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The F&tern Cantrol/Synthe&er Board (A80 1) for the 
MLSUl41/241 two way niobile FM radio, controls the 
radio by providing all necessary digital processing, tones 
and control ‘functions. The Iagic circuitry of this board 
controls channel acquisition, RF frequency se&&on, tone 
generation and detection, timing functions and operator 
interface functions. Interface functions include control 
panel displays and switch panel controls, microphone 
hookswitch and programming functions. The frequency 
synthesizer generates the transmitter output frequency and 
the receiver first mixer injection frequency. The System 
Control/Synthesizer 3oard contains the fallowing: 

. . . . 

+ Microprocessor 
- 

* Extei-nal memory EF~OM far the micrapraces- 
sor 

* The programmable personality EEPROM 

8 T&nsmit and receive audio processing circuitry 

The System ControL’Synthesizer Board (CMC-553) 
mounts in the top section of the frame’assembly as shown 
in Figure 1 - System Control/Synthesizer Board Location. 

System ControVSynthesizer Board CMC-553 
provides the microprocessor, control logic and the audio 
processing for both the Transmitter circuit and the 
Receiver circuit. This board also provides the synthesizer 
circuit for generating operating frequencies. 

__ . ~_ _-_ : _: 
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A continuous 13 .% Volts supply is applied to the Power 
CantroI Circuit IC656. 

Pressing in the power-on switch energizes power relay 
IQ&l. Energizing this relay applies a switched 13.8 Volts 
to hoIt Z& g-volt regulators IClUl, rc207, rC501, 
IC607, IC608, and ICfilU. Switched 13.8 Volts is also ap- 
plied to Audio PA module IC551. 

Digital Processing 

The digital processing circuitry consists of 
microprocessor IC70f ) Octal Latch IC752, EPRclM 
IC703, EEPRUM IC704, PI0 IC705 and FlipFlop 
IC757. IC753 is an 8K X &Bit EPROM and is used by _ 
the microcomputer to control all radio and system func- 
tians. Crystal X751 provides the time base to sequence 
the microcomputer through an internal software program, 
allowing it to execute the program stored ‘in ~&e program 
memory (refer to Figure 2 - System Control BIock 
Diagram). 

EEPROM IC754 contains all data unique to the radio 
and is referred to as the “Personality” PROM. Informa- 
tion stored in the Personality FROM includes data for RF 
channels and Channel Guard as well as all radio options 
(e.g. carrier control timer, etc.). 

OPERATION: 

Octal Latch IC752 

Octal latch IC702, is used to exchange data passing 
between microprocessor IC 75 1 and the memory and can- 
trol circuits respectively. 

Octal Iatch IC702 has the “G” input connected to the 
Address Latch Enable (ALE) output of the micrapraces- 
sor to provide a latched address interface between the 
microprocessor and program memory IC703. 

Reset 
. 

-_... / - 

A reset circuit is provided to reset the microprocessor 
(IC751), PI0 (IC705), and FlipFlop (IC757). The reset is 
provided by IC659. When SW A + f+ls below ap- 
proximately Q-w&s, IC659-3 goes high. 

Micraoracessor_ 

Microprocesso r IC751 directly interfaoes with and 
controls the operation of all the digital processing circuitry. 
It also interfkces with the radio and control p&e1 f&z& 
tions through PIU IC705. Microprocessor IC751 responds 
to manual initiated functions of Push-To-T&k (PTT), fre- 

quency selection (ADD, DELETE), MONITOR, 
VOLUME and-SCAN ADD and DELETE through PI0 
IC755. Other fimctjons are performed automatically by 
the microprocessor. 

The Microprocessor controls the operation of the 
radio by performing the fallowing major functions: 

System Timing 

Frequency Selection 

Receiver Scan (16 Channels) 

Two-Channel Priority 

Channel Guard Generation and Derection 

Transmit/Receive Control 

Front Panel Controls and Displays 

Audio Routing and Mute Control 
__- 

‘Microprocessor IC751 is sequenced through its 
program by an internal 8.192 MHz oscillator controlled 
by crystal X751. The microprocessor accesses its program 
from EPROM IC753. Reading of the stored program at 
KS’03 occurs when the PSEN Iine of IC?Oi is law. The 
upper eight address lines of IC701 (A8 through Al5) are 
stationary during this access time. The lower eight address 
lines of IC751 (AD5 through AD7) are captured by octal 
latch IC752 and held stationary. ALE (IC751-27) is used 
to latch the lower eight address lines. The output of IC703 
is then read into. the data bus (AD5 through AD7) of 
rc701. _ 

The microprocessor interfaces with the microphone 
through’MIC FIT and LOGIC HKSW. It also interfaces 
with PC-Programmer through HKSW, MIC PIT, and 
with Personality EEPROM IC754. The microprocessor 
control signals include the following: 

EA - When this enable line is Low,’ allows . . .-.. _. . ^ . ___.-- 
the !A4ErCkbmputer to retrieve all in- 

.~ structions from external memory. _. 

~ST 1... -~;- --. Resetsythe Microcomputer to begin- 
: ‘- -=; i;,-a rung b? the software program when 

s’vrrtehed A.+ is turned on, im- 
. .- medjately follcwing power interrup- 
- tians or with Iow battery voltage. 

-. -., -I. _ ..i ._._ i _--__ 42 -=z.__J -I.. _ : - .~ 
SYNDATA - Data transferred to synthesizer rep- 

resenting RF frequencies. 
. _ 

SYPJ-CLOCK- - -.,.-Timing output to synthesizer. - _, 
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RXMUTE 

,* DPTr 

, 

TX ENBL 

RD, WR 

a PSEN 

ALE 

A8 - A15 

Push-To-Talk 

A status input signa from the syn- 
thesizer to indicate frequency IO& 
status of VCO. 

Receiver Mute turns receiver audio 
off while operating in the trunked 
made during channeI acquisition 
(idle and wait mode) and wheti 
transmitting. 

Delayed FIT’ energizes the antenna 
relay. DPTT law switches off the 
biteral audio gates on the System 
ControVSynthesizer Board in the 
transmit mode, 

TX EXBL low turns transistor 
TR103 on and applies 9 volts to the 
exciter. 

The microprocessor monitors the 
status of the switched PIT lead from 
the microphone. It also receives data 
on this line while the radio is being 
programmed. 

Read, Write shows the microproces- 
sor to read/write data to/from PI0 
IC705 and write to FhpFIop IC707. 

Program Send Enable allows the 
processor to read instructions from 
program memory IC 703. 

Address Latch Enable allows the 
microcomputer to hold the eight 
least significant lines (ADO Through 
AD7) stable by using octal latch 
IC702. This is necessary when read- 
ing from program memory IC703 or 
reading/writing from/to PI0 IC705. 

Eight most significant address lines. 
These lines are used to address and 
access program memory IC703 and 
PI0 rc705. 

Pressing the FIT switch on the microphone apphes 
a ground through 5701-2 on the System ControVSyn- 
thesizer Board to microprocessor IC701. The ground on 

. IC701-5 causes the TX ENBL output at TR709 to go low 
and the RX MUTE output at IC707-9 to go high. 

The high crutpt& of~ic705-36 is applied to the input 
of inverter transistors TR716, TR718 and m720. The 
low output at TR720. becomes the high output DPTT 
through inverter IC708. DPTTi, DPTT and‘DPTT.are 
applied to the synthesizer, Transmitter/Receiver hoard 
and the audio circuitry. The low output at TR718 is ap- 
plied to the Tmnsmitter/j%eceiver board from 5703-13 and 
operates antenna relay RI. The DPTTl output is sup- 
plied to the synthesizer iircuit to turn the RX VCU off 
and TX VCO on. Also the Iow DPTTl output at TR716 
is added to the bilateral switch IC603 in the audio circuit 
to change -the operating mode from receive to transmit. 
TX ENBL is low and throughJ703- 12 is connected to the 
Transmitter/Receiver board to apply 9 vobs to &z exciter 
and key the transmit circuit. I~ 

Channel Select 

When a channel is selected and the bit stream is loaded 
into the synthesizer, a strobe pulse is appljed to the Phase- 
Lock-Loop (PLL) module to &ow the synthesizer to 
generate the correct RF frequency. The microprocessor 
immediately begins monitoring the LOCK DETECT Iine 
to v.xifj~ that the synthesizer is ‘on’ frequency. If the syn- 
thesizer is not locked on the correct freqtiency, a high on 
the LOCK DETECT line (IC705-11) will cause the 
microprocessor to reload the synthesizer in an attempt to 
lock it on frequency. If the synthesizer is locked on the 
correct frequency and MIC PTT is low, the microproces- 
sor applies the high to the input of inserter transistor 
‘MZ709. The low output of TR709 (TX ENBL) is con- 
nected to the lIansmitter/Receiver board through 5703- 
12 to key transmit circuit. 

Monitor 

Pressing the MONITOR push-button applies a low 
to the microprocesso r throtigh PI0 IC?05-19. This low 
causes the‘ microprocessor to open the receiver so the &an- 
ne2 can be monitored. 

Channel Guard 

In the encode mode, the microprocessor se&s the as- 
signed Channel Guard tone/code information from the 
EEPROM memory for each transmit and receive channel 
and generate the Channel Guard Signal. This signal is ap- 
plied as Walsh Bits “1” and “2” to summing amplifier 
IC604-D. These tow bits are summed together and filtered 
to prwide a smooth sine wave for Tone Channel Guard. 

The output of IC&#-D is applied to low-pass f&er 
(Voice Reject) IKB32. This filter shnnts all frequencies 
above 300 Hz to ground, preventing those frequencies 
from interfering with the encoded signal. 



In the decode mode, the DPTTl input to bilateral 
switches IC603-3 is high, changing the switches to the 
receive mode. Audio and tone from VR IN at J703-11 is 
applied to low-pass filter (voice Reject) HC602 through 
buffer amplifier IC604-A. This signal is filtered and only 
the Channel Guard (if present) is applied to haid limiter 
KXM-3. 

The square-wave output of IC604-B is connected to 
transistor switch TR602 and the Channel Guard tone is 
applied to the microprocessor for comparison to determine 
if the Channel Guard tone is correct. If the tone is car- 
rect the microprocessor causes the RX MUTE line to go 
low at IC707-9, turning the receiver audio on so that the 
message can be heard in the speaker. 

Carrier Control Timer 

The Carrier Control Timer {err) is contained in 
and controlled by the microcomputer. Each time the P’IT 
switch is activated an inter& 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 is released. The timing cycle is Programmable from 
30 seconds to 7.5 minutes in JO-second increments. 

Transmit and receiver audio signals are routed 
&rough three-stage bilateral switches IC603-C. The 
switches are controEed by the RX MUTE 1 output of 
microprocessor fC701. In the transmit mode, the RX 
MUTE 1 from 26705-38 is high, TR601 turns on, 
bilateral switch IC603 control Iead is low, switching the 
stages to the transmit mode as shown on the System Con- 
troI/Synthesizer Board Schematic Diagram. When the 
PTT switch is released, the switches revert back to the 
normal receive mode @FM3 hi&). 

Transmit Audio 

Audio from the microphone at 5’01-3, 4 (MIC HI, 
LO) is coupled through capacitor C258 and Audio Proces- 
sor IC20%-I3 and applied to a high-pass filter. The filter 
output is coupled through capacitor C230 and Modula- 
tion Adjust ptentiometer RV20f to the next stage. 

The Channel Guard tone/code (if present) from Voice 
Reject Filter EC602 is coupled through bilateral switch 
E&03-A and applied to the CG TONE input of Channel 
Guard Deviation Adjust potentiometer RV202, The 
Channel Guard tones and audio are combined and ap- 
plied to summing amplifier IC208-A. 

Receive Audig 

In the receive mode, the PTT input to the System 
Control/Synthesizer Board goes high, switching antenna 
relay to the receive mode. The RX MUTE lead xmains 
low, keeping the audio amplifier turned on. 

If & channel being- received has been programmed 
for Channel Guard, the received CG tone is coupled 
through bilateral switch IC603-3 and summing amplifier 
IC604-D to low-pass filter poice Rejection) HC6U2. The 
filtered tone output is coupled through ICBOQ-A, limiter 
IC604-3 and transistor TR602 to the microprocessor. 

. 

Received audid from the receiver is applied to the 
input of buffer amplifier ICfiOl-A. The audio out from 
IC601-A is applied to the volume control circuit (ICfioZ 
and IC601-D) through tone reject filter KC&Ol, audio 
gate IC603-C and audio pre-amplifier EGOI-3. The 
audio output from the volume control circuit is applied 
through the de-emphasis network, consisting of resistors 
R551 and EL552 and capacitors C552 and C553, to audio 
amplifier IC55 1 which provides up to &watts of audio out- 
put power to e-ohm speaker SP801, located in the front a 
panel. 

When the radio is squelched, the Carrier Activity Sen- 
sor (CAS) to the microprocessor through 5703-10, goes 
low. The FLIPFLOP and PI0 outputs the RX MUTE 
and RX MUTE I signals. The RX MUTE 1 signal turns 
bilateral switch IC6U3-C off and mutes the audio signal. 
The RX IvIUTE signal turns transistor TR551 off and 
mutes the audio signal from ICGOI-D. 

Freauencv Svnthesiier - 

The frequency synthesizer circuit consists of reference 
oscillator XU201, synthesizer chip IC201, dual modulus 
pre-scaler IC202, TX and RX Voltage-ControIIed OsciI- 
lators (VCO’s), transistors TP.206 and TR209 l a loop i%- 
ter and associated &c&try (refer to Figure 3 - Synthesizer 
Block Diagram). 

. 
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REFERENCE 6SCILLATUR: 

Reference osciIIator XUPUl operates at a frequency 
of 12.8 h&l% and is temperahrre compensated to provide 

a frequency stability of -t 5 PPM/ -t 2.5PPM. Voltage for 
the oscillator is supplied by Q-Volt regulator IC207 and Q- 
Volt zener diode CD201. The oscillator output is applied 
to synthesizer chip X201-2 (refer to Figure 4 - Synthesizer 
IC201). 

SYNTHESKZER: 

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

When the PIT switch is 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 frequency. This seri,al data deter- 
mines the VCU frequency by setting the internal dividers. 
The reference oscillator frequency applied to the program- 
mable reference oscillator divider is divided down to some 
lower frequency as indicated by the input data and applied 
to the internal phase detector. T&e phase detector com- 

ares this signal with the outnut of the internal momam- 3. 

mable VCU dividers. The output of the programmable 
VCU dividers is a function of the RF frequency which is 
divided down by the dual modulus pre-scaler and the 
programmable VCO dividers. When operating on the cor- 
rect frequency, the inputs to the phase detector are iden- 
tical and the output voltage of the phase detector is 
constant. Under these conditions, the VCO is stabilized 
or locked on frequency. 

If the compared frequencies (phases) differ, an error 
voltage is generated and applied to the VCO through the 
frequency acquisition circuit, causing the Phase-Lock- 
Loop (PLL) to acquire the new frequency. 

The Lock Detect (ID) line provides the PLL lock 
status information to the microcomputer. The LOCK 
DETECT lead is negative going pulses when the PLL is 
out of lock. When locked on frequency the lead is high. 

Equalizer: 

The equalizer consisting of IC210-A, R277, R278 
and C284 receives transmit audio from Loop Mod ad- 
juster RV203. The output of the equalizer is summed with 
the output signal from the phase-detector by adder IC210- 

PROGRAMMABLE 

R COUNTER 

+ 

14 BIT LATCH 

i 

SWALLOW PROGRAMMABL 

A COUNTER N COUNTER 

$3 f 10 

17 BIT LATCH I 

17 BIT SHIFT REGISTER 
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DC of&et buffers TRZ&, TR2iX and diode CD204 
ticeke the error voltage from ‘the synthesizer and increase$ 
this IeveI by 1.8 VDC to extend the operating range of the 
high current buffers. When the PLL is off frequency due 
to a channel change or frequency drift, the error voltage 
from the synthesizer (APD) rises or falls turning TR202 
either on or off. TR202 controls the DC offset buffer 
TF+5. R204, Cfi204 and TR205 complete a high cur- 
rent rapid charge er discharge path for C2WC208. 

_~ 
As the error vohage de&a& TR202, TR2p5 and 

CD204 turn on completing a discharge path for C206- 
C208 through bilateral switches IC203. When the error 
voltage g&s positive TRILOS, TR205 inil CD204 are 
turned off, aowing C206-C208 to charge through R204. 
IC203 is turned on for f5 milliseconds each time a chan- 
nel is changed in receive or when changing from transmit 
to receive. The time is 15 milli&conds when in transmit. 

The loop filter consists of R205-R207, and CSCE- 
C208. This filtei controls the bandwidth and stability of 
the synthesizer loop. Bilateral switch IC203 is controlled 
by the ‘15 mihiseconh, Q-voh channel change pulse. When 
the cli&nel change pulse is present the bilateral switch 
shorts out the low pass filter greatly increasing the loop 
bandwidth to achieve the 35 milliseconds channel acquisi- 
tion time mquired for PSL;hAI The IOW pass filter remows 
noise and other extraneous signals intern& to the syn- 
thesizer chip. -: 

The output of the filter is applied to the varicaps in 
the transmit and receive VCO’s to adjust or correct the 
VCO’fmquency. .- 

Rec&feryC&r ~-.. - 
>’ .._-t_ .~ 
” Thi: Receiver. VCU consists’of a low noise JFET os- 

cillator, TP.206, followed by high gain buffer IC205. This 
buffer prevents external loading and improves power gain. 
The VCO is a Colpitts oscillator with the varicap 
capacitors ‘and inductor f&i&g the tank : circuit. 
Cap&citor CV20f a&&s maimal adjust&e& of the VGd 
icross the ‘frequency’ split. The variczip p&ides voltage 
controlled frequency adjustment of about 5 M?Zz. ‘The 
VCO is switched on and off under control of the DPITl 
line. When the IFIT line is high the %&e&& Vca is 
turned on (TR207 is on). The RX injection output is typi- 
cal& c 4 dBm:. RX .VCO lo&tim& is 15 niillisecbnds 
rii&tiG. ; , _ . 1 : F I~_ ,. I. ‘;lffl . ..‘_. -- ,‘-. r’-Ii-” . . ..-I” _ ,,I . . 
‘..* ,;; __ -.-^ ,. .;i: r:.-. -.-. i_ :z;Tez-e’ m~>a3;~r:~;; _ r’i’:A:T=;: y,:; ~I;? .;i 
-7. -i*..i 1. 1’ ..::;; .l’.;_&* 1.;: I.: %“il&C .., - ::_ ;t”Z& zk-“> x.;I:.:+f 

. . . ..-. . . . . ;,L--.T.r . . . . 

~~~%~~~%~ mm 
The trammitt& VCQ is ba&ally the same as the 

Receiver VCO. The ~&cap provides a voltage controlled 
adjustment range of approximately IO-MHz. The Ex in- 
jection provides a typical -output of +4 dBm. T’smit 
audio is applied to modulatibn adjustment control RV20 1.. 
Deviation is set for 24.5 KHZ. TX VCO lock time is 15 
miNiseconds maximum. *’ - 

The transmit VCO is turned on when DP’ITf Iine is 
low (TR210 is on, TR216 is of%). .~ 

The use of two VCO’s allows tipid independent selec- 
tion of ti ansmit and receive frequencies across the fiequen- 
cy split. 

.-.. 

VC4) Chara&e&&cs: 

The Synthesizer has two VCO’s, the frequency of 
which is directly related to a control voltage gent&ted by 
the synthesizer circuitry and must remain within specified 
limits for the syn&esizer tb function prop&y. The RX 
VCO typically will increase in frequency about 5 MT& 
when the corn& voltage movea from its lower l&n& to its 
upper limit. The TX VCO moves about 10 MHz for the 
same situation. By tuning the variable capacitor in the 
VCO, the same control voltage frequency spread can be 
moved up or down through the f%H r&g’ of fmquencles 
that the radio operates on. 

In .order to tiaint&n the selectivity, hum and noisz 
performance of the radio, the frequency range that the 
VCO’s can be voltage tuned must be kept to a’miniium. 
This requires &at all the availabIe voltage range be fully 
utihzed. The alignment procedure, therefore: instructs the 
tier to &urately set the Control voltage tb the upper limit 
of the voltage’rauge at .the highest frequency channeh 

-. 
j@*g-- : ,,., :---I - 

Gchng .ioo high v&h the ;;oItage ‘setting at the 1 
highest fresueney channel may cause pro&ms 

-over tern&rat& extremes as the VCQ’s will drift 
shghtly. Set the voltage too low and you may n&t 
remain within the required lower voltage limit q ,. 
you cover the radio’s maximum two frequency 
spread. , .~ .;..I 

,-.. .‘.., :. “.- :i ,-,~..* 
~.L -,,I -_-_. ,_- >_ .- -.. -I ..I, 7 : i, <_- -: _ pi:.* ~’ 

’ ‘$f rhe.requimd Eeque&y @m&is less-than the m& 
‘imum two frequency spread,-then there are no restnctrons -._ _~ ~~__~.; ~. 
‘on &%ing the Iowast and &$hest &q&ncies within the se- 

.~ 

@red voltag&limits. - -= _ .-- ~-=- 



The minimum tuning requiremenr of the VCU’S is 
to cover the proper frequency rang.e. For instance, to cover 
450 to 466 MHz the VCO must be tunabk such that at 
46U MHz the control vohage is equal to the upper wlt- 
age limit, and at 450 MHZ the voltage must be greater 
than the lower limit. If the control voltage can be tuned 
higher than the lowx liit at 450 MHz, this simply means 
that you can program channels below 450 MHZ until you 
finally run into the lower voltage limit. When tuning the 
VCU’s to a channel close to 460 MHZ, the control wh- 
age may not reach the upper cont.roI vohage limit. This 
is normal for some radios and is due to the toletices on 
the many capacitors in the VCO. Even though it takes 
very little change in capacitance to shift the VCU frequen- 
cy rage a few megahertz, this variation has been care@- 
Iy compensated for by increased tuning range for the 
vco. Th&refOlq if you tune to 470 MHZ, you may not 
achieve the maximum control wltage for all radios, but 
you will always be greater than the Iowcr voltage limit. 

Feedback Buffs: 

The buffered output of the RX VCO and TX VCO 
are supplied to the receiver mixer and the exciter respcc- 
tively and to the feedback buffer. Buffering is provided by 
IC204 and the output applied to dual modulus prescaler 
IC202. 

Dual Modulus Prescaler: 

The dual modulus prescakr completes the PLL feed- 
back path from the synthesizer to Ioop filter, to the VCO’s 
and feedback buffer and then back to the synthesizer 
through the prescaler. The prescaler divides the VCO fre- 
quency by 128 or 129 under control of M Cant from the 
synthesizer. The output of the prescaler is applied to the 
synthesizer where it is divided down to 6.25 wlfi by an 
internal + N, + A counter and compared in fmquency and 
phase with the divided down frequency from the reference 
oscillator. The rest& of this comparison is the error wlt- 
age used to maintain frequency lock. The p3, A counter 
is controlled by data received from the microcomputer. 
Depending on the operating fre{uency, the DC whagc at 
23’201 should be within the range 3.5 and 7.5 VDC when 
the PLL is locked. 

Audio Processor: 

The audio processor provides audio pre-emphasis with 
amplitude limiting and post limiter filtering and a toti 
gain of approximately 27 dB. Approximately 30 dB gain 
is provided by IC2088 and 4 dB by IG208A and -7 dB by 
R248, R?49. 

The S&Volt regulator IC207 powers the audio proces- 
sor and applies regulated 9 volts to a voltage divider con- 
sisting of R245 and R246. The + 4.7 Volts output from 
the whage divider estaI&shes the operating reference 
point for operational amplifiers ICI208B and IC208A. 
C261 provides au AC ground at the summing input of 
both operational amphfrers. 

When the input signal to IC208B-6 is of a magnitude 
such that the amplifier output at IC2083-7 does not ex- 
ceed 5 volts pp, the amplifier provides a nominal 30 dR 
gain. When the audio sign& level at IC2#8B-7 exceeds 5 
w&s pp, the amphfier gain is reduced to 1. This Emits 
the audio amplitude at IC2083-7 to 6 volts pp. 

Resistors R242, R243 and Capacitor C258 comprise 
the audio pre-emphasis network that enhances the sigma& 
to-noise ratio. R.243 and C258 control the pm-emphasis 
curve below limiting. R242 and C258 control the cut-off 
point for high frequency pre-emphasis. 

Audio from the microphone ‘is couplea to the audio 
processor through R242 and C258. 

The amplified output of IC208B is coupled through 
R248, R250, R252, and R253 to a second operation& 
amphfier IC208A. TR215 is controlled by the DPTT1 
line so that TX audio is transmitted only when the PTT 
switch is wressed. 

L 

The Channel Guard tone input is applied to ICZO%A- a 
2 through CG Mod Adjust RV202, C263 and R254. The 
CG tone is then combined with the microphone audio at 
IC208A. IC208A provides a signal gain of approximate- 
ly 4 dB. 

A post limiter filter con&&g of ICZU&A, R250- 
R253, C264 and C265 provide 12 d3 per octave rdbofs. 
R248 and C260 provide an additional 6 d3 per octave 
roILoff for a total of 18 dB. The output of the post limiter 
&er is coupled through Mod Adjust RV201 to the trans- 
mitter VCU. 

TX em&lo switch TR215 shorts out operational 
amplifier IC208-A when the radio is in the receive mode, 
The DPTI’l signal is generated by the microcomputer 
when the PTT switch is released and is 3 VDC in the 
receive mode. 

The scan operation is controlled ?q the microproccs- 
sor, and provides for scanning any or all of up to 16 chan- 
nels. The scanned channels may be located anywhere 
within the frequency band of the radio, and can in&de 
two priority channels (Pl and P2). 



If desired, all 16 channels can be scanned with or 

0 

without priority level. When SCAN is enabled, scanning 
of the selected channels starts immediately. Sean time is 
approximately 50 to 450 milliseconds per channel, 
depending upon whether Channel Guard has been 
programmed for a particular scan ch&neI. If a carrier is 
not detected, the scan time is 50 milliseconds. If a carrier 
is detected and Channel Guard is programmed for the 
channel, the time is ZOO-450 milliseconds, depending upon 
how close the Channel Guard tone is to the desired tone. 
Typical value is 250 milliseconds. 

Priority 1 (PI) and Priority 2 (p2) channels, if 
present, are not part of the non-priority channel scan list 
(Si, S2, S3, ..,I and are treated separately. If there is no 
activity on any of the scanned channels, then the scan se- 
quence is as shown in the fohowing examples. 

Example 1: (Mare than ,faur non-priority channels, 
i.e., six channels) 

Pl-P2-Sl-S2-S3-S4-P~-p2-S5-S6-Sl-S2-Pl-P2-~ 
S4-S5-S6-Pi-P2-. . f 

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

Therefore, the scan sequence is: Scan PI and P2 if 
programmed. Then scan up to four non-priority channels 
before scanning P1 and P2 again. If more than 4 non- 
priority channels exist, then scan wilr wrap around, con- 
tinuously scanning four channels of the non-priority list 
between each PI, P2 scan sequence. If the number of non- 
priority channels is less than or equal to four, then all non- 
priority channeIs will be scanned between each PI, P2 
scan. 

As an added example, consider channels l-8 to be the 
scanned channels, with PI being Channel I and P2 being 
Channel 8. The scanning order then would be: 

Sl-S2-S3-S4-Pl-P2-S5-S6-Sl-S2-Pl-P2-S3-S4-... 
7654f832761854 

Since it takes approximately 50 to 450 milliseconds 
to scan each channel, then each Priority channel is 
sampled every 0.3 to 2.7 seconds and the Non-Priority 
channels are sampled at least once every 0.4 to 3.6 
seconds. If Channel Guard is programmed far a channel 
but no carrier is detected, the scan time for that channel 
is 55 milliseconds. 

Once a carrier is detected, the Receive Channel dis- 
play will right up, indicating that channel. Tf the channel 
is a Non-Priority channel, and there are no Priority than- 
nels, then scanning is hahed. If only a Priority 2 Q?2) 
channel is present, then it is scanned every 5 seconds if it 
has Channel Guard programmed and carrier is detected, 
and every second otherwise. If there is only a Priority 
channel, then it is sampled every 2.5 seconds if it has 
Channel Guard 1 (PI} and carrier is detected, and every 
500 milliseconds otherwise. If there are Pf and P2 Priority 
channels, the sample rate will vary. 

In order to show the various scan conditions, the fol- 
lowing conditions are used: 

NOTE 

The following conditions are shown while listen- 
ing to a non-priority channel. 

CONDITION I : Pl And P2 Have Channel Guard 
Programmed 

a. No carriers detected 

PI-PI-P2-PI-PI-P2-PI-PI-P2-. . . 

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

Note: ts is the whole time placed in the signal 
being heard. 

b. Carrier on Pl detected/wrone Char-me1 Guard 

Pi-P2-P2-P2-P2-P2-PI-P2-P2-P2-P2-P2-P1- 
P2-... 

tb = 1 second 
ts = 100 msec for P2 

250-500 msec far Pl 

c. Carrier on P2 detectedlwronp Channel Guard 

P1-Pz-Pl-P1-P1-Pl-Pl-Pl-Pl-Pl-Pl-P2-P1- 
*.. 

tb = 500 milliseconds 
ts = 100 milliseconds far PI 

250-500 milliseconds for P2 
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d. Carrier on PI and P2 detected/both wronp Chan- 
nel Guard 

tb = 2.5 seconds 
ts = 250-500 msec 

e. Carrier on Pf and rieht Channel Guard 

Sap scan, display P1 

f. Carrier on P2 and right Channel Guard 

DiSpray P2, and scan Pf 

PI-Pi-PI-PI-PI-PI-... 

tb = 500 msec 
tS = 100 msec 

g. Carrier on Y2 with rkhht Channel Grkrd. car- 
rier/wronp Channel Guard PI 

PlyPi-Pi-PI-PI-... 

tb = 2.5 seconds 
ts = 250-500 msec 

coI?DITroN 2: Priority 1 Has Channel Guard 
Programmed, PRI 2 Does Not 

a, No carriers detected 

P~-P~-P2-P1-Pl-p2-PI-p1-P2-. . . 

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

b. x 

P1-P2-P2-P2-P2-PZ-PT-P2-P2-P2-P2-P2-P1- 
P2-. . . 

tb = 1 second 
ts = IflO msec for P2 

250-500 msec for Pl 

C. Carrier on PI detected/right Channel Guard 

Stop on PI, stop scan 

d. Carrier an P2 

Stop an P2, scan Pf 

PI-PI-PI-PI-... 

.e. 

tb = 500 msec 
tf- = 100 msec 

‘Carrier on P2 and P1 with wrong Channel Guard 
0nPl 

Stop on P2, scan PI 

PI-Pl-PI-Pl-PI-Pl-. . . 

tb = 2.5 seconds 
ts = 250-500 msec 

coNDITIoN 3: P2 Has Channel Guard, Pt Does 
Not 

a. No carriers detected 

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

’ 

b. Carrier on P2 detected/wronrz Channd Guard 

PI-P2-PI-PI-PI-PI-Pi-PI-PI-PI-PI-P2-Pi- 
.I. ‘ 

tb = 500 milliseconds - 
ts = 100 milliseconds far Pl ’ 

250-500 milliseconds far P2 

cl Carrier an P2 detectedfrizht Channei Guard v 

stop on P2, scan Pl 

P-i-Pi-PI-Pi-Pi-Pi-... 

tb = !jOO msec 
ts = 100 msec 

d. Carrier on PI detected 
.~ 

Stop on PI, stop scan 

Condition 4: PI and P2 With No Channel Guard 

a. No carriers detected 

Pl-Pl-P2-Pl-Pl-P2-Pl-P1-P2-. . . 

tb (time between samples) = 550 msec 
ts (time of sample = 100 msec 

f 

a 

12 



b. Carrier on P2 Other Characterislics: 

Display P2, scan Pl When the microphone is removed from the 
hookswitch, scanning will stop and revert to the Prt&x.n 
selected channel if the scan has not stopped on any chan- 
nel. The scan light will blink. Transmit (if a valid TX fie- 
quency is programmed) is possible on the p~~~acan channel 
while off-hook. The channels can be changed during this 
mode, but when the microphone is returned to the 
hookswitch, hang time occurs on the pro-scan selected 
channel. 

PI-Pl-Pl-PI-Pl-Pi-... 

tb = 500 msec 
ts = 100 msec 

C. Carried 

Stpp on Pl, stop scan 

Hang Time 

If the carrier on a Non-Priority channel disappcam 
before a carrier is detected on a Priority channel, then a 
5-second hang time is applied before Non-Priority scan- 
ning is resumed. However, during this time the Priority 
channels are still being sampled. The hang time is 
provided to prevent fades from causing big gaps in the 
audio signals. The transmitter may he keyed at any time 
during the hang time. The hang time is restarted when 
the transmitter is unkeyed, 

If a carrier (or Channel Guard tone if programmed) 
is detected on a Priority channel during the sample period, 
then the channel is immediately switched to the Priority 
channel, and either 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 fin: second 
hang time). If the carrier is on the P2 channel, then Pl is 
still sampled every 500 milliseconds if no Channel Guard, 
and every 2.5 seconds if Channel Guard is programmed. 
If there is no Pi channel, then scanning is stopped until 
the carrier disappears ( + 5 seconds). Once a carrier is 
detected on the PI channel, the channel is switched to 
Priority 1 regardless of what is being received on another 
channel (Non-Priority or P2). 

If a channel has been detected and the radio is hang- 
ing on this channel, then scanning stops and the radio will 
sit an the received scan channel until the microphone is 
placed on the ho&switch or scan is disabled by pressing 
the SCAN button. If the microphone is replaced on the 
hookswitch scanning will resume five seconds later. Chan- 
nel changes are allowed until the microphone is replaced 
in the hookswitch. When scan is disabled, the radio 
automatically reverts to the Pm-scan selected channel, 

When the .FIT is pressed, the channel that the scan 
was hanging on when the microphone wx~ rcmowzd from 
the hookswitch will be the transmit channel. This is the 
displayed channel. If the PIT is pressed while on-hook 
and in SCAN, the transmitter is disabled until scan stops 
an a valid channel or scan is disabled. 

Once stopped an a channel and the microphone 
removed from the hookswitch, the Channel Guard decode 
function is disabled until the microphone is returned to 
the hookswitch. 

When in the scan mode and the channel display blinks 
while displaying a channel number, this indicates that one 
of the scan channels is not locking on frequency (not 
properly programmed, radio not properly aligned, etc.). 
Slowly stepping through the channels with scan disabled 
will reveal the bad channel because the channel display 
will blink an the bad channel only, 

Ericsson GE Mobile Communications Inc. 
MountainView Road * Lynchburg,Virginia 24502 
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PARTS LIST LBI-38428 

GEPAR’l HO. 

il 

DESCRIPTION 

- L - - - - - - - - ChPACfM$ - - - L - - - ” . 
csranio: 0.047 UF *lb%, 25 Yww. 

TED OR CHANGED BY PRODUCTION CHANGEJ 

GE PART NO. 

Frequency Synthesizer CMC-553-2 

DESCKIPTION 

I,0 rrhm AS,., 100 vc#i, l/10 *. 

&B ObmJ is*, 100 VDcil, L/10 Y. 

GO ohnul p9, LOO VDCII, r/10 *. 

330 ohm@ isi, 100 Wm. l/LO *. 

1s ohsls ,S%, 100 YDCI, l/LO V. 

3x3 ohm.3 2s. LOP “cm, l/10 *. 

LOK G-Am tm. 100 YIWI, l/l0 “. 

LSOK ohw ~5%. 160 “Pcv, i/LO “. 

1” ahnw is*, I.60 Ywx. l/.lO U. 

2.*X clhlu $5%, lb0 “bw, l/l0 Y. 
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This addendum protides revision letter changes which have nut yet been published in LBI-38428. 

REV, B QYSTEM CONTROL BOARD 
To impose power-up performance of ffie microprocessor a 1OK ohm p&up resistor R?49 was installed Wwexzn 
IC?Ul-9 and the 5 WC power source and C203 was changed from 470 pF to IO pF. 
lx749 - B1915RDAA01146, carbon mm: 1UK. 
C203 - Bl9/5CEAAO1864, Ekctroiytic: 10 pf, *2@%, 25 VDCW. 

I I MICROPROCESSOR 

*Et* 
1 

REV, c FltEU~NCY SYNTHESIZER 
To prevent osc&tion in TX VCU b&x during receive, a 22 pF capacitor C299 was added between IC206-4 and 
ground. 
C299 - B19/5CAADOOS40, Ceramic: 22 pF. 


