ENGl NEERI NG STATEMENT
For Type Certification of
Hong Jin CGrown Anerica Inc.

Mbdel No: FRS- X2
FCC ID: KA9HIC X2

| am an El ectronics Engineer, a principal in the firm of Hyak
Laboratories, Inc., Springfield, Virginia. M/ education and
experience are a matter of record wth the Federal Conmmunications
Commi ssi on.

Hyak Laboratories, Inc. has been authorized by Hong Jin C own
Anerica Inc. to nmake type certification nmeasurenents on the nodel
FRS- X2 transceiver. These tests nade by me or under ny supervision
in our Springfield |aboratory.

Test data and docunentation required by the FCC for Type
Certification are included in this report. The data verifies that
the above nentioned transceiver neets FCC requirenments and Type
Certification is requested.

Rowl and S. Johnson

Dat ed: January 19, 2001

A | NTRODUCTI ON

The following data are submitted in connection with this
request for type certification of the nodel FRS-X2 transceiver in



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

The nodel FRS-X2 is a portable, battery operated, UHF,
frequency nodul ated transceiver intended for 12.5 kHz channe
famly radio service applications in the 462.5625-467.7125 WMz
band. It operates from a nomnal 4.8 Vdc battery supply. MFR
rated output power is 0.5 watts ERP

B. GENERAL | NFORNMATI ON REQUI RED FOR TYPE CERTI FI CATI ON
(Paragraph 2.983 of the Rules)
1. Name of applicant: Hong Jin CGown Anerica |nc.
2. | dentification of equipnment: FCC ID: KA9HIC X2
a. The equi prent identification label is submtted as a
separate exhibit.
b. Phot ographs of the equi pnment are submtted as a
separate exhi bit.
3. Quantity production is planned.

4. Techni cal description:

a. 11kOF3E em ssion
b. Frequency range: 462.5625 - 467. 7125 Miz.

C. Qperating power of transmitter is fixed at the
factory at less than 0.5 WERP

d. Maxi mum power permtted is 0.5 watts, and the
nodel FRS-X2 fully conplied with that power
limtation.

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

Col l ector voltage: 4.7 Vdc
Col l ector current: 0.58 A

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

g. Conpl ete schematic diagramis submtted as a separate
exhibit.

h. A draft instruction manual is submtted as a separate
exhibit.

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

2
B. GENERAL | NFCRMVATI ON ( cont i nued)
J - A description of circuits for stabilizing frequency
Is included in Appendi x 2.
K. A description of circuits and devices enployed for

suppression of spurious radiation and for limting
nodul ati on is included in Appendi x 3.
Not appl icabl e.



Data for 2.985 through 2.997 follow this section.

RF_Power _Qut put (Paragraph 2.985(a) of the Rul es)

The nodel FRS-X2 has a permanently attached built-in
ant enna w t hout provisions for a coaxial connector.

Theref ore RF power was determ ned by substitution.

TABLE 1
Qperating Freq., ME Power watts into
a di pol e antenna
462. 5625 0. 45

D. MODULATI ON CHARACTERI STI CS

1

A curve showi ng frequency response of the transmtter
I's shown in Figure 1. Reference |level was audi o signa
out put froma Boonton 8220 nodul ation neter wth one
kHz devi ati on. Audi o output was neasured with an Audio
Preci sion System One integrated test system

Modul ation limting curves are shown in Figure 2, using
a Boonton 8220 nodul ati on neter. Signal |evel was
established with a Audio Precision System One
Integrated test system The curves show conpli ance
wi t h paragraphs 2.987(b).

Figure 3 is a graph of the post-limter |ow pass filter
whi ch provides a roll-off of 60Logf/3 dB where f is
audi o frequency in kHz. Measurenents were nade
following EIA RS-152B with an Audio Precision System
One integrated test system on the Boonton 8220
nmodul ati on neter audi o out put.

3
Qccupi ed_Bandw dt h
(Paragraphs 2.989(c) of the Rul es)

Figure 4 is a plot of the sideband envelope of the
transmtter output taken with a Tektronix 494P spectrum
anal yzer. Modul ati on corresponded to conditions of

2.989(c) (1) and consisted of 2500 Hz tone at an input

level 16 dB greater than that necessary to produce 50%
nodul ation at 2551 Hz, the frequency of maxinum
response. Measured nmodul ati on under these conditions
was 2.3 kHz.



Em ssi on desi gnhator:

(2M+ 2D) (2 x 3 kHz) + (2 x 2.5 kHz) = 11kOF3E

4
FI GURE 1
MODULATI ON FREQUENCY RESPONSE



16

10

RELATIVE RESPONSE, dB
an

1000 BO00
AUDIO FREGUENCY, Hz

MODULATI ON FREQUENCY RESPONSE
FCC I D KA9HIC- X2

FI GURE 1
5

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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D. MODULATI ON CHARACTERI STI CS ( Conti nued)
The plots are within FCC limts. The horizontal scale
frequency) Is 10 kHz per division and the vertical scale

anplitude) is a logarithmc presentation equal to 10 dB per
di vi si on.



E. SPURI OUS EM SSI ONS AT THE ANTENNA TERM NALS
(Paragraph 2.991 of the Rules)

The nodel FRS-X2 has a permanently attached antenna. There is
no connector for an external antenna. Therefore, no antenna
term nal conduct ed neasurenents were nade.

F. DESCRI PTI ON OF RADI ATED SPURI QUS MEASUREMENT FACI LI Tl ES

A description of the Hyak Laboratories’ radiation t est
facility is a matter of record with the FCC The facility was
accepted for radiation neasurenents from25 to 1000 MHz on Cctober
1, 1976 and is currently listed as an accepted site.

G MEASUREMENTS OF SPURI OUS RADI ATl ON

Spurious emssions from the nodel FRS-X2 were nmade by
substitution with a  Tektronix 494P  spectrum anal yzer usi ng
Singer DM 105 for the neasurenents to 1 GHz, and EMCO 3115 horn
to 4.8 GHz.

The transmtter was |located in an open field 3 meters fromthe
test ant enna. Supply voltage was a power supply with a terni nal
vol tage under |oad of 4.8 Vdc.

The transmtter and test antennae were arranged to maxim ze
pi ckup. Both vertical and horizontal test antenna polarization
wer e enpl oyed.

Measurenments were nade from the |owest frequency generated
within the unit to 10 tinmes operating frequency. Data after

application of antenna factors and line |oss corrections are shown
in Table 2.

9
TABLE 2
TRANSM TTER CABI NET RADI ATED SPURI QUS
462.5625 MHz, 4.8 Vdc, 0.45 watts

Spuri ous dB Bel ow
Frequency Carrier



VHz Ref er ence’

462. 563 0

925. 125 51V
1387.690 53V
1850. 253 53H
2312.815 52V
2775. 378 51H
3237.941 53V
3700. 505 59H
4163. 067 52H
4625. 630 57V
Required: 43+10 Log(P) = 40

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

Al'l other spurious from12.8 MHz to the tenth harnonic were 20 dB
or nore below FCC limt.

10
H. FREQUENCY STABILITY
(Paragraph 2.995(a)(2))

Measur enent of frequency stability versus tenperature was nade
at tenperatures from —-20°C to +50°C. At each tenperature, the unit
was exposed to test chanmber anbient a mninmum of 60 mnutes after
i ndi cated chanber tenperature anbient had stabilized to within £2°
of the desired test tenperature. Following the 1 hour soak at each
tenmperature, the unit was turned on, keyed and frequency neasured
within 2 mnutes. Test tenperature was sequenced in the order

shown in Table 3, starting with —20°C

A Thernmotron Sl1.2 tenperature chanber was used. Tenper ature
was nmonitored wth a Keithley 871 digital thernoneter. The



transmtter output stage was termnated in a dummy | oad. Primry
supply was 4.8 volts. Frequency was nmeasured wth a HP  5385A
frequency counter connected to the transmtter through a power
attenuator. Measurenments were made at 462.5625 MHz. No transient
keying effects were observed.

TABLE 3

FREQUENCY STABILITY AS A FUNCTI ON OF TEMPERATURE
462.5625 MHz, 4.8 Vdc, 0.459 W

Tenperature, °C Qut put _Frequency, Mz p.p. m
-19.5 462. 562457 -0.1
- 9.9 462. 562524 0.1
0 462. 562573 0.2
10.2 462. 562556 0.1
20.1 462. 562454 -0.1
30.1 462. 562363 -0.3
40. 1 462. 562322 -0.4
49.7 462. 562302 -0.4
Maxi mum frequency error: 462. 562302
462. 562500
- .000198 MHz

FCC Rule 95.627(b) specifies .00025% (2.5 p.p.m) or a maxi num of
+0. 001156 MHz, which corresponds to:

Hgh Limt 462. 563656 Mz
Low Limt 462. 561344 Mz

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 frequency counter as supply voltage
provided by an HP 6264B vari abl e dc power supply was varied from
+15% above the nomnal 4.8 volt rating to below the battery end
poi nt . A Fluke 197 digital voltnmeter was used to measure supply
voltage at transmtter prinmary input termnals. Measurenent s

wer e made at 20°C anbi ent .

TABLE 4



FREQUENCY STABILITY AS A FUNCTI ON OF SUPPLY VOLTAGE

462.5625 MHz, 4.8 Vdc Nom nal; 0.459W

Suppl y_Vol t age Qut put _Frequency, Mz p.p. m
5.52 115% 462. 562469 -0.1
5.28 110% 462. 562464 -0.1
5.04 105% 462. 562459 -0.1
4.80 100% 462. 562454 -0.1
4.56 95% 462. 562453 -0.1
4.32 90% 462. 562451 -0.1
4.08 85% 462. 562449 -0.1
3. 84* 80% 462. 562446 -0.1
Maxi mum frequency error: 462. 562446

462. 562500
- .000054 MHz

FCC Rule 95.627(b) specifies .00025% (2.5 p.p.m or a maxi mum of
+0. 001156 MHz, correspondi ng to:

High Limt 462. 563656 Mz
Low Limt 462. 561344 MHz

*Battery end point.

12
APPENDI X 1

FUNCTI ON OF DEVI CES
Model FRS- X2




{SMIDV |MSERT)

F-AHTE LIE"T MODEL : FR3XZ [RF D)

DATE -Dchabar 20 2000

] Parts Hams Sosac: | f | cat | pns mernilatwar | Saepllar [LMIT)O'TY Dascrigiian

1 [CaP TANTAL SMIDILTE A HMCH1DINATER BARCOH B4 | 3 |Ecaoiansn

2 [car TanTAL SWDO 1UGEA  [MMCEAMMATER MARCON g | 1 [Ec

3 [Car TANTAL SO A AOMCH 1EEMATES RLARCOH g4 | 4 [Ecamanianian

4 [CAP TANTAL SWD BRMEA | MMCEZNMATER BARCOH g | 1 [

B [Car TANTAL SWDATWHC ADMCHMTEMCTER WARCOH Ea | 1 |ecam

B [CapcER 1608 B0 GRMEGCOGIRECERT WLIRATA Ea | 2 [cm0s30e

7 |capcER 1b0e S0 CRVERCOGIINCEPT LIRATA Ea | 2 [cmoemos

B |cepcER 1808 B GRMGHCDGIICERT WALIRATA N ERED

B [CercER 1808 B0 GRMGGCOGMCEDRT WALIRATA Ea | 3 |camanas

1 [SapcER 108 BuD) GRMSGCOGOSICEPT VLIRATA Ea | B |c3ovaniasmas e

11 [cepcER 1808 B CRMSCCHITIRERT VILIRATA Ea | 2 [c1z0a0m

12 [CepcER 1808 B GRMGCGOAIDELRT VLIRATA Ea | 1 [cam

1 [CapcER 108 B0 CRMICCORILERT WVLIRATA Ea | 2 [cacdzon

14 [cepcER 1808 B GRAMSCCHEIIDE0RT VLIRATA Ea | 3 [crmazian

15 [ep cER 1608 B [t saneseT WLIRATA Ea | & |ciomrenesanaaean

1 [aP-CER, 1606, Bl e L] VLRATS Ea | 1 |cEm

17 [eepcER 1508 B e e N L VLFATA Ea | 3 |caeazmass

1 [EaRCER, Y08 B | e A el MURATS Ea | 1 |emw

19 [eapcER 08 B | e ] MRATS Ea | 5 |[cetasdsr

2 |cercin, oe Bvn |erazactmn s MRATS, Ea | ¢ [conaziamsmn

2 |oaPcER, W08 S |t LT MLFATA Ed. 1 e

n |CaP-CER, W08 SN0 | aEC AT L ST MLFATA Es T | Caied das

o |capcon, voe sun 200 AT MLTATS, Ba | 19 [CAOT 971180120 124 125 02 208 215 130,238 238, 3]

L1, 50534 |
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[EMDV INSERT)
PARTS LIST MODEL - FRSX2 (RF B/DY

DATE Oiaber 202000

Kl Parta Mass Spec: i 1 iead iena maral s iurar | Suppl lar |UNIT|Q'TY Dasription

24 [capcER 1008 500 QAT RATIHEDRT MURATA Eh | 1 |cam

28 [capcEs 108 2D R LIENT 1 DEHEORT WURATA Ed | 2 |cmamne

25 [capcER 108 SN0 ALY M ER0ST RURATA E4 | & |oaiaziedo o0 4m

27 [capcEs 1008 2uD ARV TARIET WURATA E4 | 1 fomm

28 [REs cF S END R D00 HARRLE Ed | 1 [mame

20 |RESCF S END CRIAIA HARRYLE E4 | 7 |R112.307 543 209 000 001 804

80 [RE8 cF S EuD RN AT HARR' L E4 | 1 |mama

1 [FEscF S EuD R 1 HAKRYLE E4 | 4 |mi0d443,000, 208

12 [RES CF S END CRIABA AT HARAYUE Es | 2 |naccasd

32 [mEs cF s suD RN 1 HAKR'LE E4 | 1 |jmaca

4 [mEs g suD R 1B HAKAYLE Ea | 4 311094308040

a5 [ o g saD R 1520 HAKAYLE Es | 3 |aniraimac

3= [mEs o g sun RN 15 HARAYLE Es | 3 |aesezide

17 |mEE CF 5% ARE CR A Sy HAKAYUE EA 1 R

3 [nES CF S AND CRIFERN 4720y HERATUR Es 4 RV E 8 NT

W |RES CP g% END CRIFIEN 180 HARATUR Es | 2 [RibRAT

40 |RESCF A% WD CIEIMEPN T30 HEKATUR [ 2 R

41 ||ul CF % &M CIRIMEPA 4750y HEHATUR [ 1 R

FH |n:: CF &% Ss0 CRIFIEPA 10400 HARAYLUE ES, a 110, 116408

41 |H’E! CF 5% 5H0 CRIM BN T340 FHAHMYLUE [ 1

44 |H'E! CF &% Ss0 CRIMEY 1240 i ML ER 1

) |n:_|r DET,5M0 TAINTIEM TOSHIDA EA 1 |uad

T |I\:_PI.I._$I.I:| LETaie TEWE LA 1 |

A7 |rEr_un-En_9.|:- AFERAMOR 5087 TEWEC [T A
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PARTS LIST

(SMDV INSERT)
MODEL - FREXNZ (RF BD)
CATE October 20,2000

[ Parts Wams Spacif | cat | ons manudaabarer | Buppl ber | URITJG'TY Damcriplion
4b |TALRF WD FREIET HEL BA | 1 [oam:

AF |TREFSMD T e HEL Eh 4 |ornod 301301 312

50 |TRLRFSMD [ET] HEL EA [ =T

51 |TRgwisen KTAADDH HEL EA| 1 |oom

52 TR S0 HTCADAA HEE EA| 1 |oim

51 |TR.RF SO (] EA | 1 oz

5 |CiC0E RF an [CEIETED WOTGADLA EA | 2 |owmam

55 |DeCCE s snD IR HED EA | 1 o

# |CoCE W e 1BVETE TOEHIRA EA | 1 o

57 |CHo0E Wt D SIS HED EA 03

5 [ dppm D R84 BBy hiis [y EA | =l

5 mmwiwam TR SN = Ek | 1 a0y

8 oo, on, @l len st 15~ 30ppm = 1D Eh | 1 [xsm

41 |CEAssE FLTER b Fuwlb 5 5H L TRIEBHT MLUAATACD E& | 1 |FLam

A2 |[Ciyminl Filbm ef] S 1] ;-3 E& 1 PCFA

T EE B 1 RS HOHATE EL | 1 |wRans

M [TRuvERSRE, oeF 10 TRCIAZIRAR ¥3 TN WURATA Ex | 2 |wcioiam

85 |[CHIP GO B, DEOG IR OEAA-BRE 01| B Fri) FAETRON Ex | 1 [ace

# |CHP ConL, D, De0S IA0EAR-1120-21)120H) FAETRON Ex | 1 |uem

o7 |[GHIP COOL BV, BEDS 38 0EAE-1150-21)16rH] FASTRON Ex | 1 [Lw

B |[EHP oL, BD, BEDS IATEAE-1181-21)18rH) FAETRON B | 1 e

o [GHIP GO BVD, Be0S ASEA BT 11147 RH) FASTRON Exn | 1 L

T |SHeE S0 ED BEDS al il L rr AR T e o] FasTRon Ea 2 L".'E.ah

L = e OACEA SN 1 330nH) [ =] [} 7 |LD05. A0
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PARTS LIST MODEL | FRSXZ (RF BID)
DATE -Oichabear, 20 2000

| Faris Rase Spacilications earnifaciure | Seppltee |UHIT]G'TY Descrigtian
7R e ciL s, 100 EAR- BRI 13 35H) Fa&TRIN EA | = |LWeim

73 JoOiL AR END 11nH AROL STERAAT B | 7 [Leoeam

T4 JooiL are ERD TN |uu|-u-:|'rL STE#ART &, 1 |Lzez-a

75 |oniLAR SND e Joas-a dam ETENART ea | 2 |Ledze

™ |Ps |iks-FREx2 CHAIB YN Ea,




APPENDI X 2

C RCUI TS AND DEVI CES TO STABI LI ZE FREQUENCY

SYNTHESI ZER

A phase | ocked | oop (PLL) circuit establishes and stabilizes
operating frequency.

The data for producing necessary frequencies is established
by the CPU on the digital board.

The frequency stability of the TXYRX is maintained by the
TCXO, which generates a stable frequency of 12.8 M.



C RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC ID: KA9HIC X2
APPENDI X 2
APPENDI X 3
G RCU TS TO SUPPRESS SPURI QUS RADI ATl ON
AND LIM T MODULATI ON

Crcuitry to Suppress Spurious Em ssions

@01 provides approxi mately 4.8 V dc power source. Signals
from Q01 is supplied through antenna switch D201 to a | ow pass
filter made up of L204, L203, L202 and C201-CC207, then applied to
ant enna j ack.

Crcuitry to Limt Mdulation and Audi o Low Pass Filter

Voi ce signal fromthe m crophone is applied to m crophone
anplifier U506 contains a high-pass filer, lowpass filter that
has a 6dB/ oct response between 300 Hz and 3 kHz, and elim nates
har noni cs above 3 kHz. The pre-enphasized audi o signal is applied
to VR501 to adjust maxi mum frequency deviation.



CIRCU TS TO SUPPRESS SPURI QUS
RADI ATI ON AND LIM T MODULATI ON

FCC ID:  KA9HIC- X2
APPENDI X 3



