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UHF Theory of Operation: Transmitter 7

Chapter 1 UHF Theory of Operation

1.1 Transmitter

PCIC
Antenna
Vcontrol Vcontrol Jack
Antenna Switch/
PA i
From VCO Driver »| PA - Finall g1 Harmonic Filter/
> Stage ;
Matching Network

Figure 1-1. Transmitter Block Diagram

1.1.1 General

(Refer to Figure 1-1.)

The UHF transmitter contains five basic circuits:
« Power amplifier
» Antenna switch
* Harmonic filter
« Antenna matching network
» Power control integrated circuit (PCIC)

1.1.2 Power Amplifier
The power amplifier consists of two devices:
« 9767 LDMOS driver IC (U101)
* PRF1507 LDMOS PA (Q110)
The 9267 LDMOS driver IC contains a two-stage amplification with a supply voltage of 7.3V.

This RF power amplifier is capable of supplying an output power of 0.3W (pin 6 and 7) with an input
signal of 2mW (3dBm) (pin16). The current drain would typically be 160mA while operating in the
frequency range of 403-470 MHz.

The PRF1507 LDMOS PA is capable of supplying an output power of 7W with an input signal of
0.3W. The current drain would typically be 1300mA while operating in the frequency range of
403-470 MHz. The power output can be varied by changing the biasing voltage.

FMR-2045A-2 December 26, 2003



8 UHF Theory of Operation: Transmitter

1.1.3 Antenna Switch

The antenna switch circuit consists of two PIN diodes (CR101 and CR102), a pi network (C107,
L104 and C106), and two current limiting resistors (R101, R170). In the transmit mode, B+ at PCIC
(U102) pin 23 will go low and turn on Q111 where a B+ bias is applied to the antenna switch circuit to
bias the diodes “on.” The shunt diode (CR102) shorts out the receiver port, and the pi network, which
operates as a quarter wave transmission line, transforms the low impedance of the shunt diode to a
high impedance at the input of the harmonic filter. In the receive mode, the diodes are both off, and
hence, there exists a low attenuation path between the antenna and receiver ports.

1.1.4 Harmonic Filter

The harmonic filter consists of C104, L102, C103, L101 and C102. The design of the harmonic filter
for UHF is that of a modified Zolotarev design. It has been optimized for efficiency of the power
module. This type of filter has the advantage that it can give a greater attenuation in the stop-band
for a given ripple level. The harmonic filter insertion loss is typically less than 1.2 dB.

1.1.5 Antenna Matching Network

A matching network which is made up of L116 is used to match the antenna's impedance to the
harmonic filter. This will optimize the performance of the transmitter and receiver into an antenna.

1.1.6 Power Control Integrated Circuit (PCIC)

The transmitter uses the Power Control IC (PCIC), U102 to regulate the power output of the radio.
The current to the final stage of the power module is supplied through R101, which provides a
voltage proportional to the current drain. This voltage is then fed back to the Automatic Level Control
(ALC) within the PCIC to regulate the output power of the transmitter.

The PCIC has internal digital to analog converters (DACs) which provide the reference voltage of the
control loop. The reference voltage level is programmable through the SPI line of the PCIC.

There are resistors and integrators within the PCIC, and external capacitors (C133, C134 and C135)
in controlling the transmitter rising and falling time. These are necessary in reducing the power
splatter into adjacent channels.

CR105 and its associated components are part of the temperature cut-back circuitry. It senses the
printed circuit board temperature around the transmitter circuits and output a DC voltage to the
PCIC. If the DC voltage produced exceeds the set threshold in the PCIC, the transmitter output
power will be reduced so as to reduce the transmitter temperature.

December 26, 2003 FMR-2045A-2



UHF Theory of Operation: Receiver

1.2 Receiver

Antenna
Pin Diode v V.
Antenna aractor RF Amp aractor Mi Crystal
| ) - ixer y IF Am
RE Jack Switch Tuned Filter Tuned Filter Filter p

O P > L -
! } T
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from VCO
Control Voltage
from ASFIC
: U301
- Demodulator|<-| Limiter
Recovered Audio I
-
RSSI
455kHz v
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BW SEL<

Figure 1-2. UHF Receiver Block Diagram
1.2.1 Receiver Front-End

(Refer to the UHF Receiver Front-End Schematic Diagram on page 20 and the UHF Transmitter
Schematic Diagram on page 25.)

The RF signal is received by the antenna and applied to a low-pass filter. For UHF, the filter consists
of L101, L102, C102, C103, C104. The filtered RF signal is passed through the antenna switch. The
antenna switch circuit consists of two PIN diodes (CR101 and CR102) and a pi network (C106, L104
and C107).The signal is then applied to a varactor tuned bandpass filter. The UHF bandpass filter
comprises of L301, L302, C302, C303, C304, CR301 and CR302. The bandpass filter is tuned by
applying a control voltage to the varactor diodes (CR301 and CR302) in the filter.

The bandpass filter is electronically tuned by the DACRx from IC404 which is controlled by the
microprocessor. Depending on the carrier frequency, the DACRX will supply the tuned voltage to the

varactor diodes in the filter. Wideband operation of the filter is achieved by shifting the bandpass filter
across the band.

The output of the bandpass filter is coupled to the RF amplifier transistor Q301 via C307. After being
amplified by the RF amplifier, the RF signal is further filtered by a second varactor tuned bandpass
filter, consisting of L306, L307, C313, C317, CR304 and CR305.

Both the pre and post-RF amplifier varactor tuned filters have similar responses. The 3 dB bandwidth
of the filter is about 50 MHz. This enables the filters to be electronically controlled by using a single
control voltage which is DACRX.

FMR-2045A-2 December 26, 2003



10 UHF Theory of Operation: Frequency Generation Circuitry

The output of the post-RF amplifier filter which is connected to the passive double balanced mixer
consists of T301, T302 and CR306. Matching of the filter to the mixer is provided by C381. After
mixing with the first LO signal from the voltage controlled oscillator (VCO) using low side injection,
the RF signal is down-converted to the 44.85 MHz IF signal.

The IF signal coming out of the mixer is transferred to the crystal filter (FL301) through a resistor pad
and a diplexer (C322 and L310). Matching to the input of the crystal filter is provided by C324 and
L311. The crystal filter provides the necessary selectivity and intermodulation protection.

1.2.2 Receiver Back-End
(Refer to UHF Receiver Back-End Schematic Diagram on page 21.)

The output of crystal filter FL301 is matched to the input of first IF amplifier transistor Q302 by L330.
Voltage supply to the IF amplifier is taken from the receive 5 volts (R5). The IF amplifier provides a
gain of about 16dB. The amplified first IF signal is then coupled into U301 (pin 1) via C360 and L332
which provides the matching for the first IF amplifier and U301.

Within U301, the first IF 44.85 MHz signal mixes with the 44.395 MHz second local oscillator (2nd
LO) to produce the second IF signal at 455 kHz. The second LO signal frequency is determined by
crystal Y300. The second IF signal (455 kHz) is then filtered by an external ceramic filter FL302
before being amplified by the second IF amplifier within U301. Again, the signal is filtered by a
second external ceramic filter FL303 or FL304 depending on the selected channel spacing. FL303 is
used for 20/25 kHz channel spacing whereas FL304, for 12.5 kHz channel spacing. The simple
circuit consisting of U302, CR312, CR313 and resistors R345, R360, R321 and R324 divert the
second IF signal according to the BW_SEL line. The filtered output of the second IF signal is applied
to the limiter input pin of U301.

The IF IC (U301) contains a quadrature detector using a ceramic phase-shift element (Y301) to
provide audio detection. Internal amplification provides an audio output level around 120mVrms
(@60% deviation) from pin 8 of U301. This demodulated audio is fed to the ASFIC_CMP IC (U404)
in the controller section.

The IF IC (U301) also performs several other functions. It provides a received signal-strength
indicator (RSSI) with a dynamic range of 70 dB. The RSSI is a dc voltage monitored by the
microprocessor, and used as a peak indicator during the bench tuning of the receiver front-end
varactor filter.

1.3 Frequency Generation Circuitry

Dual
> T_ran-
Voltage sistor
Multiplier TRB Low
VCP RxOut| Second p-| Pass |p T0
Buffer Filter Mixer
- Aux3 Rx vco circuit | VCOBIC
mu : Auxd uz41
I Synthesizer ®_>
mult U201 —3 Loop
Filter Tx Out Attenuator To
N~ > » PA Driver
Ref. Osc. MOD Out Tx VCO Circuit
Modulating
Signal

Figure 1-3. Frequency Generation Unit Block Diagram
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UHF Theory of Operation: Synthesizer 11

The Frequency Generation Circuitry is composed of two main ICs:

 Fractional-N synthesizer (U201)
« VCO/Buffer IC (U241)

Designed in conjunction to maximize compatibility, the two ICs provide many of the functions that
normally would require additional circuitry. The synthesizer block diagram illustrates the interconnect
and support circuitry used in the region. Refer to the relevant schematics for the reference
designators.

The synthesizer is powered by regulated 5V and 3.3V which come from U247 and U248 respectively.
The synthesizer in turn generates a super-filtered 4.5V which powers U241.

In addition to the VCO, the synthesizer must interface with the logic and ASFIC circuitry.
Programming for the synthesizer is accomplished through the data, clock and chip select lines from
the microprocessor. A 3.3V dc signal from the synthesizer lock detect line indicates to the
microprocessor that the synthesizer is locked.

Transmit modulation from the ASFIC is supplied to pin 10 of U201. Internally the audio is digitized by
the Fractional-N and applied to the loop divider to provide the low-port modulation. The audio runs
through an internal attenuator for modulation balancing purposes before going out to the VCO.

1.4 Synthesizer
(Refer to UHF Synthesizer Schematic Diagram on page 22.)

7 LocK |4 LOCK (U409 PIN 56
DATA (U409 PIN 100)—»—— DATA — ( )
8 FREFOUT |19, FREF (U201 PIN 21 & U404 PIN 34)
CLOCK (U409 PIN 1)— w1 CLK
( ) 9 GND | 6 2223, 24
—
CSX (U409 PIN 2——— CEX U251 = STEERING
10 LOW VOLTAGE LINE
MOD IN (U404 PIN 40)—73? MODIN  FRACTIONAL-N  |0UT i‘g > | 2-POLE
' SYNTHESIZER |ADAPT > LOOP
+5V (U247 PIN 4)5—2m Ve, DCSV FILTER
(U248 PIN 5“1 V5, 3.3V MODOUT |41y | \
23 YTALL 3 LO RF INJECTION
REFERENCE AUX4 1 ° g THUAL —
OSCILLATOR Al IV TRANSIS
> AUX3 | 2 g ITORS [
«25| warp VOLTAGE
SFouT | 28,FILTERED 5V CONTROLLED
32| prEIN — OSCILLATOR
BIAS1|
—— V] o
VMULT2  VMULTL pxp BIAS2 3% TX RF INJECTION
VOLTAGE 1ST STAGE OF PA
MULTIPLIER | g 14 19 48 (
DUAL R5
| - > [TRANSIS|
' ITORS
PRESCALER IN

Figure 1-4. Synthesizer Block Diagram

The Fractional-N Synthesizer uses a 16.8MHz crystal (FL201) to provide a reference for the system.
The LVFractN IC (U201) further divides this to 2.1MHz, 2.225 MHz, and 2.4 MHz as reference
frequencies. Together with C206, C207, C208, R204 and CR203, they build up the reference
oscillator which is capable of 2.5ppm stability over temperatures of -30 to 85°C. It also provides
16.8 MHz at pin 19 of U201 to be used by the ASFIC.
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12 UHF Theory of Operation: Voltage-Controlled Oscillator (VCO)

The loop filter which consist of C231, C232, C233, R231, R232 and R233 provides the necessary dc
steering voltage for the VCO and determines the amount of noise and spur passing through.

In achieving fast locking for the synthesizer, an internal adapt charge pump provides higher current
at pin 45 of U201 to put synthesizer within the lock range. The required frequency is then locked by
normal mode charge pump at pin 43.

Both the normal and adapt charge pumps get their supply from the capacitive voltage multiplier
which is made up of C258, C259, C228, triple diode CR201 and level shifters U210 and U211. Two
3.3V square waves (180 degrees out of phase) are first shifted to 5V, then along with regulated 5V,
put through arrays of diodes and capacitors to build up 13.3V at pin 47 of U201.

1.5 Voltage-Controlled Oscillator (VCO)
(Refer to the UHF Voltage-Controlled Oscillator Schematic Diagram on page 23.)

—

AUX3 (U201 Pin2)

Level Shifter :
—<— " Network AUX4 (U201 Pin3)
£_
_> U201 Pin 32
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Pin 20 Pin 19 Pin 12
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_| |_ LO RF INJECTION
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UHF Theory of Operation: Voltage-Controlled Oscillator (VCO) 13

The VCOBIC (U241) in conjunction with the Fractional-N synthesizer (U201) generates RF in both
the receive and the transmit modes of operation. The TRB line (U241 pin 19) determines which
oscillator and buffer will be enabled. A sample of the RF signal from the enabled oscillator is routed
from U241 pin 12, through a low pass filter, to the prescaler input (U201 pin 32). After frequency
comparison in the synthesizer, a resultant CONTROL VOLTAGE is received at the VCO. This
voltage is a dc voltage between 3.5V and 9.5V when the PLL is locked on frequency.

The VCOBIC (U241) is operated at 4.54V (VSF) and Fractional-N synthesizer (U201) at 3.3V. This
difference in operating voltage requires a level shifter consisting of Q260 and Q261 on the TRB line.

The operation logic is shown in Table 1-1.

Table 1-1. Level Shifter Logic

Desired Mode AUX 4 AUX 3 TRB
Tx Low High (@3.2V) High (@4.8V)
Rx High Low Low
Battery Saver Low Low Hi-Z/Float (@2.5V)

In receive mode, U241 pin 19 is low or grounded. This activates the receive VCO by enabling the
receive oscillator and the receive buffer of U241. The RF signal at U241 pin 8 is run through a
second buffer to improve mixer to receive VCO isolation. The resulting RF signal is LO RF
INJECTION and it is applied to the mixer at T302. (Refer to the UHF Receiver Front-End Schematic
Diagram on page 20.)

During the transmit condition, when PTT is depressed, a five-volt current is applied to U241 pin 19.
This activates the transmit VCO by enabling the transmit oscillator and the transmit buffer of U241.
The RF signal at U241 pin 10 is injected into the input of the PA module (U101 pinl6). This RF signal
is the TX RF INJECTION. Also in transmit mode, the audio signal to be frequency modulated onto
the carrier is received through the U201 pin 41.

When a high impedance is applied to U241 pin 19, the VCO is operating in BATTERY SAVER mode.
In this case, both the receive and transmit oscillators as well as the receive transmit and prescaler
buffer are turned off.
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Chapter 2 UHF Circuit Board Layouts, Schematic
Diagrams and Parts List

2.1 Notes for All Schematics and Circuit Boards
* Component is frequency sensitive. Refer to the Electrical Parts List for value and usage.

1. Unless otherwise stated, resistances are in Ohms (k = 1000), and capacitances are in picofarads
(pF) or microfarads (uF).

2. DC voltages are measured from point indicated to chassis ground using a Motorola DC
multimeter or equivalent. Transmitter measurements should be made with a 1.2 pH choke in
series with the voltage probe to prevent circuit loading.

3. Reference Designators are assigned in the following manner:

100 Series = Transmitter
200 Series = Frequency Generation
300 Series = Receiver
400/500 Series = Controller
600 Series = Keypad board

4. Interconnect Tie Point Legend:
UNSWB+ = Unswitch Battery Voltage (7.5V)
SWB+ = Switch Battery Voltage (7.5V)
R5 = Receiver 5 Volts
CLK = Clock
Vdda = Regulated 3.3 Volts (for analog)
Vddd = Regulated 3.3 Volts (for digital)
CsX = Chip Select Line
SYN = Synthesizer
DACRX = Digital-to-Analog Voltage (for Receiver Front-End Filter)
VSF = \Voltage Super Filtered (5 volts)
VR = \Voltage Regulator

SIX-LAYER CIRCUIT BOARD DETAIL VIEWING
COPPER STEPS IN PROPER LAYER SEQUENCE

SIDE 1
, v LAYER 1 (L1)

F LAYER 2 (L2))

= LAYER 3 (L3)

5/ I TTT T T LAYER 4 (La) [ NNER LAYERS
e— LAYER 5 (L5)

¢ LAYER 6 (L6)

SIDE 2
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2.2 Circuit Board/Schematic Diagrams and Parts List
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Figure 2-1. UHF (403-470MHz) Main Board Top Side PCB No. 8486458202
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UHF Radio Parts List

Circuit| Motorola
Ref Part No.

Description

B501 0986237A02
B503 3980502701
B504 3980501701

C1l01 2113740F51
C102 2113740F22
C103 2113740F27
C104 2113740F22
C105 2113743N50
C106 2113740F19
C107 2113740F15
C108 2113743N50
C109 2113740F51

C110 2113743N50
ci 2113740F31
Cl12 2180605732
C113 2180605716
Cl14 2113743N50
C115 2113743N35
Cl16 2113743N35
Cl17 2113743N34
C118 2113743N50
C119 2113743N50

C120 2113743N27
Cl21 2113743N50
C122 2113743N50
C123 2311049A96
C125 2113743N50
C126 2113743M24
C127 2113743L17
C128 2113743M08
C129 2113743N23
C130 2113743N50
C1l31 2113743M08
C132 2113743N50
C133 2113743L17
Cl134 2113743L29
C135 2113743M08
C138 2113743N50
C140 0662057A67
C141 NOT PLACED
C150 2113743M08
Ci151 2113743N50
C152 2113743M08
C160 2113743N50
Clel 2113743M24
C165 2113743N50
C166 2113743N50
C169 2113743N20
C170 2113743N50

Battery Contact Module
Backup battery B+
Backup battery B-
100pF
6.2pF
10pF
6.2pF
100pF
4.7pF
3.3pF
100pF
100pF
100pF
15pF
47pF
10pF
100pF
24pF
24pF
22pF
100pF
100pF
11pF
100pF
100pF
33uF
100pF
100000pF
1000pF
22000pF
7.5pF
100pF
22000pF
100pF
1000pF
3300pF
22000pF
100pF
5600

22000pF
100pF
22000pF
100pF
100000pF
100pF
100pF
5.6 pF
100pF
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. P Ref Part No. P Ref Part No. P
C171 2113743N50 | 100pF C264 | 2113743N50 | 100pF C338 NOT PLACED
Cc172 2113740F51 | 100pF C265 NOT PLACED C343 | 2113743M24 | 100000pF
C173 2113743M08 | 22000pF c271 NOT PLACED C344 | 2113743E20 |0.1uF
Cl74 |2113743N50 |100pF Cc272 NOT PLACED C345 |2113743M24 |100000pF
C175 2113740F51 | 100pF C273 | 2113743M24 | 100000pF C346 |2113743M24 | 100000pF
C201 2113743N50 | 100pF C276 |2104993J02 |2.2uF C347 | 2113743M24 | 100000pF
C202 2113743L17 | 1000pF C277 |2113743N50 | 100pF C348 | 2113743M24 | 100000pF
C203 2113928L05 |4.7uF C278 | 2311049A57 | 10uF C349 | 2113743E20 |0.1uF
C204 | 2104993J02 |2.2uF C279 | 2104993302 |2.2uF C350 |2113743M24 |100000pF
C206 2113740F63 | 330pF C281 |2113743N50 | 100pF C351 |2113743N52 |120pF
C207 2113743N42 | 47pF C285 |2113743N50 | 100pF C352 |2113743M24 |100000pF
C208 NOT PLACED C286 | 2113743M24 | 100000pF C355 |2113743M24 |100000pF
C210 2113743N50 | 100pF C289 | 2113743N50 | 100pF C357 | 2113743M24 | 100000pF
c211 2113743N50 | 100pF C291 |2311049A69 |10uF C358 NOT PLACED
Cc212 2113743N50 | 100pF C292 | 2113743M24 | 100000pF C359 NOT PLACED
C213 2113743N50 | 100pF C293 | 2113743A27 |0.470uF C360 |2113743N14 |3.3pF
C214 |2113743N50 |100pF C294 | 2113743N50 | 100pF C361 |2113743M24 | 100000pF
Cc217 2104993J02 |2.2uF C295 |2113743N50 | 100pF C362 |2113743M24 | 100000pF
Cc218 2113743M24 | 100000pF C296 | 2113743M24 | 100000pF C364 | 2113743N35 | 24pF
C219 2113743K16 |0.220uF C297  |2113743L41 | 10000pF C366 NOT PLACED
C220 2113743N50 | 100pF C298 | 2113743M24 | 100000pF C367 |2113743N37 | 30pF
Cc223 2113743M24 | 100000pF C301 |2113743N15 |3.6pF C370 | 2113743N18 |4.7pF
C224  |2113743M24 | 100000pF C302 |2113743N26 | 10pF C371 NOT PLACED
Cc228 2311049J11 |4.7uF C303 | 2113740L08 |3.9pF C372 | 2113743N50 | 100pF
C229 2113743L17 | 1000pF C304 |2113743N26 | 10pF C373 NOT PLACED
C230 2113743N50 | 100pF C305 |2113743N33 | 20pF C374 | 2113743N50 | 100pF
C231 2113743M24 | 100000pF C306 NOT PLACED C375 |2113743N50 | 100pF
C232 2113743E12 |0.047uF C307  |2113743N50 | 100pF C378 NOT PLACED
C233 2311049A01 |0.1uF C308 |2113743N50 | 100pF C380 |2113743L41 |10000pF
C234 | 2311049A05 |0.47uF C309 |2113743N50 | 100pF Cc381 NOT PLACED
C235 2104993J02 | 2.2uF C310 |2113743N50 | 100pF C382 | 2311049A59 |10uF
C238 2113741F17 | A70pF Cc311 NOT PLACED C383 NOT PLACED
C241 2113743N50 | 100pF C312  |2113743N25 |9.1pF C385 | 2113743N37 |30pF
C242 2113743N23 | 7.5pF C313  |2113743N26 | 10pF C386 |2113743N50 | 100pF
C243 2113743N23 | 7.5pF C314 | 2113743M24 | 100000pF C390 NOT PLACED
C244 | 2113740F10 |2.0pF C315 | 2113743N50 | 100pF C400 |2113743L41 |10000pF
C245 2113743N11 | 2.4pF C316  |2113740L08 |3.9pF C401 | 2113743M24 | 100000pF
C246 2113743N50 | 100pF C317 |2113743N25 |9.1pF C402 | 2113743M24 | 100000pF
C247 2113743N50 | 100pF C318 | 2113743N23 |7.5pF C403 | 2113743G24 |2.2uF
C248 2113743M24 | 100000pF C319 |2113743N12 |2.7pF C404 NOT PLACED
C250 2113743N23 | 7.5pF C320 |2113743N31 |16pF C405 | 2113743N50 | 100pF
C251 2113743N50 | 100pF C321 | 2113743N50 | 100pF C406 NOT PLACED
C252 2113743N26 | 10pF C322 | 2113743N48 | 82pF C407 | 2113928NO1 |O0.1uF
C253 2113740F09 | 1.8pF C324 | 2113743N34 | 22pF C408 | 2113743N50 | 100pF
C254 |2113743N15 |3.6pF C325 |2109445U26 |9.1pF C409 | 2113743M24 | 100000pF
C255 2113743N50 | 100pF C326 | 2113743M24 |O0.1pF C410 |2113928NO1 |O0.1uF
C257 2113743N50 | 100pF C327 |2113743M24 |O0.1pF Cc411 2113743M24 | 100000pF
C258 2113743L41 | 10000pF C328 | 2113743M24 | 100000pF C414 | 2113743M24 | 100000pF
C259 2113743L41 | 10000pF C329 | 2113743M24 | 100000pF C415 | 2185895701 |0.01uF
C260 2113743N50 | 100pF C334  |2113743L33 | 4700pF C416 | 2113928N0O1 |O0.1uF
C263 2113743N02 | 0.75pF C337 NOT PLACED C419 NOT PLACED
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Describtion Circuit| Motorola Description
Ref Part No. P Ref Part No. b Ref Part No. P Ref Part No. b

C420 211374341 | 10000pF C495 2113/43N50 | 100pF 'E403 2480640201 | Ferrite bead L303 2462587V26 |22nH

C421 2113928N01 |0.1uF C496 2113743N50 | 100pF E404 2480640201 | Ferrite bead L304 2462587Vv37 | 180nH

C422 2113743M24 | 100000pF C497 2113743N50 | 100pF E405 2480640201 | Ferrite bead L305 2462587V26 | 22nH

C423 2113743N50 | 100pF C502 2311049A05 |0.47uF E406 2480640201 | Ferrite bead L306 2479990C01 |13.9nH

C424 2311049A59 | 10uF C503 2113743N50 | 100pF E407 2480640201 | Ferrite bead L307 2479990C01 | 13.9nH

C425 2113743M24 | 100000pF C505 2113743N50 | 100pF E408 2480640201 | Ferrite bead L309 2479990C02 | 16.28nH

C426 2113743N50 | 100pF C511 2113743N50 | 100pF E409 2480640201 | Ferrite bead L310 2462587V36 | 150nH

c4a27 2113743N50 | 100pF C512 2113743N50 | 100pF F501 6580542701 | 3A fuse L311 2413926K32 | 560nH

C428 2113743M24 | 100000pF C513 2113743N50 | 100pF FL201 |4805875Z04 |16.8MHz Xtal oscillator L321 2462587V37 | 180nH

C429 2113743M24 | 100000pF C514 2113743N50 | 100pF FL301 |[9180022M11 | Xtal Filter 44.85MHz L325 2462587N68 | 1uH

C430 2113928N01 | 0.1uF C520 2113743L41 | 10000pF FL302 |9180468V05 |455kHz 4-pole ceramic filter L330 0662057C01 |0

C431 2113743N50 | 100pF C521 2113743L41 | 10000pF FL303 |[9180469V05 |455kHz 6-pole ceramic filter L331 2413926K33 | 680nH

C432 NOT PLACED C522 2113743L41 | 10000pF FL304 |9180469V03 |455kHz 6-pole ceramic filter L332 2413923A25 |1.2uH

C433 2113743L41 | 10000pF C523 2113743L41 | 10000pF FL401 |[4870368G02 | Xtal Oscillator 38.4kHz L400 2462587Q42 | 390nH

C434 2113928N01 | 0.1uF C524 2113743N50 | 100pF H101 2680499201 | Heat spreader L401 24625870Q42 | 390nH

C435 2113743M24 | 100000pF C525 2113743N50 | 100pF J101 0985613201 | RF Jack L410 2462587Q42 | 390nH

C436 2113743N34 | 22pF C526 2113743N50 | 100pF J102 0280519204 | Nut, Antenna L411 24625870Q42 | 390nH

C437 2113743N34 | 22pF C527 2113743N50 | 100pF J400 0905505Y04 | 40-pin connector L505 2462587Q42 | 390nH

C440 2113743G26 |4.7F C528 2113743N50 | 100pF J403 0905505Y02 | 20-pin connector P100 3905643V01 | Ground contact finger

Ca41 2113743N50 | 100pF C529 2113743N50 | 100pF L101 2479990B02 | 19.61nH PB501 |4086470Z01 | Tactile switch, pushbutton
C4a42 2113743E20 |0.10uF CR101 |4880973Z02 |Pin diode L102 2479990B02 | 19.61nH PB502 |4086470Z01 | Tactile switch, pushbutton
C443 2113928N01 |0.1uF CR102 |4802245J41 | Pin diode L104 2479990B02 | 19.61nH PB503 |4086470Z01 | Tactile switch, pushbutton
C444 2113743N50 | 100pF CR103 |4802245J41 | Pin diode L105 2462587N22 | 390nH PB504 |4086470Z01 | Tactile switch, pushbutton
C445 2113743N50 | 100pF CR105 |5185963A15 | Temperature sensor L106 2479990A02 | 7.66nH PB505 |4086470Z01 | Tactile switch, pushbutton
C447 2113743M08 | 22000pF CR160 | NOT PLACED L107 2479990G01 |33.47nH Q110 4813828A09 | RF PA

C448 2113928N01 |0.1uF CR201 |4802233J09 | Triple diode (SOT 25) L108 2479990A01 |4.22nH Q111 4809939C05 | TSTR Dual NPN/PNP UMH 5
C449 2113743N50 | 100pF CR203 |4862824C03 | Varactor L109 2479990B01 | 11.03nH Q210 4809939C05 | TSTR Dual NPN/PNP UMH 5
C450 NOT PLACED CR241 |4805649Q13 | Varactor L112 2462587N45 | 22nH Q241 4805218N63 | RF NPN transistor

C451 2113743M08 | 22000pF CR242 |4862824C08 | Varactor L113 2413926H09 |5.6nH Q260 4809939C05 | TSTR Dual NPN/PNP UMH 5
C452 2113743B29 | 1uF CR243 |4862824C08 | Varactor L114 2462587N45 | 22nH Q261 4809939C05 | TSTR Dual NPN/PNP UMH 5
C453 2113743N50 | 100pF CR251 |4802245J22 | Varactor L115 2462587N22 | 390nH Q301 4802245344 | NPN Transistor

C456 2113743N50 | 100pF CR301 |4862824C08 | Varactor L116 2479990A03 |9.75nH Q302 4802197J95 | NPN Transistor

C458 2113743N50 | 100pF CR302 |4862824C08 | Varactor L160 2413926H14 | 15nH Q310 4802245344 | NPN Transistor

C459 2113743N50 | 100pF CR303 |4880154K03 | Dual common anode-cathode L201 24625870Q20 | 2200nH Q320 4813824A10 | RF NPN transistor

C463 2113743N50 | 100pF diode L202 2462587Q20 | 2200nH Q400 4809579E18 | Mosfet P - channel

C466 2113743N50 | 100pF CR304 |4862824C08 | Varactor L203 24625870Q20 | 2200nH Q403 4813824A17 | Bipolar Transistor, PNP
C467 2113928N01 | 0.1uF CR305 |4862824C08 | Varactor L232 2462587P25 | 12000nH Q405 4802245354 | Dual NPN Transistor

C471 2113743N50 | 100pF CR306 |4802245J42 Ring Quad diode (SOT-143) L241 2462587V41 | 390nH Q410 4802245354 | Dual NPN Transistor

C4a72 2113743L09 | 470pF CR311 |4813825A19 | Diode Schottky L242 2462587V38 | 220nH Q416 4809579E18 | Mosfet P - channel

C473 2113743L09 | 470pF CR312 |4802245J97 | Switch Diode L243 2485776201 | Multi-layered Teflon resona- Q417 4809939C05 | TSTR Dual NPN/PNP UMH 5
C475 2113743H14 | 10uF CR313 |4802245J97 | Switch Diode tor, Rx Q502 5180159R01 | DUAL TRANS NPNS

C476 2113928D08 | 10uF CR411 | 4802245362 | Diode Schottky L251 2462587V28 | 33nH Q505 4880214G02 | NPN

C479 2113928N01 | 0.1uF CR412 | 4802245362 | Diode Schottky L253 2460593C02 | Multi-layered Teflon resona- R101 0662057A34 | 240

C480 2113928D08 | 10uF CR413 | 4802245362 | Diode Schottky tor, Tx R102 0680539201 |0.1

C481 2113928N01 | 0.1uF CR440 |4813833C02 | Dual common cathode diode L261 2462587V29 | 39nH R103 0662057M41 |43

C482 2113928N01 | 0.1uF CR501 |4880107R01 | Rectifier L271 2462587V32 | 68nH R104 0662057N15 |47k

C490 2113743N50 | 100pF CR503 |4805729G49 |LED Red/Yellow L273 2462587Vv28 | 33nH R106 0662057M26 |10

C491 2113743N50 | 100pF E101 2484657R01 | Ferrite bead L281 2462587V41 | 390nH R107 NOT PLACED

C492 2113743N50 | 100pF E400 2480640201 | Ferrite bead L282 2462587V41 | 390nH R108 0662057M92 | 5600

C493 2113743N50 | 100pF E401 2480640201 | Ferrite bead L301 2479990C01 | 13.9nH R109 0662057N30 | 200k

C494 2113743N50 | 100pF E402 2480640201 | Ferrite bead L302 2479990C01 | 13.9nH R110 0662057M61 | 300
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. P Ref Part No. P Ref Part No. P Ref Part No. P

R111 0662057M33 |20 R320 NOT PLACED R413 0662057M01 |0 R506 0662057N15 |47k
R112 0662057M61 | 300 R321 0662057N13 | 39K R414 0662057V34 | 180k R507 0662057M01 |0
R120 0662057N14 |43k R322 0662057M74 | 1000 R415 0662057V26 | 91k RT400 |0680590Z01 | THERMISTOR 33K
R130 0662057M98 | 10k R324 0662057N06 | 20K R416 0662057M98 | 10k S501 4080710209 | Switch
R131 0662057N05 | 18k R328 0662057M01 | O R418 0662057M01 |0 S502 1880619202 | Volume/on-off switch
R132 0662057N33 | 270k R329 0662057M01 |0 R419 0662057M67 | 510 SH100 |2680507Z01 | Harmonic Filter shield
R133 NOT PLACED R330 0662057M98 | 10K R420 0662057B46 | 10M SH101 |2680510Z01 | RF PA shield
R136 NOT PLACED R331 0662057M57 | 200 R421 0662057M81 | 2000 SH201 |2680511Z01 | Synthesizer top shield
R161 0662057M57 | 200 R332 0662057N01 | 12K R423 0662057N39 | 470k SH202 |2680511Z01 | Synthesizer bottom shield
R170 0662057A34 | 240 R333 NOT PLACED R424 0662057N12 | 36k SH241 |2680513Z01 | Resonators shield
R171 0662057N14 |43k R339 0662057M89 | 4.3K R425 0662057N10 | 30k SH242 |2680514Z01 |VCO Buffer IC shield
R172 0662057A32 | 200 R340 0662057M95 | 7.5K R426 0662057N35 | 330k SH301 |2686583Z01 | Receiver front-end shield
R173 0662057N29 | 180k R342 0662057N23 | 100k R427 0662057M84 | 2700 SH302 |2680555Z01 | Receiver front-end bottom
R174 0662057N15 |47k R344 0662057M43 |51 R428 0662057M10 | 2.2 shield
R175 0662057B59 | 3.0 R345 0662057N13 | 39k R429 0662057N20 | 75k SH303 | 2680509201 | Mixer shield
R176 0662057B59 | 3.0 R346 0662057N03 | 15k R431 0662057N39 | 470k SH304 |2680624701 | Mixer diode shield
R201 0662057N21 | 82k R348 0662057M87 | 3600 R432 0662057N16 |51k SH322 |2686528701 | IF section shield
R202 0662057N23 | 100k R349 0662057C01 |0 R434 0662057M62 | 330 SH323 |2686527Z01 | Crystal Filter shield
R204 0662057N15 |47k R350 0662057M86 | 3300 R435 0662057M81 | 2000 SH400 |2680505Z01 | Controller Memory Shield
R231 0662057M52 | 120 R355 0662057N23 | 100k R436 0662057M01 |0 SH401 |2680506Z01 | Controller on-off shield
R232 0662057M69 | 620 R358 0662057M83 | 2400 R437 NOT PLACED SH402 | 2680515201 | Microprocessor shield
R233 0662057M68 | 560 R359 NOT PLACED R445 0662057N08 | 24k SH403 |2680516Z01 | Asfic_ Cmp/Audio PA shield
R241 0662057M32 |18 R360 0662057N06 | 20k R447 0662057N23 | 100k T301 2580541202 | Balun transformer (new)
R242 0662057M57 | 200 R361 0662057N06 | 20k R448 0662057M98 | 10k T302 2580541702 | Balun transformer (new)
R243 0662057M98 | 10k R363 0662057M64 | 390 R449 0662057N08 | 24k U101 5185130C65 | VHF/UHF/800 MHZ LDMOS
R244 0662057N01 | 12k R364 0662057M80 | 1800 R450 0683962T45 | 68 ohms, 1W DRIVER
R245 0662057M59 | 240 R365 0662057M76 | 1200 R451 0662057N03 | 15k U102 5185765B26 |IC PWR CTRL IN MOS20
R248 0662057M37 |30 R366 0662057N01 | 12k R452 0662057N23 | 100k U201 5185130C18 |IC LV FRAC-N IN 48-PIN
R251 0662057M32 | 18 R367 0662057V04 | 12k R453 NOT PLACED TQFP PA
R252 0662057M62 | 330 R368 0662057V02 | 10k R454 NOT PLACED U210 5102463361 | Inverter
R253 0662057M95 | 7500 R369 0662057M70 | 680 R455 NOT PLACED U211 5102463361 | Inverter
R254 0662057M95 | 7500 R370 0662057M01 |0 R456 0662057M01 |0 U241 5105750U54 |VCO BUFFER IC
R255 0662057M89 | 4300 R371 NOT PLACED R457 0662057M98 | 10k u247 5105739X05 | SOT 5V Regulator
R256 0662057M37 |30 R372 NOT PLACED R460 0662057M90 | 4700 U248 5102463358 | 3.3V Regulator
R260 0662057M74 | 1000 R373 NOT PLACED R461 0662057M56 | 180 U301 5186144B01 | FM IFIC SA616
R281 NOT PLACED R374 NOT PLACED R462 0662057M98 | 10k U302 5109522E10 | LMOS Inverter
R301 0662057N23 | 100k R375 NOT PLACED R463 0662057M61 | 300 U303 NOT PLACED
R302 0662057N23 | 100k R376 NOT PLACED R471 0662057N06 | 20k U400 5102463340 | 3.3V Regulator
R303 0662057M81 | 2K R377 NOT PLACED R472 0662057N12 | 36k U404 5185130C53 |IC ASFIC_CMP_R1
R304 0662057N01 | 12k R378 NOT PLACED R473 0662057M26 | 10 U405 NOT PLACED
R305 0662057M67 | 510 R400 0662057N15 |47k R475 0662057M01 |0 U406 *5102463J59 | Flash ROM 128K x 8
R306 0662057N23 | 100k R401 0662057M01 |0 R476 0662057N35 | 330k U407 *5102463J64 | 16K x 8 EEPROM
R307 0662057N23 | 100k R402 NOT PLACED R477 0662057M74 | 1000 U409 5102226356 | Microprocessor
R308 0662057M43 |51 R403 NOT PLACED R478 0662057M98 | 10k U410 5102463357 | 3.3V Regulator
R309 0662057M01 |0 R405 0662057M01 |0 R481 0662057N08 | 24k U420 5102463344 | Audio PA
R310 NOT PLACED R406 0662057N20 | 75k R492 0662057M01 |0 VR432 |4805656W08 |5.6V Zener
R311 0662057N11 | 33k R407 0662057N19 | 68k R498 0662057M98 | 10k VR433 | 4805656W08 |5.6V Zener
R312 0662057M90 | 4.7K R408 NOT PLACED R499 0662057M98 | 10k VR434 | 4802245373 ZENER DIODE-6.8V
R313 0662057M62 | 330 R409 0662057M98 | 10k R501 0662057M70 | 680 VR439 |4880140L17 |ZENER DIODE-12V
R314 0662057M79 | 1600 R410 0662057N23 | 100k R502 0662057M56 | 180 VR440 |4802245373 |ZENER DIODE-6.8V
R315 0662057N01 | 12k R411 0662057M98 | 10k R505 0662057M98 | 10k VR441 |4802245J73 ZENER DIODE-6.8V
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Description

Circuit| Motorola
Ref Part No.
VR442 | 4802245373
VR443 | 4802245373
VR444 | 4802245373
VR445 | 4802245374
VR446 | 4802245374
VR447 | 4802245374
VR448 | 4802245374
VR449 | 4802245374
VR450 | 4802245375
VR460 | 4802245373
VR501 |4813830A18
VR506 | 4802245373
Y300 4802245384
Y301 9186145B02
1485777201
8486458701

ZENER DIODE-6.8V
ZENER DIODE-6.8V
ZENER DIODE-6.8V
ZENER DIODE-10V
ZENER DIODE-10V
ZENER DIODE-10V
ZENER DIODE-10V
ZENER DIODE-10V
ZENER DIODE-12V
ZENER DIODE-6.8V
6.8V ZENER

ZENER DIODE-6.8V

Xtal Oscillator 33.395MHz
455kHz Ceramic Discriminato

INSULATOR (KAPTON)
UHF B1 main PC board

* Motorola Depot Servicing only
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Figure 2-10. Controller ASFIC/ON_OFF Schematic Diagram
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Chapter 3 UHF Troubleshooting Charts

3.1 Troubleshooting Flow Chart for Controller

MCU Check

PTT

L

Press PTT. Red
LED does not

lightu Before replacing

INT ‘Audid o Power Up Not able to MCU, check SPI
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3.2 Troubleshooting Flow Chart for Receiver (Sheet 1 of 2)

START
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3.3 Troubleshooting Flow Chart for Receiver (Sheet 2 of 2)
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3.4 Troubleshooting Flow Chart for Transmitter
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3.5
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FMR-2045A-2

<0.7VDCinRX &
>4.3VDCin TX2

Is U201 Pin
18 AT 4.54
VvDC?

Is RF level at
U201 Pin 32
>-30 dBm?

Are R231,R232,
R233,C231,C232,
& C233 OK?

Replace U201

Y

Check Q260,
Q261 & R260

U201 pin 2 at
>3V in Tx and
<0.7V in Rx

Replace U201

YES|

check of the
Board OK?

13 & 30?

Check 5V
Regulator

Are signals
at Pin's 14 &
5 of U201%

NO
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3.6  Troubleshooting Flow Chart for VCO
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Chapter 4 UHF Band 2 Theory of Operation

4.1

41.1

4.1.2

Transmitter

PCIC
Antenna
Vcontrol Vcontrol Jack
Antenna Switch/
PA -Fi
From VCO p| PAFinal | ol Harmonic Filter/

Driver Stage

Matching Network

Figure 4-1. Transmitter Block Diagram

General

(Refer to Figure 4-1)
The UHF transmitter contains five basic circuits:
» power amplifier
* antenna switch
» harmonic filter
« antenna matching network
« power control integrated circuit (PCIC)

Power Amplifier
The power amplifier consists of two devices:
e 9767 LDMOS driver IC (U101)
* PRF1507 LDMOS PA (Q110)
The 9267 LDMOS driver IC contains a 2 stage amplification with a supply voltage of 7.3V.

This RF power amplifier is capable of supplying an output power of 0.3W (pin 6 and 7) with an input
signal of 2 mW (3 dBm) (pin16). The current drain would typically be 160 mA while operating in the
frequency range of 450-527 MHz.

The PRF1507 LDMOS PA is capable of supplying an output power of 7W with an input signal of
0.3W. The current drain would typically be 1300 mA while operating in the frequency range of
450-527 MHz. The power output can be varied by changing the biasing voltage.
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4.1.3

4.1.4

4.1.5

4.1.6

Antenna Switch

The antenna switch circuit consists of two PIN diodes (CR101 and CR102), a pi network (C107,
L104 and C106), and two current limiting resistors (R101, R170). In the transmit mode, B+ at PCIC
(U102) pin 23 will go low and turn on Q111 where a B+ bias is applied to the antenna switch circuit to
bias the diodes "on." The shunt diode (CR102) shorts out the receiver port, and the pi network, which
operates as a quarter wave transmission line, transforms the low impedance of the shunt diode to a
high impedance at the input of the harmonic filter. In the receive mode, the diodes are both off, and
hence, there exists a low attenuation path between the antenna and receiver ports.

Harmonic Filter

The harmonic filter consists of C104, L102, C103, L101 and C102. The design of the harmonic filter
for UHF is that of a modified Zolotarev design. It has been optimized for efficiency of the power
module. This type of filter has the advantage that it can give a greater attenuation in the stop-band
for a given ripple level. The harmonic filter insertion loss is typically less than 1.2 dB.

Antenna Matching Network

A matching network which is made up of L116 is used to match the antenna’s impedance to the
harmonic filter. This will optimize the performance of the transmitter and receiver into an antenna.

Power Control Integrated Circuit (PCIC)

The transmitter uses the Power Control IC (PCIC), U102 to regulate the power output of the radio.
The current to the final stage of the power module is supplied through R101, which provides a
voltage proportional to the current drain. This voltage is then fed back to the Automatic Level Control
(ALC) within the PCIC to regulate the output power of the transmitter.

The PCIC has internal digital to analog converters (DACs) which provide the reference voltage of the
control loop. The reference voltage level is programmable through the SPI line of the PCIC.

There are resistors and integrators within the PCIC, and external capacitors (C133, C134 and C135)
in controlling the transmitter rising and falling time. These are necessary in reducing the power
splatter into adjacent channels.

CR105 and its associated components are part of the temperature cut back circuitry. It senses the
printed circuit board temperature around the transmitter circuits and output a DC voltage to the
PCIC. If the DC voltage produced exceeds the set threshold in the PCIC, the transmitter output
power will be reduced so as to reduce the transmitter temperature.
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4.2 Receiver

Antenna
Pin Diode v v
RE Jack Switch Tuned Filter Tuned Filter Filter IF Amp
O p—r [\ »D—» M\
A + T
First LO
from VCO
Control Voltage
from ASFIC
U301
- Demodulator|<-| Limiter
Recovered Audio _|
-
RSSI
455kHz v
'§ % Fier G | L 495kHz  —
S ‘g‘ Filter ~L
D |-y 455kHz - O
Filter
* Second LO
BW SEL<

Figure 4-2. UHF Receiver Block Diagram
4.2.1 Receiver Front-End

(Refer to “Figure 5-4. UHF Band 2 Receiver Front End Schematic Diagram” on page 50 and “Figure
5-9. UHF Band 2 Transmitter Schematic Diagram” on page 55.

The RF signal is received by the antenna and applied to a low-pass filter. For UHF, the filter consists
of L101, L102, C102, C103, C104. The filtered RF signal is passed through the antenna switch. The
antenna switch circuit consists of two PIN diodes (CR101 and CR102) and a pi network (C106, L104
and C107).The signal is then applied to a varactor tuned bandpass filter. The UHF bandpass filter
comprises L301, L302, C302, C303, C304, CR301, and CR302. The bandpass filter is tuned by
applying a control voltage to the varactor diodes (CR301 and CR302) in the filter.

The bandpass filter is electronically tuned by the DACRx from 1C404, which is controlled by the
microprocessor. Depending on the carrier frequency, the DACRX will supply the tuned voltage to the
varactor diodes in the filter. Wideband operation of the filter is achieved by shifting the bandpass filter
across the band.

The output of the bandpass filter is coupled to the RF amplifier transistor Q301 via C307. After being
amplified by the RF amplifier, the RF signal is further filtered by a second varactor tuned bandpass
filter, consisting of L306, L307, C313, C317, CR304, and CR305.

Both the pre- and post-RF amplifier varactor tuned filters have similar responses. The 3 dB
bandwidth of the filter is about 50 MHz. This enables the filters to be electronically controlled by
using a single control voltage which is DACRX.
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4.2.2

4.3

The output of the post-RF amplifier filter which is connected to the passive double balanced mixer
consists of T301, T302, and CR306. Matching of the filter to the mixer is provided by C381. After
mixing with the first LO signal from the voltage controlled oscillator (VCO) using low side injection,
the RF signal is down-converted to the 44.85 MHz IF signal.

The IF signal coming out of the mixer is transferred to the crystal filter (FL301) through a resistor pad
and a diplexer (C322 and L310). Matching to the input of the crystal filter is provided by C324 and
L311. The crystal filter provides the necessary selectivity and intermodulation protection.

Receiver Back-End
(Refer to “Figure 5-5. UHF Band 2 Receiver Back End Schematic Diagram” on page 51.)

The output of crystal filter FL301 is matched to the input of first IF amplifier transistor Q302 by L330.
Voltage supply to the IF amplifier is taken from the receive 5 volts (R5). The IF amplifier provides a
gain of about 16 dB. The amplified first IF signal is then coupled into U301 (pin 1) via C360 and
L332, which provides the matching for the first IF amplifier and U301.

Within U301, the first IF 44.85 MHz signal mixes with the 44.395 MHz second local oscillator (2nd
LO) to produce the second IF signal at 455 kHz. The 2nd LO signal frequency is determined by
crystal Y300. The second IF signal (455 kHz) is then filtered by an external ceramic filter FL302
before being amplified by the second IF amplifier within U301. Again, the signal is filtered by a
second external ceramic filter FL303 or FL304, depending on the selected channel spacing. FL303 is
used for 20/25 kHz channel spacing whereas FL304 is used for 12.5 kHz channel spacing. The
simple circuit consisting of U302, CR312, CR313 and resistors R345, R360, R321, and R324 divert
the second IF signal according to the BW_SEL line. The filtered output of the second IF signal is
applied to the limiter input pin of U301.

The IF IC (U301) contains a quadrature detector using a ceramic phase-shift element (Y301) to
provide audio detection. Internal amplification provides an audio output level around 120 mVrms
(@60% deviation) from pin 8 of U301. This demodulated audio is fed to the ASFIC_CMP IC (U404)
in the controller section.

The IF IC (U301) also performs several other functions. It provides a received signal-strength
indicator (RSSI) with a dynamic range of 70 dB. The RSSI is a DC voltage monitored by the
microprocessor, and is used as a peak indicator during the bench tuning of the receiver front-end
varactor filter.

Frequency Generation Circuitry

Vmultl .
" Synthesizer [Aux4 ®_> U241
Vmult2 U201 » Loop

Dual

| Tran-

Voltage sistor

Multiplier . —
VP RxOut [ Matching T
— L 3| Pass 0
Network Filter ’MIXGI’
Auxd Rx vVCO Circuit | VCOBIC

Filter

Tx Out To
—»| Attenuator [—»»

16.8 MHz PA Driver

Ref. Osc. MOD Out Tx VCO Circuit

Modulating
Signal

Figure 4-3. Frequency Generation Unit Block Diagram

December 26, 2003 FMR-2045A-2



UHF Band 2 Theory of Operation: Synthesizer

41

The Frequency Generation Circuitry is composed of two main ICs:

 Fractional-N synthesizer (U201)
« VCO/Buffer IC (U241)

Designed in conjunction to maximize compatibility, the two ICs provide many of the functions that
normally would require additional circuitry. The synthesizer block diagram illustrates the interconnect
and support circuitry used in the region. Refer to the relevant schematics for the reference

designators.

The synthesizer is powered by regulated 5V and 3.3V, which come from U247 and U248,
respectively. The synthesizer in turn generates a superfiltered 4.5V which powers U241.

In addition to the VCO, the synthesizer must interface with the logic and ASFIC circuitry.
Programming for the synthesizer is accomplished through the data, clock and chip select lines from
the microprocessor. A 3.3V DC signal from synthesizer lock detect line indicates to the
microprocessor that the synthesizer is locked.

Transmit modulation from the ASFIC is supplied to pin 10 of U201. Internally, the audio is digitized by
the Fractional-N and applied to the loop divider to provide the low-port modulation. The audio runs
through an internal attenuator for modulation balancing purposes before going out to the VCO.

4.4  Synthesizer
(Refer to “Figure 5-6. UHF Band 2 Synthesizer Schematic Diagram” on page 52.)
7 LOCK [4 gy LOCK (U409 PIN 56
DATA (U409 PIN 100—p»—— DATA ( )
CLOCK (U409 PIN 1) 8| ok FREFOUT [19g,  FREF(U201PIN 21& U404 PIN 34)
’ 9 GND | 6222324
CSX (U409 PIN 2—»—— CEX U251 = STEERING
L . LOW VOLTAGE LINE
MOD IN (U404 PIN 40)— | . 43
( s SINTHESZER 1ADART [0 Lo0P
+5V (U247 PIN 4)m Ve, DCSV | EILTER
(U248 PIN 5)— g1 W/, 33V MODOUT |41 | Y
23 YTALL 3 LO RF INJECTION
REFERENCE | ® AUX4 1= g [HUAL —
OSCILLATOR 21 yraL2 TRANSIS
> AUX3 | 2 g [TORS [P
2| warp VOLTAGE
SFOUT | 28 FILTERED 5V CONTROLLED
2| PREIN > OSCILLATOR
BIASL| |
| > 47| yep 25 VN :
VMULT2  VMULTL pxq BIAS2 _9/\/\/\ TX RFINJECTION
VOLTAGE 1ST STAGE OF PA
MULTIPLIER | g 14l 15 48 ( )
| DUAL R5
TRANSIS|—»
< >V ITORS
PRESCALER IN

Figure 4-4. Synthesizer Block Diagram

The Fractional-N Synthesizer uses a 16.8 MHz crystal (FL201) to provide a reference for the system.
The LVFractN IC (U201) further divides this to 2.1 MHz, 2.225 MHz, and 2.4 MHz as reference
frequencies. Together with C206, C207, C208, R204, and CR203, they build up the reference
oscillator which is capable of 2.5 ppm stability over temperatures of —30 to 85°C. It also provides
16.8 MHz at pin 19 of U201 to be used by ASFIC.
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UHF Band 2 Theory of Operation: Voltage-Controlled Oscillator (VCO)

The loop filter, which consists of C231, C232, C233, R231, R232, and R233, provides the necessary
DC steering voltage for the VCO and determines the amount of noise and spur passing through.

In achieving fast locking for the synthesizer, an internal adapt charge pump provides higher current
at pin 45 of U201 to put the synthesizer within the lock range. The required frequency is then locked
by normal mode charge pump at pin 43.

Both the normal and adapt charge pumps get their supply from the capacitive voltage multiplier,

which is made up of C258, C259, C228, triple diode CR201 and level shifters U210 and U211. Two
3.3V square waves (180 deg out of phase) are first shifted to 5V, then along with regulated 5V, put
through arrays of diodes and capacitors to build up 13.3V at pin 47 of U201.

4.5 Voltage-Controlled Oscillator (VCO)
(Refer to “Figure 5-7. UHF Band 2 Voltage Controlled Oscillator Schematic Diagram” on page 53.

—

AUX3 (U201 Pin2)
—— Level Shifter AUX4 (U201 Pi
Network ( in3)
£_
— U201 Pin 32
TRB_IN Prescaler Out
Pin 20 Pin 19 Pin 12
Pin7
Rx-SW
< Pin13 TX/RX/BS
Tx-SW in Switching Network
Ya— 9

Vce-Superfilter

—| |— Pre%—

LO RF INJECTION

(U201 Pin28) U241 Matching Low Pass
VSE 3 VCOBIC Network 3™ ~Cijar [P
sgﬁggléine Collector/RF in
Pin4
(VCTRL) RX I R >5ig
Rx VSF
Pin5 Active Bias|—
—| Rx Tank [H R V€O . < (U201 Pin28)
PG Pinl4) \cc Buffers
X Tx
X Tank || TX vco Pin16 Active Bias — P10 TX RF Injection
Circuit

Pin15 Attenuato—Jm
Vsens
Circuit

fpinis Pin2 Pin1 Pins 9,11,17
. Rx-1 adjust Tx-I adjust
Vcce-Logic
VSF =
(U201 Pin28)
Figure 4-5. VCO Block Diagram
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The VCOBIC (U241), in conjunction with the Fractional-N synthesizer (U201), generates RF in both
the receive and the transmit modes of operation. The TRB line (U241 pin 19) determines which
oscillator and buffer will be enabled. A sample of the RF signal from the enabled oscillator is routed
from U241 pin 12, through a low pass filter, to the prescaler input (U201 pin 32). After frequency
comparison in the synthesizer, a resultant CONTROL VOLTAGE is received at the VCO. This
voltage is a DC voltage between 3.5V and 9.5V when the PLL is locked on frequency.

The VCOBIC (U241) is operated at 4.54V (VSF) and Fractional-N synthesizer (U201) at 3.3V. This
difference in operating voltage requires a level shifter consisting of Q260 and Q261 on the TRB line.

The operation logic is shown in Table 4-1.
Table 4-1. Level Shifter Logic

Desired Mode AUX 4 AUX 3 TRB
Tx Low High (@3.2V) High (@4.8V)
Rx High Low Low
Battery Saver Low Low Hi-Z/Float (@2.5V)

In the receive mode, U241 pin 19 is low or grounded. This activates the receive VCO by enabling the
receive oscillator and the receive buffer of U241. The RF signal at U241 pin 8 is run through a
matching network. The resulting RF signal is the LO RF INJECTION, and it is applied to the mixer at
T302 (refer to “Figure 5-4. UHF Band 2 Receiver Front End Schematic Diagram” on page 50).

During the transmit condition, when PTT is depressed, five volts is applied to U241 pin 19. This
activates the transmit VCO by enabling the transmit oscillator and the transmit buffer of U241. The
RF signal at U241 pin 10 is injected into the input of the PA module (U101 pinl6). This RF signal is
the TX RF INJECTION. Also in transmit mode, the audio signal to be frequency modulated onto the
carrier is received through the U201 pin 41.

When a high impedance is applied to U241 pin 19, the VCO is operating in BATTERY SAVER mode.
In this case, both the receive and transmit oscillators as well as the receive transmit and prescaler
buffer are turned off.

FMR-2045A-2 December 26, 2003



44 UHF Band 2 Theory of Operation: Voltage-Controlled Oscillator (VCO)

This page intentionally left blank.

December 26, 2003 FMR-2045A-2



Chapter 5 UHF Band 2 CB Layouts, Schematic
Diagrams, and Parts List

5.1 Notes For All Schematics and Circuit Boards
* Component is frequency sensitive. Refer to the Electrical Parts List for value and usage.

1. Unless otherwise stated, resistances are in Ohms (k = 1000), and capacitances are in picofarads
(pF) or microfarads (uF).

2. DC voltages are measured from point indicated to chassis ground using a Motorola DC
multimeter or equivalent. Transmitter measurements should be made with a 1.2 pH choke in
series with the voltage probe to prevent circuit loading.

3. Reference Designators are assigned in the following manner:

100 Series = Transmitter
200 Series = Frequency Generation
300 Series = Receiver
400/500 Series = Controller
600 Series = Keypad Board

4. Interconnect Tie Point Legend:
UNSWB+ = Unswitch Battery Voltage (7.5V)
SWB+ = Switch Battery Voltage (7.5V)
R5 = Receiver Five Volts
CLK = Clock
Vdda = Regulated 3.3 Volts (for analog)
vddd = Regulated 3.3 Volts (for digital)
CsX = Chip Select Line
SYN = Synthesizer
DACRX = Digital to Analog Voltage (For Receiver Front End Filter)
VSF = \Voltage Super Filtered (5 volts)
VR = \Voltage Regulator

6-LAYER CIRCUIT BOARD DETAIL VIEWING
COPPER STEPS IN PROPER LAYER SEQUENCE

SIDE 1

v

( LAYER 1 (L1)
E LAYER 2 (L2)
)a LAYER 3 (L3)
g LAYER 4 (La) { INNER LAYERS
C LAYER 5 (L5)
¢ - LAYER 6 (L6)

SIDE 2
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5.2 Circuit Board/Schematic Diagrams and Parts List
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Figure 5-1. UHF Band 2 (450-527 MHz) Main Board Top Side PCB No. 8486686201
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UHF Band 2 Radio Parts List

Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
— Ref Part No. b Ref Part No. b Ref Part No. b
Circuit| Motorola Description C1690 | 2113743N09 | 2pF C257 | 2113743N50 | 100pF C325 | 2109445026 |9.1pF
Ref | Part No. C170 | 2113743N50 |100pF C258  [2113743L41 |0.01uF C326 |2113743M24 |0.1uF
B501 | 0986237A02 | Battery Contact Module C171 |2113743N50 |100pF C259 [2113743L41 |0.01uF C327 |2113743M24 |0.1uF
B503 | 3980502701 |Backup battery B+ C172 | 2113743E20 |0.1uF C260 |2113743N50 |100pF C328 |2113743M24 |0.1uF
(Not placed in GP328) C173 | 2113743M08 |0.022uF C263 |2113743N02 | 0.75pF C329 [2113743M24 |0.1uF
B504 | 3980501701 |Backup battery B- C174 | 2113743N50 |100pF C264 |2113743N50 |100pF C334 |2113743L33 |4700pF
(Not placed in GP328) C180 |NOT PLACED C265 |NOT PLACED C337 |NOT PLACED
C101 |2113740F51 |100pF C181 |NOT PLACED C271 |NOT PLACED C338 |NOT PLACED
C102 |2113740F22 |6.2pF C188 |2113743N39 |36pF C272  |2109445U01 |0.5pF 1% C343 [2113743M24 |0.1uF
C103 |2113740F28 |11pF C201 | 2113743N50 |100pF C273 |2113743M24 |0.1uF C344  |2113743E20 |0.1uF
C104 |2113740F22 |6.2pF C202 |2113743L17 |1000pF C276  |2104993302 |2.2uF C345 [2113743M24 | 0.1uF
C105 |2113743N50 |100pF C203 | 2311049A56 |4.7uF C277  |2113743N50 |100pF C346  |2113743M24 | 0.1uF
C106 |2113740F19 |4.7pF C204 | 2104993302 |2.2uF C278 |2311049A57 |10uF C347 |2113743M24 |0.1uF
C107 |2113740F15 |3.3pF C206 | 2113740F63 |330pF C279 |2104993J02 |2.2uF C348 |2113743M24 |0.1uF
C108 |2113743N50 | 100pF C207 | 2113743N40 | 39pF C281 |2113743N50 | 100pF C349 |2113743E20 |0.1uF
C109 |2113740F51 |100pF C208 | NOT PLACED C282 | NOT PLACED C350 |2113743M24 |0.1uF
C110  |2113743N50 | 100pF C210 | 2113743N50 | 100pF C283 | NOT PLACED C351 |2113743N52 |120pF
Cl11  |2103689A22 |11pF C211 | 2113743N50 | 100pF C285 |2113743N50 | 100pF C352 |2113743M24 |0.1uF
Cl12  |2180605228 |33pF C212 | 2113743N50 | 100pF C286 |2113743M24 |0.1uF C355 |2113743M24 |0.1uF
C113  |21806052720 |15pF C213 | 2113743N50 | 100pF C289 |2113743N50 | 100pF C357 |2113743M24 |0.1uF
Cl14 |2113743N50 | 100pF C214 | 2113743N50 | 100pF C291 |2311049A69 |10uF C358 | NOT PLACED
C115 |2113743N31 |16pF C217 | 2104993302 |2.2uF C292 |2113743M24 |O0.1uF C359 | NOT PLACED
C116 |2113743N27 |11pF C218 | 2113743M24 |0.1uF C293 | 2113743A27 |0.47uF C360 |2113743N14 |3.3pF
C117 | NOT PLACED C219 | 2113743K16 |0.22uF C294 |2113743N50 | 100pF C361 |2113743M24 |0.1uF
C118 |2113743N50 | 100pF C220 | 2113743N50 | 100pF C295 |2113743N50 | 100pF C362 |2113743M24 |0.1uF
C119 |2113743N50 | 100pF C223 | 2113743M24 |0.1uF C296 |2113743M24 |0.1uF C364 |2113743N35 |24pF
C120 |2113743N23 |7.5pF C224 | 2113743M24 |0.1uF C297 |2113743L41 |0.01uF C366 | NOT PLACED
C121 |2113743N50 |100pF C228 |2311049J11 |4.7uF C298 |2113743M24 |0.1uF C367 |2113743N37 |30pF
Cl22 |2113743N50 | 100pF C229 |2113743L17 |1000pF C301 |2113743N24 |8.2pF C370 |2109445U18 |4.3pF 1%
C123 |2311049A96 |33uF C230 | 2113743N50 | 100pF C302 |2113743N28 |12pF C371 | NOT PLACED
C125 |2113743N50 |100pF C231 |2113743M24 |0.1uF C303 |2113740L09 |4.3pF C372 | 2113743N50 | 100pF
C126 |2113743M24 |0.1uF C232 | 2113743E12 |0.047uF C304 |2113743N27 |1lpF C373 | NOT PLACED
C127 |2113743L17 |1000pF C233 | 2311049A01 |O0.1uF C305 |2113743N50 | 100pF C374 |2113743N50 | 100pF
C128 |2113743M08 |0.022uF C234 | 2311049A05 |0.47uF C306 | NOT PLACED C375 |2113743N50 | 100pF
C129 |2113743N23 |7.5pF C235 | 2104993302 |2.2uF C307 |2113743N50 | 100pF C378 | NOT PLACED
C130 |2113743N50 | 100pF C238 | 2113741F17 |470pF C308 |2113743N50 | 100pF C380 |2113743L41 |0.01uF
C131 |2113743M08 |0.022uF C241 | 2113743N50 | 100pF C309 |2113743N50 | 100pF C381 | NOT PLACED
C132 |2113743N50 |100pF C242 | 2113743N17 |4.3pF C310 |2113743N50 | 100pF C382 |2311049A59 |10uF
C133 |2113743L17 |1000pF C243 | 2113743N17 |4.3pF C311 | NOT PLACED C383 | NOT PLACED
C134 |2113743L29 |3300pF C244 | 2113740F14 |3pF C312 |2113743N23 |7.5pF C385 |2113743N35 |24pF
C135 |2113743M08 |0.022uF C245 | 2113743N12 |2.7pF C313 |2113743N27 |1lpF C386 |2113743N50 | 100pF
C138 |2113743N50 | 100pF C246 | 2113743N50 | 100pF C314 |2113743M24 |0.1uF C390 | NOT PLACED
C140 |0662057A67 |5.6K C247 | 2113743N50 | 100pF C315 |2113743N50 | 100pF C400 |2113743L41 |0.01uF
Cl41 |2113740F25 |8.2pF C248 | 2113743M24 |0.1uF C316 |2113740L09 |4.3pF C401 | 2113743M24 |0.1uF
C150 |2113743M08 |0.022uF C250 | 2113743N17 |4.3pF C317 |2113743N65 |8pF C402 | 2113743M24 |0.1uF
C151 |2113743N50 |100pF C251 | 2113743N50 | 100pF C318 |2113743N28 |12pF C403 | 2113743G24 |2.2uF
C152 |2113743M08 |0.022uF C252 | 2113743N19 |5.1pF C319 |2113743N17 |4.3pF C404 | NOT PLACED
C160 |2113743N44 |56pF C253 | 2113740F09 |1.8pF C320 |2113743N25 |9.1pF C405 | 2113743N50 | 100pF
C161 |2113743M24 |0.1uF C254 | 2113743N26 | 10pF C321 |2113743N50 | 100pF C406 | NOT PLACED
C165 |2113743N44 |56pF C255 | 2113743N50 | 100pF C322 |2113743N48 |82pF C407 |2113928NO1 |0.1uF
C166 |2113743N50 | 100pF C256 | 2113743N19 |5.1pF C324 |2109445U40 |20pF 1% C408 | 2113743N50 | 100pF
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Describtion Circuit| Motorola Description
Ref Part No. P Ref Part No. b Ref Part No. P Ref Part No. b

C409 2113/43M24 | 0.1uF C481 2113928N01 | O0.1uF CR501 |4880107R01 | Rectifier L273 2462587V32 | 68nH

C410 2113928N01 |0.1uF C482 2113928N01 | 0.1uF CR503 |4805729G49 | LED Red/Yellow L281 2462587v41 | 390nH

C411 2113743M24 | 0.1uF C490 2113743N50 | 100pF E101 2484657R01 | Ferrite bead L282 2462587V41 | 390nH

C414 2113743M24 | 0.1uF C491 2113743N50 | 100pF E400 2480640201 | Ferrite bead L301 2479990B01 | 11.03nH

C415 2185895701 |0.01uF C492 2113743N50 | 100pF E401 2480640201 | Ferrite bead L302 2479990B01 | 11.03nH

C416 2113928N01 |0.1uF C493 2113743N50 | 100pF E402 2480640201 | Ferrite bead L303 2462587V26 | 22nH

C419 NOT PLACED C494 2113743N50 | 100pF E403 2480640201 | Ferrite bead L304 2462587V37 | 180nH

C420 2113743L41 | 0.01uF C495 2113743N50 | 100pF E404 2480640201 | Ferrite bead L305 2462587Vv23 | 12nH

C421 2113928N01 | 0.1uF C496 2113743N50 | 100pF E405 2480640201 | Ferrite bead L306 2479990B01 | 11.03nH

C422 2113743M24 | 0.1uF C497 2113743N50 | 100pF E406 2480640201 | Ferrite bead L307 2479990B01 | 11.03nH

C423 2113743N50 | 100pF C502 2311049A05 |0.47uF E407 2480640201 | Ferrite bead L309 2479990C02 | 16.28nH

C424 2311049A59 | 10uF C503 2113743N50 | 100pF E408 2480640201 | Ferrite bead L310 2462587V36 | 150nH

C425 2113743M24 | 0.1uF C505 2113743N50 | 100pF E409 2480640201 | Ferrite bead L311 2413926K32 | 560nH

C426 2113743N50 | 100pF Ch11 2113743N50 | 100pF F501 6580542701 | 3A fuse L321 2462587V37 | 180nH

C427 2113743N50 | 100pF Ch12 2113743N50 | 100pF FL201 4805875204 | 16.8MHz Xtal oscillator L325 2462587N68 | 1uH

C428 2113743M24 | 0.1uF C513 2113743N50 | 100pF FL301 |[9180022M11 | Xtal Filter 44. 85MHz L330 2413926K33 | 680nH

C429 2113743M24 | 0.1uF Ch14 2113743N50 | 100pF FL302 9180468V05 | 455kHz 4- pole ceramic filter L332 2413923A25 | 1.2uH

C430 2113928N01 |0.1uF C520 2113743L41 |0.01uF FL303 |9180469V05 |455kHz 6- pole ceramic filter L400 2462587Q42 | 390nH

C431 2113743N50 | 100pF Ch21 2113743L41 0.01uF FL304 9180469V03 | 455kHz 6- pole ceramic filter L401 24625870Q42 | 390nH

C432 NOT PLACED C5h22 2113743L41 | 0.01uF FL401 4870368G02 | Xtal Oscillator 38.4kHz (Not L410 24625870Q42 | 390nH

C433 2113743L41 | 0.01uF C523 2113743L41 0.01uF placed in GP328) L411 24625870Q42 | 390nH

C434 2113928N01 | 0.1uF (Not placed in GP328) C524 2113743N50 | 100pF H101 2680499701 | Heat spreader L505 2462587Q42 | 390nH

C435 2113743M24 | 0.1uF C525 2113743N50 | 100pF J101 0985613201 | RF Jack P100 3905643V01 | Ground contact finger

C436 2113743N34 | 22pF (Not placed in GP328) C526 2113743N50 | 100pF J102 0280519702 | Antenna nut PB501 |4086470Z01 | Tactile switch, pushbutton

C437 2113743N34 | 22pF (Not placed in GP328) C527 2113743N50 | 100pF J400 0905505Y04 | 40-pin connector PB502 |4086470Z01 | Tactile switch, pushbutton

C440 2113743G26 |4.7uF C528 2113743N50 | 100pF J403 0905505Y02 | 20-pin connector PB503 | 4086470201 | Tactile switch, pushbutton

C4a41 2113743N50 | 100pF C529 2113743N50 | 100pF L101 2460591B28 | 13.37nH PB504 |4086470Z01 | Tactile switch, pushbutton

Ca42 2113743E20 |0.1uF CR101 |4880973Z02 | Pin diode L102 2460591B28 | 13.37nH PB505 |4086470Z01 | Tactile switch, pushbutton

C443 2113928N01 | 0.1uF CR102 |4802245J41 Pin diode L104 2460591B48 | 15.22nH Q110 4813828A09 | RF PA

Ca44 2113743N50 | 100pF CR103 |4802245J41 | Pin diode L105 2462587N22 | 390nH Q111 4809939C05 | Dual NPN/ PNP transistor

C445 2113743N50 | 100pF CR105 |5185963A15 | Temperature sensor L106 2460591A19 |8.71nH Q210 4809939C05 | Dual NPN/ PNP transistor

C447 2113743M08 | 0.022uF CR160 | NOT PLACED L107 2479990G01 |33.47nH Q241 4805218N63 | RF NPN transistor

C448 2113928N01 | 0.1uF CR201 |4802233J09 | Triple diode (SOT 25) L108 2479990A01 |4.22nH Q260 4809939C05 | Dual NPN/ PNP transistor

C449 2113743N50 | 100pF CR203 |4862824C03 | Varactor L112 2462587N42 | 12nH Q261 4809939C05 | Dual NPN/ PNP transistor

C450 NOT PLACED CR241 |4805649Q13 | Varactor L113 2413926H09 | 5.6nH Q301 4802245344 | NPN Transistor

C451 2113743M08 | 0.022uF CR242 |4862824C01 | Varactor L114 2462587N42 | 12nH Q302 4802197J95 | NPN Transistor

C452 2113743B29 | 1uF CR243 |4862824C01 | Varactor L115 2462587N22 | 390nH Q310 4802245344 | NPN Transistor

C453 2113743N50 | 100pF CR251 |4802245J22 | Varactor L116 2479990C02 |16.28nH Q320 4813824A10 | RF NPN transistor

C456 2113743N50 | 100pF CR301 |4862824C01 | Varactor L117 2409154M17 | 22nH Q400 4809579E18 | Mosfet P - channel

C458 2113743N50 | 100pF CR302 |4862824C01 | Varactor L160 2413926H14 | 15.0nH Q403 4813824A17 | Bipolar Transistor, PNP

C459 2113743N50 | 100pF CR303 |4880154K03 | Dual common anode-cathode L201 2462587Q20 | 2.2uH Q405 4802245354 | Dual NPN Transistor

C463 2113743N50 | 100pF CR304 |4862824C01 | Varactor L202 24625870Q20 | 2.2uH Q410 4802245354 | Dual NPN Transistor

C466 2113743N50 | 100pF CR305 |4862824C01 | Varactor L203 2462587Q20 | 2.2uH Q416 4809579E18 | Mosfet P-channel (Not placed

Cc4a67 2113928N01 |0.1uF CR306 |4802245J42 |Ring Quad diode (SOT- 143) L232 2462587P25 | 12uH in GP328)

C4a71 2113743N50 | 100pF CR311 |4813825A19 | Diode Schottky L241 2462587V41 | 390nH Q417 4809939C05 | Dual NPN/ PNP transistor

C472 2113743L09 | 470pF CR312 |4802245J97 | Switch Diode L242 2462587V26 | 22nH Q502 5180159R01 | Dual Trans NPNS

C473 2113743L09 | 470pF CR313 |4802245J97 | Switch Diode L243 2485776202 | Resonator (Kapton), Rx Q505 4880214G02 | NPN Transistor

C475 2113743H14 | 10uF CR411 | 4802245362 Diode Schottky L251 2462587V41 | 390nH R101 0662057A34 | 240

C476 2113928D08 | 10uF CR412 |4802245J62 | Diode Schottky L253 2460593C03 | Resonator, Tx R102 0680539201 |0.1

C479 2113928N01 |0.1uF CR413 | 4802245362 | Diode Schottky L261 2462587V29 | 39nH R104 0662057N15 |47K

C480 2113928D08 | 10uF CR440 |4813833C02 |Dual common cathode diode L271 2462587V27 | 27nH R106 0662057M26 | 10
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. P Ref Part No. P Ref Part No. P Ref Part No. P

R107 NOT PLACED R311 0662057N11 | 33K R407 0662057N19 | 68K R498 0662057M98 | 10K

R108 0662057M92 | 5.6K R312 0662057M90 | 4.7K R408 NOT PLACED R499 0662057M98 | 10K

R109 0662057N30 | 200K R313 0662057M62 | 330 R409 0662057M98 | 10K R501 0662057M70 | 680

R110 0662057M61 | 300 R314 0662057M79 | 1.6K R410 0662057N23 | 100K R502 0662057M56 | 180

R111 0662057M33 | 20 R315 0662057N01 | 12K R411 0662057M98 | 10K R505 0662057M98 | 10K

R112 0662057M61 | 300 R320 NOT PLACED R413 0662057M01 | O R506 0662057N15 | 47K

R120 0662057N14 | 43K R321 0662057N01 | 12K R414 0662057V34 | 180K R507 0662057M01 | O

R130 0662057M98 | 10K R322 0662057M74 | 1K R415 0662057V26 | 91K RT400 |0680590Z01 | Thermistor 33K

R131 0662057N05 | 18K R324 0662057N25 | 120K R416 0662057M98 | 10K S501 4080710201 | Frequency switch

R132 0662057N33 | 270K R328 0662057M12 | 2.7 R418 0662057M01 | O S502 1880619702 | Volume/ on- off switch

R133 NOT PLACED R329 0662057M01 | O R419 0662057M67 | 510 (Not placed in GP328) SH100 |2680507Z01 |Harmonic Filter shield

R136 NOT PLACED R330 0662057M98 | 10K R420 0662057B46 | 10M (Not placed in GP328) SH101 |2680510Z01 |RF PA shield

R161 0662057M57 | 200 R331 0662057M57 | 200 R421 0662057M81 | 2K SH201 |2680511Z01 | Synthesizer top shield

R170 0662057A34 | 240 R332 0662057N01 | 12K R423 0662057N39 | 470K SH202 |2680511Z01 | Synthesizer bottom shield

R171 0662057N14 | 43K R333 NOT PLACED R424 0662057N12 | 36K SH241 |2604120G01 | Resonators shield

R172 0662057A32 | 200 R339 0662057M89 | 4.3K R425 0662057N10 | 30K SH242 |2680514701 |VCO Buffer IC shield

R173 0662057N29 | 180K R340 0662057M96 | 8.2K R426 0662057N35 | 330K (Not placed in GP328) SH301 |2686583201 | Receiver front end shield

R174 0662057N15 |47K R342 0662057N23 | 100K R427 0662057M84 | 2.7K SH302 |2680555Z01 | Receiver front end bottom

R175 0662057B59 |3 R344 0662057M43 |51 R428 0662057M10 |2.2 SH303 | 2680509201 | Mixer shield

R176 0662057B59 |3 R345 0662057N13 | 39K R429 0662057N20 | 75K SH304 |2680624701 | Mixer diode shield

R191 0662057C01 |0 R346 0662057N03 | 15K R431 0662057N39 | 470K SH322 |2686528701 | IF section shield

R201 0662057N21 | 82K R348 0662057M87 | 3.6K R432 0662057N16 |51K SH323 | 2686527201 | Crystal Filter shield

R202 0662057N23 | 100K R349 0662057C01 |0 R434 0662057M62 | 330 SH400 |2680505Z01 | Controller Memory Shield

R204 0662057N15 | 47K R350 0662057M98 | 10K R435 0662057M81 | 2K SH401 |2680506Z01 | Controller on-off shield

R231 0662057M52 | 120 R355 0662057N23 | 100K R436 0662057M01 |0 SH402 | 2680515201 | Microprocessor shield

R232 0662057M69 | 620 R358 0662057M74 | 1K R437 NOT PLACED SH403 | 2680516201 | Asfic_Cmp/ Audio PA shield

R233 0662057M68 | 560 R359 NOT PLACED R445 0662057N08 | 24K T301 2580541702 | Balun transformer

R241 0662057M34 | 22 R360 0662057N06 | 20K R447 0662057N23 | 100K T302 2580541702 | Balun transformer

R242 0662057M52 | 120 R361 0662057N06 | 20K R448 0662057M98 | 10K ul1o01 5185130C65 | VHF/ UHF/ 800 MHZ LDMOS

R243 0662057M98 | 10K R363 0662057M64 | 390 R449 0662057N08 | 24K U102 5185765B26 | PCIC

R244 0662057N03 | 15K R364 0662057M80 | 1.8K R450 0683962T45 |68 U201 5185963A27 | LVFRACN Synthesizer IC

R245 0662057M59 | 240 R365 0662057M76 | 1.2K R451 0662057N03 | 15K U210 5102463361 Inverter

R248 0662057M37 |30 R366 0662057N01 | 12K R452 0662057N23 | 100K U211 5102463J61 Inverter

R251 0662057M38 | 33 R367 0662057V04 | 12K R453 NOT PLACED U241 5105750U54 | VCO Buffer IC

R252 0662057M60 | 270 R368 0662057vV02 | 10K R454 NOT PLACED u247 5105739X05 | SOT 5V Regulator

R253 0662057M95 | 7.5K R369 0662057M70 | 680 R455 NOT PLACED U248 5102463358 | 3. 3V Regulator

R254 0662057M96 | 8.2K R370 0662057M01 | O R456 0662057M01 | O U301 5186144B01 | FM IFIC SA616

R255 0662057M89 | 4.3K R371 NOT PLACED R457 0662057M98 | 10K U302 5109522E10 | LMOS Inverter

R256 0662057M37 |30 R372 NOT PLACED R460 0662057M90 | 4.7K U303 NOT PLACED

R260 0662057M74 | 1K R373 NOT PLACED R461 0662057M56 | 180 (Not placed in GP328) U400 5102463340 | 3. 3V Regulator

R281 NOT PLACED R374 NOT PLACED R462 0662057M98 | 10K (Not placed in GP328) U404 5185130C53 | ASFIC_CMP IC

R301 0662057N23 | 100K R375 NOT PLACED R463 0662057M61 | 300 U405 NOT PLACED

R302 0662057N23 | 100K R376 NOT PLACED R471 0662057N06 | 20K U406 *5102463J59 | Flash ROM 128K x 8

R303 0662057M78 | 1.5K R377 NOT PLACED R472 0662057N12 | 36K U407 *5102463J64 | 16K x 8 EEPROM

R304 0662057N01 | 12K R378 NOT PLACED R473 0662057M26 | 10 U409 5102226356 | Microprocessor

R305 0662057M66 | 470 R400 0662057N15 | 47K R475 0662057M01 | O U410 5102463357 | 3. 3V Regulator (Not placed in

R306 0662057N23 | 100K R401 0662057M01 |0 R476 0662057N35 | 330K GP328)

R307 0662057N23 | 100K R402 NOT PLACED R477 0662057M74 | 1K u420 5102463J44 Audio PA

R308 0662057M43 |51 R403 NOT PLACED R478 0662057M98 | 10K VR432 | 4805656W08 |5. 6V Zener

R309 0662057M01 |0 R405 0662057M01 |0 R481 0662057N08 | 24K VR433 | 4805656W08 |5. 6V Zener

R310 NOT PLACED R406 0662057N20 | 75K R492 0662057M01 | O VR434 | 4802245373 Zener Diode - 6.8V
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Circuit| Motorola Description
Ref Part No. P

VR439 | 4880140L17 | Zener Diode - 12V

VR440 |4802245J73 |Zener Diode - 6.8V

VR441 |4802245J73 | Zener Diode - 6.8V

VR442 | 4802245373 | Zener Diode - 6.8V

VR443 |4802245J73 | Zener Diode - 6.8V

VR444 | 4802245373 | Zener Diode - 6.8V

VR445 | 4802245374 | Zener Diode - 10V

VR446 | 4802245374 | Zener Diode - 10V

VR447 | 4802245374 | Zener Diode - 10V

VR448 | 4802245374 | Zener Diode - 10V

VR449 | 4802245374 | Zener Diode - 10V

VR450 |4802245375 |Zener Diode - 12V

VR460 |4802245373 | Zener Diode - 6.8V

VR501 |4813830A18 |6.8V Zener

VR506 |4802245J73 | Zener Diode - 6.8V

Y300 4802245384 | Xtal Oscillator 33. 395MHz

Y301 9186145B02 | 455kHz Ceramic Discriminato

*8486686Z01 | UHF B2 Main PC Board

* Motorola Depot Servicing only

** Not Field Serviceable

Note: Tolerance

FMR-2045A-2

Capacitor - 5% unless specified otherwise
Inductor - 10% unless specified otherwise
Resistor - 5% unless specified otherwise
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Figure 5-10. Controller ASFIC/ON_OFF Schematic Diagram
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Chapter 6 UHF Band 2 Troubleshooting Charts

6.1 Troubleshooting Flow Chart for Controller

MCU Check

PTT

Press PTT. Red
LED does not
light up

Alert Tone
OK?

Check
Audio PA
(U420)
Speaker
NO OK?
Check Spk. Flex | |Audio from Pin 41
Connection ASFIC, U404?

Check
Fic Ao
voltage
Aok 0| [ LED should
EXT light u |
ik ° P U201 Pin 19
Radio could 16.8 MHz
B not PTT
externally '
Replace
Faulty
Component
Check
Accessories
Check
MCU
I Accessories See FGU
Troubleshoot-
ing chart

Power Up \YES

Not able to pro-

gram RF Board
ICs

Before replacing
MCU, check SPI
clock, SPI data,
and RF IC select

F

Replace
Speaker

MCU is OK

Check
U420 Audio PA

Read Rad
OK?

NNO| check
io >®  Setup
Reprogram the

correct data.

See FGU
Troubleshooting

75V at
Pin 3/5 U247\NO

Check

P Q400

Replace
U247/U248

Check any short
to SWB+,
Vdda or Vddd
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6.2 Troubleshooting Flow Chart for Receiver (Sheet 1 of 2)

START

Bad SINAD
Bad 20dB Quieting
No Recovered Audio

Yes

Audio at pin 8 Check Controller

Spray or inject 1st IF 44.85
MHz into

XTAL Filter

Check Q302 bias
circuitry for faults.

Y

Rotate Freq. Knob

Y

Check 2nd LO signal
44.395 MHz at C367 No

Biasing ok?

Signal
Present?

Replace Q302. | Ves

Check voltages on GotoB
U301

Check circuitry
around U301.
Replace U301 if
defect

Check circuitry

Yes | around Y300.

Replace Y300 if
defect

Voltages
ok?
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6.3 Troubleshooting Flow Chart for Receiver (Sheet 2 of 2)

Inject RF into J101

Trace IF signal
from L311 to
Q302. Check for

Q302 collec

tor OK? Yes

bad XTAL filter. I signal
present? .
Beforereplacing
U301, check
U301 voltages;
No No trace IF signal
Check FGU path

Check T301, T302,
CR306, R308, R309

Check filter between
C310 & T301.

Check for 3.0
VDC

Check RF amp (Q301)
Stage.

Is R5
present?

Check filter between
C301 & C307; program
filter to schematic test
freq and check varactor
voltages.

Check Q210, U201
(pin 48) voltages and
u247

Check harmonic filters L101 & L102 and
ant. switches CR101, CR102, L104

Check varactor filter.

Check U404 voltage.
U404 can be selected by
MCU before replacing
u404.
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6.4 Troubleshooting Flow Chart for Transmitter

START

No Power

Is There B

Check Q111

Low

Yes

Is Control Volt-
age High or Low

¥ High

Check Drive to
> Module

Check PCIC

1. Check Pin Diodes
2. Check Harmonic Filter

* No
| Troubleshoot
Inspect/Repair Tx.

VCO
Output Network Yes

Inspect PA Network/
Check Power Out of
U101 at Cap C160

Is Power
OK?

Is Power
¢ Yes OK?

Done No

Done

Replace U101

Is Power
v Yes OK?

Done No

Replace Q101
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6.5

Correct NO

Problem

Check CR201, U210,
U211, C258, C259 &
C228

IsU201 Pin 47
AT =13VDC

Check Q260,

Visual

check of the
Board OK?

YES

+5V at U201
Pin's
13 & 30?

Qo1& Ros0 [y

Check 5V
Regulator

IsU241 Pin 19 NO
<0.7VDCinRX &

>4.3VDCinTX2

YES

U201 pin 2 at
>3V in Tx and
<0.7V in Rx

IsU201Pin 18
AT 454 VDC?,

Replace U201

If L261, C263 & C264
are OK, then see VCO
troubleshooting chart

ISRF level at
U201 Pin 32
>-30 dBm?,

Replace or
Are R231,R232, resolder
R233,C231,C232, necessary
& C2330K? components

Replace U201

between Pin 47 and

Aresignals
aPinsl4&
15 of U201?,

Troubleshooting Flow Chart for Synthesizer

NO

Check U248,
L201 & L202

3.3V at U201
pins5,20,34 &
36

I516.8MHz Replace

U201

Check FL201, C206,
C207, C208, CR203 &
R204

Are Waveforms
a Pins14 & 15
triangular?

YES

Isthere ashort

Pins14 & 15 of

v YES

Remove
Shorts

DoPins78& 9
of U201 toggle
when channel is
changed?

NO

Check programming
lines between U409
and U201 Pins 7,8 & 9

NO

Isinformation
from WP U409
correct?

Check uP U409
Troubleshooting
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FMR-2045A-2

December 26, 2003



66 UHF Band 2 Troubleshooting Charts: Troubleshooting Flow Chart for VCO

6.6 Troubleshooting Flow Chart for VCO

START

Check R245 for dry
joint or faulty

Check
R260
Check U201
Pin 2 for 3.2V Change

Check for faulty parts or dry
joints of L271, L273, C370,
C386, R339 & L320

Change
U241

Change
U201

Change
Q261
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Chapter 7 VHF Theory of Operation

7.1  Transmitter

PCIC
Antenna
Vcontrol Vcontrol Jack
From VCO P_A PA AHntenna-Svl\gf::hﬁ
Driver Final Stage armonic Fiiter
Matching Network

Figure 7-1. Transmitter Block Diagram

7.1.1 General

(Refer to Figure 7-1.)

The VHF transmitter contains five basic circuits:
* Power amplifier
» Antenna switch
* Harmonic filter
« Antenna matching network
« Power control integrated circuit (PCIC)

7.1.2 Power Amplifier
The power amplifier consists of two devices:
* 9767 LDMOS driver IC (U3501)
* PRF1507 LDMOS PA (Q3501)
The 9267 LDMOS driver IC contains a two-stage amplification with a supply voltage of 7.3V.

This RF power amplifier is capable of supplying an output power of 0.3W (pin 6 and 7) with an input
signal of 2mW (3 dBm) (pin16). The current drain would typically be 130mA while operating in the
frequency range of 136-174 MHz.

The PRF1507 LDMOS PA is capable of supplying an output power of 7W with an input signal of
0.3W. The current drain would typically be 1800 mA while operating in the frequency range of
136-174 MHz. The power output can be varied by changing the biasing voltage.
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7.1.3 Antenna Switch

The antenna switch circuit consists of two PIN diodes (D3521 and D3551), a pi network (C3531,
L3551 and C3550), and three current limiting resistors (R3571, R3572, R3573). In the transmit
mode, B+ at PCIC (U3502) pin 23 will go low and turn on Q3561 where a B+ bias is applied to the
antenna switch circuit to bias the diodes “on.” The shunt diode (D3551) shorts out the receiver port,
and the pi network, which operates as a quarter wave transmission line, transforms the low
impedance of the shunt diode to a high impedance at the input of the harmonic filter. In the receive
mode, the diodes are both off, and hence, there exists a low attenuation path between the antenna
and receiver ports.

7.1.4 Harmonic Filter

The harmonic filter consists of C3532 to C3536, L3531 and L3532. This network forms a low-pass
filter to attenuate harmonic energy of the transmitter to specifications level. The harmonic filter
insertion loss should be less than 1.2 dB.

7.1.5 Antenna Matching Network

A matching network which is made up of L3538 and C3537 is used to match the antenna's
impedance to the harmonic filter. This will optimize the performance of the transmitter and receiver
into an antenna.

7.1.6 Power Control Integrated Circuit (PCIC)

The transmitter uses the Power Control IC (PCIC), U3502 to control the power output of the radio by
maintaining the radio current drain. The current to the final stage of the power module is supplied
through R3519 (0.1ohms), which provides a voltage proportional to the current drain. This voltage is
then fed back to the Automatic Level Control (ALC) within the PCIC to keep the whole loop stable.

The PCIC has internal digital to analog converters (DACs) which provide the reference voltage of the
control loop. The voltage level is controlled by the microprocessor through the data line of the PCIC.

There are resistors and integrators within the PCIC, and external capacitors (C3562, C3563 and
C3565) in controlling the transmitter rising and falling time. These are necessary in reducing the
power splatter into adjacent channels.

U3503 and its associated circuitry acts as a temperature cut back circuitry. This circuitry provides the
necessary voltage to the PCIC to cut the transmitter power when the radio temperature gets too
high.
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7.2 Receiver

Antenna
Pin Diode v v
Antenna aractor aractor . Crystal
RE Jack Switch Tuned Filter " A™P Tined Filter ~ Mixer Fili/er IF Amp
O p—tt [\ »D—» /\
+ | T
First LO
from VCO
Control Voltage
from ASFIC
U3220
- Demodulator|<-| Limiter
Recovered Audio ﬂ
-—
RSSI
455kHz v
§ . Filter 5 | L 455kHz —
s ‘g‘ Filter f\}
D |-y 455kHz - O
Filter
* Second LO
BW SEL<

Figure 7-2. VHF Receiver Block Diagram

7.2.1 Receiver Front-End

(Refer toVHF Receiver Front-End Schematic Diagram on page 80, VHF Receiver Back-End
Schematic Diagram on page 81, and VHF Transmitter Schematic Diagram on page 84.)

The RF signal is received by the antenna and applied to a low-pass filter. For VHF, the filter consists
of L3531, L3532, C3532 to C3563. The filtered RF signal is passed through the antenna switch. The
antenna switch circuit consists of two PIN diodes (D3521 and D3551) and a pi network (C3531,
L3551 and C3550).The signal is then applied to a varactor tuned bandpass filter. The VHF bandpass
filter comprises of L3301, L3303, C3301 to C3304 and D3301. The bandpass filter is tuned by
applying a control voltage to the varactor diode (D3301) in the filter.

The bandpass filter is electronically tuned by the DACRx from IC404 which is controlled by the
microprocessor. Depending on the carrier frequency, the DACRX will supply the tuned voltage to the
varactor diodes in the filter. Wideband operation of the filter is achieved by shifting the bandpass filter
across the band.

The output of the bandpass filter is coupled to the RF amplifier transistor Q3302 via C3306. After
being amplified by the RF amplifier, the RF signal is further filtered by a second varactor tuned
bandpass filter, consisting of L3305, L3306, C3311 to C3314 and D3302.

Both the pre and post-RF amplifier varactor tuned filters have similar responses. The 3 dB bandwidth
of the filter is about 12 MHz. This enables the filters to be electronically controlled by using a single
control voltage which is DACRX.
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7.2.2

7.2.3

The output of the post-RF amplifier filter is connected to the passive double balanced mixer which
consists of T3301, T3302 and CR3301. Matching of the filter to the mixer is provided by C3317,
C3318 and L3308. After mixing with the first LO signal from the voltage controlled oscillator (VCO)
using high side injection, the RF signal is down-converted to the 44.85 MHz IF signal.

The IF signal coming out of the mixer is transferred to the crystal filter (Y3200) through a resistor pad
(R3321 - R3323) and a diplexer (C3320 and L3309). Matching to the input of the crystal filter is
provided by C3201 and L3200. The crystal filter provides the necessary selectivity and
intermodulation protection.

Receiver Back-End
(Refer to VHF Receiver Back-End Schematic Diagram on page 81.)

The output of crystal filter Y3200 is matched to the input of IF amplifier transistor Q3200 by L3203.
Voltage supply to the IF amplifier is taken from the receive 5 volts (R5). The IF amplifier Q3200 is
actively biased by a collector base feedback provided by R3202 and R3203. The gain controlled IF
amplifer provides a maximum gain of about 16dB. A dual hot carrier diode (CR3201) limits the filter
output voltage swing to reduce overdrive effects at RF levels above -27dBm. The amplified IF signal
is then coupled into U3220 (pin 1) via L3202, C3207, and C3200 which provides the matching for the
IF amplifier and U3220.

The IF signal applied to pin 1 of U3220 is amplified, down-converted, filtered, and demodulated, to
produce the recovered audio at pin 7 of U3220.

Within U3220, the first IF 44.85 MHz signal mixes with the 44.395 MHz second local oscillator (2nd
LO) to produce the second IF signal at 455 kHz. The 2nd LO signal frequency is determined by
crystal Y3201. The second IF signal (455 kHz) is then filtered by an external ceramic filter Y3205
before being amplified by the second IF amplifier within U3220. Again, the signal is filtered by a
second external ceramic filter Y3203 or Y3204 depending on the selected channel spacing. Y3203 is
used for 20/25 kHz channel spacing whereas Y3204, for 12.5 kHz channel spacing. The simple
circuit consisting of U3221, CR3202, CR3203 and resistors R3209, R3212, R3211 and R3205 divert
the second IF signal according to the BW_SEL line. The filtered output of the second IF signal is
applied to the limiter input pin of U3220 (Pin 14).

The IF IC (U3220) contains a quadrature detector using a ceramic phase-shift element (Y3202) to
provide audio detection. Internal amplification provides an audio output level around 120mVrms
(@60% deviation) from pin 8 of U3220. This demodulated audio is fed to the ASFIC_CMP IC (U404)
in the controller section.

The IF IC (U3220) also performs several other functions. It provides a received signal-strength
indicator (RSSI) with a dynamic range of 70 dB. The RSSI is a dc voltage monitored by the
microprocessor, and used as a peak indicator during the bench tuning of the receiver front-end
varactor filter.

Automatic Gain Control Circuit

(Refer to VHF Receiver Front-End Schematic Diagram on page 80 and VHF Receiver Back-End
Schematic Diagram on page 81.)

The front-end automatic gain control circuit provides automatic reduction of gain, of the front-end RF
amplifier via feedback. This action is necessary to prevent overloading of back-end circuits. This is
achieved by drawing some of the output power from the RF amplifier output. At high radio
frequencies, capacitor C3327 provides the low impedance path to ground for this purpose. CR3302
is a PIN diode used for switching the path on or off. A certain amount of forward biasing current is
needed to turn the PIN diode on. Transistor Q3301 provides this current.
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Radio signal strength indicator, RSSI, a voltage signal, is used to drive Q3301 to saturation i.e.
turned on. RSSI is produced by U3220 and is proportional to the gain of the RF amplifier and the
input power to the radio.

Resistors R3304 and R3305 are voltage dividers designed to turn on Q3301 at certain RSSI levels.
In order to turn on Q3301 the voltage across R3305 must be greater or equal to the voltage across
R3324, plus the base-emitter voltage (Vbe) present at Q3301. Capacitor C3209 is used to dampen
any instability while the AGC is turning on. The current flowing into the collector of Q3301, a high
current gain NPN transistor, will be drawn through the PIN diode to turn it on. Maximum current
flowing through the PIN is limited by the resistors R3316, R3313, R3306 and R3324. C3326 is a
feedback capacitor used to provide some stability to this high gain stage.

An additional gain control circuit is formed by Q3201 and its associated circuitry. Resistors R3206
and R3207 are voltage dividers designed to turn on Q3201 at a significantly higher RSSI level than
the level required to turn on PIN diode control transistor Q3301. In order to turn on Q3201 the
voltage across R3207 must be greater or equal to the voltage across R3208, plus the base-emitter
voltage (Vbe) present at Q3201. As current starts flowing into the collector of Q3201, it reduces the
bias voltage at the base of IF amplifier transistor Q3200 and in turn, the gain of the IF amplifier. The
gain can be controlled in a range of -30dB up to +10dB.

7.3 Frequency Generation Circuitry

Voltage
Multiplier
VeP Tﬁ Rx Out To
Mixer
vmultL Aux3 Rx vCO Circuit | VCOBIC
mu .
Synthesizer U3801
o
Vmult2 U3701 Loop
b B
Ret Osc. PA Driver
Ref. Osc. 4aveo
MOD Out Circuit
Modulating
Signal

Figure 7-3. Frequency Generation Unit Block Diagram

The Frequency Generation Circuitry is composed of two main ICs, the Fractional-N synthesizer
(U3701), and the VCO/Buffer IC (U3801). Designed in conjunction to maximize compatibility, the two
ICs provide many of the functions that normally would require additional circuitry. The synthesizer
block diagram illustrates the interconnect and support circuitry used in the region. Refer to the
relevant schematics for the reference designators.

The synthesizer is powered by regulated 5V and 3.3V which come from U3711 and U3201
respectively. The synthesizer in turn generates a superfiltered 4.5V which powers U3801.

In addition to the VCO, the synthesizer must interface with the logic and ASFIC circuitry.
Programming for the synthesizer is accomplished through the data, clock and chip select lines from
the microprocessor. A 3.3V dc signal from synthesizer lock detect line indicates to the
microprocessor that the synthesizer is locked.

Transmit modulation from the ASFIC is supplied to pin10 of U3701. Internally the audio is digitized
by the Fractional-N and applied to the loop divider to provide the low-port modulation. The audio runs
through an internal attenuator for modulation balancing purposes before going out to the VCO.
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7.4

Synthesizer
(Refer to the VHF Synthesizer Schematic Diagram on page 82.)

The Fractional-N Synthesizer uses a 16.8MHz crystal (Y3761) to provide a reference for the system.
The LVFractN IC (U3701) further divides this to 2.1MHz, 2.225 MHz, and 2.4 MHz as reference
frequencies. Together with C3761, C3762, C3763, R3761 and D3761, they build up the reference
oscillator which is capable of 2.5ppm stability over temperatures of -30 to 85°C. It also provides
16.8MHz at pin 19 of U3701 to be used by ASFIC.

The loop filter which consist of C3721, C3722, R3721, R3722 and R3723 provides the necessary dc
steering voltage for the VCO and determines the amount of noise and spur passing through.

In achieving fast locking for the synthesizer, an internal adapt charge pump provides higher current
at pin 45 of U3701 to put synthesizer within the lock range. The required frequency is then locked by
normal mode charge pump at pin 43.

Both the normal and adapt charge pumps get their supply from the capacitive voltage multiplier
which is made up of C3701 to C3704 and triple diodes D3701, D3702. Two 3.3V square waves (180
deg out of phase) are first multiplied by four and then shifted, along with regulated 5V, to build up
13.5V at pin 47 of U3701.

7 LOCK |4 LOCK (U409 PIN 56
DATA (U409 PIN 100—p»—— DATA ( )
8 FREFOUT [19 FREF (U3220 PIN 21 & U404 PIN 34
CLOCK (U409 PIN 1) | CLK — ( )
° oD | 6222324
CSX (U409 PIN 2)—®»——{ CEX u3701 STEERING
10 LOW VOLTAGE LINE
MOD IN (U404 PIN 40—pm———{ MODIN  FRACTIONAL-N  j0uT [ 43 > 2-POLE
13,30 SYNTHESIZER |ADAPT |45 LOOP
VCC, DC5V - |
+5V (U3711 PIN 4 m . FILTER
(U3201 PIN 5)——p" 1 VDD, 3.3V MODOUT |41 ] Y
23 NTALL 3 LO RF INJECTION
REFERENCE AUXA 1S g >
OSCILLATOR 24
- p—| XTAL2 AUX3 2
«25| warp > VOLTAGE
SFOUT | 28 FILTERED 5V | CONTROLLED
32| prEIN — OSCILLATOR
BIAS1| —
—— VW C
VMULT2  VMULT1 a(xp BIAS2 L AAN TX RF INJECTION
VOLTAGE 39 (1ST STAGE OF PA)
MULTIPLER | g 14 15 48
DUAL R5
| - TSTRS ™

5V

PRESCALER IN

Figure 7-4. Synthesizer Block Diagram
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VHF Theory of Operation: Voltage-Controlled Oscillator (VCO) 73
7.5 Voltage-Controlled Oscillator (VCO)
(Refer to the VHF Voltage-Controlled Oscillator Schematic Diagram on page 83.)
AUX3 (U3701 Pin2)
_.<_
=
— - U3701 Pin 32
TRB_IN Prescaler Out n
Pin 20 Pin 19 Pin 12
Pin7
RX-SW
< TX/RX/BS
Tx-SW 1 Pin13 Switching Network
LO RF INJECTION
(U3701 Pin2g Vee-Superfilter U3801 —H Preé_ Matching Low Pass
VSF Pin3 VCOBIC Network 3| Filter >
Steer Line
Voltage Collector/RF in
(VCTRL)

|

RX Tank [

Pin4
' FrRx s
) RX i
i i i VSF
RX VCO Pin5 Active Bias|—

Circuit _ - (3701 Pin28)
Pinl4R vcc Buffers

Pin6

TX Tx
TX Tank || TXVvCco Pin16 Active Bias —| |— X _Bin1o TX RF Injection
Circuit

Pin15 Attenuator—Jm-
Vsens
Circuit
jPin18 Pin2 Pinl Pins 9,11,17
. Rx-l adjust Tx-1 adjust
Vcce-Logic

. 1

(U3701 Pin28)

Figure 7-5. VCO Block Diagram

The VCOBIC (U3801) in conjunction with the Fractional-N synthesizer (U3701) generates RF in both
the receive and the transmit modes of operation. The TRB line (U3801 pin 19) determines which
oscillator and buffer will be enabled. A sample of the RF signal from the enabled oscillator is routed
from U3801 pin 12, through a low pass filter, to the prescaler input (U3701 pin 32). After frequency
comparison in the synthesizer, a resultant CONTROL VOLTAGE is received at the VCO. This
voltage is a DC voltage typically between 3.5V and 9.5V when the PLL is locked on frequency.
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The RF section of the VCOBIC(U3801) is operated at 4.54 V (VSF), while the control section of the
VCOBIC and Fractional-N synthesizer (U3701) is operated at 3.3V. The operation logic is shown in

Table 7-1.
Table 7-1. VCO Control Logic
Desired Mode AUX 4 AUX 3 TRB
TX n.u. High (@3.2V) High (@3.2V)
Rx n.u. Low Low
Battery Saver n.u. Hi-Z/Float Hi-Z/Float (@1.6V)
(@1.6V)

In receive mode, U3801 pin 19 is low or grounded. This activates the receive VCO by enabling the
receive oscillator and the receive buffer of U3801. The RF signal at U3801 pin 8 is run through a
matching network. The resulting RF signal is the LO RF INJECTION and it is applied to the mixer at
T3302.

During the transmit condition, when PTT is depressed, 3.2 volts is applied to U3801 pin 19. This
activates the transmit VCO by enabling the transmit oscillator and the transmit buffer of U3801. The
RF signal at U3801 pin 10 is injected into the input of the PA module (U3501 pin16). This RF signal
is the TX RF INJECTION. Also in transmit mode, the audio signal to be frequency modulated onto
the carrier is received through U3701 pin 41.

When a high impedance is applied to U3801 pin 19, the VCO is operating in BATTERY SAVER
mode. In this case, both the receive and transmit oscillators as well as the receive transmit and
prescaler buffer are turned off.
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Chapter 8 VHF Circuit Board Layouts, Schematic
Diagrams and Parts List

8.1 Notes For All Schematics and Circuit Boards
* Component is frequency sensitive. Refer to the Electrical Parts List for value and usage.

1. Unless otherwise stated, resistances are in Ohms (k = 1000), and capacitances are in picofarads
(pF) or microfarads (uF).

2. DC voltages are measured from point indicated to chassis ground using a Motorola DC multime-
ter or equivalent. Transmitter measurements should be made with a 1.2 pH choke in series with
the voltage probe to prevent circuit loading.

3. Reference Designators are assigned in the following manner:

400/500 Series Controller

600 Series = Keypad Board
3200 Series = IF Circuitry
3300 Series = Receiver
3500 Series = Transmitter
3700 and
3800 Series = Frequency Generation

4. Interconnect Tie Point Legend:
UNSWB+ = Unswitch Battery Voltage (7.5V)
SWB+ = Switch Battery Voltage (7.5V)
R5 = Receiver Five Volts
CLK = Clock
Vdda = Regulated 3.3 Volts (for analog)
Vddd = Regulated 3.3 Volts (for digital)
CSX = Chip Select Line
SYN = Synthesizer
DACRX = Digital-to-Analog Voltage (for Receiver Front-End Filter)
VSF = \Voltage Super Filtered (5 volts)
VR = \Voltage Regulator

SIX-LAYER CIRCUIT BOARD DETAIL VIEWING
COPPER STEPS IN PROPER LAYER SEQUENCE

SIDE 1

LAYER 1 (L1)
LAYER 2 (L2)

(

\I

d

iy
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gzzzzzzz ya INNER LAYERS
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v
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8.2 Circuit Board/Schematic Diagrams and Parts List
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Figure 8-1. VHF (136-174MHz) Main Board Top Side PCB No. 8486473203
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VHF Radio Parts List

Circuit| Motorola Description
Ref Part No.

B501 0986237A02 | Connector (Contact Battery)

B503 3980502201 | Backup Contact, B+

B504 3980501701 | Backup Contact, B-

C3200 |2113743N12 |2.7pF

C3201 |2113743N31 |16pF

C3202 | NOT PLACED

C3203 | 2113743N37 | 30pF

C3205 |2113743M24 | 100nF

C3206 |2109445U26 |9.1pF 1%

C3207 |2113743N18 |4.7pF

C3208 |2113743M24 | 100nF

C3209 |2113743M24 |100nF

C3210 |2113743M24 |100nF

C3212 | 2311049A07 | 1uF

C3213 | 2311049A56 |4.7uF

C3215 | 2113743N26 | 10pF

C3218 |2311049A59 |4.7uF

C3221 |2113743E20 |O0.1uF

C3222 | 2113743M24 | 100nF

C3225 |2113743M24 | 100nF

C3226 |2113743M24 | 100nF

C3228 |2113743M24 | 100nF

C3230 |2113743M24 |100nF

C3231 |2113743M24 | 100nF

C3232 | 2113743M24 | 100nF

C3233 |2113743M24 | 100nF

C3234 |2113743M24 | 100nF

C3236 |2113743L33 |4700pF

C3238 |2113743M24 | 100nF

C3274 | 2113743N37 | 30pF

C3275 | 2113743N35 | 24pF

C3278 |2113743E20 |O0.1uF

C3279 | 2113743N52 | 120pF

C328 2113743M24 | 100nF

C3301 |2113743N20 |5.6pF

C3302 |2113743N54 | 150pF

C3303 |2113743N30 | 15pF

85
Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. Ref Part No. Ref Part No.
C3304 |2113743N54 |150pF C3504 |2113743M08 |22000pF C3562 |2113743L29 |3300pF
C3305 |NOT PLACED C3505 |2113743N38 |33pF C3563 |2113743L29 |3300pF
C3306 |2113928N01 |O0.1uF C3508 |2113743M08 |22000pF C3564 |2113743L01 |220pF
C3307 |2113743N50 |100pF C3509 |2113743L05 |330pF C3565 |2113743E07 |0.022uF
C3308 |2113743L05 |330pF C3512 |2113740F43 |47pF C3566 |2113743N50 |100pF
C3309 |2113928N01 |O0.1uF C3513 |2113740F38 |30pF C3567 |2113743L05 |330pF
C3310 |NOT PLACED C3514 |2113740F47 |68pF C3568 |2113743L29 |3300pF
C3311 |2113743N54 | 150pF C3515 |2113743L29 |3300pF C3569 |2113743M08 |22000pF
C3312 |2113743N31 |16pF C3516 |2311049A08 |1uF C3570 |2113743L05 |330pF
C3313 |2113743N54 |150pF C3517 |2113740F47 |68pF C3571 |2113743L09 |470pF
C3314 | NOT PLACED C3518 | NOT PLACED C358 2113743N22 | 6.8pF
C3315 |2113743N26 |10pF C3519 |NOT PLACED C359 2113743N31 | 16pF
C3316 |2113743N14 |3.3pF C3521 |2111078B51 |220pF C3701 |2113743L41 |10000pF
C3317 |2113743N37 |30pF C3523 |2111078B44 | 120pF C3702 |2113743L41 |10000pF
C3318 |2113743M08 |22000pF C3524 |2113740F34 | 20pF C3703 |2113743L41 |10000pF
C3319 | NOT PLACED C3525 |2113740F27 |10pF C3704 |2113743L41 |10000pF
C3320 |2113743N48 |82pF C3526 |2113743M08 |22000pF C3705 |2113743E20 |0.1uF
C3321 |2113743L05 |330pF C3527 | NOT PLACED C3706 |2311049J11 |4.7uF
C3322 |2113743N50 |100pF C3528 |2113740F27 |10pF C3707 |2113743N34 |22pF
C3323 |2113743N50 |100pF C3531 |2113740F34 |20pF C3708 |2113928N01 |0.1uF
C3324 |2113743N38 |33pF C3532 |2113740F47 |68pF C3709 |2113928N01 |0.1uF
C3325 |2113743L17 |1000pF C3533 |2113740F24 |7.5pF C3710 |2104993J02 |2.2uF
C3326 | NOT PLACED C3534 |2113740F19 |4.7pF C3711 |2311049A69 |10uF
C3327 |2113743L05 |330pF C3535 |2113740F37 |27pF C3712 |2113928N01 |0.1uF
C3329 |2113743L05 |330pF C3536 |2113740F31 |15pF C3713 |2311049A09 |2.2uF
C3330 |2113743N50 |100pF C3537 |2113740F33 |18pF C3714 |2311049J11 |4.7uF
C3331 |2113743N50 |100pF C3539 |2113740F29 |12pF C3715 |2113743L09 |470pF
C3332 |2113743N40 |39pF C3541 |2113743M08 | 22000pF C3721 |2113743E20 |O0.1uF
C3334 |2113743N33 |20pF C3542 |2113743L05 |330pF C3722 |2113743E20 |0.1uF
C3335 |2113743N34 |22pF C3543 |2113743M08 | 22000pF C3724 |2311049A08 |1uF
C3336 |2311049A96 |33uF C3544 |2113743L05 |330pF C3725 | NOT PLACED
C3337 |2113743M08 |22000pF C3546 |2113743L05 |330pF C3726 |2113743N24 |8.2pF
C3338 |2113743L09 |470pF C3547 |2113743M08 | 22000pF C3727 |2113743N50 |100pF
C3339 |2113743N26 |10pF C3550 |2113743N23 |7.5pF C3731 |2113743L41 |10000pF
C337 2113928P04 | 1uF C3551 |2113743N46 |68pF C3732 |2113743L41 |10000pF
C3501 |2113743L05 |330pF C3552 |2113743N44 | 56pF C3733 |2104993J02 |2.2uF
C3502 |2113743N38 |33pF C3560 |2311049A07 |1uF C3734 |2113743L41 |10000pF
C3503 |2113743N38 |33pF C3561 |2113743M08 |22000pF C3741 | NOT PLACED
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. Ref Part No. Ref Part No. Ref Part No.

C3742 |2113743L01 |220pF C3832 |[2113743L17 |1000pF C436 2113743N34 | 22pF C492 2113743L09 | 470pF

C3743 |2113743L01 |220pF C3833 |[2113743N18 |4.7pF C437 2113743N34 | 22pF C493 2113743N50 | 100pF

C3744 |2113743L01 |220pF C3834 |2113743N44 |56pF C440 2113743G26 |4.7uF C494 2113743N50 | 100pF

C3745 |2113743L01 |220pF C3835 |[2113743N22 |6.8pF Cc4a41 2113743L09 | 470pF C495 2113743L09 | 470pF

C3746 |2113743L01 |220pF C3836 |2113743N30 |15pF C442 2113743E20 |0.1uF C496 2113743L09 | 470pF

C3752 |2113743L17 |1000pF C3842 |[2113743L17 |1000pF C443 2113928N01 | 0.1uF C497 2113743L09 | 470pF

C3753 |2311049A56 |4.7uF C390 2113743N43 | 51pF C444 2113743N50 | 100pF C502 2311049A05 | 0.47uF

C3754 |2113928N01 |0.1uF C400 2113743L41 | 10000pF C445 2113743L09 | 470pF C503 2113743N50 | 100pF

C3755 |2104993J02 |2.2uF c401 2113928N01 | 0.1uF C446 2113743L09 | 470pF C505 2113743N50 | 100pF

C3761 |2113743N42 |47pF C402 2113928N01 | 0.1uF CA447 2113928N01 | 0.1uF C511 2113743N50 | 100pF

C3762 |2113740F63 |330pF C4020 | NOT PLACED C448 2113928N01 | 0.1uF C512 2113743N50 | 100pF

C3763 | NOT PLACED C4021 | NOT PLACED C449 2113743N50 | 100pF C513 2113743N50 | 100pF

C3801 |2113743N18 |4.7pF C403 2113743G24 |2.2uF C450 NOT PLACED C514 2113743N50 | 100pF

C3802 | NOT PLACED C407 2113928N01 | 0.1uF C451 2113743M08 | 22000pF C520 2113743L41 | 10000pF

C3803 |2113743L17 |1000pF C408 2113743N50 | 100pF C452 2113743B29 | 1uF C521 2113743L41 | 10000pF

C3804 |2113743E20 |O0.1uF C409 2113928N01 | 0.1uF C453 2113743N50 | 100pF C522 2113743L41 | 10000pF

C3805 |2113743N18 |4.7pF C410 2113928N01 | 0.1uF C456 2113743N50 | 100pF C523 2113743L41 | 10000pF

C3806 |2113743N50 |100pF ca11 2113928N01 | 0.1uF C458 2113743N50 | 100pF C535 2113743L17 | 1000pF

C3808 |2113743N30 |15pF C414 2113928N01 | 0.1uF C459 2113743N50 | 100pF CR3201 | 4813825A19 | Schottky Diode
C3809 |2113743N36 |27pF C415 2185895701 |0.01uF C463 2113743N50 | 100pF CR3202 | 4802245397 | Band Switching Diode
C3810 |NOT PLACED C416 2113928N01 | 0.1uF C466 2113743N50 | 100pF CR3203 | 4802245397 | Band Switching Diode
C3811 |[2113928N01 |O0.1uF C419 2113743L41 | 10000pF C467 2113928N01 | 0.1uF CR3301 | 4802245J42 | Ring Quad Diode
C3812 |2113928N01 |O0.1uF C420 2113743L41 | 10000pF ca71 2113743L09 | 470pF CR3302 | 4805129M96 | Dual Diode
C3813 |2113743L41 |10000pF c421 2113928N01 | 0.1uF CA472 2113743L09 | 470pF CR3303 | 4880154K03 | Dual Diode
C3815 |2113743L17 |1000pF C422 2113928N01 | 0.1uF CA473 2113743L09 | 470pF CR411 |4802245)62 | Schottkt Diode
C3816 |2113743N22 |6.8pF C423 2113743N50 | 100pF CA74 2113743L41 | 10000pF CR412 |4802245J62 | Schottkt Diode
C3818 |2113743E07 |0.022uF C424 2311049A59 | 10uF CA475 2113743H14 | 10uF CR413 |4802245J62 | Schottkt Diode
C3821 |2113743L41 |10000pF C425 2113928N01 | 0.1uF CA76 2113928D08 | 10uF CR440 |4813833C02 | Dual Diode
C3822 |2113743L17 |1000pF C426 2113743N50 | 100pF CAT7 2113743L17 | 1000pF CR501 |4880107R01 | Rectifier

C3823 |2113743L41 |10000pF c427 2113743N50 | 100pF CA478 2113743L17 | 1000pF CR503 |4805729G49 |Red/ Yellow LED
C3824 |2113743N44 |56pF C428 2113928N01 | 0.1uF CA479 2113928N01 | 0.1uF D3301 |4802081B58 |Dual Diode
C3825 |2113743N30 |15pF C429 2113928N01 |0.1uF C480 2113928D08 | 10uF D3302 |4802081B58 | Dual Diode
C3826 |2113743N18 |4.7pF C430 2113928N01 | 0.1uF c481 2113928N01 | 0.1uF D3521 | 4880973202 | Pin Diode

C3827 |2113743E07 |0.022uF C431 2113743N50 | 100pF C482 2113928N01 | 0.1uF D3551 | 4880973202 | Pin Diode

C3828 |2185895Z01 |0.01uF C432 NOT PLACED C483 2113743L09 | 470pF D3701 |4802233J09 | Triple Diode
C3829 |2185895701 |0.01uF C433 2113743N34 | 22pF C484 2113743L09 | 470pF D3702 |4802233J09 | Triple Diode
C383 2113743N43 | 51pF C434 2113928N01 | 0.1uF C490 2113743L09 | 470pF D3761 |4862824C03 | Varactor Diode
C3830 |2113743N46 |68pF C435 2113928N01 |0.1uF C491 2113743L09 | 470pF D3821 |4805649Q13 | Varactor Diode
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. Ref Part No. Ref Part No. Ref Part No.
D3831 | 4805649Q13 | Varactor Diode L3515 |2479990C03 | 13.85nH PB505 | 4086470201 | Tactile Switch R3270 |0662057M74 | 1000
D3832 |4862824C01 | Varactor Diode L3518 |NOT PLACED Q3200 |4802197J95 |NPN Transistor R3271 |NOT PLACED
E400 | 2480640201 |Ferrite Bead L3519 |2484657R0O1 | Ferrite Bead Q3270 |4813824A10 | NPN Transistor R3273 | 0662057N03 | 15K
E401 | 2480640701 |Ferrite Bead L3521 |2479990A02 |7.6nH Q3301 |4880214G02 | NPN Transistor R3274 |0662057M80 | 1800
E402 | 2480640201 |Ferrite Bead L3522 |2479990E01 |23.75nH Q3302 | 4802197395 | NPN Transistor R3275 | 0662057M76 | 1200
E403 | 2480640201 |Ferrite Bead L3523 |2462587N68 |1000nH Q3501 |4813828A08 | RF Power Amplifier R3276 |0662057N23 | 100K
E404 | 2480640701 |Ferrite Bead L3531 |2479990N01 |43.67nH Q3561 |4813824A17 |PNP Transistor R3301 |NOT PLACED
E405 | 2480640201 |Ferrite Bead L3532 | 2479990N01 |43.67nH Q3721 |4809939C05 | Dual NPN/PNP Transistor R3303 |0662057N23 | 100K
E406 | 2480640201 |Ferrite Bead L3538 |2479990MO01 |30.54nH Q3801 |4802197J95 | NPN Transistor R3304 |0662057N23 | 100K
E407 | 2480640201 |Ferrite Bead L3551 | 2479990N01 |43.67nH Q400 |4809579E18 | MOSFET P-chan Transistor R3305 |0662057N19 | 68K
E408 2480640201 | Ferrite Bead L3552 2479990A02 | 7.6nH Q403 4813824A17 | PNP Transistor R3306 |0662057M82 | 2200
E409 | 2480640201 |Ferrite Bead L3701 |2462587Q42 |390nH Q405 | 4802245354 | Dual NPN Transistor R3307 |0662057N11 |33K
F501 | 6580542701 |Fuse 3A L3731 |2462587Q20 |2,200nH Q410 | 4802245354 | Dual NPN Transistor R3308 |0662057M78 | 1500
cLa01 | a870368G02 | RE3 Time Clock Crystal L3801 |2462587V34 |100nH Q416 | 4809579E18 | MOSFET P-chan Transistor R3309 |0662057M95 | ‘7500
Oscillator L3809 |2462587V27 |27nH Q417 | 4809939C05 | Dual NPN/PNP Transistor R3310 |0662057M84 |2700
H3501 | 2680499201 | Heat Spreader L3811 |2462587V34 |100nH Q502 |5180159R01 | Dual NPN Transistor R3311 |NOT PLACED
J3501 10985613201 | RF Jack L3812 |2462587V34 |100nH Q505 | 4880214G02 | NPN Transistor R3312 |0662057M19 |5.1
J3502 | 0280519204 | Antenna Nut L3813 |2462587Q47 |1000nH R3200 |0662057M72 | 820 R3313 |0662057M40 |39
J400 | 0905505Y04 | 40-Pin Connector L3816 |2462587V34 | 100nH R3201 |0662057M69 | 620 R3314 |0662057M35 |24
J403 | 0905505Y02 | 20-Pin Connector L3821 |2462587N50 |56nH R3202 |0662057N09 | 27K R3315 |0662057M62 |330
L3200 | 2413926K33 | 680nH L3822 |2462587N49 |47nH R3203 |0662057N0O1 | 12K R3316 |0662057M66 | 470
L3202 | 2413923A25 | 1200nH L3823 |2462587N49 |47nH R3204 |0662057M90 | 4700 R3317 |0662057N23 | 100K
L3203 | 2413926K33 | 680nH L3824 |2462587N68 |1000nH R3205 |0662057N06 | 20K R3318 |0662057M66 | 470
L3270 | 2462587N68 | 1000nH L3825 |2462587V34 |100nH R3206 |0662057M73 | 910 R3319 |NOT PLACED
L3301 | 2462587735 |12nH L3826 |2462587N68 |1000nH R3207 |0662057NO1 | 12K R3320 |NOT PLACED
L3303 | 2462587735 | 12nH L3831 |2462587N50 |56nH R3208 |0662057N06 | 20K R3321 |0662057M43 |51
L3304 | 2462587723 | 470nH L3832 |2462587N51 |68nH R3209 |0662057N13 |39K R3322 |NOT PLACED
L3305 | 2462587735 | 12nH L3833 |2462587N50 |56nH R3211 |0662057N13 |39K R3323 | 0662057M01 |0
L3306 | 2462587T35 | 12nH L3834 |2462587N68 |1000nH R3212 |0662057N06 | 20K R3324 |0662057M58 | 220
L3308 | 2462587734 | 10nH L400 | 2462587Q42 |390nH R3213 |0662057N01 | 12K R3501 |0662057M61 |300
L3309 | 2462587N55 | 150nH L401 | 2462587Q42 |390nH R3214 |0662057M34 |22 R3502 |0662057M32 |18
L3312 | 2462587V28 | 33nH L410 | 2462587Q42 |390nH R3215 |0662057M01 |0 R3503 |0662057M61 | 300
L3501 | 2413926H09 | 5.6nH L411 | 2462587Q42 |390nH R3220 | NOT PLACED R3505 |0662057M62 | 330
L3503 | 2462587V32 | 68nH L505 | 2462587Q42 |390nH R3221 |0662057M43 |51 R3506 |0662057B62 |3.9
L3504 | 2462587N51 | 68nH PB501 |4086470Z01 | Tactile Switch R3222 |0662057M70 | 680 R3507 |0662057B62 |3.9
L3511 | 2462587N44 | 18nH PB502 | 4086470201 | Tactile Switch R3223 |0662057V04 |12K 1% R3512 |NOT PLACED
L3512 |12479990B01 | 11.03nH PB503 | 4086470201 | Tactile Switch R3224 |0662057V02 | 10K 1% R3513 | NOT PLACED
L3513 | 2479990A02 | 7.6nH PB504 | 4086470201 | Tactile Switch R3226 |0662057M64 | 390 R3519 | 0680539201 |0.1
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Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description Circuit| Motorola Description
Ref Part No. Ref Part No. Ref Part No. Ref Part No.

R3541 |0662057N13 | 39K R3752 | 0662057N29 | 180K R405 0662057M01 | O R456 0662057M01 | O
R3542 |0662057M92 | 5600 R376 0662057M01 |0 R406 0662057N20 | ‘75K R457 0662057M98 | 10K
R3543 | 0662057M50 | 100 R3761 |0662057N15 |47K R407 0662057N19 | 68K R460 0662057M90 | 4700
R3544 | 0662057A25 | 100 R3762 | NOT PLACED R408 NOT PLACED R461 0662057M56 | 180
R3545 | 0662057A25 | 100 R377 0662057N23 | 100K R409 0662057M98 | 10K R462 0662057M98 | 10K
R3546 |0662057N01 |12K R378 0662057N23 | 100K R410 0662057N23 | 100K R463 0662057M61 | 300
R3547 |0662057N11 | 33K R3801 | NOT PLACED R411 0662057M98 | 10K R471 0662057N06 | 20K
R3548 |0662057N07 | 22K R3802 |0662057M50 | 100 R413 0662057M01 |0 R472 0662057M93 | 6200
R3551 |0662057M40 |39 R3803 | 0662057M58 | 220 R414 0662057V34 | 180K 1% R473 0662057M26 | 10
R3561 |0662057N01 | 12K R3804 |0662057M98 | 10K R415 0662057V26 | 91K 1% R475 0662057M01 |0
R3562 |0662057N11 | 33K R3805 |0662057N08 | 24K R416 0662057M98 | 10K R476 0662057N35 | 330K
R3563 |0662057N33 | 270K R3806 |0662057M34 |22 R418 0662057M01 |0 R477 0662057M74 | 1000
R3564 |0662057N35 |330K R3807 | NOT PLACED R419 0662057M67 | 510 R478 0662057M98 | 10K
R3565 | NOT PLACED R3808 |0662057M26 |10 R420 0662057B46 | 10M R481 0662057N08 | 24K
R3566 |NOT PLACED R3811 |0662057M50 | 100 R421 0662057M81 | 2000 R492 0662057M01 |0
R3569 |0662057M92 |5600 R3812 | NOT PLACED R423 0662057N21 | 82K R498 0662057M98 | 10K
R3570 |0662057M98 | 10K R3816 | 0662057M74 | 1000 R424 0662057N12 | 36K R499 0662057M98 | 10K
R3571 |0662057A27 |120 R3817 |0662057M01 |0 R425 0662057N10 | 30K R501 0662057M70 | 680
R3572 | 0662057A27 | 120 R3818 | NOT PLACED R426 0662057N35 | 330K R502 0662057M56 | 180
R3573 |0662057A27 |120 R3821 | 0662057M58 | 220 R427 0662057M84 | 2700 R505 0662057M98 | 10K
R370 NOT PLACED R3822 | 0662057M42 |47 R428 0662057M10 | 2.2’ R506 0662057N15 | 47K
R3701 |0662057M50 | 100 R3823 |0662057N11 | 33K R429 0662057N20 | ‘75K RT3301 | NOT PLACED
R3702 |NOT PLACED R3824 | 0662057N07 | 22K R431 0662057N39 | 470K RT400 |0680590Z01 | Thermistor 33K
R3703 | 0662057M54 | 150 R3825 | 0662057M38 |33 R432 0662057N16 | 51K S501 4080710209 | Frequency Switch
R3704 |0662057M54 | 150 R3826 | 0662057M32 |18 R434 0662057M62 | 330 S502 1880619202 | Volume/on-off Switch
R3705 |0662057N11 | 33K R3828 | 0662057M50 | 100 R435 0662057M81 | 2000 SH3202 | 2686539201 | IFIC Shield
R371 0662057N23 | 100K R3829 |0662057M01 |0 R436 0662057M01 |0 SH3203 | 2686527201 | Crystal Filter Shield
R372 0662057N28 | 160K R3830 | NOT PLACED R437 NOT PLACED SH3301 | 2686081B01 | RX Frontend bottom Shield
R3721 |0662057M66 |470 R3831 |0662057M98 | 10K R445 0662057N08 | 24K SH3302 | 2686081B05 | Mixer Shield
R3722 | 0662057M68 | 560 R3832 |0662057N01 |12K R447 0662057N23 | 100K SH3303 | 2686081B06 | RX Frontend top Shield
R3723 |0662057M50 | 100 R3833 | 0662057M58 | 220 R448 0662057M98 | 10K SH3501 | 2686081B03 | Harmonic Filter Shield
R3726 |NOT PLACED R3834 | 0662057M42 |47 R449 0662057N08 | 24K SH3502 | 2686081B04 | PA Driver Shield
R3727 |0662057N23 | 100K R3835 | 0662057N15 |47K R450 0683962T45 |68 SH3701 | 2680511201 | Synthesizer top Shield
R373 NOT PLACED R3836 |0662057M98 | 10K R451 0662057N03 | 15K SH3702 | 2680511Z01 | Synthesizer bottom Shield
R374 0662057N23 | 100K R400 0662057N15 | 47K R452 0662057N23 | 100K SH3801 | 2680513201 | VCO top shield
R3741 |0662057M50 | 100 R401 0662057M01 |0 R453 NOT PLACED SH3802 | 2680514701 | VCO Bottom Shield
R375 NOT PLACED R402 NOT PLACED R454 NOT PLACED SH400 | 2680505701 | Controller Memory Shield
R3751 |0662057N30 | 200K R403 NOT PLACED R455 NOT PLACED SH401 |2680506Z01 | Controller on-off Shield
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Circuit| Motorola Description Circuit| Motorola Description

Ref Part No. Ref Part No.
SH402 | 2680515201 gﬁirétlrdoller Microprocessor VR506 |4802245J73 | Zener Diode 6.8V -

Y3200 |9180022M11 |44.85MHZ Crystal Filter

SHA403 | 2680516201 | Controller Asfic Shield Y3201 |4802245J84 |44.395MHz Crystal Oscillator
T3301 | 2580541202 | Transformer Y3202 |9186145B02 |455KHZ Discriminator
T3302 |2580541Z02 | Transformer Y3203 |9180469V05 | 455KHz 6-Pole Ceramic Filter
U303 | 5113818A01 | Dual Op Amp Y3204 |9180469V03 | 455KHz 6-Pole Ceramic Filter
U3201 | 5102463J58 | 3.3V Regulator Y3205 |9180468V05 | 455KHz 4-Pole Ceramic Filter
U3220 |5186144B01 |IFIC Y3761 |4805875Z04 |16.8 MHZ Crystal Oscillator
U3221 |5109522E10 |Inverter IC
U3501 |5185130C65 |LDMOS Driver IC CLRRATEZL | VIR mrei PG B
U3502 | 5185765B26 | PCIC * Motorola Depot Servicing only
U3503 |5185963A15 | Temperature Sensor
U3701 |5185130C18 |LV FRAC-NIC

U3711 | 5105739X05
U3801 |5105750U54
U400 5102463340
U404 5185130C53
U405 NOT PLACED
U406 *5102463J59
U407 *5102463J64
U409 5102226356
U410 5102463357
U420 5102463J44
VR3501 | 4880140L17
VR432 | 4805656W08
VR433 | 4805656W08
VR434 | 4802245373
VR439 |4880140L17
VR440 | NOT PLACED
VR441 | NOT PLACED
VR442 | NOT PLACED
VR444 | NOT PLACED
VR447 | 4802245374
VR448 | 4802245374
VR449 | 4802245374
VR450 | 4802245375
VR460 | 4802245373
VR501 | 4802245373

5V Regulator
VCO BUFFER IC
3.3V Regulator
ASFIC CMP IC

128K X 8 FLASH ROM
16K X 8 EEPROM
Microprocessor IC
3.3V Regulator

Audio PA

Zener Diode

Zener Diode

Zener Diode

Zener Diode 6.8V
Zener Diode

Zener Diode 10V
Zener Diode 10V
Zener Diode 10V
Zener Diode 12V
Zener Diode 6.8V
Zener Diode 6.8V
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Figure 8-9. Controller ASFIC/ON_OFF Schematic Diagram
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Chapter 9 VHF Troubleshooting Charts

9.1 Troubleshooting Flow Chart for Controller

PTT MCU Check

Press PTT. Red
LED does not

Before replacing
Not able ta pro- MCU, check SPI
gram RF Board .3 (|5ck SPI data,

ICs and RF IC select

light up

Alert Tone
OK?

NO Replace

Speaker
P speaker

OK?

Check Spk. Flex | | Audio from Pin 41
Connection ASFIC, U404?

NO
Check Read Radio ™ | ggifk
U3220 OK? P
IF1C voltage
Reprogram the
correct data.
ASISI?:e(L:JK404 LED should
lightu
Eﬁ gup 3701 Pin 19 See FGU
Radio could 16.8 MHz Troubleshooting
not PTT No v
externally Replace
Faulty
Component
7.5V at
Check V at U37117 SNO[ Check
Accessories -3V at U3201? 75vatPinl /S| Q400
u3201
Replace
Check U3711/U3201
MCU
Check any shortto
SWBH+,
See FGU Vdda or Vddd
Accessories Trouble-

shooting chart

MCU is OK

Check
U420 Audio PA
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9.2 Troubleshooting Flow Chart for Receiver (Sheet 1 of 2)

START

Bad SINAD
Bad 20dB Quieting
No Recovered Audio

Audio
at pin 8 of
u32207?

Yes Check Controller
(in the case of no audio)
or else go to “B”

Spray or inject 44.85MHz
into XTAL Filter Y3200

Check Q3200 bias
for faults.

Check 2nd LO
(44.395MHz) at C3274

Biasing ok?

Replace Q3200.

Check voltages on Go to “B”
U3220

Check circuitry

around U3220.

Replace U3220
if defective

Check circuitry

Yes | around Y3202.

Replace Y3202
if defective

Voltages
OK?
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Troubleshooting Flow Chart for Receiver (Sheet 2 of 2)

Inject RF into J3501

IF
Signal at
132007

Yes

Trace IF signal
from L3200 to
[ Q3200. Check for
bad XTAL filter.

Check FGU

CR3301, R3321, R3322,

Check T3301, T3302,

and R3323

Check filter between
C3313 and T3301.

Stage

Check RF amp (Q3302)

Signal at
C33027?

Check filter between
C3302 & C3306; pro-
gram filter to schematic
test freq and check
varactor voltages.

collector OK?

Check for 2.9

present?

Q3200
Yes

IF signal
present?

Before replacing
U3220, check
U3220 volt-
ages; trace IF
signal path.

No

IsR5

Check harmonic filter L3531 and L3532,
C3532 and antenna switches
D3521, D3551, L3551, R3551, C3551,
C3552, and L3552

Check Q3721,
U3701 (pin 48) volt-
ages and U247

Check U404 voltage and if
U404 can be selected by
MCU before replacing

u404.

Check varactor filter.
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9.3 Troubleshooting Flow Chart for Transmitter

START

No Power

Yes Is Control
Voltage high or low? Check PCIC
¥ High
Check Drive to
> Module

1. Check Pin Diodes

2. Check Harmonic Filter

* No
Troubleshoot
Inspect/Repair Tx. VCO

Output Network Yes

Inspect PA Network/
Check power out of
U3501 at Cap C3512

Is Power
OK?

Is Power
¢ Yes OK?

No

Done

Done

Replace U3501

Is Power
v Yes OK?

Done No

Replace Q3501
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9.4

Check D3701,
D3702, U3701,

C3701 - C3707

Correct
Problem

Check
L3701,
R3701

<0.7VDCinRX &
>4.3VDCinTX2

Is RF level at
U3701 Pin 32
>-30 dBm?

Y

Are C3721,

C3722,C3723,
R3721, R3722,

R3723 OK?,

Check Q260,
Q261 & R260

U3701 pin 2 at
>3V in Tx and

Replace
uU3701

<0.7Vin Rx

check of the

Board OK?

Check 5V
Regulator

Are signals

at Pin's 14 &
5 of U37012

Troubleshooting Flow Chart for Synthesizer

YES

NO

pins 5, 20, 34
36

Is 16.8MHZ
Signal at
U3701 Pin

Check U3201,
L3731

Replace
uU3701

19?

Check Y3761,
C3761, C3762,
C3763, D3761 &
R3761

Are Waveforms
at Pins 14 & 15
triangular?

YES

Remove
Shorts

If R3727, C3726 & C3727
are OK, then see VCO
troubleshooting chart

Replace or
resolder
necessary
components

DoPins 7,8 &9
of U3701 toggle
when channel is
changed?

NO

Check programming
lines between U409
and U3701 Pins 7,8 & 9

YES

NO

Is information
from PP U409
correct?

Check uP U409

Troubleshooting
Chart YES
Replace
U3701
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VHF Troubleshooting Charts: Troubleshooting Flow Chart for VCO

9.5 Troubleshooting Flow Chart for VCO

Change
u3801

Change
L3831, L3832

Check R3811,
L3811 for faulty

parts and dry joints

START

Yes

Check

R3829
Check U3701 Change
Pin 2 for 3.2V 13821, L3822,

L3823, andL243

No Check for faulty parts or dry

L3821,
L3822,
L3823 Open
Circuit?

No
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joints of L3812 C3806, Change
R3806, R3802 and L3801 U3801
No Change
U3701
Change
u3801
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