal is
obEained by dividing the 100kHz f1 reference by 10. The

divider by l0 is built around the counter Uh/l (pin 9 rhru
15). The 100kHz reference signal is applied from pin 26 of
U3 to the CLOCK input (pin 15) of tJ4/1, via rhe inverrer
U15D. The QA output (pin 13) is connecEed ro rhe B inpur
(pir 12) to obtain BCD count. The resulting 1Oktlz signal
appearing at pin 9 of U4/1 is filtered by R120 and C28 and

sent to the AUDIO and I"1CU modules.
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(b) 5.251&12 frequency for the IF module. ?his signal is obtained
by dividing by 2 rhe 10.5MItz frequency. ?he divider is builr
around the D flip-flop gate U11A. The 10.5MHz $quare-Lrave

signal at the outpur of U15B (pin 4) is applied ro rhe CLK

input (pin 3). The q* output (pin 6) of Ul1A is connected to
the D input (pin 2) to obtain division by 2. The resulting
5.25M112 signal appearing at pin 5 of Ul1A is filtered by

R119, C105, L36, C105 and C107 and then sent to the IF module.

In the All receive mode, the inverter U15E applies a low 1eve1

to the CLR* inpur (pin 1) of rhe flip-f1op and rhe Q ourpur
of Ul1A is forced to a . 1ow 1eve1, thereby stopping the
generation of rhe 5.25\*lz signal.

(c) 700kHz test signal for the RF module. This signal is obtained
by dividing the 3.5Mtlz reference by 5. The divider by 5 is
built around the counter U4/2 (pins 1 thru 7). The 3.5MIlz

reference from the TCX0 U15 is inverted by U15A and applied
to clock input (pin 4) ot W/2. Pin 7 of U4/2 is connecred

to pin 1, to obtain division by 5. The resulting 700kHz

signal appearing at pin 7 of U4/2 is applied to the RF module.

The count.er is controlled by the test 1ine, connected via
resistor R36 to the clear input (pin 2) of U412. During

self-test, the clear input receives a 1ov level and the

counter operation is enabled.

Supply voltage filters.
following active filters.

?he DC supply voltages are filtered by

(a) The +15VIN supply voltage is filtered by an active filter
comprising transistor Q25.

(b) The +12VIN line is filtered by the active filter built around

U14A and Q23. ?he +5VIN line is filtered by a similar
filter, built around U14B and Q24.
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2-13. Module MCU

(rig. 2-35 thru 2-43)

a. Block Diagram Analysis (fig. 2-35). Module l,tCU contains a

special-purpose microcomputer systen, which performs digital signal
processing, encryption and decryption, and controls the operating frequency,

as well as frequency hopping and AUTOCALL operation. The I1CU aodule also
controls data transfer on the address and data buses, by generating the

reguired clock and control signals.

The block diagram of the MCU module is shown in figure 2-35. The uodule MCU

has five main functional blocks (CPU, 1/O, TII'IING, PGA, ADC) which connect to
two connectors: connector Pl to the motherboard, and connector P2 - to the
pane 1 .

(1) Microprocessor. Module I"ICU uses a 80C188 microprocessor running
at a clock frequency of 19.6508 MHz.

This microprocessor is an eight-bit central processing unit (CPU), with
a 16-bit internaL data bus.

Q) EPR0M. The EPR0M contains 256k8 of prograru code.

(3) RAH. The RAH contains 32kB of oemory, used for temporary storage
of variable, tables and data generaEed during prograru execution. In
addition, the RAM stores operational parameters. To preserve the stored
data when the RT-2001 is turned off or does not receive power, the RAH

is connected to a backup batEery, located on the AUDIO module.

(4) Address 1atch. The address latch stores the lower*order address

byte, received from the microprocessor on the DBO Ehru DB7 lines aE the
beginning of a memory or I/0 access. Latching is controlled by the ALE

signal. The address byte appearing at the outputs of the address latch
i,s combined with the higher-order lines, appearing at the A8-Al7
microprocessor ouEputs, to form the complete 18-bit address.
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(5) Power-up reset and watchdog circuit. This ci-rcuit contains a

power up/down detector, which monitors the VDD (+5V) and the battery
voltage and generates the following control signals when porrer is
applied or removed:

(a) Reset to the microprocessor, generated when power is applied
or removed.

(b) rnhibit coruand to the RAI'I, which disables RAI"I accessing
while battery voltage is removed. RAI'I contents are Ehen

preserved by the Lithiurn backup battery, located on the AUDro

modul e .

This circuit also contains a watchdog systern. The watchdog monitors

Prograo execution and issues a reset coftmand to the microprocessor if
program execution is disrupted.

(6) TI}IING LSI. This is a large-scale integrated (LSI) circuit thar
provides the following functions:

(a) Generation of timing signals for the internal circuits (r
signals ) , according to information stored in an EpROI,,l (U9 ).

(b) Generation of clock signals, phase-locked

clock from the SYNT module, or, when power

1oca1 oscillator used by the real-time clock

(c) Maintains the current TOD, even

powered. When the RT-2001 is not
receives a backup voltage from the

the AUDIO oodule.

the reference

off, from the

when the RT-2001 is nor

powered, the TOD circuir
Lithium battery located on

to
is

(d) Paral 1e1-to-serial conversion of frequency data and generation
of clock and strobe signals for the freguency bus. The

freguency bus exits the L1CU module via the PGA unit.
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(7) coDEC. The

(D/A) converter,
codec is

es pec ia1 1y

an analog/digital (AlD) and digital/analog
designed for optimal processing of speech.

(8)

are

PGA. this circuit is a prograunable gate array. Its functions
determined by softlrare, loaded from the program EPROI"I upon pohrer-up.

(9 ) Multiplexer and A/D converter. Module l"lCU includes an

analogldigital (A/D) converLer, which is used to measure various analog

signals. The signal to be measured is selected by means of a

multiplexer, controlled by the microprocessor.

To measure a specific signal, t.he microprocessor applies the

appropriate selection code, via the data bus, to the aultiplexer, then

starts the A/D conversion by applying a chip-select signal to the A/D

converter. When the conversion ends, the AID converter sends an EOC

signal to an input port located in the PGA, and in response the
microprocessor reads the A/D conversion data through the data bus.

(10) Transceiver. The transceiver is a bi-directional data bus

buffer. The buffer is used to send and receive data tolfrom the module

seleeted by the microprocessor: the PANEL module, or other RT-2001

modules, via the motherboard (I'{B).

?he panel data bus lines are designated DBPO thru DBP7. The

motherboard data bus lines are designated DBI'{O thru DB},17.

(11) Comunication interface. The coumunication interface of the

microprocessor uses t\ro serial data 1ines, RXD and TXD. The data lines
are available in the rear connector (lines RX-SER-R and TX-SER-R,

respectively), for comunication vith the microprocessor in the

CP-2003, and in the front-panel RMT/DATA connector (lines RX-SER-F and

TX-SER-F, respectively). The data lines connected to the front-pane1
RMTIDATA connector pass through an RS-232 interface, which translates
the internal logic levels to RS-232 leve1s and vice-versa. When the
microprocessor in the CP-2003 or a device connected to the front-panel
RIIT/DATA connector \rants to send data, it 'first issues a conmrunication

request on the COI.{-REQ-R or COM-REQ-F 1ines.
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(12) Chip-select generator. This circuit decodes the addresses
provided by the aicroprocessor (gO thru A2, A4 thru A6) MB-CS* and

PNL-CS* and generates timed chip setect signals for the ports located
on aodule AUDI0, ports on the motherboard and to various internal
circuits (ttu-CS for the TIMING component, ADC-CS for the A/D converter
and the output port ). It also generates chip-select signal s for
conponents on the panel ( for the keyboard, the selectors , the dot

matrix and seven-segment displays and for the LEDs).

(13) output port. This port latches rhe lines ADC-MUX 1 rhru 4 applied
from the microprocessor via the data bus. rt selects the analog
multiplexer input which will be measured by the AID converter.

(14) fnput porE. This porr
rhe module AUDIO (SQ OUT),

BUSY*), and PTT inputs.
microprocessor via the data

(15) Transfer of freguency
generated by the TII.{ING LSI
inforuaEion is applied on

signal and a stroke signal,

latches the indication
from the panel (DAKB),

This information is
bus lines DBO thru DB7.

signals applied from

from rhe pGA (OOme,

transferred to the

information. The frequency information is
, Iocated i.n the IICU module. The frequency
the frequency bus, together with a clock

HOP BLANK.

The HOP BLANK signal instructs the other modules using the freguency
data to read the new data just applied on the freguency bus.
As an option, the PGA can also read freguency dara from the freguency
bus.

( 16 ) Inrerrupt sources .

several eourees:
The microprocessor can receive interrupts frou

(a) Interrupts generared when a cor*unication request is received
from a device connecEed to ihe R.YT/DATA connector (from the

PAML module via rhe COM-REQ-F l ine ) . This inrerrupr ( f Nf
URT) is generared by rhe pGA and is applied ro INT2 in rhe

microprocessor.
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(b) rnterrupt generated when the microprocessor in the cp-2003
CONTROLLER module makes a request to cormunicate with the t"lCU

microprocessor (from the rear connector via the COM-REQ-R

line): Ehis reguest causes the generation of the INT URT,

applied to input INT2.

(c) Iaterrupt generated rhen the synthesizer loses lock
(indication receirzed from the SYNT module, which causes the
generation of the NMI signal from the PGA).

(d) The INT BIT interrupt from the TII1ING LSI (through the pGA),

applied to the INT0 input of the microprocessor, provides *
software timing.

(e) The INT MC signal interrupt generated by the TIMING LSI, and

applied to the INT3 of the oicroprocessor, provides software
t iming .

(f) The rNT SW interrupr, generated by rhe Tn"lrNG LSI and applied
to the INTl input of the microprocessor, provides software
timing

(g) The interruprs INT SW, INT MC, INT BIT, INT URT, NMI

generated on the PGA and TII1ING units are handled by rhe
programmable interrupt controller in the microprocessor
according to their priorities. when any of these interrupts
is received, the microprocessor execuEes Ehe interrupl
handling routine pointed to by the corresponding interrupt.

(h) A high-priority inrerrupt is provided when a new frequency
word is received from the frequency bus. This interrupt
appears after each frequency change, and upon recepLion of
every freguency byte from Ehe frequency bus.

Th is interrupt is generated by the PGA and sent on the Nl,{I

line input of the microprocessor.
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(17) Signal path rhrough rhe MCU module.

(a) Transmit operaEion. In the voice mode r.rith selective
squelch, the audio signal received from the AUDIO uodule on

the coDEC rN line is applied ro rhe codec. The digitized
Eransmit signal generated by the A/D section of the codec is
then applied to rhe pGA.

the internal modem mode, the transnit data signal arriving
the TXBB-IN line is applied direcrly ro the pGA.

The data from the PGA is collected by the microprocessor,
processed, and then returned to Ehe pGA as processed data.

This data appears at the output of the pGA and is applied ro
the D/A section of the codec, which converts it to the analog
transmit signal, sent via the c0DEc our line to the AUDro

module.

The llcu rnodure also prepares the freguency data and applies
it on the freguency bus.

(b) Receive operation. rn the voiee mode with selective sguelch,
the receive signal arriving from the AUDro modure is applied
to the codec. the digitized signal generated by the A/D
section of the codec is applied to the pCA.

The data from the PGA is collected by the microprocessor,
processed, and then returned to the pGA. This data appears
at the output of the pGA. In the voice mode, the pGA output
data is applied to the codec, which converts it to the analog
receive signal. In the inEernal modem mode, the pGA output
data is connected directly to the DATA/RMT connector via
lines RXBBD, RXBB-F and the AUDIO module.

In
on
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b. Ci.rcuit Analysis (fig. 
-2j:3*6 thru 2-43k). Figure 2-36 shows rhe

functional interconnections between the internal circuits of module MCU.

Figure 2'37 shows the schematic diagram of the module. Figure 2-37 includes
six sheets:

- The CPU circuit is shown in fig. 2-37A.

- The TII.IING circuit is shown in fig. 2-378.

- The PGA circuit is shown in fig. 2-37C.

- The I/O circuit is shown in fig. 2-37D.

- The ADC circuit is shown in fig. 2-378.

- The PF circuit is shown in fig . 2-37F,

(1) Microprocessor operation (fig. 2-37A, 2-38). The funcrions
performed by the microprocessor V4 are deterrnined by a set of program

instructions stored in the EPROM U5.

The RAH U5 is used to store temporary variables and tables required for
program execution and prograrming conrmands.

u4 includes al"1 the circuits necessary for fetching, inEerpreting and

executing instructions stored in the memory. The microprocessor
addresses the memory or the other input/output circuits via a 2O-bit
address bus.

Data and instrucEions are transferred to and from the microprocessor
via an eight-bit bi-directional data bus.

(a) The microprocessor inpuE and output lines used in the llCU

module are described below:
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1. ADO through LD7 - multiplexed address and data 1ines.
The lower-order address byte (eO through A7 ) appears on

the bus during the first clock period of the machine

cycle and are strobed into latch U1 on the rising edge

of signal ALE generated by the microprocessor.

During the following clock periods, lines ADO through

AD7 become a bi-directional data bus.

L. A8 through A15 - address tines. These lines provide the

middle address byte, which is present throughout t.he

instruction cyc1e.

1. A16/S3 through Ai9l56 - multiplexed address/status 1ines.

During the first clock period of the machine cyc1e,
these lines provide the four higher-order address bits
for memory operations cyc1e.

During memory and I/O operaEions, status information is
avai-1ab1e on these lines during the following ctock
periods. In module MCU, the status lines are not used.

*_. IID* - read pulse. This 1ow leve1 pulse appears during a

microprocessor read cycle ' afcer the address signals
have stabilized.

l. RESET - reset outpuE, indicates that rhe CpU is being

reset. Can be used as a system reset. It is active
HIGH, synchronized with the processor clock, and lasts
an integer number of clock periods corresponding to the

length of the RES* signal. This line is applied ro the

watchdog circuit, to periodically reset its counter.

9-. X1, X2 - crystal inputs. Connections for the 19.6608MH2

crystal oscillator.
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ArE - address latch enable pu1se. This high-1eve1 pulse
appears during the first clock period of each machine
cyc1e. Signal AIE i.s used to latch the 1ow-order
address bits, into the latches Ul, U2, U3.

I.IR* - write pu1se. This low level pulse appears during
a nicroprocessor write cycle, after the output data has

stabilized.

DEN* - dat.a enable output. The DEN* line, connected
the I/o circuit (U12), indicates that dara is present
the data bus, and enables the U16, U17 transceiver.

10-. DT/R* - data transmit/receive output. This signal
selects the direction of data transfer through the
transceivers U16, U17.

CLKOUT - C lock out,put , provides a 5O"l duEy cyc l e
waveform. A11 device pin tinings are specified relative
to clKour. This clock ourput provides the cpuclK signal.

12.. RES* - System reset, causes the goc1gg to imediately
terminate its presenr activi.ty, clear the internal
1ogic, and enter a dormant slate. ?his signal may be

asynchronous ro the 80c188 clock. The gOc1gg begins
fetching instructions approximately 7 clock cycles after
Rxs* is returned ItrGlI. pGS* is required to be Low for
more than 4 cloek cycles and is internally synchronized.
For proper initialization, the Low-to-ltrGn transition of
RES* must occur no sooner than 50 oicroseconds after
por^rer up. When RES* occurs, the 80C188 drives the
status lines to an inacti-ve 1eve1 fnr one clock period,
and then switch them to the high-impedance state. This
input receives the RST Cptj signal from the power fail
detector.

o to
on

u
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13. ARDY - Asynchronous ready, informs the 80C188 Ehat the
addressed ruenory space or 1/O device will complete a

data transfer. The ARDY input pin accepts an

asynchronous input, and is active HIGH.

14. UCS* - Upper memory chip select is an active LOW output
that appears whenever a Demory reference is made to the

defined upper portion (lX - 255K block) of memory. This
line is not floated during bus HOLD. The address range

activati.ng UCS* is sofEware programmable. This line
provides the EP-CS* signal for U5,

15. LCS* - Lower memory chip select, is acti.ve LOW whenever

a menory reference is made to the defined lower portion
(1K - 256K block) of memory. This line is not ftoated
during bus HOLD. The address range activating LCS* is
software prograwrable. This l ine provides the
CS/RAI,!-BCK signal for U6.

1-6.. l'{CS0-3* - l'1id-range memory chip select signals, are

active LOW when a memory reference is made to the
defined mid-range portion of memory (Af - 512K). These

lines are not floated during bus HOLD. The address

ranges activating I"1CS0-3* are sof tware prograamable.

The MCS2* line provides an override CS for U6 (RAI',I), and

the I'ICS3* line provides the EPROM chip select signal.

17. PCS0-4* - Peripheral chip select signals 0-4, are active
LOW when a reference is made to the defined peripheral
area (54K byte r/o space). These lines are not floated
during bus HOLD. The address range activating PCSO*-4

are software programmable.

The functions of t.hese signals are as followsl

- The PCS0* si.gnal provides the PGA-CS*.
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chip select
connecEs the

and the ports

chip select
connects the

ports located

The PCS3* signal
to periodically

is connected to the CSIWD 1ine, used

reset the watchdog circuit.

provides the PORT-CS* input for Ul5.- The PCS4* signal

18. THRIN 0-1 - Timer Inputs, are used as time gate
signals. These inputs are active HIGH and inEernally
synchronized.

19 . ?MROUTO , TI'{ROUT1 - Timer outputs, are used to provide
single pulse or eonrinuous waveform generation,
depending upon the timer mode selected.

The two timers are used to generate FSK tones.

20. DRQO or DRQ1 - DIIA Reguest is driven HIGH by an external
device when it reguesEs a DMA channel (channel 0 or l)
to perform a data transfer. These si.gnals are active
HIGH, 1evel-triggered, and internally synchronized.

?he tno ch:rnnels are used for transferring data between

t.he codec and the RAM.

NMl - Non-Maskable Interrupt, 3o edge-triggered input
which causes a type 2 interrupt. NUI is not maskable

internally. A transition fron LOI.I to UIGH initiates the

21
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interrupt. at the next instruction boundary. NMI is
latch int.ernal1y. An NMI duration of one clock or more

will guarantee service. This input is internal 1y

synchronized.

This line is used by the PGA.

22. INT0 thru INT3 - Haskable Interrupt Reguests, can be

requesled by strobing one of these pins. When configured
as inputs, these pins are active HIGH. Interrupt
requests are synchronized internally. INT2 and INT3 nay

be configured via softlrare to provide active-LOW

interrupt-acknowledge output signals. A11 interrupt
inputs may be configured via software to be either edge -
or 1evel-triggered. To ensure recogni.tion, all interrupt
requests rnust remain active until the interrupt is
acknowledged.

These four lines are used for the INT BIT, INT. SW, INT

MC and INT URT interrupts.

(b) Tining of instruction execu!ion (figure 2-3g). The time
reguired for the ruicroprocessor to execute an instruction
depends on the type of instruction and on the internal clock
frequency of lhe microprocessor. An instruction cycle
consists of three to five bus cycles.

A bus cycle is required each t.ime the uicroprocessor accesses

memory or an I/O circuit. Every machine cycle consists of at
least four ctock periods, i,e. requires at least 0.8us. The

four clock periods are referred to as T1, 72, T3 and T4 (see

figure 2-39).
The actual number of clock periods depends upon Ehe instruc-
tion being execuied and on the particular bus cyc1e. The

address appears during T1, and data transfer occurs on the

bus during T3 and T4. T2 is used primarily for changing the
direction of data transfer on the bus during read operaEions.
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rdle periods can occur between bus cycles. These are
referred to as idle states (?i) or inactive clock cycles.
The processor uses these cycles for internal housekeeping.

The ALE signal is generated during the ?1 period of any bus
cyc1e. on the trailing edge of this pu1se, a valid address
and certain status information for the cycle can be latched.
Figure 2-39 shows the basic system timing.

Read cycles. When reading, the ALE line assumes a low
1eve1 and enables address latches outputs (Ul, U2, U3).
As a result, the data stored at the location indicated
by the address applied to Ul, UZ, U3 appears on the dara
bus.

Reading from BAI'I/EPROU and other cooponents addressed by
the microprocessor. Reading from these co,ponents is
controlled by the RD* signal. Thi.s signal assumes a 1ow

1eve1 during reading, and a high 1eve1 at any other
time. When reading, the 1ow 1eve1 on the RD* line
enables the output of the selected component. As a

result, the data stored at the setected component
indicated by the address lines appears on the daEa bus.

write cycles. ltriting data to RAI{ and other outputs is
controlled by the I.IR* signal. This signal assumes a low
1evel during writing and a high leve1 at any other
time. The 1ow level on the I,[R* line enables writing ihe
bits appearing on the data bus line to the memory

loeation indicated by the address lines (appearing at
the outputs of the address laE.ches Ul, U2, U3).

Address latches (Ul,
the EPR0H and RAI'{

respectively, control

U2 . U3). The microprocessor addresses

memories via l8 or 15 address 1 ines,
1ed by pins 1 rhru I and 10 rhru 17.

L

1.

(c)
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The lower byte of the address appearing on the eighE
internal bus lines DBO thru DB7, is latched into ul when
the ALE line (pin 61 of U4), connected to rhe C inputs
(pin 11) of U1, U2 and U3, rises to a high 1evel.

The higher order address lines A8 thru A17 are also
latched into U2 and U3 when the ALE line rises to a high
1eve1.

After the lower address byte is latched into Ul, the
internal data bus (1ines D0 thru D7) is used for data
transfer, while the fu11 18 bit address is now available
on the larched address lioes (A0 ttrru A17).

L

(d) Memories

1. EPROM (U5). To read data stored in a specific EPROM

location, the 18-bit address of that location is
applied, via the address bus, to the address inputs (eO

through A17) of the EPROU. Since the address bus is
connected to all the memory devices, the chip select
signal by means of rhe gate (EP-CS*) generated by

combining the UCS* and MCS3* signals U7 (pins 1, 2,3)
is applied to pin 22 of rhe EPROM, to enable the EpROM.

l'Ihen the chip-select signal applied to the EPROM f al ls
to a 1ow 1eve1, the data stored in the location pointed
to by the 18-bi.t address appearing on the address bus,
is made available at the EPROM outputs. When the RD*

signal, applied to input pin 24 of rhe EpROI,t, fal1s ro a

1ow leve1, Ehe microprocessor reads the data via the
data bus.

I.Ihen the chip-select signal is high, the EPROM outputs
assume a high-impedance state, thus a1lowi.ng other data
to flow on the data bus.
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The timing diagram for a EPROM read cycle is shown i_n

figure 2-39.

2_. RA],! (U6). Data can be written into, and read from the

RAI'! U6. To urite data into the RAM, the 15-bit address

identifying a specific uernory location is applied to the

BAll address inputs A0 through A14.

A chip-select signal (CS/neU-nCX) generated by the LCS*

and MCS2* lines through the watchdog circuit is applied
to the chip enable input CS* (pin 20). When a low leve1

is applied to the CS* input, the RAM is enabled.

When the WR* signal, applied to input pin 27 of rhe RAM,

fal1s Eo a low leve1, the address signals are latched
into the RAI'I and the data appearing on the data bus is
written into the RAH locarion pointed to by the latched
address. Data is applied ro the RAM via the
bi-directional data bus DBO thru DB7.

To read data from a M1rl, the 15-bit address of the data
storage location is applied to the address lines of the

RAtl. When the RD* signal applied ro pin 22 of the RAM

fal1s to a 1ow 1eve1, the RAli outputs are enabled, and

the stored data is applied on the data bus.

To preserve the stored data when the RT-2001 is turned
off or does not receive power, the BAI'1 is connected to a

backup lithiuu battery, located on the AUDIO oodule
(vnecr line).

(e) rnitialization. The microprocessor starts program execution
after receiving the +5V supply voltage on the VCC line (pin
9), and after reception of the poh,er-up reset pulse RST/CPU

from the power-up circuit to pin 24-RES*.
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(2) Power up/down detector and watchdog circuit (figures 2-378 and
2-37il.

(a) Power up/doun detector. ?he power up/down detector comprises
the cornparators lJ23-2 and u23-1, the reference diode vRl, the
transistor Q4 and the inverter Ul1-12.

The circuit monitors the battery voltage provided by

module PS on the SW BAT OUT line and rhe VDD line
(+5v). The battery voltage is applied to the
non-inverting input (pin 5) of the comparator rJZ3-2, via
the voltage dividers R701, R707, and the +5V voltage is
applied to the non-inverting input (pin 7) of U23-l via
the voltage di-vider R708, R710.

The inverting inputs of the trdo coeparators receive 1.2V
from the reference diode VR1. The current through the
diode is provided by resistor R705 (for rapid setup of
Ehe reference voltage upon turn-on) and by R7O6 (fron
the +5V power supply).

Upon turn-on, before the applied voltages exceed

threshold voltage, couparator outputs are at a low

leve1, therefore transistor Q4 is cut-off.

As a result, rhe CS/RAI'{ BCK line is at a high level, rhe
output of inverter U11-12 and VCONT line are both at low

levels and therefore RST/CPU line is also 1ow. This
generates a reset command to the microprocessor U4.

After the bartery voltage (SW BAT OUT line) and the
regulated +5V supply voltage stabilize at their nominal

values, the two conparators generate a high level which

causes Q4 to saturate.

1.

L.
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1-. As

of

Diode VR2 prevents Q4 from saturating when the output
voltage of the comparators is less than about +3V. When

Q4 saturates, the following occurs:

a. Capacitor C705 discharges via resistor R716. After
approximately 1 millisecond, the output of inverter
U11-8 ri.ses to a high leveI .

This high leve1 is applied ro rhe gare U22-3: when

the LCS* or MCSZ* lines are at a 1ow level, lJ?Z-3

enables RAU (U6) operation by means of a low level on

the CS/RAM-BCK 1ine. The VCONT line assumes a high
leve1, which enables rhe operation of U8 (TIMING LSI).

b. The output of inverter U11-10 fa1ls to a low 1evel,
therefore transistor Q5 cuts-off. Capacitor C708

charges via &725, and the output voltage on the
RST/CPU line increases, After approximately
30 nilliseconds, the RST/CpU rises ro a high 1eve1

and the microprocessor can slart normal operation.

long as the supply voltages remain normal, t.he output
U11-12 reuains at a high leve1.

When power is removed, the output of U11-12 falls to a

1ow level. C705 charges via R716, therefore the VCONT

line fa1ls to a 1ow level after approximately
1 millisecond delay.

In addition, transistor Q5 saturates and capacitor C708

discharges via F"724, therefore the RST/CpU line falls to
a low level after approximaEely 100 nicroseconds and the
microprocessor is reset.
In addition, the CS/RAI'{-BCK line rises to a high 1evel,
therefore the RAII is inhibited and its contents are then
preserved by the backup battery.
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(b) Power-fai1 coatroller.
the inverter UI1-8, the
CR706 and CR707.

The power-fai1

transistors Q2

l,rA 2187-09501_00
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controller comprises

and Q3 and the diodes

(c) Watchdog circuit. The watchdog

14-stage binary counter U2lr and gate

R726, R727, R721, CR711, CR710, R72g.

circuit comprises the

U25*2, and the resistors

counter counts the 10kHz

SYNT module, via resistor

1. During normal

clock pulses

R727.

operation, the
arrivi.ng from the

The microprocessor can reset the ratchdog counter by
applying a low level pulse on rhe CS/WD 1ine. This
pulse passes via the inverter U25-Z to the reset input
of the counter U24.

is also reset when a high level pulse is applied on

RESET line arriving from the nicroprocessor.

During normal operation, the counter is periodically
reset. Thus, the Q14 output never assuBe a high level.
rf the normal execution of microprocessor software is
disrupted, the reset pulse wiIl not appear, and Ehe

output of V24 (Q14) witl rise ro a high tevet 900

milliseconds afrer rhe last CS/WD pulse. This high
level passes via Q5 to the RS?/CPU input of the
nicroprocessor. The oicroprocesoor is reset, and it
returns to normal operation.

(3) l/o circuit (figure 2-37D). The t/o circuir comprises two
transceivers, u16 and ul7, two ports, ul5, u3l, and Ewo selectors u13,
u14.

(a) Transceivers. The transferring direcrion of ul6, u17 is
determined by the DT/R line applied fron the microprocessor.

u24

the

2.
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U17 connects the internal data bus (OBO-Z) to motherboard on

the DMB0-7 lines. U17 is enabled by MB-CS* and DEN* lines
applied from the microprocessor via OR gate Ul2-6. Ul6

connects the internal data bus (DB0-7) to panel on rhe DBp0-7

lines. U16 is enabled by pNL-CS* and DEN* lines applied from
the microprocessor via OR gate Ul2-3.

?he transceivers al1ow quick disconnection of the internal
data bus from slow components located on pane1, and

disconnection of buses which are not used.

(b) Input port. U15 is an inpur porr, enabled by rhe pORT-CSr.

and RD* signals, applied from the microprocessor. This port
latches indication signals received from module AUDro

(SQ-oUT), from the panel and from rhe pGA (oonf, BUSY) and

transfers them to the internal data bus (DB0-7) when the port
is enabled-

The signal functions are as follows:

l. SQ OUT indicates the state of the syllabic squelch
circuit, located on the AUDIO module.

L. The PGA status is indicated by rwo signals: rhe DONE

signal, which appears after correct initialization of
the PGA, and the BUSY* signal which appears when the pGA

is busy and cannot accept comnands.

1. The other signals determine the coumunication status, in
accordance with the state of the various pTT lines.

!. DAKB indicates that a key has been pressed on the
front panel.
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(c) output port. u31 is an outpur port enabled by the Mux-cs*
signal generated by rhe CS generaEor (U13-7). U31 can be

cteared by the RESET signal frou the microprocessor (applied
to pin 1 ). iltren the port is enabled, U31 transfers the
informatior appearing on the internal data bus lines DBO thru
5 to its outputs 1ines, Q1 thru Q5.

The information Eransferred by U31 includes:

The ADC-MUX 1 thru 4 1ines, which

multiplexer comprising U19 and U20.

the selection of the inpur signal
converEer for measurement.

The PROGEN signal,
(figure 2-37A) as an

are applied to the

These lines control
applied to the A/D

which is applied to the EPROI1 U5

optional progran enable signal.

(d) cs generator. The

selectors Ul3 and

chip select signals
lines A, B, C.

CS generator circuit consists of the
U14. These selectors generates various
which are deternined by the input select

The chip select signals control ports
for components on the motherboard and

components on the MCU glodule.

on the AUDIO modules

on the panel, and for

1. Ul3 is enabled by

low address lines
l ines A, B, C.

the WR* and MB-CS*

A0, A1 , PJ. used as

signals, and the

the input select
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Table 2-13. Address Decoder U13, Chip-Select Signals

?-. The CS/I-I is generated by rhe logic OR operation between

the ItD* and I'{B-CS* signals , perf ormed by gate U12-9.

This line selects input port U5 on motherboard.

:-. U14 is enabled by the WR*, BO* (combined by AND gare

U7-8) and PNL-CS* sigaals. Its ioput seleet lines A, B,

C are connected to address lines A4, A5, A6.

2-t98

Address Lines
(U3 Select Inputs)

Low U3 Output Connec ted
to

Enabled Circuit
or Function

A2
(pin 3 )

A1
(pin 2)

AO
(pin 1)

0 0 0 Pin 15 - Cs/0-1 Motherboard Controlling latch U1

on motherboard

0 0 1 Pin 14 - cs/O-2 Motherboard controlling latch u2
on motherboard

0 1 0 Pin 13 - cs/0-3 I*lotherboard Controlling latch U3
on motherboard

0 I 1 Pin 12 - CS/0-4 Motherboard Controlling latch U4
on motherboard

I 0 0 Pin 11 - CS/AI Module AUDIO CoaErolling larch U25
on AUDIO module

1 0 I Pin 10 - cS/ Az I'lodu1e AUDIO Controlling latch U26
on AUDI0 Bodule

1 I 0 Pin 9 - CS/A3 Module AUDIO Controlling latches
U27, U28 on AUDIO
module

1 1 1 PinT-notused



Address Lines
(U14 Selecr Inpurs)

Low U14 Output Connec ted
to

Enabled Circuit
or Element

A6
(pin 3 )

A5
(pin 2)

A4
(pin 1 )

0 0 0 Pin 15 - CS*KB Panel Keyboard

0 0 1 Pin 14 - CS*SEL Panel Selectors

0 I 0 Pin 13 - CS*DI.{ Panel Dot-matrix display

0 I 1 Pin 12 - CS*7-S Panel Seven-segment display

1 0 0 Pin 11 - CS*LED Panel LEDs

1 0 I Pin 10 - TIM-CS* u8-72
(module
I{CU)

TII'{ING LSI

1 I 0 Pin 9 - ADS-CS* u21-1
(modul e
ucu)

A/D converter

1 1 t Pin 7 - MUX-CS* u3 1-9
(uodule
ucu)

Output port

l,tA 2187-09501-00
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Table 2-L4. Address Decoder Ui4, Chip-Selecr Signals

(4) Timing circuir ( f ig. z-3tB and z-40). The riming ci.rcuir
comprises the TIMING LSI, Ug, and the EpRoM, ug.
Figure 2-40 shows the block diagrau of the TII,,IING LSI.

(a) The Tr}lrNG LSr comprises the follouing functional blocks:

!. Bus iaterface. This circuit interfaces betseen the data
bus 1 ines arriving from the oicroprocessor Eo the
internal circuits of the TIMING LSI.
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L. PLL. The PLL circuit comprises the oscillator aad the

digital PLL. The oscillator uses the 2.688Mltz TlM CLK

signal provided by the PGA circuit to drive the digital
PLL and to generate the CLK COR signal.
The digital PLL generates the f1 (l344klf"z) and l28Rz

clock signals, phase-locked to one of the clock signals

on the CLKI1, CLKL2, CLKI3 lines (when power is on, the

reference clock is CLKI2[ when power is off, CLKI1 is
selected).

* The CORCLK signal is applied to the PGA U30.

* The F1 and l28[z signals are applied to the UPDATE

and TOD circuits, respectively.

* The 32k[z clock signal from the LXO is connected to

the CLKII 1ine.

* Ttre IXBB-CLK-F transmit clock signal from the AUDI0

module is connected to the CLKI2 1ine.

* ?he 550kHz clock signal from the PGA U30 is
connected to the CLKI3 line.

When power is disconnected from t.he MCU module, the PLL

circuit receives only the 32k1f.z clock signal (Clfft) and

generates the 128H2 signal for the TOD circuit.

:-. TOD. The TOD circuit maintains the time-of-day
information by counting the l28P.z clock pulses from the

PLL. The TOD information can be updated according to
CPU commands, upon operator request, or upon reception
of more accurate TOD information from another PRC-2200.

1. tPDATE. The UPDAIE circuit receives the F1 clock signal
from the PLL and generates the F2 and f2rk clock signals
(512kHz each), rhose phases are corrected and updated

according to the CPU ss"mands. In this way, all the
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clock and tirning signals derived from the F2 and F2*
clock signals, can be phase-shifted according to data
received froe the CpU.

TIITiING 1. ?he f irsE riming circuit receives the T2,*

clock signal from Ehe update circuit and generates the
T0 thru T15 signals. The rining of rhe T0-Tl5 signals
is determined by the data stored in one of the four
2 kbyte pages of Ehe EpROlt U9. The riraing circuir
generates address signals EA0-8A10, applied to rhe EpROM

A0-A10 address lines.

The data stored in the EPROM location pointed to by the
address lines is applied ro the ED0-ED7 inpurs of the
ti.ning circuit. This data indicaLes the actual state
(high or 1ow) of the T0 thru T15 outputs and the number

of F2* clock cycles that ruust elapse unt.i1 the next
change of slate at one or tnore outputs.
After lbe required nuober of F2* clock cycles has

elapsed, new dat.a i.s read from the EPROM.

At Ehe end of the waveform cycle, the tining circuit
executes a ttloopt' to the first address of the cyc1e.

Thus, predeternined waveform patterns appear at
T0-T15 outputs, according to the data stored in
EPROM U9. Several waveform patlerns ( frames ) may

snoothly switched on-1ine.

l. ?be TO output is connected ro pGA (U30) for generariag
rhe TIM-PORT-0, TIU-PORT-I signals.

b.. The Tl thru T4 outpufs are internally connected to rhe

TIIIING 2 circuit.

c. The T5 output is connected via the inverter U11-2 and

the INT T5 line to rhe pCA U30 input for generating
the INT BIT ( f.ig. 2-378).

the

the

be
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A

!

e.

The T6 output,
microprocessor.

The T7 output,
microprocessor.

The Tg output, designated HOP,

PGA U30. This line provides the

anying the frequency data applied

designated INT MC, is connected to the

designated INT SW, is connected to the

is connected to the

strobe signal accomp-

to the SYNT module.

tog. The

the

T9 output, designated INT-T5-D, is connected

PGA U30 for generating the INT BIT.

h. The T10-T12 ourputs, designared SELo thru SEL2, are

conneeted to the select inputs of module AUDIO input
se1 ector .

The T13 output, designated BPF DW, is connected to
the AUDIO module for discharging the four FSK

detectors, and to the select input of U3.

t"

j. The T14 output, designated FSK

D flip-flop in pGA (U30), which

signals THRIO and TI'lRIl for the

signals switch betr.reen the tr^ro

the FSK tones.

LC, is connected to a

generates the control
microprocessor. These

timers, that generate

k. The T15 output drives the FCBI clock input of the
second timing circuit, TII'IING 2.

TIMING Z. The second timing circuit receives the fz
clock signal from the updare circuit and the signals T1

thru T4, and T15 from rhe TIMING 1 circuir. TIMING z

generates the following signals: CL0CK 02, CLOCK 01, FCB

and FWI, and receives the PWII signal.
tcg i rwt "" i"i' L")
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a. The CLOCK A2 and CLOCK 01 ourpurs
the FSI and FSO lines ro the pGA.

the timing signals used for data
codec to Ehe RAM and vice-versa.
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are conneeted via
The PGA generates

transfer from the

pages. ?he CPU selects a

PORT I output lines of rhe

the address inputs A11 and

b. outputs FCB, FWI are connected to the pGA U30. These

lines carry the frequency data and clock signals and

are part of the freguency bus.

c. The F!{II input line is connecred to the HARD FSK 1ine,
arriving from the AUDIO module, through the inverter
U2714. The TII,IING tSI reads via the IIARD FSK line rhe
signal appearing at the output of the FSK detector/-
comparator located oa the AUDIO module.

(b) The EPROM

page using

PCA. These

A12 of the

contains four 2 kbyte
the TIM PORT 0 and TIM

lines are connected to
EPROM U9.

(c ) When pol,er is disconnecced from the MCU module, the
power-fai1 controller supplies an operating voltage from the
lichium battery for the ToD and for part of the pLL circuits
via the VBACK line.
ToD information is protected against accidentat nrodification
during the transition from normal t.o low-power operation.

(d) Low-power oscillator (LXO) (fig. Z-37C). The LXO provides a

32k[z clock signal for the tining circuit. power is supplied
to the LXO from the power-fail controller, via rhe vBACK line.

(5) Analog signal measurement circuit (tLg. z-3il). This circuir is
builc around the multiplexers u19 and u20, and A/D converter u21.

(a) signal selection. The rceasured signal is selected by means

of the multiplexers u19 and u20. u19 and u20 are controlled
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by the microprocessor via the control l ines ADC-I'1UXl-4,

applied through the output porr U31 (fig. 2-37D).

To measure a specific signalr the microprocessor sends firsc
an enable command via the output port U31 !o one of the Cwo

mulciplexers, via the ADC-MUX-4 control 1ine. When ADC-MUX-4

is aE a 1ow level, Ehe INH* inpul ol U19 receives a low

1eve1, iherefore U19 is enabled. I^lhen ADC-MUX-4 is aE a high

level , U20 is enabled.

While the microprocessor selects the required mulEiplexer, it
a1 so appl ies the appropriare se1 ection code via the

ADC-MUXI-3 lines, to select one of the 8 analog signals
connected lo che selected multipiexer inputs.

(b) The output of rhe multiplexer (pin 3) is connected to the

analog input VIN+ (pin 6) of rhe AID converter U21. The A/D

converter starls lhe conversion when the microprocessor sends

a lor,r leve1 on the ADC-CS* line, via the CS generalor U14-9

(fig. 2-37D). At the same !ime, the microprocessor applies a

low 1eve1 on the WR* line.

(c) When the conversion is sEarted, Uzl pu1ls the INTR* (tOC

line) output to a high leve1, to indicate that conversion is
in process. l{hen the conversion ends, the A/D converter
provides a 1ow 1eve1 at the INTR* output. This 1ow 1eve1 is
sent via Ehe EOC line fo the PCA, which then transfers the

signal, via the PGA to the rnicroprocessor. This signal
indicates that the rnicroprocessor can read Ehe dala from U21.

(d) In response, the microprocessor applies a 1ow level on the

ADC-CS* and RD* 1ines. This low leve1 is connected to the

RD* input (pin 2) of U21. As a result, the data outpuEs of
U21 (pins i1 thru 18) are enabled and the data word appearing

at che AID converter output is sent Eo che microprocessor via
the data bus.
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(e) An accurate reference voltage of
of U21. This voltage is provided

2.5V reference diode CR603.

temperature-compensation diodes .

an accurate 2.5V voltage.

(f)
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2.5V is connected to pin g

by the circuit built around

CR602 and CR605 are

R634 is selected to obtain

Ehe microprocessor

Ul9 are connected

The analog signals which can be measured

are listed below. The signals applied
via volEage dividers.

by

Eo

1.

2,

:.

6.

L.5
in

+5V l,tCU module supply voltage.

IF I0 LEVEL voltage from module IF.

3 Battery volrage (SW BAT OUT) from module p.S.

2V supply voltage generated by the TX po\rer supply
module ?S, through Cp-2003.

CHARGE 1 ine frorn the R}IT/DATA connector

IF-SENSOR line from modute IF.

MUX signal, selected by means of the BIT raultiplexer
module AI'1.

Pl{ONE-tr'1ine from module AUDIO. The audio signal
arriving on rhis line is artenuated by R617, R6l9 and

peak-rectified by CR601, R620 and C610.

Voltage of backup baErery (SCX BAT). Wtren rhe RT-2001

is turned on (+12V at rhe SI,i BAT OUT line), lhe FET Ql

conducts and the BCK BAT line is applied via R621 ro
pin 13 of U20. When the unit is turned off, QI curs off
and no current is drawn from Ehe backup batEery.

].. AM

in

8

9.

2-247



MA 2187-09501-00
Issue 1

u..

11.

S-UETER (received signal strength) line from module IF.

PS CURPENT from module PS.

12. ItS CltN and HS FNC lines from module PANEL. When the
H-739 handset is connected to the RT-2001, these two

lines carry DC voltages which indicate that a control
handset is coanected, and the positions of the channel

and function switches located on the handset. These

voltages are decoded by the microprocessor and used as

control information, instead of the corxnands received by

setting the corresponding front-pane1 controls.

(6) Codec (fig. 2-37.C, and 2-41). The codec UZg (fig. Z-37.C)
operates as an interface between the AUDro module and the pGA, u30.

The block diagram of the codec circuit is shown in figure z-41. The

codec contaias A/D and D/A circuits, designed for optimal processing of
speech. The transmit path uses the A/D section of the codec to convert
the analog input signal to digital data. The analog signal is applied
from module AUDro to pin 1 of the codec uzg. The analog sigaal is
sampled and converted to u-1aw encoded pcM data, appearing at pin g,

The codec conversion clock, used by both the transmit and the receive
paths, has a frequency of 140kHz. The clock signal is appi ied from the
PCA to pins 7 and 10 of U29, via the CK-CODEC 1ine.

The PCM data is sent to the PGA u30 via rhe DATA our 1 iae. Data
transmission is synchronized by ueans of the TxsyNc pulses applied to
pin 6. The TXSYNC pulses are provided by rhe pGA U30.

The processed data, returning from the pGA via the DATA rN 1ine,
applied to the D/l section of the codec via pin 12. The dara
converted back to an analog signal. Data transfer from the pGA

synehronized by means of RX$YNC pulses applied from the PGA to pin 9.

1S

1S

1S
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The master clock used to operate the internal A/D and D/A sequencers is
provided from Ehe sYNT module, via the 3.5 L,lc 1ine. The 3 .5 MHz clock
received via this line is divided by two in the PGA U30. The resulting
1.75 lfrrz clock signal is appl ied to pin 5 of u4 , vi-a rhe MASTER-CODEC

1ine.

0) communication interface (fig. 7-37c). This circuit provides an

interface for the serial cormnunication signal s arriving from the
cP-2003, and for the external user connected to Ehe front panel

RHT/DATA connector.

The inverters U26 aad 1J27 marked by an R receive RS-232 levels (+5V)

and convert them to 0V and 5V levels. The inverters marked by a D make

the opposite conversion.

(a ) Receive path.

l. The serial data from the Cp-2003 is applied via the rear
connector to the M-SER-R 1ine. The data is appl ied by

the two Schmitt trigger inverters U28-4 and the U2g-6 to
rhe serial input line (pflc 39) of the pGA, via the AND

gate U7-11.

L. The serial data arriving from rhe front panel RMT/DATA

(nX-Snn-f) connector at RS-232 levels is converted inro
the internal +!/Qy leve1s by U27-13. The converted data
is driven by U7-11 to the pGA, via the serial input line
(pin 39 ).

( b ) Transmit path . The serial dara from the pGA ( pin 23) , is
buffered by U28-12 and senE to one of the fol 1 owing

destinations:

l. To the CP-2003 via rhe TX-SER-R I ine.

2. To the i-nput of the inverter U27-5. The inverEer
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converts the internal levels to Rs-232 compatible levels
(15V) and applies rhe dara ro rhe fronr panet RMT/DATA

connecror via the TX-SER-F 1ine.

(8) Serial cosmunication channel operation (figure Z-37C). The serial
corrnunication channel is implemented by Eeans of an asynchronous
ha1 f-duplex receiver/transmitter (Uent). This UART is used for
cornmuni.cation between the microprocessor in RT-2001, the Cp-2003 and an

external user connected to Rl.lT/DATA connector. The output data is
transmitted seriatly via the TX-SER-R/F lines and serial input data is
accepted at the RX-SER-R/F inputs. The data word frarue contains 10

bits: one start bit, eight data bits and one stop bit. The processing
clock is 140 kHz.

(a) Transmission. The cPU writes the data to be transmitted inro
the shift register serving the pGA. rn the first stage, the
starf bit is transmitted. In the second stage, the shift
register receives a shift instruction, and data loaded into
the shift register is Eransmitted on the Tx-sER-R/F 1ines,
srarriog wirh the leasr significanr bir (lsn). Afrer ending
data bit transmission, the stop bit is transmitEed.

AfEer transmitting the stop bit from the shift register, the
PGA transmiEs an NMr interrupt to the cpu, and then the cpu
writes a nes, data word.

(b) Reception. The process begins when a high-to-row transition
appears ar one of rhe Rx-sER-R/F inputs. The Rx-sER-R/F
input is sampled three times during each receive clock cyc1e,
to confirm the signal 1eve1. ?he received bit is determined
by majority voting, i.e., according Eo the level of the input
signal detecEed during at leasE 2 out of the 3 samples taken
during one receiver clock cyc1e.

If during the reception of rhe start bit, the majority
decision is that the signal is high, the receive process

T
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is aborted and will restart after detecti"ng the next

high-to-low transition in the input signal leve1.

L. After the detection of a valid start biE, the bit
detected during the following receive clock cycle is
loaded into the receive shift register of the PGA.

1. The process of bit reception and loading into the

receive shift regisrer repeats itself until all the data

bits are received.

AfEer receiving one additional bit (ttre stop bit), the PGA

transmits an NI',II interrupt to the CPU, and the CPU reads the

data stored in the receive shift register.

(g) Progranunable gate array (PGA - U30) (figure 2-37C, 2-42 and figure
2-43 A thru K). Figure 2-42 describes the functional interconnection
diagram and the figures 2-43A through 2-43K describe the ten functional
blocks (designated 2 through 11 in fi-gure 2-42) of the peA,.

(a) Block 2 - PCA-CS (fig. 2-43.A). This block receives from the

microprocessor three address lines A0, A1, A2 (pins 40, 41,
47), the RD* and WR* signals (pins 76,75) and rhe PGA-GS*

signal from the CS generator (pin 61). ?hese signals are

used to generate inEernal chip select signals for reading

from the ports R0-R7 and for writing to ports ll0-W7

(b) Block 3 - CODEC (tig. 2-43.8). This block simultaneously
converts the transmit and receive data from serial to parallel
and from parallel to serial format, and provides buffering of
para1le1 data. This block performs the connection between

the RAM serving the microprocessor and the codec U29, and

therefore aerves as the gateway through which digital signal
processing is inLroduced in the transmit and receive si-gna1

paEhs. This operation is controlled by a Dl4A mechanism.
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Figure 2-43A. ?cA, U30 - PGA-CS Section, Schematic Diagram (Sheet 1 of 10)

Figure 2-438. PGA, U30 - Codec Section, Schematic Diagram (Sheet 2 of i0)
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Figure 2-43C. PGA, U30 - FREQ TRN SecEion, Schemacic Diagram (Sheet 3 of i0)

Figure 2-43D. PGA, U30 - DIV3-5M Section, Schematic Diagram (Sheet 2 of 10)
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(sn SER-AR-)

Figure 2-438. PGA, U30 - Dlvl0l.{ Section, Scheuatic Diagram (Sheer 5 of 10)

Figure 2-43F. PGA, U30 - TI},I-RDY Section, Scheuatic Diagram (Sheet 6 of 10)

2.68S ihz
<to llilxc)
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Figure 2'43C. PGA, U30 - TIMAD Section, Schematic Diagram (Sheet 7 of 10)

Figure 2-43H. PGA, U30 - llrscl Section, Schematic Diagram (Sheet 8 of l0)
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Transferring data from Ehe codec to Ehe RAM. The

process starts when Ehe FSI (fron U8) signal rises to a

high 1evel. The rising edge is synchronized by the
140 KHz clock. As a result, Ehe SYNCI signal rises to a

hi.gh leve1 (pin 82). Then rhe codec samples rhe presenr
analog input and transfers the previous sample value via
the DI line (pin 84), ar a rate of 140 Ktiz, to Ehe shift
register. This serial infornation includes 8 bits and

the Eransfer is made byte after byte.

The byte is applied Eo rhe shifr register bir afrer bit.
When the bit counter reaches 8, the SYNCI signal fal1s
to a lolr level and the DMA-RQ1 signal (pin 73) rises ro
a high leve1. This signal is applied ro rhe
microprocessor via DRQ-0 1ine.

The DRQ-O signal indicates that a byte can be sent from
the shift register Eo ihe RAH via the data bus,
therefore, a DMA process starts for this purpose. When

this process ends, the DMA-RQI signal is returned to a

low level by the microprocessor. During this process,
the shift register is enabled by means of RO signal
( from block 2 ).

Transferring data from the RAI'I to the codec. When Che

FSO signal (fron U8) rises to a high level. The rising
edge is synchronized by Ehe 140 KHz clock. As a result,
Ehe SYNC2 (pin 80) signat rises ro a high leve1. Then a

block of processed daEa is rransferred from the shift
register to the D/A seerion of the codec, via the D0 line
(pin 59), while the codec converts the previous di_gira1

information to an analog form. The byte Cransfer conti-
nues until the bit counter reaches 8, then the SYNC-2

signal falls co a 1ow leve1. In response, the DMA-RQ2

(pin 79) rises Eo a high 1eve1. This signal i.s applie<i

to the microprocessor via the DRQ-1 1ine, Lo indicaEe

?.
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that
RA},l

a new

to the

byte of processed

shift register via
data can be sent

Ehe internal data

froo the

bus.

During this process, the shift register is enabled by

oeans of the MIO signal (from block 2).

(c) Block 4 - FREQ TRN (fig. 2-42, 2-43.C). This block is an

option, which a11ows the reading of freguency informati.on

from an external source. The frequency daEa, clock and

strobe signals arriving from the TIMING LSI, U8, to pins 14,

29 aod 34, respectively, of U30 pass through internal buffers
to pins 16, 27, 26, respectively (figure 2-42). The internal
buffers are controlled by the internal EXFGEN line. The pins
16, 27,26 are connected via the inverters U25 (pins 6,8,
10) to the inputs of block 4 (pins 17, 30, 37, respectively)
of PGA (U30) together with Ehe UNLOCK line (pin 28) from rhe

SYNT module.

Block 4 also generates the NMI interrupE in case the SYNT

module signals loss of lock (UNLOCK 1i-ne).

(d) Block 5 - DIV3.5U fig. (2-43.D). tiris block receives a 3.5 MI{z

clock from module SYNT, and divides its freguency. This

biock generates 550 KIlz for the TIMING LSI, U8, to 1.75 Wlz

for the MASTER CODEC line, and 140 Ktlz for the codec clock.

(e) Block 6 - DIV-IOM (fig.2-43.8). The PGA is connecred to an

external crystal oscillator that provides 10.152 MHz. This
block divides the freguency of the 1A.752 lfilz signal by 4,

and appl ies it to the TIMING LSI U8 via the TIM-CLK 1 ine
(pin 35) and generates a 153.6k112 signal for the asynchronous

modem (bloct< 10). The SRCKEN signal enables the generation

of the 153.6 KHz c1ock. The SRCKEN (seri"al clock enable)

signal is controlled by writing to a D flip-f1op the state of
data bus 1i.ne DZ by means of the W3 signal generated in
block 2.
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This block performs two

Generates an ARIY signal for the microprocessor. The

ARDY signal controls the mi.croprocessor wait states
necessary for coruaunication with all the devices which

are enabled by the PNL-CS signal.

Control over Ehe generation of the four FSK tones. The

FSK tones ate generated by counter 0 and counler 1 in
the microprocessor. Each counter can generate each of
the four FSK tones (frequencies of 2400, 27AA, 3000 and

3300 Hz). To achieve fast switching from one FSK tone
to anoEher, one counter generates the present FSK tone
and the other is loaded with the data necessery for the
following FSK tone. Therefore when counter 1 is
enabled, counter 0 is disabled, and vice versa. The FSK

LC 1ine, provided by the TI!,IING LSl U8, conrrols the
accurate tining of the FSK tone'swi.tching.

The selected FSK tone is sent via the FSK GEN liae to
module AUDIO, for transmissi.on.

(g) Block I - TTD1AD ( rig. 2-43.c). This block generates
TII'1-PORT-0/1 (pin 33 and 42) signals ro expand rhe address
space of TIIiING LSI (U8 ) ro Skbyte, by connecring
TIM-PORT-0/I to All-A12 inpur tines of rhe EPROI,,I U9.

(h) Block 9 - I'{ISC1 ( f ig. 2-43 .H) .

following signals:
This block generates Ehe

I

L.

1. INT URT - appears after the

COI'1-REQ-R or INTMDT s ignal
block 1 1 .

reception of a COI,I-REQ-F,

from the internal modem
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2-. INT BIT - is a function of INT-T5 and INT-T5-D ( from

U8), and appears during self-test.

l-. CKXI, CKX4 are obtained by dividing the frequency of the

CORCLK signal (from U8) by 256 and by 128, respectively.
These clock signals are applied to block 11.

Block 9 also generates the RXBB-CK signal (pin 51).

Signal generation is enabled by the signals D6 and D7

(nXnssN) signals, and i.s control led by the i^13 signal .

The W3 signal is generated in block 2.

(j) Block 10 - MODEM 24 (figure 2-43.J). This block contains a

2.4 kbps asynchronous receiver/transmitter (UART). It has a

serial iaput (pin 39) and a serial output (pin 23). The

asynchronous serial data produces an INTU24 which is applied
to block 4. This block generates the NI1I interrupt for the

microprocessor, and then the microprocessor reads the

received word via the data bus in a parallel format. This

process can also operate in the opposite way.

(k) Block 11 - MODEMDT (fig. 2-43.K). This block is used as the

internal modeu. This modem operates at rates of 50, 75 and

150 baud. The transmit data arriving on the TXBB-IN (pin 68)

line is directly applied to the PGA. The receive data from

the PGA it is directly applied to the RXBB-D line (pin 63).

This block generaEes an INTMDT signal which is appiied !o

block 9 . In response, this block creates the INT-URT

interrupt for the microprocessor. The microprocessor then

reads data from the internal modem, via the internal data bus

and vice versa.

(1) The internal data bus of U30 is used for bi-directional data

transfer between the uodem (block 11) and the UART (block

10). Two other parts which are connected to the internal
data bus are the Reading Port and the Writing Port.
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and externalThese ports latch control

PurPoses.

MCU Module Software.

(1) The operation of RT-2001 and

coumunicate with the cP-2003 and

software stored in the EPROM U5,

The raain functions of the software

the protocols used

external units are

are:

by the RT-2001 to
controlled by the

the operator and

various modules.

display.

(a) Initialization upon turn-on.

(b ) Transmission and reception of Eessages to and from the
external user connected to the front panel RI'IT/DATA connector.

(c) ?ransmission t.o and reception of messages from, the cp-2003.

(d) writing to and reading optionally frequency data from the
frequency bus.

(e) Processing of information received from the cp-2003 and the
various RT-2001 modules, and generation of appropriate
corrmands for the various modules.

(f) Monitoring of the outputs of the various signal sensors
located in the other modules, and perforning continuous
on-line checks and off-line self-test (BIT system).

(g) Processing of the coumands received from
their conversion to control signals for the

(h) Display of

(j ) Processing

codec.

messages on the front panel LCD

of digital data applied to, and received from, the
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(k) Generation of various signals thaE control signal routing in
module AUDIO.

(2) Main software modules. The software is modular and comprises the
f ol l owing main modules ..

(a) INITIAIIZATIoN module. Performs microprocessor initializaEion
and deEermines the initial values for the various variables.
After ending its execution, it enables the interrupts and

cal1s the nain program.

(b) MCU module. Receives information from the other software
modules, processes the received information and operates the
service routines.

(c) INTERRUPT module.

l. Handles reading and writing of data from and to the pGA.

?_. Handles reading of freguency data byte from frequency
bus.

L. Handles the self-test interrupt.

!. Handles the inrerrupr coming from TIMING LSI (Ug).

(d) Service functions. The sofEware comprises service functions,
used by the MCU module. The service functions perform all
the operations and tasks listed in para. (1) above, under

control of the MCU nodule.
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2-t4. Module PANEL

(fig. 2-44 thru 2-48)

a- Block Diagrarn_Analysis (fig.2-44). The PANEL module conrains rhe
connections bet*een components located on the front panel and the RT-2001

moEherboard. The connections to the front panel components are made by Eeans

of a special flexible printed circuit board (tig. Z-.44). In addition, the
front panel contains interface circuits to Ehe keypad, to the LCD displays and
to the various selectors. These circuits are located on the DISpLAy nodule.

(1) Interface to front-panet controls.

(a) Keypad interface. the keypad interface comprises an encoder,
which scans the keypad and detects key pressings. when a key
pressing is detected, the encoder sends a signal to the Mcu

module, via the DAKB 1 ine. When interrogated by the
microprocessor in the the HCU module, the encoder sends the
code of the pressed key via the data bus.

(b ) control interface. The control interface cornprises a

buf fer. when interrogated by the oicroprocessor in the l'lcu

module, the buffer transfers the data indicating the position
of the front-pane1 channet and function selectors via the
data bus.

Q) Interface to front-pane1 displays and indicators,

(a) tED interface. The front-panel
dedicated control latch. The

ipdated by the microprocessor
necessary, via the data bus.

LEDs are controlled via a

contents of the latch are

in module I'ICU whenever

LCD display and keypad lighring. ?he fronr-panel LCD

displays and the keypad can be backlighted, by Beans of
electro-luminiscent (EL) elements. The EL elements are

controlled via the LED control latch. l.Ihen l ighting is ofl,

(b)
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the microprocessor turns on

generates the operating voltage,
a DCIAC converter, which

1 10VAC, for the EL elements.

b.

ampl

ampl

(c) Seven-segment and dot-matrix displays. The seven-segment and

dot-matrix displays use multiplexing. The display information
is transferred by the microprocessor in module MCU via the
data bus, together with select signals for each display unif.

On the DISPLAY module, the display information is converted
to local drive signals by a dot-matrix display controller and

by a seven-segment driver. To obtain optimum contrast, the
dotmatrix controller and seven-segment driver receive a

contrast correction voltage from temperature compensarion

circuits.

(3 ) Microphone amplifier. The microphone amplifier receives the
low-1evel signal applied to the microphone line in the AUDIO connecror
and arnplifies it. The microphone amplifier is built on a separate
printed circuit card.

Microphone Ampl ifier Circuit Analysis ( fie. 2-45) . Microphone
ifier (fig. 2'45). The microphone amplifier is bui.lt around operational
ifier Ul. Its schematic diagram is shown in figure 2-45.

c. DIS.PLAY Module, Circuir AnaUsis (f ig. 2-46, 2-47).
Ehe schematic diagram of module DISpLAy.

Figure 2-47 shows the wiring diagram of the front-panel
flexible PCB uses the following connectors:

2-230

connector p2 (60 pin), connecced to module MCU.

Connector P1, connected to module DISPLAY.

Connector P3, connected Eo the RMT/DATA connector.
Connector P4, connected to the FUNCTION selector.
Connector P5, connected to the CHANNEL selector.
Conneclor P6, connected to the volume control.

Figure 2-46 shows

flexible PCB. The
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H - High logic level

L - Low logic level

(l ) Keypad operation.

( a) The keypad consists of crro groups of conducting strips,
forming four ro\{s (yt Ehrough yD and four columns (Xt
through x4). A key is locaEed at each intersecrion. lJhen

depressed, the key connects the corresponding strips together
( i.e. key 'r1" connects the X1 and yl strips, key r'0,' conneccs
che X2 and Y4 strips, etc.).

(b) Keypad encoding. The eight output lines of the keypad are
connected to the input of the keypad encoder ul. The keypad

encoder supplies a four-bit output word, DBp0 thru DBp3 (nnp+

is not used), which indicaEes the number of depressed key in
binary format. Table 2-15 lisCs the encoded outputs.

Table 2-15. Keypad Encoder Truth Table

Key
OuEpuE Word

DBP3
(pin 16)

DBP2
(pin 17)

DBPl
(Pin 18)

DBPO

(pin rg)

RST
O/TEST
PROG

ENT

7 / TII"IE
8/AUT0
9/KEY
NET/DOWN
4/DATA

5 /pwn
6/t'loDn
ADDR/UP
1 /LITE
2/sQ
3I STAT
FRQ

H

H

H

H

H
H

H
H

L

L
L
L
L
L
L
L

H

H

H

H

L
L
L
L
H

ti
lt
H

L
L
L
L

L
L
H

H

L
L
H
H

L

L
H

H

L
L
H

H

L
H

L
H

L
H

L
H

L

H

L
H

L
H

L
H
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(c) Keypad encoder operation (fig. 2-48).

The keypad encoder, U1, scans the i.nput lines at a rate
determined by an internal oscillator. The oscillator
frequency depends on the value of C5 (connected to
pin 6).

When a key is depressed, its i.dentification code is
sEored in an internal regisEer and a high level pulse

aPPears at the DAKB (data avail.able KB) ourpur - pin 13.

The pulse persists as long as the key is depressed. An

internal debounce circuit and capacitor CG connected to
pin 7 prevent the appearance of nultiple pulses due to
key bouncing.

The DAKB pulse is sent ro rhe MCU module. The MCU

module responds by performing a read operation from Ehe

keypad port. During the read operation, a 1ow level
appears at the output of the address decoder in the MCU

module. This low 1eve1 is appl.ied via the keypad

cbip-select line (CS-Xn) ro pin 14 of U1, enabling irs
three-staEe outpuE.

four-bit code of the depressed key is Ehen applied
data bus lines DBP0, DBPI, DBp2 and DBp3 and is read

the microprocessor in the I4CU module.

Q) rnpuE buf fer. The inpur buf fer is buil t around vz . The inpur
buffer is controlled by the cs SEL line from the MCU rnodule. A 1ow

1eve1 on this line enables Ehe buffer. The buffer then transfers the
bits indicating the status of the channel selector (cttN R thru CHN D)

and the function selector (fuc L rhru FNC D) to the data bus. The data
is then read by the microprocessor in module l'lcu, via the data bus.

(a) The channel selector position is encoded in BCD code, as

listed in table 2-16.

1.

?--

3.

The

on

by
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Table 2-16. Channel SelecEor Encoding

Pos ition
CHN Lines (U2 inpurs)

CHN D

(pin 5 )
CHN C

(Pia 4)
C1{N B

(pi.n I )
CHN A

(pin z )

M(manual

1

2

3

4

5

6

7

I
KB

H

It

H

H

H

H

H

H

L

L

H

H

H

H

L

L

L

L

H

H

H

11

L

L

H

H

L

L

H

H

t{

L

H

L

H

L

H

L

H

L

H - High logic 1eve1 L - Low logic 1evel

(b) The functi.on lines selector position is encoded as listed in
table 2-77 -

Table 2-17. Functj.on Selector Encoding

Pos ition
FNC Lines (U2 inputs)

FNC D

(pin 9 )
FNC C

(Pin 8)
FNC B

(pin z )
FNC A

(Pin 6 )

oFr

CLR

SEC

A"J

RMT

ERS

H

H

H

H

H

L

H

H

H

L

H

H

t{

H

L

H

H

H

tl

L

t{

t{

i{

l{

2-240

lt - High logic level L - Low logic 1evel



uA 2187-09501-00
Issue 1

TMNG f
CAPACITOR KEYBOARD

ENCODER
U1

KEYBOARD

ROW
OUT]
DATA
AVAILABLE

MASK

Figure 2-48. Keypad Encoder, Simplified Diagram

G) control 1atch. The control 1atch, u3, is used ro con[ro1 Ehe

operation of the front panel LEDs, LCD display and keypad backlighting.
In addition, U3 provides a self-test (BIT) control line for module l"lCU.

I OT 4 UNES OECOOER
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(a) U3 inputs are connected to the daEa bus lines DBpO thru DBp7,

arriving from module l,lCU. U3 is enabl ed by the chip-sei ect
signal CS-LED* provided by the address decoder of module

llCU. When the microprocessor needs to update latch conteals,
it sends a 1ow level on Ehe CS-LED* line (pin 11 of
U3), and then transfers the required control information via
the data bus. Upon turn-on, U3 is reset by the RESET line
from module MCU.

(b) The control signals appearing at the latch ouEputs are listed
in table 2-18.

Table 2-18. Control Latch U4

(5) LED drivers. The transistors Ql thru Q4 drives the FAULT, SEC,

CLR, and A.J. LEDs, respectively, according Eo the control signals
applied from control latch U3. For example, when pin 2 of U3 (FLT C

l ine ) rises Eo a high '!.eve1 , Q1 saturaEes and the FAULT LED, DSO 1 ,

U4 OuLput Line Funct ion

Pin 2 FLT C Drives the FAULT LED, DS01

Pin 5 SEC C Drives the SEC LED, DS02

Pin 6 CLR C Drives the cLR LED, DS03

Pin 9 AJC Drives the A.J. LED, DS04

Pin 12 Drives the LCD display and keypad backlighting circuit

Pin 15 Output spare

Pin 16 NoE used

Pin 19 TST 03 Sel f-test ( BIT) control 1 ine, ro module l'{CU
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fa11s lo a Low 1eve1, Ql cuts off and DSl1 igh ts . I.Ihen pin 2

extinguishes.

(6) LED display and keypad backlighting circuir.

(a) Backlighting element driver. The backlighting driver is
built around transistors Q6 and Q7. When a lighting-enabte
command is received frorn the microprocessor, pin 72 of the
control latch U3 rises to a high 1eve1, As a result
transistors Q5 and Q7 conduct and the battery supply voltage
is appl ied via the SI,l BAT OUT 1ine, inductor L3 and the

collector of Q7 to the DC/AC converEer.

(b) Dc/Ac converter. This converter receives the +l2v battery
voltage froo the backlighcing driver and convert,s it to a

110VAC voltage, applied to rhe elecrro-Luminiscent (Et)
elements located on the front panel..

(8) Display operation. The LCD DISPLAY U6 is driven by a dor-marrix
display controller, comprising u4 and u7 , and by a seven-segment

driver, U5.

(a) Dot-uatrix display controller. The dot-matrix display
coatroller is built around V4 and V7. lJ4 provides 7 rors

drive lines (pins 3t+ thru 40), and lZ column drive lines
(pins 21 thru 32). In addition, U4 provides 4 conrrol lines
(pins 17,19, 15 and 16) for the driver U7. U? provides 33

column drive lines (pin I rhru 40).

The data between the dot-matrix control ler and the
microprocessor in module l4CU is transferred via the data
bus 1ines, DBPO to DBP7. To write display dara to rhe
dot-matrix controller, the microprocessor sends a low

leve1 on the CS-DM* line. This line is connected ro rhe
chip-select input (pin 14) and to the write-enable input
(pin 12) of U4.

1.
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L. V4 includes various decoders r and a display drive
circuit, which performs all the functions required to
convert the display data to the appropriate drive
waveforms for the LCD display. U4 internal clock
frequency, provided by an oscillator contained in U4, is
determined by capacitor C11 and resistor R11 connected

to pin 2 of U4.

1. The negative supply voltage for U4 (pin 20) is supplied
by means of a tenperature-compensation circuit, built
around transisEor Q5 and thermistor RT35.

L. The serial data for the driver U7, appearing at the data
outpuE (pin 16) of U4, is connected to pin 2 of tt7. The

data is accompanied by a clock signal, provided by

pin 15 of U4.

:.. The negative supply voltage required by U7 i.s provided
from pin 17 of U4.

(b) Seven-segment driver, u5. u5 drives 8 seven-segment display
units and 5 arrorrs, by means of 2l drive lines (pins 3 to 29

of U5).

!. The microprocessor in module MCU conrmuaicates wi"th U5 by

means of three address lines AB0, AB1 and AB2 (pins 37,
38 and 39, respectively), and five data lines DBEO thru
DBE4 (data line DBP5 is not used). The information senE

on the address lines selects one of the eight display
units. The information sent on the data 1 ines is
decoded by U5 to drive the selected uniE or arro\^r. Tbe

address and daEa bits are latched into U5 on the rising
edge of the chip-select signal, CS-7-S* (pi.n 1). The

bits are decoded by U5 and the corresponding drive
signals appear at iEs outputs.
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U5 is powered by a positive voltage of +5Vr applied
direetly to it +V input (pin 40). In addition, U5 VDISP

input (pin 2) receives a teoperature-compensation

voltage, provided by che vo1 cage divider cornprising

thermistor RT34 and resisEor R33.

2-15. Module PS

(fig. 2-49 rhru 2-51)

a. Block Diasram Analysis (fig. 2-49). Figure 2-49 shoss the block
diagram of the PS module.

(1) Inpuc circuic. The battery line is protected by a

the PS module. The batcery line then passes through a

resisLor, exi!s to the CP-2003 via the RT-2001 rear
reEurns to t.he PS modute where is connected to the tlro
The battery voltage is also connected to the AM module.

(2) Current consumption sensor. The current dravn from the battery is
moaitored by the microprocessor in urodule MCU. The microprocessor uses

the current information Lo establish the maximua a1losable Rl output
power, as explained in para. 2-11.

(3) Main poryer supply. The main power supply provides regulaEed
voltages of +5V, +7V, +12V, +15V and -5V to r,he various RT-2001 and

CP-2003 modules. In the receive uode, the uain power supply also
provides +2V to the CP-2003.

(a) Power supply activation. The power supply is rurned on by

the ON/Off 1ine, which conErols the main power supply

switch. The oain power supply switch coRnects the baEEery

volEage to the regulation circuiEs and also to modules MCU

and Rf. The supply line to the MCU and Rf modules is
protected by a 1A fuse.

2.

fuse locaced in
curreaE sensing

connecEor, and

porer supplies.
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(b) Poser supply operation. The pohrer supply is a switching
regulator, using pulse width modulation. The pulse width
modulator provides drive signals to the switching transist.or,
a power MosFET, and controls its conduction duty cycle. The
conduction duty cycle is changed as reguired to maintain the
output voltages within the specified liruits. The control
over duty cycle is performed by monitoring the +5V output
vo1 tage.

The switching transistor drives a transformer, whose output
voltages are rectified and filtered. The filtered voltages
are sent Eo the various modules.

(c) Power supply protection. A protection circuit monitors the
current pulses flowing through the switching Eransistor, and

compares then wit.h a voltage derived from the +12v output.
If the current is loo high, because of overload or
short-circuiE, Ehe protection circuit sends a shut.-down
cormand that stops the PI{u outpuE pulses. the output
volt.ages then decrease, thereby reducing the current. This
leads to a foldback action, because the +l2y output voltage
decreases as we11.

AfEer the fault condition disappears,
returns to normal operation.

the power supply

(4) TX power supply. rhe TX power supply provides a regulated voltage
of +5v during the transmit mode. The +5v voltage replaces the +2y

voltage provided in the receive mode by the main power supply.

(a) Power supply activation. The porrer supply is
the ACTM.V 1i.ne, rhich controls the TX

switch. The TX power supply stlitch then
battery voltage to the power supply regulation c

Power supply operation. The power supply is
regulator, similar to the main power supply.

turned on by

power supply

connects the

ircui.ts.

a switching
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Ci]-cuit- Analysis (Jig. 2--50 and 2-5_1).-

(1) Battery current sensor. The battery line passes via conlact TRO1

and the fuse Ftl. The current drawn from the battery is sampled by the
current sensing resistor R35. The volLage developing across R35 is
applied to the auplifier U4. U4 gain of the aaplifier is deternined by

the ratio of R39 to R38. The output voltage of U4 (pin 1) is directly-
proportional to the current drawn frou the battery. This indication is
monitored by the microprocessor in module MCU. ?he microprocessor uses

it to establish the maximum allowable RF output. po\rer.

(2) llain power supply (fig.2-50,2-51
(a) Main power switch. The main

FET Ql. Ql is controlled by

ON/oFF front panel switch.

).
polrer switch is built around Ehe

the oN/OFF line connected ro the

I,Jhen the PRC-2200 is turned oo, the ON/OFF l ine is
connected to ground therefore Ql conducEs. As a result.,
Ehe battery voltage is applied via rhe BAT IN 1ine,
inductor Ll and the drain of Ql to the regulation
circuits (pin 7 ot UZ and pin 8 of Ul). The barrery
voltage is also applied Eo modules MCU and RF, via the
fuse FL2, Ehe f iltering net,work L7, C19, C18 and L6 and

on the V BAT line.

l.lhea the ?RC-2200 is turned off , rhe ON/OFF line is dis-
connecLed, therefore CR13 and ql are cuL-off. As a

resulL, ihe supply voltage is disconnected from the pulse

width modulator U2 and the power supply is turned off.

(b) Hain power supply operaLion (fig. 2-51). The main po\{er

supply is built around the pulse width modulator U2, FET Q5,

transformers T1, T2 and ?3, comparafor U1-1 and transistor Q4.

1.

L
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1. Oscillator. The switching frequency of the pulse width
modulator is deteruined by a sawtooth oscillator,
contained in U2, whose tining conponents are R12 and

Clz. The sartooth signal, developing across Clz , is
applied via the resistor R13 to the non-inverting input
of the cooparator conEained in U2.

Current sensing. Current sensing is performed by the
transformer T1. CurrenE pulses flowing through the
primary winding of T1 are converted Eo voltage pulses
across the secondary windi.ng. These voltage pulses are
rectified by diode CR2.

Coraparator. ?he current sense pulses are combined with
the sawEooth signal, provided by the oscillator, by

means of the resistors R13 and R7. The resulting signal
is applied to the non-inverEing input of the coaparator
contained in U2 (pin 3). The comparator coupares this
signal with the error signal. The error signal i.s the
difference beEween the +2.5V reference voltage, provided
by the internal reference regulator, and a sample of the
+5V output volEage. The sample of the +5V voltage is
applied to tJZ (pin 2) via the voltage divider R20, R19.

The comparator output signal is a pulse whose width is
controlled by the error signal: when the output voltage
increases, the pulse width decreases and vice versa.
Comparator output signal i"s applied to the outpuE

control circuit. The output control circuit control s

the operation of the outpuE push-pu11 stage of lt?, which

drives the switching FET Q5.

The comparator contained in U2 can receive a shut-down

conmand from the protection circuit built around the

couparator U1 and transistor Q4.

,)

3.

4.

5
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The current pulses sampled by T1 and rectified by CR2 are
applied via R4 to the iaverting inpuE of Ut (pin 2). U1

compares this signal wi.th a sampte of the +12V output
votEage, connected via R3 to the non-inverting input of
U1 (pin 3). Pin 3 of Ul also receives the +5V VREF

voltage, connected via Rll. The +5V REF voltage provides
a starting voltage that prevenis act,ivation of current
limiting upon turn-on, or when the +12V output voltage
is rnissing. If lhe current is too high, because of
overload or short-circuit, Ul output (pin l) falls Eo a

1ow tevel. As a result, Qlr conducts and pin 3 of Uz

receives a voltage of about lV. This voltage causes the
output of UZ to remain 1or until the next clock cycle
after the shut-down condition at pin 3 is removed.

Switching FET Q5. The arnplified pulses appearing at
pin 6 of U2 are applied to Q5, via Eransformer "lZ.
These pulses drive the switching FET Q5 betr+een

saEuration and cut-off. Q5 drives the primary winding
of the transformer T3. The conduction of Q5 resulls in
a sguare wave drive across the primary windings of T3.

Filtering and rectification circuits. The voltages
appearing at the various secondary windings of T3 are
rectified and filtered. The output volLages are a1l
proportional to the transformer windings ratio.
Therefore, it is sufficient to moniEor only one output
voltage, in order to ensure that the others are vithin
the al.lowable liuits. The roonitored voltage is the +5V

outputI vhen this voltage increases, the conduction cime

of Q5 is reduced, and vice versa.

To deuronstrate the operaEion of the power supply, suppose

that its output voltages tend to increase. In this case,
the power supply output current also increases.

I
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?herefore, the 1eve1 of the current pulses flowing
through the primary winding of T3 increases, and

consequently the width of the pulses applied to the

non-inverting input of the conparator (UZ, pin 3) also

increases. At the same time, the leve1 of the error
signal at the error anplifier output decreases.

As a result of these two actions, the pulse width at the

conparator output decreases. The conduction time of Q5

is reduced, and thereby the power supply output voltages
are decreased towards their nominal values.

(3) TX power supply.

(a) TX power supply swi"tch. The TX power supply switch is built
around transistors Q2 and Q3. The switch is controlled by

the ACTIV L.V line.

During transmission, the ACTM.V line rises to a hi.gh

level. As a result, Q3 and Q2 conduct. The pulse width

modulator U3 (pin 7) receives Ehe battery voltage via
BAT IN, line inductor Ll and the collector of Q2. The

TX power supply is therefore turned on.

In the receive mode, the ACTIV L.V line falls to a 1ow

1evel, Q3 and Q2 are cut-off, U3 is disconnected from the

battery voltage, and the TX po\rer supply is turned off.

(b) Tx power supply operation. The Tx porder supply is built
around pulse width module U3, FET Q7, transforners T4 and T5,

conparator U1-7 and transistor Q6. The TX porder supply
operaEes siailarly to the main porder supply, described in
para (2).(b) above.

In the transmit mode, the +5V voltage generated by the TX

power supply reverse-biases diode CR5 (+2V output rectifier).
Therefore, the +5V supply voltage replaces the +2V voltage
and appears at contacts J, L and T of rear panel connector P1.

1.

2
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2-L6. l.{otherboard, Module t{B

a. Block Diagram Analysis (fig.2-52>. The MB module contains the

interconnections among all the RT-2001 :nodules and the connections to the rear
panel. The connections to the rear panel are made by Eleans of a special
flexible prinled circuit board (PCB). One side of the flexible PCB plugs into
one of the motherboard eonnectors, and the other side plugs into the rear
panel connector and into the connector of the power supply module. In
addition, rnodule l'1B contains latches and buffers which distribute the control
information generated by the microprocessor in module MCU to the various
modules installed on the motherboard, and gather infonnation from these

modules.

Figure 2-52 shows the block diagram of the active circuits located on the MB

rnodule.

(1) The control latches traasfer the information appearing on the data

bus lines, DBMO thru DBM7, to the correspondiag control line of the

module selected by the microprocessor.

Q) The input buffer transfers information from the RF and AUDIO

modules to the data bus 1ines. In addition, during self-test, the
buffer is also used to test the control latches, by looping back to the

microprocessor one output signal from each eontrol 1atch.

(3) The frequency bus control latch transfers the serial freguency
data generated by the MCU module to the frequency data lines connected

to the other modules. Data is latched and appears at the outputs when

a complete neh, word is available, as indicated by Ehe I10P BLANK signal.

b. Circuit Analysis Gig. 2:I3).
of the acEive circuits located on the
Figure 2-54 shows the diagrao of the

Figures 2-55A thru 2-55L show the

modules.

Figure 2-53 shows the schematic diagram

llB module.

rear flexible printed board.

interconnections among all the RT-2001
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Figure 2-52. llodule MB, Block Diagram
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(1) Control latches. The latches Ul, U2, U3 and U4 are used to
transfer the informatioa appearing on the data bus 1ines, DBM0 thru
DBM7, to the control line of the module selected by the microprocessor
in MCU module.

(a) Writing to latches. The uicroprocessor srites to the latches
via the bidirectional. bus lines DB!10 to DBM7. Since the data
bus is connected to all the latches, a chip-select signal is
used to select the desired latch (CSo1* selects Ul, CS02*

selects U2, CS03* selects U3 and CS04* seLects U4). The

uicroprocessor sets each bit of Lhe data byte according to
the desired function. On the rising edge of the chip-selecE
sigaal, the data byte is latched into the selected latch.

All four latches are controlled by the RESET 1ine. A low

level on that line enables the four latches and high Level
disables thea.

(b) Table

u2, u3

2-19 lists the output lines of the control latches Ul,
and U4.

Output Lines of Control Latches in Module MBTable 2-19.

ConLrol Latch Output Output Line Connected to Function

ul-Q0
USB/LSB* Module SYNT USB/LSB mode indication:

It0rr - LSB mode
Itlrr - USB rnode

U1 Ql
AT/ SSB* Modules SYNI,

IT
AM/SSB mode indication:
rr0rr - SSB noderrltr - AI'1 mode

ul-Q2 SSB* llodule IF SSB mode indication
(active low)

Ul-Q3toQ7 Spare
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table 2*19. Output Lines of Control Latches ia llodule l,tB (Conr'd)

Control Latch Output Output Line Connecred to Function

U1 Q7 lnput buffer
v5-7

Latch U1 test

U2-Q0toQ5 PWR CONT lines
\l Irnes)

llodu1e All Control lines for the 20W

variable amplifier

u2-Q5 Input buffer
u5-6

Latch U2 tesc

u2-Q7 Spare

u3-Q0

RESEI AGC* I'todule IF Reset pulse for the AGC

circuits (active 1ow)

Input buffer
u5-5

Latch U3 test

u3-Ql IIOLD ACC* I"lodu1e IF Not used (always ai a high
leve 1 )

u3-Q2
FAST NORMAL

AGC

l4odul e IF F.AST/NORMAL mode
ind icat ion:
rr0rr - FAST moderrlI - NoRllAL mode

u3-Q3 DELAYED AGC* Hodule IF Always at a high 1eve1

u3-Q4
VOICX/DATA* I"lodul e IF VOICE/DATA mode indication:

rr0" - DATA mode
rr1* - VOICE mode

U3-Q5toQ7 Spare

U4-Q0toQ2 UUX SEL lines
(3 lines)

I'lodule All Select lines for the
multiplexer U502
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Output Lines of Control Latches in Module MB (Contrd)

control Latch output Output Line Connected t.o Func t ion

u4-Q3 PTT 2OW Modules A1,1,

FS'

Transmission reguest at a
1evel of 20W (active high)

u4-Q4

PTT OUT* llodules RF,
IF, SYNT and
rear connector

Transmission request at a
leve1 of 100W and 20W
(active low)

Input buffer
u5-4

Latch U4 test

u4-Q5

RFS* llodule RF Blank cormand for the RF
transmit path:
rr0rr - transmit path

di sab 1 ed
rrlrr - transmit path

enab 1 ed

u4-Q6 ACT\I LO TX PS I'lodule PS Activation command for TX
power supply (active high)

u4-Q7 BIT COI.IT* Module SYNT Control signal for 7O}kHz
generator (active low)

(2 ) InpuE buffer.
func t ions :

The input buffer U5 is used for the following

(a) To transfer the presence indication of modules RF and AUDIO

(pins 2 and 3 of U5, respectively).

(b) To test t.he control latches during self-test. Oae output
line of each of the latches U1, U2, U3 and U4 are connected

to pin 7 thru 4 of U5, respecEively. When testing rhe

motherboard, the microprocessor writes known data to those
latch outputs, and then reads the status of their outputs via
the buffer U5 and compares ic with Ehe original data.
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(c) The lines connected to pins 9 and 8 of u5 are noE used.

The operation of u5 is coatrolled by the chip-select signal

CS-I-1*', generated by the address decoder in module MCU'

when this signal is at low 1eve1, the buffer u5 is enabled,

and the microprocessor can read Ehe status of the control

lines connected to the inputs of U5.

(3) Frequency bus control latch. The shift register U6 transfers the

serial frequency data generated by the HCU module to the frequency data

lines connected to module SYNT (DELAY f'RQ WORD line), and to modules AM

and RF (rIL sEL lines).

The frequency dat.a, arriving on the FRQ IIORD line from module I'ICU i-s

applied ro the D input of U6 (pin 2). The data is accompanied by Ehe

FRQ CLK signal applied to the clock input of U5 (pin 3). The data is

latched and appears at the outputs of U6 when a complete new word is

available, as indicated by the IiOP BTANK signal connected to the strobe

input of U6 (pin 1).

The frequency data sent to module SYNT via the DELAY FRQ WORD 1i-ne is 8

bits delayed from the freguency data arriving on the FREQ WORD line

from module ltCU.

Figures 2-554 to 2-55L.
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