ENGl NEERI NG STATENMENT
For Certification of
TRI SQUARE COMMUNI CATI ONS

Model No. GVRS480
FCC ID: (OOGEVRS480

| am an El ectronics Engineer, a principal in the firm of Hyak
Laboratories, I nc., Springfield, Virginia. My education and
experience are a matter of record with the Federal GComunications

Conmm ssi on

Hyak Laboratories, 1Inc. has been authorized by Trisquare
Communi cations to nake certification neasurenents on the GVRS480
transceiver. These tests were nade by ne or under ny supervision in

our Springfield |aboratory.

Test data and docunentation required by the FCC for
certification are included in this report. The data verifies that
the above nentioned transceiver meets FCC requirenents and
certification is requested.

Rowl and S. Johnson

Dated: May 7, 2001

A I NTRODUCTI ON

The foll ow ng data are submitted in connection Wi th this
request for type acceptance of the GVRS480 transceiver in accordance



with Part 2, Subpart J of the FCC Rul es.

The GVRS480 is a hand-held, battery operated, UHF, frequency
nodul ated, 2 W transceiver intended for voi ce conmuni cati ons
applications in the 462. 5500 - 462.7250 MHz band under Part 95 in
the GVRS servi ce.

B. GENERAL | NFORMATI ON REQUI RED FOR TYPE ACCEPTANCE
(Paragraph 2.983 of the Rules)

1. Nane of applicant: Trisquare Conmmruni cations
2. | dentification of equipnent: FCC ID:. OOGAVRA480
a. The equipnent identification |abel is

submtted as a separate exhibit.
b. Photographs of the equipnent are submtted as
separate exhibits.

3. Quantity production is planned.
4. Techni cal description:

a. 16k0OF3E em ssion
b. Frequency range: 462.5500-462. 7250 MHz.
C. Operating power of transmtter is fixed at
the factory at 2 watts conducted.
d. Maxi mum power permtted under FCC Part
95 (interstitial) is 5 watts ERP. The GWRS480
fully conplied with that power limtation.
d. The dc voltage and dc currents at fina
anplifier:

Col l ector voltage: 5.9 Vdc
Col I ector current: 0.84 A

f. Functi on of each active sem conductor device:
See Appendi x 1.

g. Conplete circuit diagramis submtted as a
separate exhibit.

h. A draft instruction book is submtted as a

separate exhibit.
i The transm tter tune-up procedure is submtted
as a separate exhibit.
2
B. GENERAL | NFORMATI ON ( cont i nut ed)

J . A description of circuits for stabilizing
frequency i s included in Appendix 2.
K. A description of circuits and devices enpl oyed

for suppression of spurious radiation and for
limting nodulation is included in Appendix 2.
Not appl i cabl e.



5. Data for 2.985 through 2.997 foll ow this section.

C RF POAER QUTPUT (Paragraph 2.985(a) of the Rul es)

1. Conducted:
RF power output at the SMA connector was neasured with a
Bird 4421 RF power neter and a Narda 765-20 attenuator as a
50 ohm dumry | oad. Maxi num power was 2.0 watts.

2. ERP(d) by substitution, 1.2 W

D. MCODULATI ON CHARACTERI STI CS

1. A curve showi ng frequency response of the transmtter is
shown in Figure 1. Reference | evel was audio signal output froma
Boont on 8220 nodul ati on neter with one kHz deviation. Audio output
was nmeasured with an Audi o Precision System One TRMS vol tneter and
tracki ng generator.

2. Modul ation limting curves are shown in Figure 2, using a
Boont on 8220 nodul ati on neter. Signal |evel was established with an
Audi o Preci sion System One. The curves show conpliance with

par agr aphs 2.987(b) and 95.633(b).

3. Figure 3 is a graph of the post-limter |ow pass filter
whi ch neets the requirenents of paragraph 95.633(b) in providing a
rol | -off of 60Logf/3 dB where f is audio frequency in kHz.
Measurenments were made following EIA RS-152B with an Audi o Precision
System One on the Boonton 8220 nodul ation neter audi o output.

4. Qccupi ed_Bandwi dth (Paragraphs 2.989(c),
90. 209(b) (4), and 95.629(a) of the Rul es)

Figure 4 is a plot of the sideband envel ope of the
transmitter output taken with a Tektroni x 494P spectrum
anal yzer. Modul ati on corresponded to conditi ons of
2.989(c) (1) and consisted of 2500 Hz.

3
C MODULATI ON CHARACTERI STI CS (conti nued)

tone at an input |level 16 dB greater than that necessary to
produce 50% nodul ation at 2462 Hz, the frequency of

maxi mum response. Measured nodul ation under these
conditions was 4.2 kHz.

The plot is within the imts inposed by Paragraph 90.211(h)
for frequency nodul ation. The horizontal scale (frequency)
is 10 kHz per division and the vertical scale (anplitude)
is alogarithmc presentation equal to 10 dB per divi sion.



5.

Em ssi on Desi gnator Cal cul ation:

(2D + 2F) 2x5.0 + 2x3.0 = 16kOF3E

4
FI GURE 1

MCDULATI ON FREQUENCY RESPONSE
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FI GURE 2

AUDI O LI M TER CHARACTERI STI CS
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FI GURE 3

AUDI O LOW PASS FI LTER RESPONSE
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FI GURE 4

OCCUPI ED BANDW DTH
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E. SPURI QUS EM SSI ONS AT THE ANTENNA TERM NALS
(Paragraph 2.991 of the Rul es)

The GVRS480 transmtter was tested for spurious em ssions at
the antenna termnals while the equi pment was nodul ated with a 2500 Hz
signal, 16 dB above m nimum input signal for 50% (2.5 kHz deviation)



nodul ati on at 2462 Hz, the frequency of highest sensitivity.

Measurenents were nade with Tektroni x 494P spectrum anal yzer
coupled to the transmtter output termnal through Narda 765-20
m crowave power attenuator.

During the tests, the transmtter was termnated in the 50 ohm
attenuator. Power was nonitored on a Bird 43 Thru-Line wattneter;
dc supply was 6.0 volts throughout the tests.

Spuri ous em ssions were neasured throughout the RF spectrum from
12.8 MHz (| owest frequency generated in the transmtter) to 4.7
GHz. Any emssions that were between t he required
attenuation and the noise floor of the spectrum analyzer were
recorded. Data are shown in Table 1.

TABLE 1

TRANSM TTER CONDUCTED SPURI OUS
462.5625 M1z, 6.0 Vdc, 2.0 W

Spurious Frequency dB Bel ow
VHz Carrier_Reference
925. 126 71
1387. 689 80
1850. 252 96
2312. 815 >100
2775. 378 >100
3237.941 >100
3700. 504 >100
4163. 067 >100
4625. 630 >100
Required: 43+10Log(P) 46

Al other em ssions from12.8 MHz to 4.7 G4z were 20 dB or nore
below FCC limt.

9
F. DESCRI PTI ON OF MEASUREMENT FACI LI TI ES

A description of the Hyak Laboratories' radiation test
facility 1is a matter of record with the FCC The facility was
approved for radiation neasurenents from25 to 2000WK MHz on Cctober
1, 1976 and is currently listed as an acceptable site.

G MEASUREMENTS OF SPURI QUS RADI ATI ON

Measur ement of radiated spurious emssions from the GVRS480
were nmade by substitution with a Tektronix 494P spectrum anal yzer



usi ng Si nger DM 105A calibrated test antennae for the nmeasurenents
to |l GHz, Polarad CA-L, CA-S, CA-Mand/or EMCO 3115. The transmtter
and dummy |oad were located in an open field 3 meters from the test
antenna. Supply voltage was a power supply with a term nal voltage
under load of 6 Vdc. CQutput power was 2.0 watts (conducted) at the
462.5625 M1z operating frequency. The transmtter and test antennae
were arranged to nmaxim ze pickup. Both vertical and horizonta

test antenna pol arization were enpl oyed.

TABLE 2

TRANSM TTER CABI NET RADI ATED SPURI QUS
462.5625 MHz, 6.0 Vdc, 1.2 watts ERP (di pole)

dB Bel ow
Frequency Carrier
Mz Ref er ence’
462. 563 0
925. 127 48
1387. 688 49
3237.932 56
3700. 496 55

Requi red: 43+10Log(1.2) = 44

"Wor st - case pol arization, HHorizontal, V-Vertical.

Al  other spurious from12.8 MHz to 4.7 GH were 20 dB or nore
below FCC | imt.

10
H. FREQUENCY STABILITY
(Paragraph 2.995(a)(2) and 95.621(b) of the Rules)

Measurement of frequency stability versus tenperature was nade
at tenmperatures from-30°C to +50°C. At each tenperature, the unit
was exposed to test chanber anmbient a mninmumof 60 mnutes after
i ndi cated chanber tenperature anbient had stabilized to wthin £2°
of the desired test tenperature. Followng the 1 hour soak at
each tenperature, the unit was turned on, keyed and frequency
measured within 2 mnutes. Test tenperature was sequenced in the

order shown in Table 3, starting with -30°C

A Thernotron S1.2 tenperature chanber was used. Tenperature was
nmonitored with a Keithley 871 digital tenperature probe. The
transmtter output stage was termnated in a dummy load. Prinmary



supply was 6.0 volts. Frequency was neasured with a HP 5385A
digital frequency counter connected to the transmtter through a
power attenuator. Measurenents were nmade at 462.5625 MHz. No
transi ent keying effects were observed.

TABLE 3

462.5625 MHz, 6.0 V Nonminal, 2.0 watts

Tenperature, °C Qut put _Frequency, Mz p.p. m
-29.6 462. 561368 -2.4
-20.0 462. 562533 0.1
- 9.9 462. 563095 1.3

0.0 462. 563117 1.3
10. 2 462. 563010 1.1
20.0 462. 562841 0.7
29.7 462. 562508 0.0
39.9 462. 562408 -0.2
50. 2 462. 562521 0.0
Maxi mum f r equency error: 462. 561368
462. 562500
- .001132 M

FCC Rule 95.621(b) specifies .0005% or a nmaximum of + .002313
MHz, whi ch corresponds to:

Hgh Limt 462.564813 Mz
Low Limt 462. 560187 MHz

11
l. FREQUENCY STABILITY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rul es)

Cscillator frequency as a function of power supply voltage was
nmeasured with a HP 5385A digital frequency counter as supply voltage
provided by an HP 6264B variable dc power supply was varied from

+15% above the nomnal 6.0 volt rating to below the battery end
point. A Keithley 197 digital voltmeter was used to neasure supply
voltage at transmtter primary input termnals. Masurenents were
made at 20 o° anbi ent.

TABLE 4



462.5625 MHz, 20°C, 6.0 V Nonminal, 2.0 watts

% Suppl y_Vol t age Qut put _Frequency, Mz p.p. M
115 6.9 462. 562972 1.0
110 6.6 462. 562926 0.9
105 6.3 462. 562884 0.8
100 6.0 462. 562841 0.7

95 5.7 462. 562801 0.7

90 5.4 462. 562768 0.6

85 5.1 462. 562744 0.5

* 4.8 462. 562623 0.3
Maxi mum frequency error: 462. 562972
462. 562500
*MFR rat ed battery endpoint. + .000472 MHz
FCC Rule 95.621(b) specifies .0005% or a maxinmm of # 002313

MHz, correspondi ng to:

High Limt 462. 564813 Mz
Low Li mt 462. 560187 MHz
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APPENDI X 1

FUNCTI ON OF DEVI CES

Designator Description Function

U300 Dual PLL Synthesizer Frequency synthesizing

u30 3V Regulator 3V Regulator Circuit

U150 A/C/D Operational Amplifier CTCSS low pass (250Hz) filter

U150-B Operational Amplifier Receive high pass (300Hz) audio filter

U200-C Operational Amplifier Transmit high pass (300Hz) audio filter / mic amp
U200-B Operational Amplifier Transmit limiter amp

U200-A Operational Amplifier Transmit low pass (3.5Khz) audio filter

U200-D Operational Amplifier Receive high pass (300Hz) audio filter

U160 Audio Amplifier Final stage audio amplifier for 200mW output &



low pass (3Khz) audio filter

U130 Narrowband FM IF 2" IF amplifier, 2" LO mixing, audio detector
U400 8 Bit Microcontroller Transmit/Receive control, key decode, power control
D100 PIN Diode Transmit/Receive antenna switch

D51 PIN Diode Transmit/Receive band switch

D300 Varactor Diode TCXO compensation circuit

D400 General Purpose Diodes TCXO compensation circuit

D50 Varactor Diode VCO tuning

D200 PIN Diode Transmit/Receive antenna switch

D232 PIN Diode Transmit audio limiter

D233 PIN Diode Transmit audio limiter

Q100 Bias Transistor Transmit/Receive antenna switch

Q50/Q51 RF Transistor VCO - fundamental transmit and LO

Q52 Bias Transistor Receive/Transmit band switch for VCO

Q203 RF Power Transistor PA final stage amplifier — class A

Q200 RF Power Transistor PA 3" stage amplifier — class C

Q201 RF Transistor PA 2™ stage amplifier — class A

Q202 RF Transistor PA 1% stage amplifier — class A

APPENDIX 2

CIRCUITS AND DEVICES TO STABILIZE FREQUENCY,
SUPPRESS SPURIOUS EMISSIONS AND LIMIT MODULATION

FREQUENCY DETERMINING CIRCUITS

The fundamental frequency for both the transmitter and the receiver local oscillators are controlled by a phase lock loop
(PLL) circuit U300 (Toshiba TB31202). The frequency of operation of the voltage controlled oscillator (VCO), composed of
Q50 and Q51 operating in cascode, is phase locked to a voltage controlled crystal reference (VCXO) operating at 10.475
MHz (X300). Compensation for temperature variations on the crystal reference is accomplished by measuring the ambient
temperature through an analog to digital converter (ADC) circuit. Compensation for voltage variations on the crystal
reference is accomplished through a supply voltage regulator. The micro-controller (U400) then converts these
measurements to a correction voltage output through a PWM to maintain the frequency of the VCXO within the +/-5 ppm
requirement.



The VCO is locked to the fundamental of the transmit signal in the transmit mode and is locked to the receive 1% LO
(Fundamental channel frequency minus 21.4 MHz) in the receive mode. The crystal reference frequency is fed through a
doubler circuit to generate the 2" LO of 20.950 MHz.

TRANSMITTER CIRCUITS

The transmitter amplifies the 0 dBm signal from the VCO to approximately 33dBm that is fed to the antenna. The transmitter
is a four stage amplifier composed of Q200, Q201, Q202, and Q203. The first two stages are operated class A, the driver
stage as class C, and the final is operated class A. The fundamental transmit signal is fed through an elliptical low pass filter
(5-pole, 2 zero) in order to suppress the harmonics to below —60 dBc. The desired frequency modulation of the carrier is
accomplished by modulating the current in the VCO directly with the microphone audio signal. The microphone audio is
conditioned with a three-pole high pass filter at 300 Hz (U200-C), a hard clipper circuit (U200-B) to limit maximum
deviation to +/- 2.5 kHz and a three-pole low pass or splatter filter at 2.8 kHz (U200-A). The low pass filter insures that the
occupied bandwidth of the FM modulated signal meets FCC requirements under all input conditions.

RECEIVER CIRCUITS

The received signal from the antenna is band limited to 600 Mhz by the transmitter harmonic filter. The desired signal is fed
to a low noise amplifier (LNA — Q101) centered from 460 to 470 MHz that provides approximately 15 dB of gain. The
output of the LNA is filtered with a SAW filter (SF1) with passband of 460 to 470 MHz and stopband attenuation of 50 dB.
The filtered receive signal is one input to the 1° mixer, the other mixer input (1°* LO) is the output of the VCO at the desired
channel frequency minus 21.4 MHz. The output of the mixer is tuned to the 1°' IF of 21.4 MHz. The 1*" IF is transformer
coupled for impedance matching to a crystal filter centered at 21.4 MHz with a bandwidth of 15 kHz. The filtered 1% IF is
then amplified by Q103 and fed to the 2" mixer input of the multi-function receiver IC (U130). The 2" LO (20.950 MHz) is
generated by frequency doubling the output of the 10.475 MHz VCXO that is the reference frequency for the PLL. The 2"
mixer output of 450 kHz is filtered through a 4 section ceramic filter that in combination with the 21.4 MHz crystal filter
provides approximately 55 dB of adjacent channel attenuation. The 450 kHz 2™ IF is then amplified, limited and fed to a
quadrature detector for FM demodulation. The resulting audio output signal is bandpass filtered from 300 to 3 kHz (U200-D,
U150-B) and amplified to provide 200 mW of audio power (U160) which differentially drives the 32 ohm speaker. A
squelch circuit is provided (U130 pins 10 through 14) to mute the receiver noise under low signal conditions. The squelch
circuit amplifies and detects noise in a narrow bandwidth at approximately 5 kHz. When the detected noise exceeds a
threshold set to trigger at approximately 12 dB SINAD receive signal strength, the audio output is muted.

TRANSMIT/RECEIVE SWITCH

When the radio is in the transmit mode, pin diode switches D200 and D100 are both turned on (representing less than 0.7
ohms). D200 allows the transmit signal to pass to the antenna and D100 shorts one leg of a T matching network (L100, L101
and C100) to ground in the receive path. This results in a parallel tuned circuit high impedance being presented to the
transmit signal so that the receive path does not load the transmit signal. In the receive mode, both D200 and D100 are off,
resulting in the antenna signal being coupled into the receive LNA through the 50 ohm T matching network and the unwanted
load of the transmit final amplifier is reduced to less than 1 pF by D200.

RADIO CONTROL CIRCUIT

A microprocessor (U400) is used to control the transceiver. User stimuli is provided through a tack switch for PTT (push to
talk), along with the keypad for channel selection, channel monitor, and page. Pressing the PTT switch instructs U400 to
switch to the transmit mode. This is accomplished by loading the proper channel counter information through a 3-wire serial
link to the PLL IC (U300), turning on power to the PLL and VVCO, microphone and transmit audio circuits and the transmit
RF amplifiers. Pressing the channel Up/Down buttons instructs U400 to increment or decrement respectively the channel
frequency by one channel from the channel previously selected.



In receive mode the microcontroller periodically switches on the VCO and receiver power and checks for a valid received
signal by monitoring the squelch circuit output. If a valid signal is present, the audio output is turned on and receive power is
maintained for the duration of the valid signal. If the valid signal is removed or no valid signal was present, the
microcontroller removes power from the VCO and receiver, waits for approximately 100 ms and then checks again. This
periodic cycling of the power to the receiver circuits results in a much longer battery life vs. leaving power on continuously.
The total period of the cycling is selected such that the worst case delay in ‘seeing’ a valid receive signal is not disruptive to
normal two-way voice communications.

G RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY, etc.
FCC ID: OOGEVRS480

APPENDI X 2



