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1. THEORY OF OPERATIONS

7-1.  Circuit Composition and Operation Theory

The basic explanation for the circuit composition GMRS-1535 consists mainly of the one board
controlli ng the analog circuit parts and the digital circuit parts for the other cortrol.

7-2. Recever

GMRS-1535 transmission parts is composed in the doude @nversion system, which hes the 1% IF
frequency of double 21.7 MHz and the 2™ IF frequency of 450 kHz. With the RF fronted which hes an
excellent band characteristics and skirt charaderistics, the 2 pole MCF used in the 1% IF, and the 3 pde
ceramic filter in the 2™ IF, the reception interrupting fadors such as the image and the sensitivity
represson are reduced for the more stable reception.

7-2-1. RF Front-end

The signal received hy the antenna will be transmitted to the band pass filter through the aitenna
switching circuit consisted of L28, L29, L30, L32, C133, 135,C137, C138. The front RF amplifier
transistor Q1 consists of the L2, L3, C2, C3, C5, CC6, C7, C8 inpu band pass filter and SAW1 output
band passfilter, primarily diminishes the other signal rather than the 1% IF image and cther signal within
the reception band and amplifier only the necessary signal within the RF.

7-2-2. 1% Mixer

The receiver which has been amplifier in the RF front-end is provided to the base of the 1% mixer Q2. The
1% L/O signa provide from the VCO is supplied to the amitter of Q2 and Converted to the 1% IF 217
MHz

7-2-3. 1% IF Filter and 1% IF Amplifier

The signal covered by Q2 to 217 MHz, the 1% frequency, change its impedance through C17, L7 and then
isinfused to the fundamental MCF which hasthe center frequency of 21.7 MHz and the width of +/- 3.75
KHz.

Here, the signal reduces the image and other unwanted signal for the 2™ IF , and changes its impedance
again through the R11. Then the signadl isinfused to the Q5, the 1% IF amplifier. The signal infused to the
Q5 isamplifier approximately by 20 dB in other to acquire the required reception sensitivity, and infused
to the IC1 which functions as the 2™ mixer, the 2™ IF amplifier, and the FM detedor.

7-2-4. 2" Mixer, and IF, FM Detecor (ICD

Thereceiver IF signal of 21.7 MHz, which has been infused to IC1 is mixed with the 2™ L/O converted to
450 KHz, the 2™ IF frequency. The receiver signal converted to the 2™ IF signal frequency passd
through the CF1, the ceramic filter of 450 kHz again. After the limiting inside the IC1 and the FM
demoduating by the quadrature detector inside the IC1, the signal offers the output through the 9" pin of
ICL.

The squelch circuit is composed to detect the noises from the received signal demoduate in the 9" pin of
the IC1. For this purpose, the noisefilter isusing the OP amplifier inside the IC1.
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7-2-5. Audio Power Amplifier (1C2)

The receiver audio signal, which has been adjusted to the appropriate eectrical volume by controlled
CPU and Tone IC are supplied to the 2™ pin of the IC2 and amplified approximately by 20 dB.
Then, it turns up the speder with the maximum output of 0.5 watts.

The 6" pin of IC2 is the audio mute terminal. If a voltage suppy to the 6" pin of the IC2 is nat supplied to
this terminal, the IC2 stops functioning as the audio power amplifier regardlessof the signa supplied to
the 2™ pin of the IC2, and there is no soundemitter from the speaker.

7-3.  Transmitter

The transmitter parts of the GMRS-1535is designed to amplify the RF signal oscillated and moduated by
the synthesizer to approximately 2W by the power transistor of Q23.

7-3-1. Pre-emphasis (I1C8)

The voice signal input from the microphore is pre-emphasized at the IC8A. The signal which comes out
of the IC8B is limited to a cetain amplitude for the voice signal not to exceeal the al owable band width
asdgned for transmisgon.

7-3-2. Tx Power (Q24)

The transmitted signal of approximately 7 mW, combined at the driver TR is supplied to the base of the
Q23 amplifier. The transmitted signal amplifier to 2W here passes the TX LPFof the 2™ characteristics of
the L27 and L32, and RX/TX switching takes place by the D10. After this, The signal is provided to the
antenna the TX LPF of the 1¥ charaderistics consisted of the L28, L29, L30, C132,C133,C135,C137,
C138

7-4. “"GMRS’ Frequency Synthesizer
7-4-1. Voltage Control Oscill ator (VCO)

The VCO of oscillates 462.5625MHz to 462.7250 MHz under the transmisson condtion and 4413125
MHz to 441.475MHz under the reception condition. The VCO consist of the clip oscillator of the Q16
and contains the oscillator frequency of approximately 217 MHz during the transmisson/reception
conversion. That is sincethe VVCO should oscillate relatively low frequency during reception compared to
transmisson, the D5 is biased by the Q12.

Therefore a aresult, the C90 is added in perdléd to the resonance circuit of the VCO to oscillate alow
frequency. During transmisdgon, a relatively high frequency shoud be oscillate compared to reception.
Therefore, the D5 is adversely biased hy the Q12, and as aresult , The C90 which is added unparalleled to
the drcuit of the VCO isremoved to oscill ate the desired transmisgon frequency.

The VCO is controlled by the IC3 PLL IC in order to oscillate accurate frequency. The output frequency
of the VCO is supplied to the IC3 PLL IC immediately. At the IC3, TCXO (21.25MHZz) is compared to
the output frequency of the VCO.

The VCO is controlled the loop filter consisted of the R42, R43, R45, L12 and the C72, C73, C660 in
order to oscill ate the stable frequency wanted for the radio.

The VCO controlled voltage which as passed the loop filter is suppliesto the D6 varador diode, and the
VCO an oscillate the PLL programmed frequency by the capacity variance in the D7. In addition, the L15
onthe VCO circuit function as frequency for the VCO to be properly controlled by the IC3 PLL IC.
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7-4-2. RX/TX Buffer Amplifier (Q15)

The RF signal oscillate at the VCO is provide to the Q2 RX 1% mixer through the Q15 during the
reception, and is provide to the Q21 and Q22 pawer driver amplifier through the Q15 during the
transmisson.

7-4-3. PLL Frequency Synthesizer (1C3)

The PLL synthesizer of the signal loop PLL circuit with the reference of 6.25 KHz. The IC3 PLL IC
includes all the function such as the reference oscillator, the driver, the phase detector, the lock detector,
and the programmable divider. At the reference oscillator, the 2125 MHz TCXO is conrected to the pin
11 of the IC3 to oscillate the frequency of 21.25 MHz. The TCXO (21.5 MHZz) is the temperature
compensation circuit to maintain the frequency within the dlowable eror rang even urder a low
temperature of -30° C. The phase detector send aut the output power to the loop filter through 3 pin of
the IC3. If the oscillation frequency of the VCO is low compared to the reference frequency, the phase
detector send aut output power in pasitive pulse. If the oscillation frequency of the VCO is high, phese
detector send aut can maintain the frequency set. The programmable divider maintains the desired
frequency with control from the CPU. The dividing ratio, “N” to oscillate the desired frequency is as
below :

N =V CO oscill ation frequency / reference frequency
If the desired frequency is462.5625MHz
a TX : N =462.5625MHz/ 0.00625MHz = 74010

b) RX : N =[462.5625MHz — 21.7 MHz] / 0.00625MHz = 70538
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