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APPENDIX 6

TRANSMITTER ALIGNMENT

THREE (3) PAGE ALIGNMENT PROCEDURE FOLLOWS THIS SHEET

TRANSMITTER TUNE-UP PROCEDURE
FCC ID: F3J5P150U2
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PROCEDURE

The SP-150 is broad band by design covering UHF
the radio are done through the maintenance softwar

alignments at lowest power setting.

B 1. TCXO CENTER FREQUENCY

Program=>Test Mode Options => TX TCXO Center Frequency.

File: N:\PROJ\TPI28\docs\ATE\A}ign_Proc.doc Software Ver: Page: 1 of 43
Part No: Rev Date: 01/26/98 2:33 PM Revision: - ECO No:
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ALIGNMNET PROCEDURE

(440 to 470 MHz) and VHF ( 148-174MHz). All alignments to
e program. No hardware pots need to be adjusted. Perform all

®  Use the up and down arrow keys to modify the Voltage and Count values. The value will
automatically be sent to the radio. Otherwise, enter a number between 0 and 255 in the Count field

and press F10 to send the value to the radio.
*  Measure TCXO frequency offset from center (14.95 MHz).
*  Adjust Voitage or Count values to achieve a center frequency of f, +100Hz.

2. TX BALANCE TONE (radio and channel specific)

Program=>Test Mode Options => TX Balance Tone.

*  Set the frequency range 10 440 - 470 Mhz (UHF) and set the frequency to the high end of the band (i.e.

470 MHz).
Inject a 1 kHz tone to the microphone input and set PTT.

Press the Tab key to switch between TCXO (50Hz) or VCO (300 Hz) tones. Use the up and down
arrow keys to adjust the TCXO (TXTRIM3) and VCO (TXTRIMZ) values for 3 kHz deviation until

there is a flat response and no significant variation between the two.

®  Measure the response for each channel across the band (at least 16 values). Adjust TCXO (TXTRIM3)
up by one binary count (0.25 dB) for each 3% change in frequency. Save TXTRIM2,3 to EEPROM,

3. TX VCO RANGE ADJUST

Program=>Test Mode Options => TX VCO Range.

* Read TX VCO Range (440 - 470 Mhz).

®  Seclect lowest channel. Adjust TX VCO for 2.0v tuning voltage at TP1. Ensure lock.

*  Select highest channel, Measure TX VCO tuning voltage at TP1. Ensure lock.

4. RX VCO RANGE ADJUST

Program=>Test Mode Options => RX VCO Range.

* Read RX VCO Range (440 - 470 Mhz).

*  Select lowest channel. Adjust RX VCO for 2.0v tuning voltage at TP1. Ensure lock.

®  Select highest channel. Measure RX VCO tuning voltage at TP1. Ensure lock.

CONFIDENTIAL AND PROPRIETARY INFORMATION: This material is for use onl
This is the property of Maxon America Inc. and shall not be made available or disclosed

y by the recipient thereof directly from Maxon America, Inc.
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5. SET TX CHANNEL
Program=>Test Mode Options => Set TX Channel.

Choose Frequency Band from 100, 400, 750, or 800 Mhz.

Choose Reference Frequency: 5 or 6.25 kHz.

Choose Power Level: Lo or Hi Power

Choose TX Frequency: xxx.xxxxxx Mhz (i.e. - 455.000000 MHz)
Measure Current and Power at six points across the band for flatness.

6. SET RX CHANNEL
Program=>Test Mede Options => Go To RX Channel.

Choose Frequency Band from 100, 400, 750, or 800 Mhz.

Choose Reference Frequency: 5 or 6.25 kHz.

Choose Channel Spacing: 12.5 or 25.0 kHz

Choose IF Frequency: 45.0 or 45.3 MHz

Choose RX Frequency: xxx.xxxxxx Mhz (i.e. - 455.000000 MHz)

7. SET ASIC CONTROLS
Program=>Test Mode Options => ASIC Controls.

s  Use arrows to adjust values of ASIC registers: ASW1, INTRIM, ASW2, RXVOL, ASW4, VXCLPF,
SATRIM2, AMP, LIMM, SATRIMI, ASW3, VLPF, TXTRIMI, TXSUM, ATTN, TXTRIM2,
TXTRIM3,

s  Select “Read Values” to read contents of ASIC.

Select “Write Values” to write new values to ASIC,

8. SET DATA RATE
Program=>Test Mode Options => Data Rate.

e  Generate LTR data at full rated deviation through SATTRIM.
e  Measure baud rate.

9. SETRX AUDIO LEVEL
Program=>Test Mode Options => RX Audio Output Level.

e Set/Calibrate RX Volume for normal RX audio output level.

10. RX SQUELCH & RSSI (radio and channel specific)
Program=>Test Mode Options => RX Squelch & RSSI.

Select RX, lowest channel.

¢ Input-47 dBm. Read RSSi level. Measure audio distortion. Audio distortion should be less than 5%,
but 3% is the failure threshold. There is a possibility of using a RX warp on the TCXO to improve
audio distortion. If distortion is above 3%, investigate RX TCXO warping.

e  Set input level for minimum desired SINAD reading (12dB) on HP8920.

CONFIDENTIAL AND PROPRIETARY INFORMATION: This material is for use only by the recipient thereof directly from Maxon America, Inc.
This is the property of Maxon America Inc. and shall not be made available or disclosed without the proper written authorization thereof.
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Read RSSI and determine squelch open and close values.
Repeat N times across the band.
Save data to EEPROM.

11. SPUR SEARCH
Program=>Test Mode Options => Spur Search.

Set radio and HP8920 for RX frequency. (if 12.5kHz, then 1.5kHz deviation)

(if 25.0kHz, then 3.0kHz deviation).
Set HP8648 RF OFF.
Adjust RF on HP8920 for 12dB SINAD ~— -110 dB (Add 3dB).
Set 8648 to 90 dBm greater ~~ -20dBm and 400 Hz modulation (with same deviation as above).
Set frequency of 8648 to MIN frequency and step 6.25 kHz for 12.5kHz spacing or

12.5 kHz for 25.0kHz spacing.

Record frequency that degrades SINAD below 12.0 dB. -
After testing from 100kHz to 1 GHz and listing problem, go back to frequency in list.
Change RF level of HP8648 to get back to 12 dB SINAD.
Increment frequency UP/DOWN in 1 kHz steps to find frequency that degrades SINAD the most and
the level of RF that yielded 12 dB SINAD.

12. SET TX POWER
Program=>Test Mode Options => TX Power.

Toggle Power setting for Low Power or High Power.
Enter Power Level as a value between 0 and 255.
Hit F3 to Toggle PTT.

Press F4 to send new values to the radio.

13. SET TX SUB-AUDIBLE DEVIATION
Program=>Test Mode Options => TX Sub-Audible Deviation Set.

Adjust SATTRIM1,2 for sub-audible tone deviation.
Not necessary to align across band

14. SET TX TONE DEVIATION
Program=>Test Mode Options => TX Tone Deviation Set.

Input 1 kHz audio tone into microphone input (IN2) to force limiting,

Adjust TXTRIMI for 3 kHz deviation. TXTRIM1 varies by 1 count for each 3% change in TX
frequency.

Set PTT. Measure deviation at 3 places across the band for UHF (more for VHF).

Measure North American ModBalance test on HP8920.

15, SET TX CHANNEL and POWER ADJUST
Program=>Test Mode Options => TX Channel & Power Adjust.

Enter Alignment Frequency and Power Level (0 to 255).
Press F3 to Toggle PTT.
Press F4 to send frequency and power values to the radio.

CONFIDENTIAL AND PROPRIETARY INFORMATION: This material is for use only by the recipient thereof directly from Maxon America, Inc.
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APPENDIX 7
CIRCUITS AND DEVICES TO STABILIZE FREQUENCY

A 14.95 MHz referenced TCXC PLL circuit establishes and
stabilizes output frequency.
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APPENDIX 8

CIRCUITS TO SUPPRESS SPURIOUS RADIATION,
LIMIT MODULATION AND CONTROL POWER

TWO (2) PAGE DESCRIPTION OF AUDIO, RF LOW PASS FILTER AND
POWER CONTROL FOLLOWS THIS SHEET

CIRCUITS TO SUPPRESS SPURIOUS
RADIATION, LIMIT MODULATION-
AND CONTROL POWER
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The volume is controlled by the VR1 potentiometer. Its analog output is read by the ASIC AD2 port
(U400-6) where it is converted to digital and read by the microprocessor through the serial port.

2.7. External Speaker/Mic Control Circuit

The external microphone is connected to W401 on the right side of the radio. When an externa!
microphone accessory is attached, it pulls the MIC_DISABLE line {(W401-10) to ground which un-
biases the internal microphone element. When an external speaker accessory is attached, it pulls
the SPKR_DSBL line (W401-6) to ground which breaks the path to the internal speaker.

2.8. Low-Battery Detect Circuit

The low-battery detect circuit applies a voltage (determined by Vgrrery * (R408/]R408+R409))) to
the AD3 port of the ASIC (U400-7). The ASIC converts this analog voltage to a digital byte which
the microprocessor reads through the ASIC serial data path. The threshold for low-battery detect is

programmable by software. When the value of AD3 fa

iis below this threshold, the microprocessor

disables the transmitter and enables the low-battery LED (LED400) and tone alerts.

2.9, Subaudible (LTR/ICTCSS/DCS) Decode Circuits
Discriminator audio from the [F chip, U750-9 (TA31136), passes through a 3rd order 500-Hz Besse!
low-pass filter with a gain of 2.5 to pass and amplify the subaudible data (U772A and associated
components). The filter output goes into the Audio ASIC, U400-3 (XRC5640B), as RX data input.
The data exits the ASIC at U400-23 (FLTOUT) and passes through a 3rd order 500-Hz Chebyshev
low pass fifter to strip out switch-cap clock noise (U772B and associated components).

For CTCSS, the RX data is fed back into the AS

for CTCSS decoding.

For DCS and LTR, the RX data on the ASIC Filter Out

IC comparator (COMPIN-) port (U400-22). The
ASIC DAC2 output (U400-10) sets the dc average to drive the comparator (COMPIN+) port (U400-
20). The comparator output (U400-21) then feeds the microprocessor (U401-71) input capture port

put (U400-23) is directly decoded by the

microprocessor's A-to-D port (U401-25). The microprocessor determines whether the data

2.10. Subaudible (LTRICTCSS/DCS) Encode Circuits
During TX encode, the subaudibie tone signals are generated on the TXSAT pulse-width port of the
microprocessor (U401-3). They pass through a 500 Hz low-pass filter and are sent to the TDIN port

of the ASIC (U400-4). The TX data exits the ASIC at

matches a preset value and then controls the speaker output based on the squelch data results.

U400-23 (FLTOUT) and is then fed back into

the ASIC comparator (COMPIN-) port (U400-22) where it is summed with the TX audio.

DTMF, Two-Tone, or Sei-Call data is generated by the microprocessor pulse-width port U401-2 and
passes through a 4.5-kHz low-pass filter. The subaudible data then enters the ASIC DTMF port
(U400-25) where it is routed through the TX Audio path.

211. RXAudio
Discriminator audio from the IF chip U750-9 (TA

(U400-30). The RXAUDOUT exits the ASIC at U400

31136) is fed into the RXAUDIN port of the ASIC

-28 and is amplified by U490 and U491 in a

balanced audio bridge-amp to generate up to 1 W through an 8 Q speaker.

212, TX Audio and Filter Circuits
The TX audio from the internal or externai micro

phone is fed into the ASIC MICAUDIN port (U400-
28). The combined TX audio and data exits the ASIC at the MOD1 (U400-1) and MOD2 {U400-31)
output ports to directly control the VCO and TCXO FM modulation.

CONFIDENTIAL AND PROPRIETARY INFORMATION: This material is for use only by the recipient thereof directly from Maxon America, Inc.
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3. RF CIRCUITS

3.1. TRANSMITTER
3.1.1. Buffer
The VCO output level of -6 dBm is amplified to +10 dBm (UHF)

includes Q41 and Q42 for isolation and gain.

3.1.2. PA Module

or +6 dBm (VHF). The buffer

The PA Module is a three stage amplifier. Q501 amplifies the TX signal from +10 dBm to 100 mw
and Q502 amplifies it further by 7 dB to 0.5 W. Finally, Q503 amplifies it by 10 dB to 5 W and
matches it to 50 © using an LC network, reducing the harmonics to > 30 dBc.

3.1.3. Low-Pass Filter
L101 to L103 and C102 to C108 make up a 6" order Elliptic 5560-MHz (UHF) Low-Pass Filter

suppressing unwanted harmonics by > -63 dBc below carrier.

3.1.4. Antenna Switch
In transmit, pin diodes D100 and D101 are forward biased and enable the RF signal to pass to the
antenna. D101 is shorted to ground and inhibits the RF signal to the Front End.

3.1.5. Automatic Power Control (APC)
The APC keeps the current constant to the final PA buffer stage (Q503). The current into Q503 is
sensed across resistor R61. The voltage difference across R61 is amplified through U51A by the
ratio of R56 to R60. The U51B Op Amp acts as a lead/lag loop filter comparing the U51A output to

the radio’s output power setting from the ASIC DA2
VCO as an integrator and the U53 Op Amp is a voit

to the 2™ stage amplifier in the PA (Q502).

3.2, PLL SYNTHESIZER
3.21. 14.95-MHz TCXO
The UHF 14.95-MHz Temperature Compensated Crystal Oscillator (TCXO1) provides the reference
to the PLL, has a frequency stability of +1.5 ppm, and a frequency adjust of +12.5 ppm.

3.2.2. PLL IC Dual-Modulus Pre-Scaler
The MC145180 divides the 14.95-MHz TCXO input frequency at pin U1-20 down to 5 or 6.25 kHz

by the reference counter R at the Phase-Fre

port (U400-10). The U52 Op Amp mimics a
age foilower which generates the supply current

quency Detector frer input. The VCO output, figq,

enters U1-11 and is divided by 64, A, and N until the feedback frequency, f-pax, entering the Phase-

Frequency Detector equals 5 or 6.25 kHz. If frosk IS leading fog,

then current-sinking pulses are

output on PDgyr (U1-6) to the passive low-pass filter (C12,13, R8,10) to lower the frequency of the
VCO. If fppgis lagging feee, then current-sourcing pulses are output on PDg,;; to increase the
frequency of the VCO. The LPF settiing time (when the VCO frequency is within 1 kHz of the RF
frequency) is <10 ms. This reduces the residual side-band noise for the best signal-to-noise ratio.

To obtain the TX or RX VCO frequency, the A, N, and R counters are
serial data from the microprocessor. Output port U1-1 (0SQ)
frexof4 = 14.95 MHz/4 = 3.7375 MHz. Output port U1-16 {

3.2.3. DCto DC Converter
The MAX860 (U900} is a switched-capacitor voltage converter that converts +5 V at U900-3 up to
+10 V at U900-8. Q900 and R903 are configured as an emitter follower to generate a stable +8 V
at the VPD input of the PLL (U1-5) to power the internal phase-frequency detectors.

programmed into the PLL by

is used to generate the ASIC clock by

OUTA) is used as an APC TX enable pin.

CONFIDENTIAL AND PROPRIETARY INFORMATION: This material is for use only by the recipient thereof directly from Maxon America, Inc.
This is the property of Maxon America Inc. and shall not be made available or disclosed without the proper written authorization thereof.




FCC ID: F3JSP150U2

APPENDIX 9

TRANSIENT FREQUENCY BEHAVIOR (90.214) TEST PROCEDURE
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90.214 REOUIREMENTS: 1In the 450 - 500 MHz frequency band, tran-
sient frequencies must be within the maximum frequency difference
limits during the time interval indicated below for 25, 12.5 and
6.25 kHz channels:

12.5 kHz:
Time Maximum Mobile Radios
Interval Fregquency 450 - 500 MHz
N +12.5 kHz 10.0 ms
t2 +6.25 kHz . 25.0 ms
t3 +12.5 kHz 10.0 ms
25.0 kHz
Time Maximum Mobile Radios
Interval Frequency 450 - 500 MHz
tl +25.0 kHz 10.0 nms
t2 +i2.5 kHz 25.0 ms
ta +25.0 kHz 10.0 ms

TEST PROCEDURE: TIA/EIA TS603, PARA. 2.219, the levels were set as
follows: A '
1. Using the variable attenuator, the transmitter level was
set to 40 4B below the test receivers maximum input level,
then the transmitter was turned off.

2. With the transmitter off, the signal generator was set
20 dB below the level of the transmitter in the above step
(this level was maintained with the signal generator
. throughout the test). :

3. Attenuation between the transmitter and the RF detector
was reduced by 30 dB.

4. The transient fregquency behavior was observed and record-
‘ ed using a TEK TDS360 DSO.




Para. 2.995(a}(b)(d)

Frequency stability

Combining

Network

90.214 Transient Frequency Behavior
(continued) :
- , RF Signal
Dummy Generator
Microphone
Dummy
Transmitter Load Directional
Under Test & Variable Coupler
' Attenuator
I I
50 Ohm
Detector Load
Plotter Trig "~ Vert
Storage
Oscilloscope

RF Power

Meter

RN

L.

Test
Recelver




