A | NTRODUCTI ON

The follow ng certification data are submtted in connection with
this request for type certification of the GVRS 520 transceiver in
accordance wth Section 2, of FCC Rul es.

The GVRS 520 is a hand-held, battery operated, UHF, frequency
nodul at ed, transceiver intended for voice conmunications applications
under Part 95 GWRS (channels 1-7 or 15-22)* or Part 95 FRS (channels
8- 14) *.

*See Appendi x A for frequency assignnent.

1. The unit’s antenna neets 95.647, (i.e. is integral to the
transmtter).

2. Except for power, the technical paraneters for operating on
all the channels (both FRS and GVRS) are the sane as those
for FRS, (i.e. 12.5 kHz bandwdth, 2.5 ppm frequency
tol erance, maxi mum 2.5 kHz devi ation, etc).

3. A notice is included in the user instructions that clearly
informs the consuner (buyer/owner) when the radio 1is
transmtting on GVRS frequencies, that operation on GRS
frequencies requires an FCC license and such operation is
subject to additional rules specified in 47 CFR Part 95.

B. GENERAL | NFORVATI ON REQUI RED FOR TYPE CERTI FI CATI ON
(Section 2.1033 of the Rules)

1. Nanme of applicant: Trisquare Comruni cations |nc.
2. | dentification of equipnent: FCC ID OOGAEVRS520A
a. The equipnent identification Ilabel is

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

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

a. 11kOF3E em ssion (FRS and GVRS)
b. Frequency range: 462.5500-467.7125 MHz.
C. Operating power ERP(d):

FRS 0.48 W

GWVRS 0.49 W

B. GENERAL | NFORMATI ON ( Cont . )

d. Maxi mrum power pernmtted under FCC  Part
95 (interstitial) is 5 watts ERP. The GVRS 520
fully conplied with that power limtation.

e. The dc voltage and dc currents at final
anplifier:



GVRS FRS

Col l ector voltage: 4.4 4.4 Vdc
Collector current: 0.41 0.39 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 subnmtted as a

separate exhibit.
i The transmtter tune-up procedure is submtted
as a separate exhibit.

] . A description of circuits for stabilizing
frequency is included in Appendi x 2.
K. A description of circuits and devi ces enpl oyed

for suppression of spurious radiation and for
limting nodul ation is included in Appendi x 3.
| . Not appli cabl e.

5. Data for 2.1046 through 2.1057 follow this section.

C. RF PONER QUTPUT (Section 2.1046 of the Rules)

ERP(d) by substitution: FRS 0.48 W
GVRS 0.49 W

D. MODULATI ON CHARACTERI STI CS (Section 2.1047)

1. A curve show ng frequency response of the transmtter is
shown in Figure 1. Reference |evel was audi o signal output froma
Boont on 8220 nodul ati on neter with one kHz deviation. Audi o out put
was neasured with an Audi o Precision System One TRMS voltneter and
t racki ng generator.

2. Modul ation Iimting curves are shown in Figure 2, using a
Boont on 8220 nodul ati on neter. Si gnal | evel was
established with an Audio Precision System One. The

curves show conpliance with Section 2.1047 and 95. 633(Db).

2
D. MODULATI ON CHARACTERI STICS (Cont.)

3. Figure 3 is a graph of the post-limter |low pass filter
whi ch neets the requirenents of paragraph 95.633(b) in providing a
roll-off of 60Logf/3 dB where f is audio frequency in kHz.
Measurenents were nmade followi ng EIl A RS-152B with an Audi o Precision
System One on the Boonton 8220 nodul ati on neter audi o out put.

4. Cccupi ed_Bandwi dth (Section 2.1047 and 95.629(a) of the
Rul es)

Figure 4a is a plot of the sideband envel ope of the
transmitter output taken with a Tektroni x 494P spectrum
anal yzer on GVWRS Channel 1. Modul ati on corresponded to



conditions of 2.1049(c)(1) and consisted of a 2500 Hz tone
at an input |level 16 dB greater than that necessary to
produce 50% nodul ation at 1998 Hz, the frequency of

maxi mum response.

Figure 4b is a plot under the sanme conditions for FRS
Channel 8.

The plots are wt
and 95.635(b) (1) (
hori zontal sca

vertical scale (
equal to 10 dB pe

hin the limts inposed by Section 2.1049
3)(7)for frequency nodul ati on. The
(frequency) is 10 kHz per division and the
anplitude) is a logarithm c presentation

r division.

Em ssi on Desi gnator Cal cul ati on:

(2D + 2F) 2x2.5 + 2x3.0 = 11kOF3E
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FI GURE 1

MODULATI ON FREQUENCY RESPONSE
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Fl 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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OCCUPI ED BANDW DTH
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E. SPURI QUS EM SSI ONS AT THE ANTENNA TERM NALS
Not Applicable, integral antenna.

F. MEASUREMENTS OF SPURI QUS RADI ATI ON
(Section 2.1053, 95.635(b)(7) of the Rules)



Measur enent of radiated spurious em ssions from the GVRS 520
were made by substitution with a Tektronix 494P spectrum analyzer
usi ng Singer DM 105A calibrated test antennae for the neasurenents
to | GHz, Polarad CA-L, CA-S, CA-Mand/or EMCO 3115. The transmtter
was located in an OATS 3 neters from the test antenna. Supply
vol tage was a power supply with a termnal voltage under |load of 4.5
Vdc. The transmtter and test antennae were arranged to maxim ze
pi ckup. Both vertical and horizontal test antenna pol ari zation were
enpl oyed.

TABLE 1la

TRANSM TTER RADI ATED SPURI QUS
462. 5625 MHz, 4.5 Vdc, GWRS, Channel 1

dB Bel ow
Frequency Carrier
Mz Ref er ence’
462. 563 0
925. 125 53H
1387. 688 41V
1850. 250 43V
2312. 813 43V
2775. 375 44H
3237.938 41V
3700. 500 42V
4163. 063 53H
4625. 625 47V

Required: 43+10Log(0.49) = 40

"Wor st - case pol ari zation, HHorizontal, V-Vertical
Al other spurious from10.25 MHz to 4.7 Gz were 20 dB or nore
below FCC limt.
9
F. MEASUREMENTS OF SPURI OQUS RADI ATI ON (Cont.)
TABLE 1b

TRANSM TTER RADI ATED SPURI QUS
467.5625 MHz, 4.5 Vdc, FRS, Channel 8

dB Bel ow
Frequency Carrier
Ref er ence’
467. 565 0
935. 125 50H

1402. 688 41V



1870.
2337.
2805.
3272.
3740.
4208.
4675.

250
813
375
938
500
063
625

Requi r ed:

"Wor st - case pol ari zati on,

43+Log( 0. 48)

H- Hori zont al

V-Vertical.

45V
51V
42V
43H
53V
53H
49H

40

All  other spurious from10.25 MHz to 4.7 Gz were 20 dB or

below FCC limt.

G FREQUENCY STABI LI TY
(Section 2.1055 and 95.621(b) of the Rules)

Measur enent

of frequency stability versus

at tenperatures from-30°C to +50°C. At
was exposed to test chanmber anmbient a mninmumof 60 mnutes after

i ndi cat ed chanber tenperature anbient had
of the desired test tenperature.
each tenperature,

Fol | owi ng
the unit was turned on,

each

t he

t enperature

tenperature, the

stabilized to wth
1 hour soak
keyed and

frequenc

nore

was nmde
uni t

in £2°
at
y

measured within 2 mnutes. Test tenperature was sequenced in the

order shown in Table 2,

A Thernotron Sl1.2 tenperature chanber was used.
nonitored with a Keithley 871 digital
supply was 4.
digital frequency counter.

5

vol ts.

starting with -30°C

t enper at ure probe.

Tenper at

ure was

Primary

Frequency was neasured with a HP 5385A

No transient keying effects were observed.
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G FREQUENCY STABILITY (Cont.)

Tenperature, °C

- 29.
-19.
- 10.
0.
10.
20.
30.
39.

WWrRLUIk,OWER

TABLE 2

462. 5625 MHz, 4.5 V Nom nal

Qut put _Frequency, NHz

462.
462.
462.
462.
462.
462.
462.
462.

561369
561388
562518
563212
563323
562991
562453
562045

Measurenents were nade at 462.5625 MHz.

3
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50.0 462. 561983 -1.1

Maxi mum frequency error: 462. 561369
462. 562500

- .001131 MHz

FCC Part 95 specifies .00025% or a nmaximm of + .001156 MHz,
whi ch corresponds to:

Hgh Limt 462. 563656 MHz
Low Limt 462. 561344 MHz

H. FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Section 2.1055 and 95.621(b) of the Rules)

Gscillator 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 4.5 volt rating to below the battery end point.
A Keithley 197 digital voltnmeter was used to neasure supply voltage
at transmtter primary input termnals. Masurenents were nade at

20 °C anbi ent.
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TABLE 3

462. 5625 MHz, 20°C, 4.5 V Nom nal

% Suppl y Vol t age Qut put _Frequency, Mz p.p. m
115 5.17 462. 562994 1.1
110 4. 95 462. 562997 1.1
105 4.73 462. 562982 1.0
100 4.50 462. 562991 1.1

95 4.28 462. 562982 1.0

90 4. 05 462. 562981 1.0

85 3.83 462. 562994 1.1

* 3. 60 462. 563003 1.1



Maxi mum frequency error: 462. 563003

462. 562500

*MFR rated battery endpoint. + .000503
**Processor shut-down.

FCC Part 95 specifies
correspondi ng to:

H gh Linmit

Low Limt

GVRS Channel s:

CH1.:
CH2:
CH3:
CHa.
CH5:
CH6:
CH7:

CH15:
CH16:

462.
462.
462.
462.
462.
462.
462.

462.
462.

5625
5875
6125
6375
6625
6875
7125

5500
5750
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APPENDI X A

CHANNEL ASSI GNVENT

VHz

.00025% or a nmaxinmum of # 001156 MHz,

462. 563656 MHz
462. 561344 Mz



CH17: 462.6000 MHz
CH18: 462. 6250 MHz
CH19: 462.6500 MHz
CH20: 462. 6750 MHz
CH21: 462. 7000 MHz
CH22: 462. 7250 MHz

FRS Channel s:

Designator

U300

u30
U150

U400
D100
D200
D50
Q50/Q51
Q52

CH8: 467.5625 MHz
CHO: 467.5875 MHz
CH10: 467.6125 MHz
CH11: 467.6375 MHz
CH12: 467.6625 MHz
CH13: 467.6875 MHz
CH14: 467.7125 MHz

APPENDI X 1

FUNCTI ON OF DEVI CES

Description Function
Multi-function Radio IC Frequency synthesizing, RX IF amplification and mixing,
audio amplification and filtering
3V Regulator 3V Regulator Circuit
Audio Amplifier Final stage audio amplifier for 200mwW output &
low pass (3Khz) audio filter
8 Bit Microcontroller Transmit/Receive control, key decode, power control
PIN Diode Transmit/Receive antenna switch
PIN Diode Transmit/Receive band switch
Varactor Diode VCO tuning
RF Transistor VCO — fundamental transmit and LO
Bias Transistor Receive/Transmit band switch for VCO



Q200 RF Power Transistor PA final stage amplifier — class AB
Q201 RF Transistor PA 1% stage amplifier —class A

APPENDI X 2

Cl RCUI TS AND DEVI CES TO STABI LI ZE FREQUENCY

The fundanental frequency for both the transmtter and the receiver

| ocal oscillators are controlled by a phase |ock loop (PLL) circuit
internal to U300. The frequency of operation of the voltage
controlled oscillator (VCO, conposed of (B0 and 1 operating in
cascode, is phase locked to a voltage controlled crystal reference
(VCXO) operating at 10.25 MHz (X300). Conpensation for tenperature
variations on the crystal reference is acconplished using therm ster
(TH300) to change the reactance of the reference crystal circuitry.
Conmpensation for voltage variations on the crystal reference is
acconpl i shed through a supply vol tage regul at or.



The VCO is locked to the fundanental of the transmt signal in the
transmt node and is |ocked to the receive 1% LO (fundanental channel
frequency plus 10.7 MHz) in the receive node. The crystal reference
frequency is used as the second LO connected internally in U300 to
the second m xer to produce the second | F of 450 kHz.

Cl RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY, etc.
FCC I D:. OO9GGEVRS520A

APPENDI X 2
APPENDI X 3

Cl RCU TS AND DEVI CES TO
SUPPRESS SPURI QUS EM SSI ONS, ETC.

The transmitter anplifies the 0 dBm signal from the VCO to
approximately 27 dBmthat is fed to the antenna. The transmitter is
a two stage anplifier conposed of Q00 and R01. The first stage is
operated Cass A, and the final 1is operated Cass AB. The
fundanmental transmit signal is fed through a | ow pass filter in order
to suppress the harnonics to bel ow —60 dBc.

The desired frequency nodulation of the carrier is acconplished by
nodul ating the current in the VCO directly with the m crophone audio



si gnal . The m crophone audio is conditioned with a high pass filter
at 300 Hz, a hard clipper circuit (internal to U300) to limt maxi num
deviation to +/- 2.5 kHz and a three-pole |low pass or splatter filter
at 2.8 kHz (internal to U300). The low pass filter insures that the
occupi ed bandwi dth of the FM nodul ated signal neets FCC requirenents
under all input conditions.

Cl RCU TS AND DEVI CES TO
SUPPRESS SPURI QUS EM SSI ONS, etc.
FCC I D. OGEVRS520A

APPENDI X 3
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