A | NTRODUCTI ON

The followi ng certification data are submtted in connection with
this request for type certification of the G220 transceiver in
accordance wth Section 2, of FCC Rules.

The G220 is a hand-held, battery operated, UHF, frequency
nodul ated, transceiver intended for voice communications applications
under Part 95 GVRS (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 sanme as those
for FRS, (i.e. 12.5 kHz bandwidth, 2.5 ppm frequency
tol erance, maxinmum 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 is
transmtting on GVRS frequencies, that operation on GWRS
frequencies requires an FCC license and such operation is
subject to additional rules specified in 47 CFR Part 95.

B. GENERAL | NFORMVATI ON REQUI RED FOR TYPE CERTI FI CATI ON
(Section 2.1033 of the Rul es)

1. Name of applicant: M dl and Consunmer Radio
2. | denti fication of equipnent: FCCID: MVAR20
a. The equipnent identification |abel is
submtted as a separate exhibit.
b. Photographs of the equipnment are submtted as
separate exhibits.
3. Quantity production is planned.
4. Techni cal descri ption:
a. 11kOF3E em ssion (FRS and GVRS)

b. Frequency range: 462.5500-467.7125 MHz.
C. Qperating power ERP(d):

FRS 0.41 W
GWRS 1.3 W
1
B. GENERAL | NFORMATI ON ( Cont .)
d. Maxi mum power permitted under FCC  Part

95 (interstitial) is 5 watts ERP. The G 220



fully conplied with that power |limtation.

e. The dc voltage and dc currents at final

anplifier:
GVRS FRS

Col l ector voltage: 5.8 5.9 Vdc
Col l ector current: 0.61 0.43 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.
. The transmtter tune-up procedure is submtted
as a separate exhibit.

J- A description of circuits for stabilizing
frequency is 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 3.
| . Not appl i cabl e.

5. Data for 2.1046 through 2. 1057 follow this section

C RF POAER QUTPUT (Section 2.1046 of the Rules)

ERP(d) by substitution: FRS 0.41 W
GWS 1.3 W

D. MCDULATI ON CHARACTERI STICS (Section 2.1047)

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 neasured with an Audio Precision System One TRMS vol tneter and
tracki ng generator.

2. Modul ation imting curves are shown in Figure 2, using a
Boont on 8220 nodul ati on neter. Signal | evel was
establ ished with an Audio Precision System One. The

curves show conpliance with Section 2.1047 and 95.633(b).
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D. MODULATI ON CHARACTERI STICS (Cont.)

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



Qccupi 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
transmtter output taken with a Tektronix 494P spectrum
anal yzer on GWVRS 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 ati on at 2317 Hz, the frequency of

maxi mum response

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

The plots are within the limts inposed by Section 2.1049
and 95.635(b)(1)(3)(7)for frequency nodul ation. The

hori zontal scale (frequency) is 10 kHz per division and the
vertical scale (anplitude) is a logarithmc presentation
equal to 10 dB per di vi sion.

Em ssi on Desi gnator Cal cul ation:

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

3
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
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FI GURE 4a

OCCUPI ED BANDW DTH
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E. SPURI OQUS EM SSI ONS AT THE ANTENNA TERM NALS

Not Applicable, integral antenna.



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

Measur ement of radiated spurious emssions from the G220 were
made by substitution with a Tektronix 494P spectrum analyzer
usi ng Si nger DM 105A calibrated test antennae for the neasurenents
to | GHz, Polarad CA-L, CA-S, CA-Mand/or EMCO 3115. The transmtter
was |ocated in an OATS 3 neters from the test antenna. Supply
vol tage was a power supply with a termnal voltage under load of 6.0
Vdc. The transmitter and test antennae were arranged to nmaxim ze
pi ckup. Both wvertical and horizontal test antenna pol arization were

enpl oyed.
TABLE 1la

TRANSM TTER RADI ATED SPURI QUS
462.5625 MHz, 6.0 Vdc, GWRS, Channel 1

dB Bel ow
Frequency Carrier
Mz Ref er ence’
462. 563 0
925. 126 46H
1387.689 49V
1850. 252 45V
2312.815 52V

Required: 43+10Log(1.3) = 44

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

Al  other spurious from21.5 MHz to 4.7 GHz were 20 dB or nore
below FCC | im t.
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F. MEASUREMENTS OF SPURI QUS RADI ATION (Cont.)

TABLE 1b

TRANSM TTER RADI ATED SPURI QUS
467.5625 MHz, 6.0 Vdc, FRS, Channel 8

dB Bel ow



Frequency Carri er
Ref er ence’

467. 563 0

935. 125 47H
1402. 688 52V
1870. 250 40V
2337.813 59V
Requi red: 43+Log(0. 41) = 39

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

Al  other spurious from12.5 MHz to 4.7 GHz were 20 dB or nore
below FCC | imt.

G FREQUENCY STABILITY
(Section 2.1055 and 95. 621(b) of the Rul es)

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 x2°
of the desired test tenperature. Followng the 1 hour soak at
each tenperature, the unit was turned on, keyed and frequency
nmeasured within 2 mnutes. Test tenperature was sequenced in the

order shown in Table 2, starting with -30°C.

A Thernmotron S1.2 tenperature chanber was used. Tenperature was
nmonitored with a Keithley 871 digital tenperature probe. Primary
supply was 6.0 volts. Frequency was neasured with a HP 5385A

digital frequency counter. Measurenents were made at 462.5625 M.
No transient keying effects were observed.
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G FREQUENCY STABI LI TY (Cont.)

TABLE 2

462.5625 MHz, 6.0 V Nom nal

Tenperature, °C Qut put _Frequency, Mz p.p. m

-30.3 463. 562368 -0.3



-20.1 462. 562439 -0.1

- 9.9 462. 562602 0.2

1.1 462. 562522 0.0

10.4 462. 562442 -0.1

20.0 462. 562381 -0.3

31.2 462. 562306 -0.4

40. 3 462. 562311 -0.4

49.9 462. 562752 0.5
Maxi mum frequency error: 462. 562752
462. 562500

+ .000252 MHz

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

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

H. FREQUENCY STABILITY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Section 2.1055 and 95. 621(b) of the Rul es)

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 nom nal 6.0 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 nmade at

20 °C anbi ent.
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TABLE 3

462.5625 MHz, 20°C, 6.0 V Nom na

% Suppl y_Vol t age CQut put _Frequency, Mz p. p. M

115 6.9 462. 562467 -0.1
110 6.6 462. 562439 -0.1



105 6.3 462. 562408 -0.2
100 6.0 462. 562381 -0.3
95 5.7 462. 562364 -0.3
90 5.4 462. 562358 -0.3
85 5.1 462. 562359 -0.3
* 4.8 462. 562368 -0.3

Maxi mum frequency error: 462. 562358

462. 562500

*MFR rat ed battery endpoint. - .000142 MHz

FCC Part 95 specifies .00025% or a maxinmum of + 001156 Mz,
correspondi ng to:

High Limt 462. 563656 MHz
Low Limt 462.561344 MHz
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APPENDI X A
CHANNEL ASSI GNVENT
GWRS Channel s:
CHL: 462.5625 MHz

CH2: 462.5875 MHz
CH3: 462.6125 MHz



CH4: 462.6375 MHz
CH5:  462.6625 MHz
CH6: 462.6875 MHz
CH7: 462.7125 MHz

CH15: 462. 5500 MHz
CH16: 462.5750 MHz
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:

CH8: 467.5625 MHz
CHY: 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

2EMIXONAYXTOPZ ANA ®YNXTI

TPANZISTOP
OP1 23 X4226 N.E.X P= P® AMIT.
oP2 23 X4226 N.E.X 1T MIZEP.

OP3 KTX3880Z K.E.X 1EZT I AMI.



OP5 KPX104% K.E.X
©P6 KTA1504% K.E.X
oT1 25X4226 N.E.X
T2 25X4226 N.E.X
OT3 NE5510279A N.E.X
ool 22 X4226 N.E.X
Op2 KPX110% K.E.X
0z1 KPA105% KE.X
0z2 KPA105% K.E.X
0z3 KPA105% K.E.X
0z4 KPX104% K.E.X
0x5 KPA110% K.E.X
0x7 KPA101% K.E.X
0z9 KPX110Z K.E.X
o1 25 X4226 N.E.X
Oq¢l KPX104% K.E.X
0¢2 25X4226 N.E.X
OBl KTX3875% K.E.X
OBl KTX3875% K.E.X

INTEFPATEA XIPXYIT

IX1 KA3361 SAMZYNI
IX2 TMIM87X807Y TOZHIBA
IX3 N9M2070 9.P.X
IX4 TB31202®N TOZHIBA
IX5 TK71530 TOKO
IX6 AM324 NATIONAA
IX8 AM324 NATIONAA
IX10 AM324 NATIONAA

TONE AET.
2OYEAXH MYTE.
T= BYOODEP.
T= NOQEP APIGE AMTI.
T= NOQEP ®INAA AMI.
BYDDEP.
P= B+ ZQITXHINI AT T=.
P= B+ ZQITXHINT .
MOQEP ZAcCE XONTPOA.
T= B+ ZQITXHINT.
T= B+ ZQITXHINT.
BAXK AITHT AEA ZQITXHINT .
nTT Z/Q
XAAN MYTE
P= BY®DEP.
P=/T= ¢XO ZQITXHINT.
0.x.X
NOQ BATT. AET.
MOQEP H/A XONTPOA

2[NA MIZEP 1 ANA ®M AETEXT
Xy

AYAIO NOQEP AMIT.
MAN PPEOYENXY XWNTHEZIZEP
PEIYAATOP
MPE-EMNAZIZ AIMITTEP ANA MIX
XTXZZ TONE AET.

AE-EMIMAZIZ TONE ®IANTEP

APPENDI X 2

C RCU TS AND DEVI CES TO STABI LI ZE FREQUENCY



The PLL synthesizer of the G220 (GVWRS) consists of the signa
| oop PLL circuit with the reference of 6.25 kHz. The IC4 PLL IC
includes all the functions such as the reference oscillator, the
driver, the phase detector, the | ock detector and the progranmabl e
di vi der.

At the reference oscillator, the 21.25 MHz TCXO of the CIX1 is
connected to the pin 11 of the IC4 to oscillate the frequency of
21.25 MHz. The TCXO (21.25 MHz) is the tenperature conpensation
circuit to maintain the frequency within the all owabl e error range
even under a |l ow tenperature of -30.

The phase detectors send out the output power to the loop filter
through 3 pin of the I1C4. |If the oscillation frequency of the VCOis
| ow conpared to the reference frequency, the phase detector sends out
the output power in positive pulse. |If the oscillation frequency of
the VCO is high, phase detector sends out the output power in
negati ve pulse. Therefore, the VCO can maintain the frequency set.

G RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY, etc.
FCC ID: MVAR220

APPENDI X 2
APPENDI X 3

C RCU TS AND DEVICES TO
SUPPRESS SPURI QUS EM SSI ONS, ETC



The transmtted signal of approximately 7 mW conbined at the
PLL nodule is supplied to the base of the QI3 anplifier. The
transmtted signal anplified to 2 watts here passes the TX LPF of the
2"d characteristic of the LT4 and the LT5, and RX/ TX switching takes
place by the DI2. After this, the signal is provided to the antenna
the TX LPF of the 1°' characteristics, consisted of the LT7.

G RCUITS AND DEVI CES TO
SUPPRESS SPURI OUS EM SSI ONS, etc.
FCC I D: MVAR20

APPENDI X 3



