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DESCRIPTION

The System Coatrol/Syathesizer Board
(A801) for the NLSNO40 two-way mobile PN
radio, coatrols the radio by providisg
all necessary digital processing, toaes
and control fuamctioms. The logic circu-
itry of this board coatrols chansel
acquisition, RF frequeacy selectioa, toae
generation and detectiom, timing fumc-
tions and operator isterface fuactioas.
Interface fuactions isclude control pasel
displays asd svitch pamel coatrols,
microphone hookswitch aad programming
functions. The frequenacy synthesizer
generates the tramsamitter output fre-
quency and the receiver first sixzer
injection {frequency. The Coatrol/
Synthesizer Board coatains the following:

® Microprocessor

e ‘External memory EPROM for the
microprocessor

® The programmable personality
EEPROM

® Four octal latches for the 1/0
microcomputer interface

® Transmit and receive audio
processing circuitry

ssuenu@u ctﬁ;

Power Distribution

The Control/Synthesizer
(CMC-3868 & CQMC-405) mount in the jtop
section of thé{frame assembly as showp in

Board Location. %

Systea Cohtrol 1/Synthesizer B rd
QMC-386 providés the microprocessor fand
countrol logic. . This board also provides
the synthesizer circuit for generating
operating frequencies.’ The Control 2
Board (CMC-405) provides the @audio
processing for both the transmit circuit
aad the receive circuit. jalso
provides power distribution for the other
ecircuits. 3
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Figure 1 - System Control/Synthesizer Location (Top View)

The
applied to J705-1.
to the power on-off relay K601 through

13.8 Volts from J10l1-1 is

This input is applied

JA01. A continuous 13.8 Volts supply is
applied to the Power Control circuit
(IC607, 1IC611) and 5-Volt regulator
1C606.

Pressing in the power-on switch
energizes power relay K601. Energizing
this relay applies a switched 13.8 Volts
to 5-volt and 9-volt regulators IC101,
1207, IC501, IC607 and IC608. Switched
13.8 !Volts is also applied to Audio PA
modulte ) 1C603.

i

Digital Processing

LIS

The digital processing circuitry
consists of microprocessor IC701, octal
' 10708, IC707 and 1IC709,
EPROM 1C703 and EEPROM IC704. IC703 is
an 8K:X 8-Bit EPROM and is used by the
microcomputer to control all radio and
system functions. Crystal X701 and
inverter IC710 provide the time base to
-aqu%nce the microcomputer through an
internsl software program, allowing it to

. execyte the program stored in the program

" ReMo} ’i

gl

(refer to 'FPigure 2 -
1 Block Diagram).
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EEPROM IC704 contains all dats
unique to the radio and is referred to as
the "Personality" PROM. Information’
stored in the Personality PROM includes
data for RF channels and Channel Guard
tones as well as all radio options (e.g
carrier control timer,...etc.).

Operation:

Octal Latches 1C702, 1C708, 1C707 an
1C709 i

Octal lntcheiﬁ 1c702, 1C706, IC70%
and IC709 are used to exchange data pas=
sing between microprocessor IC701 and the
memory and control circuits respectively:
Octal latch}IC709 provides the interface
between the} microprocessor and the cond
trol panel itches: IC709| is connected
so that the latch function is disable
(the "G" input IC709-11 1is connected
+5 volts) apd .the octal latch operates
a buffer folP the nt&ioproceslor input.

Latch § IC706°

, rovides an outpe
interface prathegpicroprocccoor. ™mi
latch contrpls the DPTT, watchdog timer
electronic §volume f control, | RX MUTE a
squelch swigching.. The "G" latch coatre
input is co néptedmgp decoder 1C708-10. ]
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Octal latch 1C702 ham the "G" {nput
connected to the Addreas Latch Enable
(ALE) output of the microprocaspor to
provide n latched address finterface
hetwoen  the microprocesror and  program
memory 1C703,

Resot /Memory Backup
The microprocessor reset clreuit

consists of S5-volt regulator ICB0B, vener
diode CDB04, switching transistors TRE0Y
and TR605 and pass transistor TR604,
Microprocessor 1C701 is resct by mswitched
A+ (13.8 volts) on/off, watchdog timer
reset. The microprocessor resets when +5
volts s applied to 1C701-8 (RST) {input
from regulator IC608 through pass
transictor TRB04.

When the radio is turned on (A+ 8¥
on) zener diode CD604 conducts, turning
on TR603. Transistor TR603 turning on,
turns TR605 and TR604 off. ¥hen the
voltage at IC701-9 becomes "O0" volts, the
microprocessor starts executing program
memory .

Watchdog Timer

The watchdog timer circuit consists
of switeh transistor TR606 and timer
IC809. The timer monitors the operation
of microprocessor IC70! and generates a
watchdog pulse if the microprocessor
fails to function properly. ¥hen the
microprocessor is operating properly,
watchdog pulses from octal latch IC708~15
are applied to the base of switch TR606
through a delay network consisting of
resistors RB45, R6468 and capacitor C624.
Turning on TR606 applies +5 volts to
1C609-2,8. This holds the clock timer
output of I1C609-3 low, which holds the
microprocessor reset line to the base of
pass transistor TR604 high, turning off
TR604. Turning off TR604 grounds the
microprocessor input at [C701-8, keeping
microprocessor IC701 in the operating
state.

When the microprocessor 1is not
operating properly, the reset pulses from
1C706-%5 are not present. Transistor
TR606 will turn off and timer IC609 will
generate a square wave output at 1€609-3
to resot the microprocessor.

Hicrogroceésor

Microprocessor 1C701 directly inter-
faces with and controls the operation of
all the digital processing circuitry. It
also interfaces with the radio and con-
trol panel functions through octal latch

1C709 and external buffer stages. Micro-
processor 1C701 responds to manual
initiated (functions of Push-To-Talk

(PTT), frequency selection (ADD, DELETE),
MOWITOR, VOLUME and SCAN ADD and DELETE
through octal latch 1C709. Other

CIRCUIT ANALYBIS

functions are performed automatically by
the microprocossor.,

The microprocossor controls the
oparation of the radio by performing the
following major functions:

System Timing

Prequency Belection

Receiver Bcan (18 channels)
Two~Channel Priority

Tone Ganeration and Detection
Tranamit /Rocelve Control

Front Panel
Displays :

. Audio Routing and Mute Control

Cuntrols and

Microprocessor IC701 is scquenced
through its program by an internal 8,192
MHz oscillator gontrolled by crysta
X701. The microprocessor accesses itg
program from EPROM IC703. Reading of the
stored program at IC703 occurs when the
PSEN line of IC701 {is low. The upper
eight address lines of IC701 (A8 through
A15) are stationary during this access
time. The lower eight address lises of
1C701 (ADO through AD7) are captured by
octal latch IC702 and held stationary.
ALE (1C701-30) is used to latch the lower
eight address lines. The output of IC703
i8 then read into the data bus (ADO
through AD7) of IC701. g'

e

The microprocessor interfaces with
the microphone thjough MIC PTT and LOGIC
HKSW. 1t also interfaces with Suitcase
Programmer TQ2310} through HKSW, MIC PIT,
SER DAT and STORE, and with Personality
EEPROM [C704. The microprocessor control
signals include the following: £

} {

EA ~ When this Enable line% is
low, allows the micro~
computer to retrieve all
instructions from external
memory. . S

RST - Resets the microcomputer; to

beginning of the software
program when switched A+ . is
turned off, immediately fol-
. lowing power 1nterrupt§dhs
2 or:with low battery voltage.

SYN DATA, D‘i? transferred to synfh
sifér representing ]
ff?Quenciesw

Timing output to sya Y

'1?. . i

i« A ‘status input signal £pf
the synthesizer to indica
frequency lock status
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RX MUTR =~ Receiver Mute turns receiver

audio off while operating in
the trunked mode during
channel acquisition (idle
and wait mode) and when
transmitting.

Delayed PTT energizes the
antenna relay. DPTT low
switches off the bilateral
audio gates on the System
Control/Synthesaizer Board in
the transmit and receive
mode.

TX ENBL -~ TX ENBL low turns transistor
TR105 on and applies 9 volts
to the exciter.

The microprocessor monitors
the status of the switched
PTT lead from the micro-
phone. It also receives
clock data on this line
wvhile the radio is being
programmed .,

Read, VWrite sallows the
microprocessor to read/write
data to/from EEPRON 1C704
and read/write from/to
digital processor IC705.

Program 8Send Enable allows
the processor to read
instructions from program
memory 1C703.

ALE - Address Latch Enable allows
the microcomputer to hold
the eight least significant
lines (ADO through AD7)
stable by using octal latch
1C702. This is necessary
when reading from program
memory IC703 or reading/
writing from/to EEPROM
1C704.

A8 -~ Al1S

Eight significant address
lines. These lines are used
to address and access
program memory IC703 and
EEPROM I1C704. Octal 1latch
IC702 holds the outputs
stable.

Push~-To-Talk

Pressing the PTT switch on the
microphone applies a ground through
J701=3 on the 8ystem Control 1 Board
(CMC~404) to microprocessor I1C701. The
ground on IC701-10 causes the DPTT output
at IC701-1 to go low and the RX MUTE
output at xc1o:-3 to go high.

The low DPTT output of IC706-16 is
appiied to the inmput of iaverter 1C710-13
and the iaput of inverter transistor

ANALID] Lo £ A

1711, § The ‘high output_at 1C710-12
becomes] the low outputs and’
throughl inverter transistors TR708 ;and

TR710 rpspectively. The high outpyt of
TR711 f;cg:a-;§714. and %nre
appliedf to the synthosizer, éscithp/PA
board ahdithe.saudio circuitry. Thejlow
outputEst 7TR710 is applied tojithe
exciteryPA board from J705-7 and opo‘%to:
antenpalk relayi ki, The output tand
the -"‘iout it are supplied to the
synthesieér ocifouit 'to! turn the RX VCO
off :n~&%x VCOton. = Also the low DPITI
output BtiTR70P .18 added to the bilateral
swvitch X1C604 ¥in the sudio circuit to
change $he operating mode from receive'to
transmif.; 7TX ENBL §s low and through
J706-8 Bis copnected to the exciter/PA

board th apply 8 volts to the exciter and
key theRtransmig circuit. :
ChannelfBSelect

- 'h_&%s channel is sclected and the
bit [tream * 4s loaded into the
synthesizer, a.ftrobe pulse is applied to
the Phape~Lock=Loop (PLL) module to allow
the syfthesizer to generate the correct
RF fr@quency.; Thel microprocessor
immedia}ely begins monjtoring the LOCK
DET LINEDY to VepPify that the synthesizer

is "on'@fPequendy. 1f the synthesizeriis
not logg omithe correct frequency,ga .
low ongtht ; DET: 1ige will cause the
microprpcéasof to reload the synthesizer -
in an -Jttempt to lock {it on frequency.

1f thef synthesizer is locked on the
correctEfrequency and MIC PTT is low, the
microprpcessorf¥applies | the high to the
input. gtiinverter transistor TR713. The
low ‘offtput ‘of TR713 (TX ENBL) |is
connectfdfto the exciter/PA board through

Jgo5’£¥ i ethgansmit circuit.
Monitor ,
P &
i Prpssing® the MONITOR pushbutton

appliegia low? to ;the microprocessor
throughfoctal jlatch 31C709-13. This low
causes §the microprocessor to open the
receivel: so the channel ‘can be monitored. '

. vey ® s ;

: i gk &k
ChanneljGuard &

H p & 4 ’

1 In§ the - encode, mode, the micro- -
processdr; selécts the assigned Channel.
Guard fone information from the EEPROM
memory §2or -each tgansmit and receive:
channel@ a s#the Channel Guar

signal Q¢ .48 applied as Walsh:
Bits " feumming amplifier’
1C610~Ieig -bits are summed!
togethel:} ered.to provide a
l%ne ;J nel Guard.

7 € &

i Thp,Q ifdof I1C610-D is applied
low-pags ifilter (Voice Reject) HCS

This fijter shuats all frequencies abdV
300 HZ to und, preventing those
frequegcies from interfering with the
encodedisignal.: N

i ;ﬁf" §¢
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In the decode mode, the DPTT f{nput
to bilatera) switches 10804 {u high,
changing the wwitelhes to the roecejve
mode. Audio and topce trom RX AUDIO at
JB801=24 s aprlied to low-pass (iltor
(Volce Roject) HCBOY through buffer
amplifier 10CA810-A, Thiw signal 18
filtered and only the Channel Guard tone
(1t present) s applied to hard ltimiter

1C810-B.

The squarc-wave oufput of 1C610-1 i
connected to transistor switeh TRGOO and
the Channel Guard tone ix aupplied to the
microprocessor for ©° comparison to
determine 1f the Chunncel Guard tone s
correct. If the tone I8 correct tLhe
microprocessor causces the RX MUTE line to
go low at J801-12, turning the recciver
audio on 80 that the message can be heard
in the speaker.

Carrier Control Timer

The Carrier Control
contained in and controlled by the
microcomputer. Fach time the PTT switceh
{s activeted an internal counter begins
to count down. If the counter times out,
a 500 Hz tone is heard in the speaker for
five (5) seconds or until the microphone
PTT 1is released. The timing cycle is
programmable from 30 scconds to three (3)
minutes ia 30-second increments.

Timer (CTT) is

EEPROM "WRITE" Control

The EEPROM "WRITE" (WR) control
congists of transistors TR715 and TR716.
¥hen address bit A9 or Al10 from the
microprocessor is high, TR716 turns on
and TR715 turns off. This applies +5
volts to the WR input which disables the
“"WRITE" function to protect the channel
frequency information. When the address
bit A9 or Al0 goes low, TR716 turns off
and TR715 turns on. This applies a low
to the WR input, enabling the "WRITE"
function (if EEPROM WR is low from the
decoder) which allows data to be written
to the EEPROM. To WRITE to the memory,
the WR input must be low and the OE input
must be high. In the RD (Read) mode, WR
.18 high, OE is low and CS is low. The WR
function can also be enabled by a low
from Suitcase Programmer TQ2310 through
SP STORE.

Audio Circuitry

Transmit and receiver audio signals
are .routed to and from the Control 2

(CMC=408) Board through three-stage
bilateral switches IC804~-C (refer to
Figure 3 - System Control 2 Block
Diagram). The switches are controlled by

tho ux NUTE 1 output of microprocessor
1C701 In the transmit mode, the RX MUTE
1 t:on 1€706 is high, TR610 turns on,
bildterial switch 1C604 control lead is
lov, switching the stages to the tranamit

CIRCULT ANALYSIS

mode  ws wBown on the Control 2 Board
Sehomatic Disgram, Yhen the VTT wwitch
In roleasod, the seitchas revert hack to
the poprmal Feceive mode (DPVTT high).

The +F volts from rogulator [C607 {8
applicd to woltagoe divider resistors R649
wnd  HAKHO, The +4,9%~volt output of the
voltage dividors ostablishes the
referencoe voltage for the operational
amplifiors., Capacitor CE30 provides an
AC ground} at tha summing Input of
operationall amplifier 1C6810=C,

Traunsmit Audio
P oo or SOOI

: Mudio from the microphone at J701-3,
4 (MIC H}, 10) Hs coupled through
cupacitor }C258 and Audin Processor
10208-B apd applied to 4 high-pass
filter. he filter output Is eoupted
through capgcitor C230° and Modulation
Adjust pot ntiomcte} RV201 to the next
sLape.,

X

The Channol Guard tone (if present)
from Volce Rojert Fllter HCE02 is ecnupled
through bflateral switeh 1C604-3 and
applied tolthe CG. anut of Channel Guard

Modulation § Adjust - potentiometer RY202,
The Channe} Guard tones -~ad audio are
combined a applied to summing amplifier
1C208-A.

Recefive Audio

In th4 receiv{ mode, the PTT {input
to the System Control/Synthesizer Board
goes low, gwitching antenna relay to the
receive moge. The RX MUTE lead remains
high, keepfng the;ardio amplifier turned
off. N B &

1f th ‘%hannel being?received has
been progrimmed for Channel Guard, the
rcecelived G: tong, is coupled through
bilateral §switch 11C604-B and buffer
amplifier JIC610~D" to 1low~pass filter
(Voice Rejéct) HC602. The filtered tone
output 1§ coupled through 1C610-4,
limiter ICB10-B and transistor TR609 to
the micropgocessor,:

Receided audio from the receiver is
applied tofthe input of buffer amplifier
1C601~-A. he audio out from I1CB01-A is
the volume control circuit
audio gate IC604-C and
plify r 1C601-B. The audio
output frod the v8Tume control circuit is
applied thpough tho de~emphasis network,
consistingfof rosistors R628 and R618 and
capacitord €609 and C605, to i

4-watts off audio, output power to 4-ohm

speaker .801 located in the front

panel. % . *
when Jthe radio is squelched, the

Carrier Acgivated 8witch (CAS) signal to..
goes

the microgrocessor} through J708-5,

audio’y;
amplitler 1C603; which’ P ovides up to=h
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low, The microprocessor outputs the RX
MUTE and RX MUTE 1 signals. The RX MUTE
signal turns bilateral switch IC804~C off
and mutes the audio signal. The RX MUTE
signal turns transistor TR601 off and
mutes the audio signal from 1C601-C,

O0-Volt Regulator

The 9 volt regulator provides power
for the audio circults on the System
Control/Synthesizer Boards. The
regulator operates from the 13.8-volt
ignition switch voltage. The 9 volts DC
output of the regulator is applied to the
microphone through J701-3, 4 (MIC HI, LO)
on the System Control/Synthesizer Boards.

Frequency Synthesizer

The frequency synthesizer circuit
consists of reference oscillator XU201,
synthesizer chip I1C201, dual modulus
pre-gscaler I1C202, TX and RX Voltage-
Controlled Oscillators (VCO's),
transistors TR202 and TR209, a 1loop
filter and associated circuitry (refer to
Figure 4 - Synthesizer Block Diagram).

Reference oscillator XU201 operates
at a frequency of 12.8 MHz and is
temperature compensated to provide a
frequency stability of +5 PPM. Voltage
for the oscillator is supplied by 9-Volt
regulator IC207 and 4-Volt zener diode
CD201. The oscillator output is applied
to synthesizer chip IC201-2 (refer to
Figure 5 - Synthesizer I1C201).

Synthesizer IC201 consists of a
programmable reference oscillator
(divider + R), phase detector and
programmable VCO dividers ( : N, A).

When the PTT switch 1is pressed
(transmit) or released (receive) new
frequency data is received on the clock,
data and enable lines and the synthesizer
immediately begins generating the new RF
trequency. This serial data determines
the, VCO frequency by setting the internal
dividers. The reference oscillator fre-
quency applied ¢to the programmable
reference oscillator divider 1is divided
down to some lower frequency as indicated
by ithe 4input data and applied to the
internal phase detector. The phase
detector compares this signal with the
output of the internal programmable VCO
dividers. The output of the programmable
VCO dividers is a function of the RF fre-
quency which is divided down by the dual

- modulus pre-scaler and the programmable
-~ .VCO, dividers. When operating on the
.fcorgoct frequency, the inputs to the
" phatie detector are identical and the

.output voltage of the phase detector is
. “copstant. Uader these conditions, the
"7 ¥CO 18 stabilized or locked on frequency.

CIRCUIT ANALYSBIS

It the compared frequencies (phasnrs)
difter, ag error voltage is generated and
the VCO through the frequency
causing the Phase~
(PLL) ,to acquire the new

trequencyibc 4
The K DETECT (LD) line provides

the PLL lock status information to the
microcompyter. When the PLL is out of
lock, the{LOCK DETECT lead is low. W¥hen
locked on {frequency the lead is high.

DC offset buffers TR202, TR204 and
TR205 receive the error voltage from the
synthesizer and increases this level by
1.8 VDC tg extend the operating range of
the high purrent buffers. ¥hen the PLL
is off frdquency:due to6 a channel change
or frequency drift.the error voltage from
the ayntiﬁslzer (APD) rises or falls
turning TR202 on:or off. TR202 controls
the DC offset buffers TR205 and TR204 and
high currgnt buffers TR203 and TR201.
TR203 and §TR201 complete a high current
rapid chafge pathfor C206-C208. TR204
and TR205f provide, the rapid discharge.
path. { i

As the. error voltage decreases
TR202, TR205 and TR204 turn on completing
a discharge paths'for C206-C208 through
bilateral pwitchesfIC203. 'When the error
voltage gdes positive TR202, TR204 and
TR205 are Jturned off, allowing C206-C208

to charge§ through, TR203 and R205-R206.y :

1C203 is urned ;on for 15 millisecondsy .
each time channel is changed in receive’
or when fchanging from transmit to"
receive. The time 1is

15 milliseconds
vhen in transmit.
8 !

The Joop filter consists of R205~-
R207, an gczo%ﬁfzos. This filter
controls the ban{dwidth and stability of
the synthdsizer 16op. Bilateral switch
IC203 is Jcontrolled by the 15 milli-
seconds), P=volt) channel change pulse.
¥hen the annelfchange pulse is present
the bilatéral switch shorts out the low
pass filtér ‘greatly increasing the 1loop
bandwidth §to achieve the 35 milliseconds
channel quisition time required for
PSLM. Thqg low pass tilter removes noise
and other§extraneous signals internal to
the synthesizer (rip.

ol i
utput Of the filter is applied
to the varicaps in thel| transmit and
's to adjust or correct the

JIVCO consists of a low
noise JFET oscillator, TR206, followed by
high gaink buffer 1I1C205. This bufter
prevents BPbxternal; loading and improves
power gafné T VCO is a Colpitts

;- with §the varicap capacitors

‘facross the. frequency split.)
The ivaricfp proﬁes voljnge controlled
5 : ;

B




LB1-31767

CIRCUIT ANALYSIS

INNYLI ~8°06! 5 34

weadwrg ¥O01d I9Z1S3aYIUAS - § 2an3drg

T0TAN

1snrov
aon 92

NOILIINE 5 &

IHN 2 “96Z ~€E2 ¢ W4

NOTLOINT Y -

sizua
40209 102 AN 20231
ooe $0S532084
L 1SNrOV QoW otony
5t »;..‘ o s z..w,,.. n«mﬂ.‘,}.sy 2 Y 2 TP
AN st “® aiw im
- ] -
¥
™ vovu o3ns 0/ ¢
¥IWENd
SMAGON WNG
90231
¥34008 0¥ 4N0D
7094 %4 o4 sv0T 4 00GZ: ¥
IHNGE D 40 BHNG: M4
oruL €9 = OV
i /Ade VINGD : %L
wastws 13 fo—(11149)
dd /g e ViNe® 1 WY
sovinen 2L
] i 0, \otes
o
2029-908)
nﬁonm- €020 1024-908¥ 802411024
ujdane 04 41802 43484 uB4sN8
709 W [} '] 4001 ANBNEND
10D12
W1IM8
it atl

A 433130 w

20X
ode
(=
-

M

NIDISRHLINAS

2804

—{ I-2m)




LBI-31767 CIRCUIT AXALYSIS [

[

Y

A L |==czz2uwascs JRNALCG
CST 9 3 CI.NTER | |Fu4asE ’{ A=

S CETESTCR
‘ ;
1€ 31T LATCH |
‘ ]
e BT
S=ITT RTIISTER E
L
! ' J1eiTaL |
r > L rree.  FOFso
) SXL_TN PRCGRAVMAZLEY —LLISTEERING
A CTUNTER N CIUNTER ..i %
. [ I ‘
= : D
i 'l ceTESTeR|
1T 81T SHIFT REJISTER

‘I Figure 5 - Syathesirzer IC201
5 { g
frequescy adjustment of about 3 ¥Ez. The VOO Characteristics?

VCO isjswitched on and off umder control ; =

wo VCO's, the

of the!DPTT line. When the DPIT live is The synthesizer has

high thejReceiver VCO is tazrsed oa (TR207 ' frequemecy of which ireftly related to ¥
is on)d The RX iajectioa output is a coatrol voita enerated by the
typically O dBm. RX VCO lock time is 15 syathesirer circuifry a d must remain§

=111iséconds maximum. : . within specified 1iits the synthe-
; sizer to function perl?.; The RX VCO
The transmit VOO is basically the typically will inérease; in frequency
same as the Receiver VCO except that about 3 Wiz !whea ithe control voltage
capacitor CV202 is turned to provide an  mover from its lowep,limit to its upper
operating range of approzimately 10 MHz, limit. The TX.VOO Joves dbout 6 MHz for
depending on which frequemcy split the  the same situattoh. By tuning the
radio is operating jon. The varicap variable capacitor in the VCO, the same
provides a voltage controlled adjustment. control voltage f sguency_ spread can be
range of approximately 6 NEz. The TX  moved up or *through ‘the full range
injection provides a typical outpst of 0 - ‘ adio operates
dBm. § Transmit audio is applied to on.
modulation adjustmeat comtrol RV201. : S e 4 |1
Deviation is set forj 4.5 KHz. TX VCO. : inghejselectivity
lock time is 15 millise onds maxisum. 5 o1 ek armance of thel

i X VOO control - switch TR210 turns - - 3 sust
the Transait VCO onm Iais lres§ that all the

L TH user
indeper 0 +; accurately JBaptrol’ voltage to the,
receiv§ frequencies across the frequency - upper limit Ppf] ange at the}

splitdy

|

- highest fre

¥
i
T




NOTE internal §: N, ! Aicounter and compared in

frequency] and pha with the divided down

Going too high with the voltage frequency) trom the reference oscillator.
setting at the highest frequean- The result: of this comparison is the
cy channel may cause probleas error volRage u to mafntain frequency

over temperature extremes as lock.

N, Afi
the VCO's will drif: slightly. data ¢

ived

unter {& controlled by
fom the microcomputer.

Set the voltage too low and you | Dependingion the operating frequency, the
may not remain withia the re- NC voltagh at T 1 should be within the
Quired lower voltage limit as range 3. .8 VDC when the PLL is
you cover the radio’s mximsum locked . ' |

tvo frequency spread.

audio cesgor  provides audio
is with amplitude limiting and
ftering and a total gain
1f the required f{reguemcy spread is %7 dR. Approximately 30 .
less than the mazimum w0 frequeacy B gain ,j Bdd by IC208B and 4 dB by it
spread, then there are no restrictioms oa 1IC208A anll » i by R248, R249. ¥
setting the lowest ard higkest frequen- £ ~
cies withir the required voltage limits. The

The

gulator 1C207 powers
: r and applies regulated
.The minimum tuning requiremeat of 9 volts tage divider consisting
the VCO's §s to cover the proper of R245 : 8.3 The +4.5 V output from
frequency rarnge. For 1sstamce, to cover the volthge difider cstablishes the
160 to 166 %Az the YC(O7 must be tunable operating &t
suchthat a= 160 Mz the coatrol voltage amplifie] B and IC20mA. C261
is at least greater trie cr equa! to the Provides | ground at the summing
lower voltage limit, a=zd 2t 166 NHz the inptt of tional jamplifiers.
voltage must be! less tham the upper s 5

limit. 1f the cortral ~cltage cam be L : ) si;nai to I1C208B~-6 is
tuned higher thas  tte iomer limit at 160 of a wmaghit Fch that the amplifier
WHz, this simply zesems that you cae t 1GQ208B-7 does not exceed 5
progrss chanaels Delos 160 WEz until yom B hmplifier provides a
finally run isto the locewer voltage limit. i in. %hen the audio
Whea tuning the YOO0's to a chanrnel close cigy v 4 208B-7 lexceeds § volts
to 166 MHz, the cortrel voltage may wot : ) F gain {$ reduced to 1.
reach the upper ftortrol voltage limit. audio}l amplitude atd
This is norsal for some radios and is due .. PP, v
to the toleramces!oe the many capacitors : =

in the VCO. Evea thoegh It takes vwery ¥
little change im eapacitaxce to shift the
VYCO frequency rasge 2 few megahertz, this
varistion bhas beeg carefually compessated
for by incressed ; tuxing rasge for :the
VCO. Therefore, {f you tuse to 174 NEx,
you may not achieve the maxzimum coltml
voltage for all jradios, but you  will
always be greater thtn thke lower voltlle
lillt. ; g

ViR

g

M2, R243 and Capacitor:

e ;udi? pre-emphasis- .
ces the 'signal-to-noise £
4% C258 céntrol the pre-
w limi{ing. R242 and

point for high,
As high” i
tenuated, the gain of- Y

‘ microphone is coupled
‘easor t%rough R242 and
Feedback Buffers: } L) ;

voltage output from the RX VOO and TX Vm
are! supplied: to the receiver -uer%uul ]
the exciter respectively aad to. :the J ptrg by the DPTT line s0j
feedback buffer. # Buffecing is provided ) 8 transmitted only wvhen
by IC204 and the ‘dutput npplied to dnal . L2 ressed.gk

modulus prescaler Fc202. ‘ RNy i &

utpur.’ of IC208B is

'rhe‘ dlnl -od us prescaler co-plotes

syntbesiut thron;h the premler.é The
ler;idividesfthe VCO trequency by
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limiter
Adjust

filter is
RV201 to the

output of the post
coupled through Mod
transmitter VCO.

TX enable switch TR215 shorts out
operational amplifier IC208-A when the
radio is in the receive bode. The DPTIT
signal is generated by the microcomputer
shen the PIT switch is released and is 9
¥DC in the receive mode.

“7AN Operation:

The scan operation is controlled by
the microprocessor, and provides for
scanning any or all of up to 16 channels.
The scanned channels may be located
anyvhere within the frequency band of the
radie, and can imclude two priority
channels (Pl and P2).

If desired, all 16 charnels can be
scanned with or without priority level.

Example 1:

CIRCUIT ANALYSIS

¥Yhen SCAN is ennbléﬂ. scanning of the
selected channels starts immediately.
Scan time is approximately 50 to 450
milliseconds per chamnel, depending upon
whether Channel Guard has been programmed
for a particular scan channel. If a car-
rier is not detected, the scan time is 50
milliseconds. If a carrier is detected
and Channel Guard 1§ programmed for the

channel, the time ‘is 200-450 milli-
seconds, depending’ upon how close the
Channel Guard tone is to the desired

tone. Typical value is 250 milliseconds.

Priority 1 (P1).and Priority 2 (P2)

. channels, if preseat, are not part of the

non-priority channel scan list (S1, 82,
S3, ...) and are treated separately. If
there is no activityjon any of the scan-
ned channels, thea the scan scquence is
as shown in the following examples.

(More tham four mon-priority channels, i.e., six channels)

P1-P2-S1-52-83-S4-P1-P2-§5-56-5§1-S2-P1-P2-83-54~85-86-P1-P2-...

Example 2: (Four or less non-priority chanrnels, i.e., three channels)

P1-P2-S1-S2-83-P1-P2-51-§2-53-P1-P2-51 -52-§3-P1-P2-51-88-53-...

Therefore, the scan sequence is:
four poa-priority chansels before
non-priority chamnels exist,

~{ noa-priority chammels (is

Scan Pl and P2 if programmed.
scananieg Pl
thea scan will srap around, continuously scanning four
channels of the moe-priority list between each P1, P2 scan sequence.
fess thaa or equal to four,

Then scan up to
and P2 again. 1f more than 4
If the number

then all non-priority

channels will be scasmed betweea each Pl, P2 scan.

As an added example., coasider chanaels 1-8 to be éLe scanned channels,
The scanning orger then would be:

being Channel 1 and P2 beimg Chaasel 8.

with Pl

S81-82-83-S4-P1-P2-5§5-S6-51-52-P1-P2-53-54-... | R |

7 6 5 4 1 8 3 2 7 6

Since it takes approximately 50 to 450 unillisecon
every 0.3 to 2.7
channels are sampled at least oace every 0.4 to 3.6
programmed for a channel bat no carrier is detected, t

each Priority chanmel is sampled

is 50 milliseconds.

SCANNING (Stopped On A Valid SCAX Channel):

8 5 4

to scan each channel, then
nds; gnd the Non-Priority
condsﬂ‘ilt Channel Guard is
e scan time for that channel

Once a carrier is detected, the Receive Changel display iwill light up,

indicating that channel.
Priority channels,

carrier is detected,
channel,

If the channel is a Non-Priority channel, and there are no
then scanning is halted.
present, then it is scansed every 5 seconds if it has}
and every second otherwise.
then it is sampled every 2.5 seconds if {t
carrier is detected, and every 500 milliseconds otherwlse.
Priority channels, the sample rate will vary.

If only Priority 2 (P2) channel is
ChanneljGuard programmed and
jthere} is only a Priority
Chanfiel Guard 1 (Pl) and

It} there dre Pl and P2

3 ” i

In order to show the various scan conditions, the following conditions are used:

: .
:
- NOTE

ghnnnol.

The following conditions are shown while listeiiig t;é: non-priority




CIRCUIT ANALYHIS I81-31767

CONDITION 1: Pl And P2 Have Channel Guard Programmad

a. No carriers detocted b

PlePl=pP2=D)-)=pd=flaplep-,,,

tb (time betwoon samples) = 500 mmec ;
ts (time of mample) s 100 maec ;,%

Note: ts is the hole time placed in the signa) being heard.

b, Carrier on P) detocted/wrong Channal Guard .

P1-pP2-p2-p2-p2-p2-P1=P2~P2~pP2-p2-P2-P1~P2~,.,
tb = 1 second ' !
ts = 100 msec for P2 -
250~-500 mscce for PI
c. Carrier on P2 detected/wrong Channel Guard 2 é

P1-P2-pP1-p1=-pPi=~-pPl=-Pl=Pl=p]1-P)~-Pi-P2=-Pl~,,, >w1

tb = 500 milliseconds s
ts = 100 milliseconds for P1 %ﬁ!
250-500 milliseconds for P2 1
d. Carrier on P! and P2 detected/both wrong Channel Oggid
P1-P1-P2-P1-P1-P2-P1=-P1=P2... ; z )
tb = 2.5 seconds &%

ts = 250-500 msec

e. Carrier on Pl and right Channel Guard

R g

:;R

Stop scan, display P1

f. Carrier on P2 and right Channel Guard

Display P2, scan P1
P1-P1-P1-P1-P1-Pl1~.,.,.

5 e e

tb = 500 msec P
ts = 100 msec E i’

g. Carrier on P2 with right Channel Guard, car ier/wr annel Guard P1

!

ong Ch

P1-P1-P1-P1-P1-... N &

tbh = 2.5 seconds i
ts = 250-500 msec ;

£
A
?

a. No carriers detected

P1-P1-P2-P1-P1-P2~P1~P1=P2-...

¥

tb (time between samples) = 500 msec
ts (time of sample) = 100 msec

b. Carrier on Pl detected/wrong Channel Guurd:hé‘
Pl{pz-pz-92-pz-92-91-pz-p2-p2-92-P2?P.:t

i tb = 1 second E %a

ts = 100 msec for P2 | !
250-500 msec for Pl{

A 1 f

oy

w
R
B S O
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c; Carrier on Pl detected/right Channel Gusrd

Btop on P1, atop mean

d. Carrier on P2

8top on P2, scan P}
p""'pl'Pl‘loo

tb = 500 msec
ts = 100 maec

e. Carrier on P2 and P] with wrong Channe] Guard os P}

Stop on P2, scan P!
Pl'Pl’Pl-Pl-Pl'Pl'.a.

tbh = 2,85 seconds
ts » 250-500 msec

CONDITION 3: P2 Has Channel Guard, P1 Does Not

CONDITION 4: P1 And P2 With No Channel Guard

14

c. Carrier on P2 detected/right Channel Guard

a. No carriers detected

P1-P1-P2-P1-P1~P2-P1-Pi=-P2~.,.

tb (time between samples) = 500 msec
ts (time of sample) = 100 msec

b. Carrier on P2 detected/wrong Channel Guard
' P1-p2-pP1-P1~-P1=P1-P1=-Pl~P1~-P1~P1~-P2-P1~,,,

tb = 500 milliseconds
ts = 100 milliseconds for Pi
250-500 milliseconds for P2

Stop on P2, scan Pl
P1~P1-P1=P1~PlePl-... I

tb = 500 msec
ts = 100 msec

d. Carrier on P1 detected

S8top on P1, stop scan

a. No carriers detected

P1-p1-p2-P1-P1-P2-P1-P1=P2-~...

tb (time between samples) = 500 msec
ts (time of sample) = 100 msec

b. Carrier on P2
Display P2, scan Pl
P1-p1-P1-P1-P1~Pl~,.,

th = aoo”-ec
ts = 100. meec

o. Carrier on P L -
Stop on P1, stop scan Ry

i
i

.




Hang Time:

If the carrier on a Non~Priority
channel disappears before a carrier is
dotected on a Priority channel, then a
5-mecond hang' time is applied before
Non-Priority acanning in resumed.
However, during this time the Priority
channela are atill being wampled, The

hang time im provided to prevent fados
from causing hig gaps in the audio
nignals. The transmittor may be koyed at

any time during the hang time. The hang
time is restarted when the transmitter is
unkeyed.

1f a carrier (or Channel Guard tone
it programmed) is detected on a Priority
channel during the sample period, then
the channel is immediately swvitched to
the Priority channel, and efther the
PRI-1 or PRI-2 {indicator will turn on.
If the carrier is on Priority 1 channel,

scanning is stopped until the carrier
goes away (plus the five second hang
time). If the carrier is on the P2

channel, then Pl {s still sampled every
500 milliseconds {f no Channel Guard, and
every 2.5 seconds if Channel Guard is
programmed. If there is no Pl channel,
then scanning is stopped until the
carrier disappears (+5 seconds). Once a
carrier is detected on the Pl channel,
the channel is switched to Priority 1
regardless of what is being received on
another channel (Non-Priority or P2).

Other Characteristics:

¥hen the microphone 18 removed from
the hookswitch, scanning will stop and
revert to the Pre-Scan selected channel
i{f the scan has not stopped on any
channel. The scan 1light will blink.
Transmit (if a valid TX frequency is
programmed) is possible on the pre-scan

OENERAL €1L5CTRMC COMPANY . MOSILE COMMUMICATH
WONLD MEAGOUARTENS oL YNCHBURG, VIAGHILA

channal white off~hook, 7Thae chassels can
he changed Quring this mode, but vhen the
microphone s returned to the hookewiten,
hang time ocecurs on Lhe pre-scas ac!oa
channat, ;

1t s echannel hasn bDeen detected .nd
the radio s hangingk on this channel,
than scanning stops and the radino will
sit on the Rsceived scan chanmnel unti}
the microphone is plsced on the hook~
nwvitch or scan .is dissblad by prcnstnc
the BCAN buttono 11 the microphbone:
raplacad on the hookswitch scanning vtll
resume five seconds lster., Chanpel
changes dre siiowed until the microphose
in repiaced in the hookswitch. When scas
is disabled, the radio sutomstically

revorts tf the Prc-scnn selected channel.,

the 911 is pressed, the ¢hs§§cl

Yhe
that the! scan w hanging on when
micropho was i¥emoved from the boot-

switch will be the transmit channel.
This is the displayed channel. 11 the
PIT is pressed while on-hook and is SCAN,
the transmitter §s dissbled wuntil scsn

stops on s valid channel or scan ‘1is
disabledj g
Oncd stopped on s channol sad tbo

microphoe removed from the hookswitch,
the Channel Guayd decode functfonis
dinabledlgnttl the microphone is retu

to the hdokswiteh)

Yhed in the scan mode and the chapn-
nel display blifiks while dispisyin 3.7
channel pumber,’ this indicates uutzouo
of the sean channels (s not locking
frequency (not prpperly programmed, r.dio
not properly aljgned, etc.). Slowly
stepping jthrough {the channelsn with qcaa
disabled’ will ireveal the bad channel
because the chsnnel displsy will blink on
the bad hnnnel only. 3§

s P s g o
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