ENGl NEERI NG STATEMENT
For Type Certification of
CATTRON | NCORPCRATED

Mbdel No: MWK
FCC I D: CN2WK

I 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 Communi cations
Conmmi ssi on.

Hyak Laboratories, Inc. has been authorized by Cattron Inc.
to make type certification neasurenents on the M transceiver
These tests made by ne 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 requirenents and Type
Certification is requested.

Rowl and S. Johnson
Dat ed: March 17, 2000

A | NTRODUCTI ON

The following data are submtted in connection with this
request for Type Certification of the M transceiver in



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

The MK is a UHF, 12.5 kHz channel, non-voice, frequency
nodul ated transcei ver intended for hand-held, industrial renote
control applications in the 447 - 473 ME band. It operates from
a 3 volt battery pack. Qutput power rating is 14 milliwatts
(90.217 applies).

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

1. Name of applicant: Cattron Inc.
2. I dentification of equipnent: CN2MWK

a. The equipnment identification |abel is submtted as
a separate exhibit.

b. Phot ographs of the equipnment are submtted as a
separate exhibit.

3. Quantity production is planned.
4. Techni cal descri ption:

a. 9kOF1D em ssi on

b. Frequency range: 447-473 NMHz.

C. Qperating power of transmtter is fixed at
the factory at 0.014 watts.

d. Maxi mum power permtted under Part 90 of
the FCC is 350 watts, and the MK fully
conplied with those power |limtations.

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

Col I ector voltage: 2.9 Vdc
Col l ector current: 0.015 A

f. Functi on of each active sem conductor device i s
submtted as a separate exhibit.

g. Conplete circuit diagramis submtted as a
separate exhibit.

h. A draft instruction book is submtted as a

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

B. GENERAL | NFORMATION . . . (Conti nued)
J - A description of circuits for stabilizing
frequency is included in Appendix 1
K. A description of circuits and devices enpl oyed

for suppression of spurious radiation and for
[imting modulation is submtted as a separate
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exhi bi t.
| . 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)

RF power output was neasured with a HP 432A power
neter with HP 478A sensor and a HP8491B (6 dB)
attenuator as a 50 ohm dummy | oad. Maxi mum power
nmeasured was 0.0138 watts. (The transmtter was tuned
by the factory.)

D. MODULATI ON CHARACTERI STI CS

1. Qccupied _Bandwi dt h (Paragraphs 2.989(c), 90.209(b)(4)
and 90. 217(b) of the Rul es)

Figure 1 is a plot of the sideband envelope of the transmtter
output taken wth an Advantest R3361A spectrum anal yzer.
Modul ati on consisted of a 4000 baud test pattern. Measur ed
nodul ati on under these conditions was 2.5 kHz for 12.5 kHz
channel i zat i on.

For the 12.5 kHz channelization, RBWwas 100 Hz, VBW 100 Hz,
max hold, multiple scan per 90.210(d)(4).

The pl ot has unmodul ated carrier as 0 dBmreference.

The plot is wthin the limts inposed by Paragraph
90. 217(b) . The horizontal scale (frequency) is 10 kHz per
division and the vertical scale (anplitude) is a logarithmc
presentation equal to 10 dB per divi sion.

NOTE: The transmitter has a power output of under 500
mlliwatts and is not required to neet the spectrum
ef ficiency provisions of Para 90.203(j)(3).

2. Digital Signal Description (Submtted as a separate
exhibit for Confidentiality purposes.)

Bandw dt h conput ati on:

2D + 2F 5.0 + 4

9kOF1D



FI GURE 1

OCCUPI ED BANDW DTH
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FCC ID  CN2MWK

FI GURE 1

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

The MK transmtter was tested for spurious
antenna termnals while the equipnment was
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random 4000 baud signal .

Measurenments were made wth Tektronix 494P spectrum
anal yzer coupled to the transmtter output termnal through
a HP 8491B (6 dB) power attenuator. A notch filter was used
to attenuate the carrier

During the tests, the transmtter was termnated in the 50
ohm attenuator. Power was nonitored on a Bird 43 Thru-Line
wat tmeter; dc supply was 3.0 volts throughout the tests.

Spurious em ssions were neasured throughout the RF spectrum
from 14 (lowest frequency generated in the transmtter is
14.4 MHz) to the tenth harnonic of the carrier.

Any eni ssions that were between the required attenuation and
the noise floor of the spectrum analyzer were recorded.
Data are shown in Table 1.

DESCRI PTI ON OF RADI ATED SPURI QUS MEASUREMENT FACI LI TI ES

A description of the Hyak Laboratories' radiation test
facility is a matter of record with the FCC. The facility
nmeets ANSI 63.4-1992 and was accepted for radiation
neasurenments from 25 to 1000 MHz on Cctober 1, 1976 and is
currently listed as an accepted site.

TABLE 1

TRANSM TTER CONDUCTED SPURI OQUS
457.000, 3.0 Vvdc | nput, 0.0138 nmW

Spur i ous dB Bel ow
Frequency Carrier



NVHz Ref er ence

904. 000 82*
1356. 000 103*
1808. 000 93~
2260. 000 103*
2712. 000 101*
3164. 000 100*
3616. 000 104*
4068. 000 102*
4520. 000 103*
Requi red: 50+10Log(P) = 31 90. 210(d)

Al other emssions from1l4 MH to the tenth harnonic were 20 dB
or nore below FCC Ilimt.

*Reference data only, nore than 20 dB below FCC limt.

NOTE: Carrier notch filter used to increase dynam c range.

G FI ELD STRENGTH MEASUREMENTS COF SPURI OUS RADI ATl ON

Field intensity neasurenents of radi ated spuri ous em ssions
fromthe MK were made with a Tektronix 494P spectrum anal yzer
using Singer DM 105A calibrated dipole antennas below 1 GHz,
and Polarad CA-L, and CA-S or EMCO 3115 from 1-5.0 GHz.

The transmtter and dummy | oad were located in an open field
3 neters from the test antenna. Supply voltage was a power
supply with a term nal voltage under | oad of 3.0 Vdc.

Qut put power was 13.8 mA at 457.000 MHz operating
frequency. The transmtter and test antennas were arranged
to maxim ze pi ckup. Both vertical and hori zont al t est
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ant ennae pol arization were enpl oyed.

Ref erence | evel for the spurious radiation was taken as an
ideal dipole excited by 13.8 nW the output power of the
transmtter according to the follow ng rel ationship:*

E = (49.2P)"?
R
wher e E = electric-field intensity in volts/neter
P, = transmtter power in watts
R = distance in neters
for this case E = (49.2x0.014)" = 0.28 VIm

3
Since the spectrumanalyzer is calibrated in decibels above one
mlliwatt (dBn), a conversion, for convenience, was nmade from dBu
to dBm

0.28 volts/meter = 0.28x10° uV/ m

dBu/ m 20 Log,(1.2x10°

109 dBu/ m

Since 1 uV/m -107 dBm the reference becones

109 - 107 2 dBm

*Ref erence_Dat a_for_Radi o_Engi neers, Fourth Edition,
International Tel ephone and Tel egraph Corp., p. 676.

G FI ELD STRENGTH MEASUREMENTS ( Cont i nued)

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

The measurenent system was capable of detecting signals 95

dB or nore belowthe reference level. Masurenents were nade
from the |owest frequency generated within the unit (14 Miz),
to 10 times operating frequency. Data after application of

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

TABLE 2

TRANSM TTER CABI NET RADI ATED SPURI QUS



457.000 MHz, 3.0 Vvdc, 13.8 mW

Spuri ous dB Bel ow
Frequency Carrier
Mz Ref er ence’
914. 000 52Vv*
1371. 000 66V*
1828. 000 70V*
2285. 000 72H*
2742. 000 71V*
3199. 000 71V*
3656. 000 70V*
4113. 000 68Vv*
4570. 000 69V*
Requi red: 50+10Log(P) = 31 90. 210(d)

"Wor st - case pol arization, H Horizontal, V-Vertical
* Reference data only, nore than 20 dB below FCC limt.

Al other spurious from1l4 MHz to 4.6 GH were 20 dB or nore
below FCC | imt.

H. FREQUENCY STABILITY
(Paragraph 2.995(a)(2) and 90.213 of the Rules)

Measur enment of frequency stability versus tenperature was
made at tenperatures from-30°C to +50°C. At each tenperature,
the unit was exposed to test chanber anbient a mninum of 60
mnutes after i ndi cated chanber t enperature anbi ent had
stabilized to within +2° of the desired test tenperature.
Following the 1 hour soak at each tenperature, the unit was
turned on, keyed and frequency neasured wthin 2 mnutes.
Test tenperature was sequenced in the order shown in Table 3,

starting with -30°C

A  Thernotron S1. 2 tenperat ure chanber was used

Tenper at ure was noni t or ed with a Keithley 871 digital
t hernoneter. The transmtter output stage was termnated in a
dummy | oad. Primary supply was 3.0 volts. Frequency was
nmeasured with a HP 5385A frequency counter connected to the
transmtter through a power attenuat or. Measurenents were

made at 457.000 MHz. No transient keying effects were observed.



TABLE 3
FREQUENCY STABI LI TY vs. TEMPERATURE

457.000 MHz; 3.0 Vvdc; 13.8 mW

Tenperature, °C Qut put Frequency, Mz ppm

-29. 4 no out put N A

-20. 3 456. 999637 -0.8

-10. 1 456. 999702 -0.7

- 0.1 456. 999500 -1.1

10. 8 456. 999702 -0.7

20. 2 456. 999972 -0.1

30.1 457.000324 0.7

40. 0 457. 000556 1.2

50. 3 457.000428 0.9
Maxi mum frequency error: 457. 000556
457.000000

+ .000556 MHz

FCC Rul e 90.213(a) specifies .00025% or a maxi nrum of +.001143
MHz, whi ch corresponds to:

Hgh Limt 457.001143 Mz
Low Limt 456. 998858 MHz

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

GCsci |l | ator frequency as a function of power suppl y
vol tage was nmeasured with a HP 5385A frequency counter as supply
vol tage provided by an HP 6264B variable dc power supply was

varied from #15% above the nomnal 3.0 volt rating. A Fluke
197 digital voltmeter was used to neasure supply voltage
at transmtter primary input termnals. Measurenents were nade

at 20°C ambi ent .
TABLE 4

FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
457.000 MHz, 3.0 Volts Nom nal, 13.8 nW

% Suppl y_Vol t age Qut put _Frequency, Mz ppm
115 3.45 456. 999987 0.0
110 3.30 456. 999979 0.0
105 3.15 456. 999966 -0.1
100 3.00 456. 999972 -0.1
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95 2.85

90 2.70
85 2.55
80* 1.90

Maxi mum frequency error:

*MFR rat ed battery end- poi nt

456.
456.
456.
456.

457.
457.

999969
999955
999957
999947

000053
000000

. 000053

e
el

MHz

FCC Rul e 90.213(a) specifies .00025% or a maxi mum of + .001130

MHz, correspondi ng to:

High Limt
Low Li mt

J. TRANSI ENT FREQUENCY BEHAVI OR

Qperation under 90.217 does not

APPENDI X 1

457. 001143 MHz
456. 998858 MHz

require TFB conpli ance.

G RCUITS AND DEVI CES TO STABI LI ZE FREQUENCY

A 14.4 MHz reference TCXO and a PLL circuit establishes

and stabilizes output frequency.
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C RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC I D CN2MWK

APPENDI X 1



