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ELECTROMAGNETIC EMISSIONS TEST REPORT
ACCORDING TO FCC CFR 47 PART 15 SUBPART B, PART 90 SUBPART I
for

Miltel Communications Ltd.
EQUIPMENT UNDER TEST:

Transmitter of automatic meter reading system,
model MLLSpeed HPRx450
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1 Summary and signatures

The EUT, MLLSpeed HPRx450 transmitter of automatic meter reading system, was tested according
to FCC part 90 subpart |, §890.205, 90.209, 90.210, 90.213, 90.214; part 15 subpart B §15.109,
subpart C §15.207 and found to comply with the §90.213 of the standard requirements.

Test description Specification Test report paragraph Pass / Fail
reference
RF output power 90.205, 3.1 Pass
2.1046
Occupied bandwidth 90.209 3.2 Pass
2.1049
Emission mask 90.210(d) 3.3 Pass
Conducted spurious 90.210(d) 33 Pass
emissions 2.1051
Radiated spurious 90.210(d) 33 Pass
emissions 21053
Frequency stability 90.213 34 Pass
Vs temperature 2 1055
Frequency stability 2.1055 35 Pass
Vs voltage
Transient frequency 90.214 3.6 Pass
behavior
Conducted emissions 15.207 3.7 Pass
Radiated emissions 15.109 3.8 Pass
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2 General information

2.1 Abbreviations and acronyms

The following abbreviations and acronyms are applicable to this test report:

cm
dB
dBm
dB(nVv)
dB(uV/m)
DC
EMC
EUT
GHz

H

Hz
kHz
kV

L

m

MHz
mw
NA

PC

QP

RE
rms
sec

centimeter

decibel

decibel referred to one milliwatt
decibel referred to one microvolt
decibel referred to one microvolt per meter
direct current

electromagnetic compatibility
equipment under test

gigahertz

height

hertz

kilohertz

kilovolt

length

meter

megahertz

milliwatt

not applicable

personal computer

guasi-peak (detector)

radiated emission
root-mean-square

second

volt

watt

2.2  Specification references

CFR 47 part 15: 10/2002 Radio Frequency Devices

CFR 47 part 90: 10/2001

ANSI C63.2:06/1996 American National Standard for
Electromagnetic Noise and Field Strength, 10 kHz to

40 GHz-Specifications.

ANSI C63.4:1992 American National Standard for
Measurement of Radio-Noise Emissions from Low-
Voltage Electrical and Electronic Equipment in the

Range of 9 kHz to 40 GHz.

Date: January, 2003

Private land mobile radio services, Subpart |

Instrumentation-

Methods  of
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2.3 EUT description

The EUT, MLLSpeed HPRx,450 is a data link transceiver operating in 450 — 470 MHz. The channel
separation is 12.5 kHz, fast frequency shift key (FFSK) type of modulation is used. The device utilizes
the same antenna connector for transmitter and receiver and is powered by

120 V AC/12 V DC adapter.
The EUT operating frequencies generated by clocks are 3.5795 MHz, 4.0 MHz,
10.245 MHz, 13.2256 MHz, 20.0 MHz, by local oscillator — 458.9 MHz.

2.4  EUT test configuration

The EUT ports and lines description is given in Mest configuration is shown in
Figure 2.4.1.

Table 2.4.1 EUT ports and lines

Port type Port Connector Quantity Cable type Cable Connected to
description type description length,
m
Power DC power D-type, 9 pin 1 Unshielded 1 Adapter
Control Frequency As above Unshielded 0.2 Push-button
change
Signal RF UHF 2 Coax 50 Q NA Termination

Figure 2.4.1 EUT test configuration

AC mains 12v DC ?gﬁ;(ir?gtiggg
——— Adapter :E
EUT
Push- :(:|
button

Page 6 of 108



Test Report_450-470_rev2
Date: January, 2003

3 Emissions measurements

3.1 Effective radiated power measurements according to FCC part 90
paragraph 205(g)

3.1.1 General
This test was performed to determine maximal effective radiated power. The standard maximum
allowable ERP is 2 W (33 dBm).

3.1.2 Test procedure

The EUT was connected to the spectrum analyzer through the 40 dB attenuator and the radio
transmission was activated.

The three Plots 3.1.1 to 3.1.3 show the maximum RF output power measured at 3 carrier frequencies
(low, middle, high) 450.47 MHz, 460.00 MHz and 469.57 MHz with the 40 dB external to the spectrum
analyzer attenuation, therefore 40 dB should be added to the plotted results.

The Table 3.1.1 below gives output power in dBm.

Table 3.1.1
Transmitter output RF power test results
Frequency, Measured result, Peak output Limit, Margin, Result
power,
MHz dBm dBm dBm dB
450.47 -24.17 15.83 33 17.17 Pass
460.00 -23.83 16.17 33 16.83 Pass
469.57 -23.67 16.33 33 16.67 Pass

Reference numbers of test equipment used

1424 1650 1651

Full description is in Appendix A.
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Plot 3.1.1 RF output power measurement test results
at 450.47 MHz

ATTEN 10dE MEER —-24.17dEBm
EL -20.04dEBm 10dE/ 450.37MH=

WWWN*’“V MMH. TRTNNR | SRS TET
CEMTER 450.47MHE SPAN 10.00MH=
*RET J00kH= YVEW JO00kH= WP S0, 0m=
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Plot 3.1.2 RF output power measurement test results

at 460.0 MHz
ATTEMN 10dE HMEER —-23.583dEBm
EL -20.0dEm 10dE/ 459.93MH=

it o) ] _',*_‘J-l- "uJ"‘j MWWM
CEMTER 460.00MH= SPAN 10.00MH=
*REW 300kH= WVEW 300kH=z 3WF 50. 0m=

Page 9 of 108



Test Report_450-470_rev2
Date: January, 2003

Plot 3.1.3 RF output power measurement test results
at 469.6 MHz

ATTEN 10dE MEER —-23.67dEBm
EL -20.04dEBm 10dE/ 469, 553MH=

CENTER 489, 57HH= SP AT 10.00MH=
*EEW J00kKH= SE J00kH= 2P S0, 0ms
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3.2 Occupied bandwidth measurements according to FCC part 90
paragraph 209

3.2.1 General

According to paragraph 90.209 (5) the maximum authorized bandwidth shall be 11.25 kHz in the 450
— 470 MHz frequency band.

3.2.2 Test procedure

The measurements were performed using spectrum analyzer.

The occupied bandwidth was measured as a frequency band between points where power envelope
of carrier, modulated with normal signal, drops 23 dB below unmodulated carrier.

Measured occupied bandwidth was 10.2 kHz for high channel frequency.

The test results are recorded in Table 3.2.1 and shown in Plots 3.2.1 to 3.2.3.

Table 3.2.1
Occupied bandwidth measurements

Frequency, OoBW, Pass / Fail
MHz kHz
450.4007 9.5 Pass
460.0000 9.5 Pass
469.6000 10.2 Pass

Reference numbers of test equipment used

1424 1650 1651

Full description is in Appendix A.

Page 11 of 108



Test Report_450-470_rev2
Date: January, 2003

Plot 3.2.1
Occupied bandwidth measurements test result

ATTEN 10dE A JEER .33dE
EL -20.04dEBm 10dE/ 9. 5kH=

2

[
. :
AR

R

gt R
s vl Wm%
CENTER 450, 4007MHz SPIN  100.0kHz
*REW  1.0kHz VEW  1.0kHz SWP  250ms
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Plot 3.2.2
Occupied bandwidth measurements test result

ATTEMN 10dE S JER . 17dE
EL -20.0dEm 10dE/ 9. 5kHez

CENTER 4a0.0000MH= 3P AT 100.0kH=
*REW 1.0kH= VB 1.0kH= IWF Z50m=
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Plot 3.2.3
Occupied bandwidth measurements test result

ATTEN 10dE 2 MER -1.00dE
RL  -20.0dEm 10dE/ 10.ZkH=

N i,

i
2 b IWM JWWJ‘I.HM‘-HA Al
[ it Y o
CENTER 469 . 6000MH= SPLN 100.0kH=
*REW 1.0kH= WVEW 1.0kH= 3P 2 50ms
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3.3 Emission mask according to FCC part 90 paragraph 210(d)

3.3.1 General

The power of any emission must be attenuated below the transmitter unmodulated carrier output
power (P in watts) as follows:
1) On any frequency from the center of the authorized bandwidth f, to 5.625 kHz removed from

f, Zero dB;

2) On any frequency removed from the center of the authorized bandwidth by a displacement
frequency (fy in kHz) of more than 5.625 kHz, but not more than 12.5 kHz:

at least 7.27 (f; — 2.88 kHz) dB;

3) On any frequency removed from the center of the authorized bandwidth by a displacement
frequency (f4 in kHz) of more than 12.5 kHz: at least 50 + 10 log (P) dB or 70 dB, whichever

is the lesser attenuation.

3.3.2 Test procedure

The emission mask calculated according to formulas (1) — (3) and measured results are shown in
Plots 3.3.1t0 3.3.3.

Conducted spurious emissions were measured at the EUT output terminals in the frequency range
from 9 kHz up to 5 GHz, test results are shown in Plots 3.3.4 to 3.3.36. The specified limit 50 + 10 log
(P) was converted in EIRP units — 20 dBm and applied spurious emissions throughout the following
frequency ranges:

9 kHz to 450.35 MHz and 450.45 MHz to 5 GHz,

9 kHz to 459.95 MHz and 460.05 MHz to 5 GHz,

9 kHz to 469.55 MHz and 469.65 MHz to 5 GHz - according to paragraph 2.1057(a)(1).

Radiated spurious emissions were measured in the anechoic chamber at 3-m test distance:
with the loop antenna in the range 9 kHz to 30 MHz,

the biconilcal - in the range 30 MHz to 200 MHz,

the log periodic - in the range 200 MHz to 1000 MHz,

the double ridged guide — in frequency range from 1000 to 5000 MHz.

The EUT was set up on the 80 cm height wooden table, as shown in Figures 3.3.1, 3.3.2 and
Photographs 3.3.1 to 3.3.3.

To find maximum radiation the turntable was rotated 360°, the biconical, log periodic, double ridged
guide measuring antennas height varied from 1 to 4 m and the antennas polarization was changed
from vertical to horizontal.

The test results were shown in Plots 3.3.37 to 3.3.54.

To find spurious emissions attenuation below the unmodulated carrier the substitution method was
used. The EUT was replaced with a substitution antenna connected to signal generator. The
measuring antenna height was changed from 1 to 4 m to find a maximum radiation. The level of the
signal generator output was adjusted until the previously recorded field strength maximum reading
was obtained as depicted in Tables 3.3.1 to 3.3.3.

The maximum transmitter output power is 0.042 W (16.33 dBm), and attenuation shall be

50 + 10 log 0.04 = 36.17 dB
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The dipole equivalent power was calculated using the equation:

Pq (dBm) = Pgut gen (dBm) - cable loss (dB) + G (dBd), where

P4 is the dipole equivalent power

Pout gen is the generator output power

G is the gain of the substitution antenna used relative to an ideal half-wave dipole antenna.
The attenuation below the unmodulated carrier power is calculated according to the formula:

Attenuation (dB) =10 log {P [mW]}(dBm) - P4 (dBm)

The test results are recorded in Tables 3.3.1 to 3.3.3. The EUT was found to comply with standard
requirements.

Reference numbers of test equipment used

0041 0446 0465 0521 0566 0569 0589 0592
0593 0594 1004 1425 1566 1637 1826 1849
1850 1942 1947 1984 2009 2109

Reference numbers of test equipment used for substitution method
0412 0521 0589 0614 1116 1939 1947 1984

Full description is in Appendix A.
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Figure 3.3.1
Set up for radiated emissions measurement

S

Absorbing material Anechoic chamber

Plastic antenna mast

I A A

Antenna height =
1-4m -

EUT support

EMI Receiver — H i
W ‘ 3m o equipment
| ol
Auxillary k ‘ | EUT ul
c Wooden table E
a 15mL X ImW £ Ll
o -
o i
© L
4 L - 1 H
ground plane Filter | £14sh mounted turntable
D=12m
Power cord
Figure 3.3.2

Set up for radiated emissions measurement in 9 kHz to 30 MHz frequency range

:_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Absorbing material

Anechoic chamber

= -
i H EUT support
EMI receiver m Loop antenna equipnﬁSm
i | 3m
Auxillary H | EUT

1S Wooden table e
— 15mL X 1ImwW CL;

©

L ]
Ground plane Flush g?;nztegntumlable
Power cord
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Photograph 3.3.1
Radiated emissions measurement setup
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Photograph 3.3.2
Radiated emissions measurement setup
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Photograph 3.3.3
Radiated emissions measurement setup
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Carrier frequency F. = 450.39 MHz

Table 3.3.1
Spurious emissions (harmonics) measurement test results

Test Report_450-470_rev2
Date: January, 2003

DATE: January 12, 2003
TEST PERFORMED AT: OATS
RELATIVE HUMIDITY: 40%
AMBIENT TEMPERATURE: 22°C
AIR PRESSURE 1015 hPa
DISTANCE BETWEEN ANTENNA AND EUT: 3m
DETECTOR TYPE: Peak
Frequency, | RBW, | Ant | Ant. Radiated [Generator| Cable | Antenna Dipole Attenuat, | Limit, | Margin, Pass/
type pol measured Pout, loss, gain, equivalent Fail
result, power,
MHz kHz dB(uV/m) dBm dB dBd dBm dBc dBc dB
450.39 10 LP \Y 44.65 -33.9 0.42 -1.19 -35.5 51.7 36.17 155 Pass
1351 1000 |DRG \ 46.1 -57.18 2.09 4.8 -54.5 70.6 36.17 345 Pass
1802 1000 |DRG H 53.3 -39.30 2.38 4.77 -36.9 53.1 36.17 16.9 Pass
2252 1000 |DRG \Y 48.8 -50.70 2.9 4.7 -48.9 65.1 36.17 28.9 Pass

Acronyms and abbreviations:

RBW = resolution bandwidth

Ant. type = antenna type: LP (log periodic), DRG (double ridged guide)
Ant. pol = antenna polarization: V-vertical, H- horizontal
Margin = dB below (negative if above) specification limit.
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Table 3.3.2
Spurious emissions (harmonics) measurement test results

Carrier frequency F. = 460.0015 MHz

DATE: January 12, 2003
TEST PERFORMED AT: OATS
RELATIVE HUMIDITY: 40%

AMBIENT TEMPERATURE: 22°C

AIR PRESSURE 1015 hPa
DISTANCE BETWEEN ANTENNA AND EUT: 3m

DETECTOR TYPE: Peak

Frequency, | RBW, | Ant | Ant. Radiated |Generator| Cable | Antenna Dipole Attenuat, | Limit, | Margin, Pass/
type pol measured Pout, loss, gain, equivalent Fail
result, power,
MHz kHz dB(uVv/m) dBm dB dBd dBm dBc dBc dB
460.0015 10 LP \% 55.3 -37.8 0.42 -1.17 -394 55.6 36.17 194 Pass
1840 1000 |DRG \% 53.4 -45.67 2.38 4.70 -43.4 59.5 36.17 23.4 Pass
1380 1000 DRG H 45.24 -56.94 2.09 4.88 -54.2 70.3 36.17 34.2 Pass

Acronyms and abbreviations:

RBW = resolution bandwidth

Ant. type = antenna type: LP (log periodic), DRG (double ridged guide)
Ant. pol = antenna polarization: V-vertical, H- horizontal

Margin = dB below (negative if above) specification limit.
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Table 3.3.3
Spurious emissions (harmonics) measurement test results

Carrier frequency F. = 468.27 MHz

DATE: January 12, 2003
TEST PERFORMED AT: OATS
RELATIVE HUMIDITY: 40%

AMBIENT TEMPERATURE: 22°C

AIR PRESSURE 1015 hPa
DISTANCE BETWEEN ANTENNA AND EUT: 3m

DETECTOR TYPE: Peak

Frequency, | RBW, | Ant | Ant. Radiated [Generator| Cable | Antenna Dipole Attenuat, | Limit, | Margin, Pass/
type pol measured Pout, loss, gain, equivalent Fail
result, power,
MHz kHz dB(uVv/m) dBm dB dBd dBm dBc dBc dB
468.27 10 LP \% 61.5 -35.4 0.42 -1.18 -37.0 53.2 36.17 17.0 Pass
1409 1000 |DRG \ 47.8 -56.73 2.09 4.96 -53.9 70.0 36.17 33.83 Pass
1878 1000 |DRG \Y, 52.9 -45.79 2.38 4.63 -43.5 59.7 36.17 235 Pass

Acronyms and abbreviations:

RBW = resolution bandwidth

Ant. type = antenna type: LP (log periodic), DRG (double ridged guide)
Ant. pol = antenna polarization: V-vertical, H- horizontal

Margin = dB below (negative if above) specification limit.
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Plot 3.3.1
Emission mask test results

*RTTEM nde MEE  -49.13dBm
RL -34.34Bm 1048/ 450.40050MHz
LEl L L LU

/[

A T’W T‘f y

T L

T ||
CENTER 450.40000MHz SERM 50.D0kHE
*REW 100He VEW  100Hz SWE 4.00sec
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Plot 3.3.2
Emission mask test results

*ATTEMN n4de MEE  -47.004Bm
RL -31.34Em 104y 459,308 75MHz
Ll L LD

’ ,,{H[ill Y
| L

[ ! I

CENTER 460 . 00000MH:z SPRN 20.00KkHz
*HEW 100Hz WVEW  100H= SHF  4.00sec
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Plot 3.3.3
Emission mask test results

*ATTEN 0dE MER  -50.63dEm
RL -34.3dEm 104/ 469 , 60050MHz
LYl L LD
fe
[ R
469 . §0000 MHz W
D
- J . \\.
A I 1{“
Tl by
I !
i
| |
CENTER 469 . 6000 0MHz SPAN  50.00kHz
*REW  100Hz VEW  100Hz SHE  4.00=ec
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Plot 3.3.4
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —9Z . 50dBm
RL -35.0dEm 10dE/ 9.0kH=
CCo0.EI0OD
il

ot pthy O e TP A O

START 9.0kH=z ATOF 150.0kH=
*REW 1.0kH= WEI 1.0kH= 3P Jalms
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Plot 3.3.5
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEMN 10dE HMEER —-37. 50dEm
EL -35.0dEm 10dE/ Z50kH=
CCo0. 10D

3TART 150kH= 3TOF 30.00MH=
*REW 10kH= VB 10kHz=z IWF T50m=
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Plot 3.3.6
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —&6. 67dAEm
EL -35.0dEBm 10dE/ 337.7HH=
o0 TI0on
I

START 30.0MH= STOF 400.0MH=
*REW 10kH= WE 10kH= 3WF 9.303ec
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Plot 3.3.7
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 40 dB

ATTEN 10d4dE MEER —3d.33dBm
EL -55.04dEBm 10dE/ 450.35MH=
CCo0. TI0n
I

START 400.00MH= STOF 450.35MH=
*REW 10kH= WE 10kH= 3TWF 1.303sec
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Plot 3.3.8
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 40 dB

ATTEN 10d4dE MEER -71.33dBm
RL —-30.0dEm 10dE/ 450.450MH=z
[oed=Tu 1Ny 3 Au) ¥
il & Ll
START 450.450NMH= STOF 455.000MH=
*REW 10kH= WE 10kH= 3WF 12 0ms
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Plot 3.3.9
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 40 dB

ATTEM 10dE MEER -35. 17dEm
EL —-35.0dEm 104dE/ 599, 1MH=
CCo0L T 10n

3TART 455.0MH= 3TOF 700.0MH=
*RE 10kH= VB 10kH= IWF f.20sec
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Plot 3.3.10
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 40 dB

ALTTEN 10dE HMER —52 . 504Em
RL —-35.0dEm 10dE/ S01.5MH=
[fnf=Tu]Np 3 Nu)
i
bty WWWMMWWW
START 7Ooo0.0MH= ITOFR 1.0000GH=
*REW 10kH= E 10kH= 3P 7.50=zec
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Plot 3.3.11
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 40 dB

LTTEN 10dE MER  -80.67dBm
EL -35.0dBm 10dE/ 900, 7993 MH=
TCoO0. 10D
x”i“m

CENTER 900, 7980MH= SPAN Z200.0kH=
*REW 10kH= WEI 10kH= 3P 50, 0ma
F=900.8 MHz P=-80.67 dBm +40 dB =-40.67 dBm

Limit: -20 dBm
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Plot 3.3.12
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEMN 10dE HMEER — 66, 00dEm
EL -35.0dEm 10dE/ 1.352GH=
CCo0. 10D

3TART 1.000GH=z 3TOF Z2.0005H=
*REW 1.0MH= VB 1.0HMH= IWF 50.0m=
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Plot 3.3.13
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —66.004Em
EL -35.0dEBm 10dE/ 1.351Z203GHe
o0 TI0n

CEMTER 1.351208GH= SPAN 5.000MH=
*REW 1.0MH= WE 1.0MH= 3WF 50, Oms
F=1351.2 MHz P=-66 dBm+20 dB=-46 dBm
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Plot 3.3.14
Conducted spurious emissions measurement test results

F=450.400 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —-a7.17dBm
RL -35.0dEm 104dE/ Z.675GHE
CCo0.EI0OD

3TART Z.000GH= 3TOF 5.000GH=
*REW 1.0MH= VB 1.0MH= 3P a0, Oma
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Plot 3.3.15
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —-9Z.17dEBm
RL -35.0dEm 104dE/ 9.0kHz
CCo0.EI0OD
D

3TART 9.0kH=z 3TOF 150.0kH=
*REW 1.0kH= VB 1.0kH= 3P Jalms
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Plot 3.3.16
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

ATTEMN 10dE HMEER —-35. 67dEm
EL -35.0dEm 10dE/ ZZ .59MH=
CCo0. 10D
D

3TART 150kH= 3TOF 30.00MH=
*REW 10kH= VB 10kHz=z IWF T50m=
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Plot 3.3.17

Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

ATTEM 10dE HEER -587.67dEm
EL -35.04dEm 10dEB/ 151.1HMH=
[o{ai=Tu Ny NN}
I
(s mfpbif buctha i i WMMWMWMW
3TART 30.0MH= ITOP 400.0MH=
*REW 10kH= VEW 10kH= 3WF 9.303ec
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Plot 3.3.18
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 40 dB

ATTEN 10d4dE MEER —-d4. 67dEBm
EL -45.0dEBm 10dE/ 459.95MH=
CCo0. TI0n

START 400.00MH= STOF 459,.95MH=
*REW 10kH= WE 10kH= 3TWF 1.50zec
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Plot 3.3.19
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 40 dB

ATTEN 10dE MEER —-69. 67dEBm
EL -33.5dEBm 10dE/ 460.050MH=z
o0 TI0on

START 4/0.050MH= STOF 465.000MH=
*REW 10kH= WE 10kH= 3WF 130ms
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Plot 3.3.20
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 40 dB

ATTEN 10dE MEE —-88.50dEm
EL —-33.5dBm 10dE/ E71.1MH=
CCoo. F10n
I
START 455, 0MH= SITOP 700.0MH=
*EEW 10kH= WEW 10kH= STF 5.90=zerx
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Plot 3.3.21
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 40 dB

ATTEN 10dE MEER —&3.00dEm
EL -33.5dEBm 10dE/ 9Z1.0MH=
o0 TI0on
I

START TO0.0MH= STOF 1.0000GH=
*REW 10kH= WE 10kH= 3WF T.503ec
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Plot 3.3.22
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 40 dB

LTTEN 10dEB MEE -3Z.33dBm
RL —45, 0dBm 10dE/ QZ0.0000MH=z
iafag=Tu R RN}
D
it

M@M@wmmwx mm« PN PN, . Y ;

CEMTER QEZ0.0017MH= SPAN Z00.0kH=
*REW 10kH= WE 10kH= 3WF 50, Oms

P=-82.33 dBm+40 dB =-42.33 dBm
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Plot 3.3.23
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

LTTEMN 10dE HMER —65.504Em
EL —-35.0dEm 10dE/ 1.380GH=
[ofed=Tn Ny 3 AN} &
o £
T e s e AETRPRTRTIN FRTRTIRUge PRI T RTTRIY Sa v | T NCTPE Y BRSO
3TART 1.000GH= ITOP Z2.000GH=
*REW 1.0MH= VEW 1.0MH= 3WE S50, 0m=
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Plot 3.3.24
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

ATTEN 10dE HMEE —-66.33dEm
EL —-35.0dEm 10dE/S 1.380000GHz=z
CCo0 . 10D

I [

PR PSRN I ™y T SEVRTY SO W

CEMNTEE 1.380000GH= SPLT S5.000MH=
*RET 1.0MH= YVEW 1.0MH= WP S0, 0m=

F=1380 MHz P=-66.33 dBm +20 dB=-46.33 dBm
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Plot 3.3.25
Conducted spurious emissions measurement test results

F=460.000 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —-67.33dBm
RL -35.0dEm 104dE/ Z.695GH:
CCo0.EI0OD

START Z.000GH=z ATOF 5.000GH=
*REW 1.0MH= WEI 1.0MH= 3P a0. Oms
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Plot 3.3.26
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —-9Z.17dEBm
EL -35.0dEm 10dEB/ 9.0kH=
CCo0.E10D

3TART 9.0kH=z 3TOF 150.0kH=
*REW 1.0kH= VB 1.0kH= 3P Jalms
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Plot 3.3.27
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 20 dB

ATTEN 10dE MEER —&g . 00dBm
EL -35.0dEBm 10dE/ 5.03HMH=
o0 TI0on
I

START 150kH= STOF 30.00MH=
*REW 10kH= WE 10kH= 3WF T50ma
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Plot 3.3.28
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 20 dB

ATTEN 10dE MEER -&5. 67dEBm
EL -35.0dEBm 10dE/ 35Z.5MHs
o0 TI0on

START 30.0MH= STOF 400.0MH=
*REW 10kH= WE 10kH= 3WF 9.303ec
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Plot 3.3.29
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 40 dB

ATTEMN 10dE MEER =77 .33dBm
EL -35.0dEBEm 10dE/ 469.55MH=
CCo0. 10D

3TART 400.00MH= 3TOF 465.55MH=
*REW 10kH= VB 10kH= WP 1.50zec
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Plot 3.3.30
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 40 dB

ATTEN 10dE MEER =70.33dEBm
EL -35.0dEBm 10dE/ 469, 650MH=z
o0 TI0on
I

START 469.650MH= STOF 475.000MH=
*REW 10kH= WE 10kH= 3WF 140msz
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Plot 3.3.31
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 40 dB

ATTEN 10dE MEER —&g. 67dBm
EL -35.0dEBm 10dE/ 537.1MH=
o0 TI0on

START 475.0MH= STOF TO0.0MH=
*REW 10kH= WE 10kH= 3WF 5. 703ec
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Plot 3.3.32
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 40 dB

ATTEN 10dE MEER -3 . 50dBm
RL -35.0dEm 10dE/ 940.0MH=
CCoOLEIOD
il

MWWWMMMM Bl kg At

START 700.0MH= ATOF 1.0000GH=z
*REW 10kH= WEI 10kH= 3P T.505ec
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Plot 3.3.33
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 40 dB

ATTEN 10dE MER  -&Z.50dEm
EL -35.0dEm 10dE/ 939, 2000MHz
oo, F10D
D
P

CEMTER 939.2000MH= SPAN Z00.0kH=
*REW 10kH= WE 10kH= 3WF 50, Oms
F=939.2 MHz P=-82.5 dBm +40 dB=-42.5 dBm
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Plot 3.3.34

Test Report_450-470_rev2

Date: January, 2003

Conducted spurious emissions measurement test results

F=469.600 MHz

External attenuation = 20 dB

ATTEM 10dE HEER -67.67dEm
EL -35.04dEm 10dEB/ 1.410GH=
[s{ai=Tu Iy NN}
" i
L O R P T e e e e
3TART 1.000GH= ITOP 2 .000GH=
*REW 1.0MH= VEW 1.0MH= 3WF 50. Oms
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Plot 3.3.35
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 20 dB

ATTEN 10dE HMEER -67.33dEBm
EL -35.0dEBm 10dE/ 1.4083300GH=
CCo0 . 10D
D
rossatia e |

WMWWW (i =T T S O (R

CEMTEER 1.408800GH= SPLN L.000MH=
*REW 1.0MH= WEW 1.0MH= SWE 50, 0ms

F=1408.8 MHz P=-67.33 dBm +20 dB =-47.33 dBm
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Plot 3.3.36
Conducted spurious emissions measurement test results

F=469.600 MHz
External attenuation = 20 dB

ATTEN 10dE MEER - 67 . 50cdBm
EL -35.0dEm 10dEB/ Z2.705GH=
CCo0.E10D

3TART Z.000GH= 3TOF 5.000GH=
*REW 1.0MH= VB 1.0MH= 3P a0, Oma
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Plot 3.3.37

Test Report_450-470_rev2
Date: January, 2003

Radiated spurious emissions measurement test results

F=450.400 MHz

[(#] 2@:14:531 DCT 2@, Zafe

ACTY LET: PERE
HEAS OET: PERK P ALG
MER 8.8 kHz
£3.33 dBulénm
LO0G REF 7.8 dBul @ PREAHF [N
ia
dB
tATH
8 df
. A Ao
[ rnus
UR SB
SC FC
ACORR

START 9.8 kHz

AL *IF EW 288 H: AUD BN 388 H:

ET10F 15B.B WHz2
SHWF 18.3 sec
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Plot 3.3.38
Radiated spurious emissions measurement test results

F=450.400 MHz

(@3] 28:17:38 OCT 20, 2@02

ACTY DOET: FEAK
MEAS OET: PEAK OP AUG

MER 130 kHz
b1.12 dBEuW/m

LOG REF 78.6@ dBplsm FREAMFE 0N
10
dE #

b
+ATH
B oan | ey

el
P gh

s

UA SR i i PR

SC fFC
ACORR

START 150 kHz STO0F J8.8B MHz
RL #IF BW 3.8 kHz AUG BW 3B kH: SHWP 2.49 sec
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Plot 3.3.39
Radiated spurious emissions measurement test results

F=450.400 MHz

(B3] 19-48:53 OCT 15, paABEE
VERTICALXHORIZONTAL POLRARIZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUE
MER 18E.5 HMHz
i B7 dBplem

LOCG REF BA.A@ dBulsm PREAMP 0N
1B

dB~
#ATH
A de :

U 3B TE

S5C FC
ACORR
5TART 3B B MHz STOF CHE.H MH:
RL t1F BH 188 LHz AUG BW Z@B kHz SHP 158 meec
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Plot 3.3.40
Radiated spurious emissions measurement test results

F=450.400 MHz

[@3]19-86:41 OCT 15 _P@AE
VERTICALXHORIZONTAL POLAR]ZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUG
MEE SHE.B HMH:z
35 19 dBplem

LOG REF EA.Q@ dBuplim PREAMP 0N
1
dB~
#ATH ]
d de
T LN
. MWMJ*WM
T S
UA 5B
S5C FC
ACORR
START CRE.B MH: STOP 1.@BRE GHz
R t1F BH 188 LHz AUG BW Z@B kHz SHP 750 mcoec
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Plot 3.3.41
Radiated spurious emissions measurement test results

F=450.400 MHz

(@] £1-14:07 OCT 15 PAHE
UERTICALXHORIZONTAL POLAR]ZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUG
MER 1.BBC CHz
38 BE dBplsm

LOG REF EA.Q@ dBuplim PREAMP 0N
18
dBs o
#ATH
L.WMVWLWWM

UA 5B
S5C FC
ACORR
5TART 1.HBB GH: 5TOF ©.901 (OH:
RL IF BH 1.0 MHz AUG BW 3 MHz SWF 38 Y mcaec

The 3", 4™ and 5™ harmonics of fundamental — refer to Table 3.3.1.

Page 64 of 108



Test Report_450-470_rev2
Date: January, 2003

Plot 3.3.42
Radiated spurious emissions measurement test results

F=450.400 MHz

[5] 28:44:13 OCT 17 2082

ALTY DET: PEAK
MEAS DET: PERK OP AVQ

AKR H.B33 (Hz
H43.23 dBul/m

LOG REF BEA.A dBulim

i o e ik o . . i e .
dB #
#ATH

T e i T

FREANF DM

[ PP T -'-'-M-'-—-l'-.--l-—.'-..-..J._-.._-|.—u.'--~'F'5

UA 5B
sC FC
ACORRA

ST1ART 2. 780 LH: ST0F H.788 GH:
AL *IF BH 1.8 MHz ®AVG BH 3 MHz SWP YB.@ nsec
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Plot 3.3.43
Radiated spurious emissions measurement test results

F=460.000 MHz

[3] e@:2B:54 OCT 24. 2PA2

ACTU DET: PEAX
HEAS OET: PERY 0P ALG
MEF 8.1 kHz
BY.H47 dBuWsfm
LOG  REF 3.8 dBuVsn PREAMF ON
i
df ¢
tATN LIIMW
B de [asrt A up,, i ;
L%W
g SR
SC FC
RLORR ——
CTART 9.B kH: ET0P 1SA.B LH:
RL #+[F BN CHA Hr AUD HW 3@A H: SMF 18.3 sec
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Plot 3.3.44
Radiated spurious emissions measurement test results

F=460.000 MHz

[(B3] °@:22:55 OCT 24, 2087

ALTU DET: PERK
HMEAS DET: PEAK QP AUG
HER 170 kH7
29.81 dEul/m
LOO REF 7.8 dBulsm PREANF ON
IH S e - e — — - -
dB/ |
B di | 3
'ﬂl.hﬂﬁ.r \.llﬂ 4
HMM%
| M
1
UR &E WS s
EC KL
ACORR .
START 198 kHz B10F 20,80 MHz
A 8]F BW 9.8 kH: AVD BW 38 kH: SWP 2.49 sar
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Plot 3.3.45
Radiated spurious emissions measurement test results

F=460.000 MHz

[@3] 19-32:45 OCT 15 _ P@AE
VERTICALXHORIZONTAL POLAR]ZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUE
MER 113.7 HHz
td BE dBplsm

LOCG REF BA.A@ dBulsm PREAMP 0N
1B
dB~

AATHN 55 LIMIT
A de :

. ]
WMM‘ Jll \ MMHMM S T ST

UA 5B S

S5C FC

ACORR

5TART 3B B MHz STOF CHE.H MH:
RL t1F BH 188 LHz AUG BW Z@B kHz SHP 158 meec
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Plot 3.3.46
Radiated spurious emissions measurement test results

F=460.000 MHz

[@3]19-47:83 OCT 15 _P@AE
VERTICALXHORIZONTAL POLAR]ZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUG
HERE 924.0@ HHz
35 17 dBplem

LOG REF EA.@ dEplUsm PREAMPE 0OM
T

dBs

RATH -
A dBE

™ WWWW

T e i
VA 5SE
3C FC
ACORR
START 2BdA.B MHz STOP 1.ABBA (Hz
RL Ll1F BW 128 kHr AYG ElW =8B kHz SHF 790 meac
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Plot 3.3.47
Radiated spurious emissions measurement test results

F=460.000 MHz

(@3] 2a-44:29 OCT 15 _P@AE
VERTICALXHORIZONTAL POLAR]ZATION
ACTY DET: PERK
MEAS DET: PEAK OF AUG
MER 1.BY1 GHz
53 BY dBulsm

LOCG REF BA.A@ dBulsm FREAMFE 0N
1R
dB~ 1’

) R o e

UA 5B
S5C FC
ACORR

5TART 1.HBB GH: 5TOF ©.901 (OH:
R IF BH 1.0 MHz AUG BW 3 MHz SWF 38 Y mcaec

The 3", 4™ and 5" harmonics of fundamental — refer to Table 3.3.1.
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Plot 3.3.48
Radiated spurious emissions measurement test results

F=460.000 MHz

[F3] 2@:27:1@ OCT 17, 2@e2

ACTY DOET: PERK

HEAS DET: PEAK DP ALG
HER 4.61R GHz
H3, 3@ dEulvn

ti_gﬁ AEF BE.A dBulsm PREANF DA
cli |
AN —1 ]
@ db [ |

UR &R
SC FC
HCORA

STRRT 2.78@8 CHz ETOP 4.70R GHz
FL sIF EW 1.8 HHz FAVG BH 3 HHr SHF H8.8 psec
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Plot 3.3.49
Radiated spurious emissions measurement test results

F=469.600 MHz

(%] c@:1@:19 OCT 22, Zd@2

ACTW OET: PEAK
HEAS OET: PEAK DP AUG
HER 18,4 kHz
G2.4HI dBEplin
LOG AEF 7A.8 dBuViam PREARF ON
lE r - " " i
a8/ |
#ATH “#jlk"'?,vw:'ww _ :
B df %_
I | W "Hmﬁw
UR 5B
&L FC
RCORR |
STAAT O.8 kHz E10F 15B.B kH:
FL i]F BH 2B Hr AVD BH 388 Hz SHP 18.3 sec
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Plot 3.3.50
Radiated spurious emissions measurement test results

F=469.600 MHz

(3] e@:A4:47 OCT 28. 2082

ACTYU DET: PEAR
HEAS OET: PEAE 0P AWg
MEFR 158 kHz
GB.BE dBuWs/m
LOG  REF 7@.8 dBulVsn PREAMF 0N
i . — T
dB / i { |||
LAl I I T
| |
| | T, | | ,
! FM“"'-"IJJ,,- | I |
L":I S-E - hhﬁm
&CFL | | g
RCORAR r i '
I |
1 |
| |11
CTART {5B kH: ETO0F 38,08 MH:
RL #[F BW 3.8 kHr AUD BW 38 kH: SWF 2.9 BeC
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Plot 3.3.51
Radiated spurious emissions measurement test results

F=469.600 MHz

(B3] 19-36:15 OCT 15, paABEP
VERTICALXHORIZONTAL POLRARIZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUE
MER 113.7 HHz
S 13 dBplem

LOCG REF BA.A@ dBulsm PREAMP 0N
1B

dB~
#ATH
A de :

. g . .
T VY i s i R

U 3B e L

S5C FC
ACORR
5TART 3B B MHz STOF CHE.H MH:
RL t1F BH 188 LHz AUG BW Z@B kHz SHP 158 meec
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Plot 3.3.52
Radiated spurious emissions measurement test results

F=469.600 MHz

(B3] 18-55:33 OCT 15, paABEE
VERTICALXHORIZONTAL POLRARIZATION

ACTY DET: PERE

MEAS DET: PEAK OF AUG
MEE 34C.8 HMHz
37 49 dBplem

LOCG REF BA.A@ dBulsm PREAME 0N
1B i
dB~
#ATN ]
A dE
e b
WWM pheotr=]
A
VA 5B
SCFC
ACORR
START JBA.B MHz STOP 1. ARBA (Hz
RL B1F EW 128 kHz AUG BW 3ABA LHz SHF 750 meec
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Plot 3.3.53
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Radiated spurious emissions measurement test results

F=469.600 MHz

(B3] ed-58:88 OCT 15, paABEE
VERTICALXHORIZONTAL POLRARIZATION

LOG
1B

dB~
#ATH
A dB

UA 5B
S5C FC
ACORR

START
RL

REF EA.OA dEplsm

PEAE

TW DET:
A% DET: PEAE OF AUG

MER 1.BBY CHz
34 B3 dBplem

PREAMP 0N

| inieapoc]
MWILWW

1. 80R (Hz
IF BH 1.0 MHz

AUG BW 3 MHz

STOF .91 GH=z
SHF 38 Y4 mcec

The 3", 4™ and 5" harmonics of fundamental — refer to Table 3.3.1.
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Plot 3.3.54

Test Report_450-470_rev2
Date: January, 2003

Radiated spurious emissions measurement test results

F=469.600 MHz

(@] cB:37:38.0CT 17, c@dc

LOG
ia
di /
TATH
8 db

UH &8
&L FL
ALORA

STRRT
AL

1 PERK

ACTY BET:
NEAS DET: PERK OP AUC

HER 4,788 CHz
43,33 dBul/n

REF B@.@ dBuV/m FREAHF 0N
. i Py _.\,......,.,h-ll-..-\--n'\—ﬂ‘ Aas e gt | befnnn

|

i

I
c. 708 CHz ET0OF 4,788 CH:

*IF BM 1.8 HHz

TAVD BN 3 HHz

HF 49,8 msec
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3.4  Frequency stability measurements according to FCC part 90 paragraph
213

3.4.1 General

According to paragraph 90.213, the frequency stability limit (in parts per million) for equipment with a
12.5 kHz channel bandwidth in frequency range 450 — 470 MHz is 2.5 ppm.
For frequency 450 400 140 Hz the specified limit is +1126 Hz

460 000 140 Hz - +1150 Hz

469 600 150 Hz - +1174 Hz.

3.4.2 Test procedure

The EUT frequency stability was investigated for various temperatures in the range from

—30°C to +50°C at the low, middle and high frequency channels.

Test results were recorded in Tables 3.4.1 to 3.4.6. The maximum measured displacement was
1000 Hz.

The EUT was found to comply with the standard requirements.

Reference numbers of test equipment used

0493 0558 0758 0808

Full description is in Appendix A.
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Temperature: 20°C

Table 3.4.1
Frequency stability test results vs supply voltage
Frequency: 450.400 110 MHz, limit: £1126 Hz

Test Report_450-470_rev2

Date: January, 2003

Voltage, Frequency, Displacement, Time, Pass/ Fail
\Y Hz Hz min
450 400 120 +10 startup Pass
Ucc=12 V 450 400 120 +10 +2 Pass
450 400 110 0 +5 Pass
450 400 110 0 +10 Pass
450 400 110 0 startup Pass
Ucc=9 V 450 400 100 -10 +2 Pass
450 400 100 -10 +5 Pass
450 400 100 -10 +10 Pass
450 400 110 0 startup Pass
Ucc=15V 450 400 110 0 +2 Pass
450 400 110 0 +5 Pass
450 400 110 0 +10 Pass

Reference frequency: 450 400 110 Hz
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Table 3.4.2

Test Report_450-470_rev2

Date: January, 2003

Frequency stability test results vs ambient temperature
Reference frequency: 450 400 110 Hz, limit: £1126 Hz

Temperature, Frequency, Displacement, Time, Pass/ Fail
°C Hz Hz min
450 399 970 -140 startup Pass
t°=30°C 450 399 960 -150 +2 Pass
450 399 960 -150 +5 Pass
450 399 970 -140 +10 Pass
450 399 880 -230 startup Pass
t°=40°C 450 399 880 -230 +2 Pass
450 399 880 -230 +5 Pass
450 399 880 -230 +10 Pass
450 400 600 490 startup Pass
t°=50°C 450 400 590 480 +2 Pass
450 400 580 470 +5 Pass
450 400 570 460 +10 Pass
450 400 160 50 startup Pass
t°=10°C 450 400 150 40 +2 Pass
450 400 150 40 +5 Pass
450 400 150 40 +10 Pass
450 400 300 190 startup Pass
t°=0°C 450 400 310 200 +2 Pass
450 400 300 190 +5 Pass
450 400 300 190 +10 Pass
450 401 060 950 startup Pass
t°=-10°C 450 401 070 960 +2 Pass
450 401 070 960 +5 Pass
450 401 070 960 +10 Pass
450 400 890 780 startup Pass
t°=-20°C 450 400 840 730 +2 Pass
450 400 860 750 +5 Pass
450 400 860 750 +10 Pass
450 400 520 410 startup Pass
t°=-30°C 450 400 510 400 +2 Pass
450 400 490 380 +5 Pass
450 400 460 350 +10 Pass
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Temperature: 20°C

Table 3.4.3
Frequency stability test results vs supply voltage
Frequency: 460 000 120 MHz, limit: £1150 Hz

Test Report_450-470_rev2

Date: January, 2003

Voltage, Frequency, Displacement, Time, Pass/ Fail
\Y Hz Hz min
460 000 040 -80 startup Pass
Ucc=12 V 460 000 060 -60 +2 Pass
460 000 100 -20 +5 Pass
460 000 120 0 +10 Pass
460 000 140 +20 startup Pass
Ucc=9 V 460 000 140 +20 +2 Pass
460 000 130 +10 +5 Pass
460 000 120 0 +10 Pass
460 000 130 +10 startup Pass
Ucc=15V 460 000 130 +10 +2 Pass
460 000 130 +10 +5 Pass
460 000 130 +10 +10 Pass

Reference frequency: 460.000120 Hz
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Table 3.4.4

Test Report_450-470_rev2

Date: January, 2003

Frequency stability test results vs ambient temperature
Reference frequency: 460 000 120 Hz, limit: £1150 Hz

Temperature, Frequency, Displacement, Time, Pass/ Fail
°C Hz Hz min
459 999 990 -130 startup Pass
t°=30°C 459 999 980 -140 +2 Pass
459 999 990 -130 +5 Pass
459 999 990 -130 +10 Pass
459 999 880 -240 startup Pass
t°=40°C 459 999 870 -250 +2 Pass
459 999 860 -260 +5 Pass
459 999 850 -270 +10 Pass
460 000 680 560 startup Pass
t°=50°C 460 000 640 520 +2 Pass
460 000 590 470 +5 Pass
460 000 560 440 +10 Pass
460 000 150 30 startup Pass
t°=10°C 460 000 150 30 +2 Pass
460 000 150 30 +5 Pass
460 000 140 20 +10 Pass
460 000 500 380 startup Pass
t°=0°C 460 000 460 340 +2 Pass
460 000 420 300 +5 Pass
460 000 390 270 +10 Pass
460 001 110 990 startup Pass
t°=-10°C 460 001 110 990 +2 Pass
460 001 110 990 +5 Pass
460 001 100 980 +10 Pass
460 000 830 710 startup Pass
t°=-20°C 460 000 830 710 +2 Pass
460 000 820 700 +5 Pass
460 000 840 720 +10 Pass
460 000 510 390 startup Pass
t°=-30°C 459 999 640 -480 +2 Pass
460 000 520 400 +5 Pass
460 000 500 380 +10 Pass
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Table 3.4.5
Frequency stability test results vs supply voltage
Frequency: 469.600 130 MHz, limit: £1174 Hz

Temperature: 22°C

Voltage, Frequency, Displacement, Time, Pass/ Fail
\Y Hz Hz min
469 600 14 +10 startup Pass
Ucc=12 V 469 600 14 +10 +2 Pass
469 600 13 0 +5 Pass
469 600 13 0 +10 Pass
469 600 12 -10 startup Pass
Ucc=9 V 469 600 13 0 +2 Pass
469 600 13 0 +5 Pass
469 600 13 0 +10 Pass
469 600 13 0 startup Pass
Ucc=15V 469 600 13 0 +2 Pass
469 600 13 0 +5 Pass
469 600 13 0 +10 Pass

Reference frequency: 469.600 130 Hz
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Table 3.4.6
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Date: January, 2003

Frequency stability test results vs ambient temperature
Reference frequency: 469.600 130 Hz, limit: £1174 Hz

Temperature, Frequency, Displacement, Time, Pass/ Fail
°C Hz Hz min
469 599 970 -160 startup Pass
t°=30°C 469 599 960 -170 +2 Pass
469 599 960 -170 +5 Pass
469 599 960 -170 +10 Pass
469 599 870 -260 startup Pass
t°=40°C 469 599 860 -270 +2 Pass
469 599 860 -270 +5 Pass
469 599 860 -270 +10 Pass
469 600 610 480 startup Pass
t°=50°C 469 600 590 460 +2 Pass
469 600 580 450 +5 Pass
469 600 570 440 +10 Pass
469 600 150 20 startup Pass
t°=10°C 469 600 160 30 +2 Pass
469 600 160 30 +5 Pass
469 600 160 30 +10 Pass
469 600 370 240 startup Pass
t°=0°C 469 600 350 220 +2 Pass
469 600 350 220 +5 Pass
469 600 350 220 +10 Pass
469 601 120 990 startup Pass
t°=-10°C 469 601 130 1000 +2 Pass
469 601 130 1000 +5 Pass
469 601 130 1000 +10 Pass
469 600 920 790 startup Pass
t°=-20°C 469 600 900 770 +2 Pass
469 600 910 780 +5 Pass
469 600 900 770 +10 Pass
469 600 570 440 startup* Pass
t°=-30°C 469 600 540 410 +2 Pass
469 600 510 380 +5 Pass
469 600 490 360 +10 Pass
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3.5 Transient frequency behavior according to FCC part 90 paragraph 214

3.5.1 General

Transmitters designed to operate in 450 — 470 MHz frequency range with 12.5 kHz channels must
maintain transient frequencies within the maximum frequency difference limits during the time
intervals indicated:

Time interval 1.2 Maximum frequency difference3
t,=10 ms 4 12.5 kHz
t,=25 ms 6.25 kHz
t;=10 ms 4 12.5 kHz

1_ ton is the instant when a 1 kHz test signal is completely suppressed, including any capture time due to
phasing

t; is the time period immediately following t,,

t, is the time period immediately following t;

t5 is the time period from the instant when the transmitter is turned off until t

to is the instant when the 1 kHz test signal starts to rise.
2 — During the time from the end of t, to the beginning of t5, the frequency difference must not exceed the
limit specified in FCC part 90 §90.213.
3 _ Difference between the actual transmitter frequency and the assigned transmitter frequency.

4 - The frequency difference during this time period may exceed the maximum frequency difference for
this time period because the transmitter carrier output power rating is less than 6 watts.

3.5.2 Test procedure

The EUT was setup as shown in Photograph 3.5.1. The transmitter was activated, the signal trace
was observed. The frequency was maintained within allowable limits during t;=10 ms and t,=25 ms,
also it remained within limits following t,. The test results were recorded in Plots 3.5.1, 3.5.2, 3.5.4
and 3.5.6.

The transmitter was turned off and the frequency behavior was observed. The test results were
recorded in Plots 3.5.3, 3.5.5 and 3.5.7.

The EUT was found to comply with the standard requirements.

Reference numbers of test equipment used

0539 0670 0783 0793 1508 1509 1518 1521
1527 2227

Full description is in Appendix A.
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Table 3.5.1 Transient frequency behavior test results

TEST SPECIFICATION:
DATE:

RELATIVE HUMIDITY:
AMBIENT TEMPERATURE:
AIR PRESSURE:

47CFR part 90, section 90.214
October 16, 2002

43%
25°C
1009 hPa

Test Report_450-470_rev2

Date: January, 2003

Frequency, Maximum frequency Measured time Limit, Refer to plot Verdict
difference, interval,

MHz kHz ms ms
12.5* t;=5.84 10 351 Pass

450.4 6.25 t= NA 25 351 Pass
12.5* t3=0.084 10 3.5.2 Pass
12.5* t; = 6.56 10 3.53 Pass

460.0 6.25 t= NA 25 3.53 Pass
12.5* t3=0.096 10 3.54 Pass
12.5* t; = 6.64 10 3.5.5 Pass

469.6 6.25 t= NA 25 3.5.5 Pass
12.5* t3=0.12 10 3.5.6 Pass

*Note: the frequency difference during this time period may exceed the maximum frequency
difference for this time period because the transmitter carrier output power rating is less than 6 watts
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Plot 3.5.1

Test Report_450-470_rev2

Transient frequency behavior @ Tx on

at 450.4 MHz
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Plot 3.5.2
Transient frequency behavior @ Tx off
at 450.4 MHz
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Plot 3.5.3
Transient frequency behavior @ Tx on
at 460.0 MHz
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Plot 3.5.4
Transient frequency behavior @ Tx off
at 460.0 MHz
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Plot 3.5.5
Transient frequency behavior @ Tx on
at 469.6 MHz
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Plot 3.5.6
Transient frequency behavior @ Tx off
at 469.6 MHz
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Photograph 3.5.1
Setup for transient frequency behavior measurement
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3.6 Radiated emission measurements according to FCC part 15 subpart B
§15.109

3.6.1 General

This test was performed to measure radiated emissions from the receiver and incorporated digital
device of the EUT, also to verify the EUT full compliance with §15.109.

Radiated emission measurements specification limits are given in Table 3.6.1 below:

Table 3.6.1
Limits for electric field strength, quasi-peak detector @3 meter distance
Frequency Class B equipment
MHz dB(uVv/m)

30 - 88 40

88 - 216 43.5

216 - 960 46
960 - 5000 54

3.6.2 Test procedure

The radiated emissions measurements of the EUT digital part were performed in the anechoic
chamber at 3 meter measuring distance in the frequency range from 30 MHz up to 5th harmonic of
the receiver local oscillator with the biconilog and double ridged guide antennas.

The EUT in stand-by mode was placed on the wooden table as shown in Figure 3.3.1 and
Photographs 3.3.2, 3.3.3. To find maximum radiation the turntable was rotated 360°, the measuring
antennas height changed from 1 to 4 m, and the antennas polarization was changed from vertical to
horizontal.

The results of measurements were recorded in Table 3.6.2 and shown in Plots 3.6.1 to 3.6.4.

Reference numbers of test equipment used

0041 0465 0521 0589 0592 0593 0594 0604
1004 1425 1566 1826 1849 1850 1942 2009
2109

Full description is in Appendix A.
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Table 3.6.2 Radiated emission measurements test results

TEST SPECIFICATION: 47CFR part 15, subpart B, class B

DATE: October 16, 2002

RELATIVE HUMIDITY: 43%

AMBIENT TEMPERATURE: 25°C

AIR PRESSURE: 1009 hPa

THE EUT WAS TESTED AS: TABLE-TOP

TEST PERFORMED AT: Anechoic chamber

DISTANCE BETWEEN ANTENNA AND 3m

EUT:

FREQUENCY RANGE: 30 MHz - 2 GHz

DETECTOR TYPE: QUASI-PEAK

RESOLUTION BANDWIDTH: 120 kHz
Frequency, Ant. | Ant. TT Radiated Specification Margin, Pass/

pol. | hgt., | pos., emissions, class B limit, Fail
MHz m @) dB (uV/m) dB (uV/m) dB

105.905000 H 1.0 140 21.53 43.5 21.97 Pass
119.138750 V 1.0 28 20.05 43.5 23.45 Pass
449.306500 H 1.8 90 42.95 46.0 3.05 Pass
898.602750 H 1.0 90 32.44 46.0 13.56 Pass

The test results recorded in the table were obtained throughout the testing with biconilog antenna and
guasi-peak detector with resolution bandwidth = 120 kHz.

Table calculations and abbreviations:
Radiated emission dB(uV/m) = measured results dB(uV) + correction factor dB(1/m).

Ant. pol. = antenna polarization (V-vertical, H-horizontal).

Ant. hgt. = antenna height.

TT pos. = turntable position in degrees, (EUT front panel = 0°).
Margin = dB below (negative if above) specification limit.
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Plot 3.6.1
Radiated emission measurements test results,
frequency range 30 MHz - 1000 MHz
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Plot 3.6.2
Radiated emission measurements test results,
frequency range 1000 MHz — 2000 MHz
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Plot 3.6.3
Radiated emission measurements test results,
3@ harmonic of local oscillator
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Plot 3.6.4
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Radiated emission measurements test results,

4™ harmonic of local oscillator
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3.7 Mains terminal radio interference voltage measurements

3.7.1 General

This test was performed to measure common mode conducted emissions at the power port.
Specification test limits are given in Table 3.7.1. The worst test results (the lowest margins) were
recorded in Tdble 3.7.2 afhd shown in the associated plots.

Table 3.7.1
Mains terminal radio interference voltage specification test limits
Frequency, Class B equipment,
MHz dB(uV)
0.45-30 48.0

3.7.2 Test procedure

The EUT was set up as shown in Figure 3.7.1 and the associated photograph, energized and the
performance check was conducted. The measurements were performed at mains terminals by means
of the LISN, connected to a spectrum analyzer in the frequency range referred to in Table 3.7.1.
Unused coaxial connector of the LISN was terminated with 50 Q. Quasi-peak detector was used
throughout the testing as referred to in Table 3.7.2.

The position of the device cables was varied to determine maximum emission level.

The EUT was found to be in compliance with the standard requirements and passed the test.

Reference numbers of test equipment used

0447 0672 0787 1430 1501 1511

Full description is given in Appendix A.
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Radio frequency interference voltage test results

TEST SPECIFICATION:

DATE:

RELATIVE HUMIDITY:
AMBIENT TEMPERATURE:

AIR PRESSURE:
THE EUT WAS TESTED AS:
DETECTOR USED:

FREQUENCY RANGE:

47CFR part 15, subpart B, class B
October 14, 2002

42%
24°C
1006 hPa

TABLE-TOP

QUASI-PEAK
150 kHz — 30 MHz

RESOLUTION BANDWIDTH: 9 kHz
Quasi-peak detector
Frequency, Line ID Measured Specification Margin, Pass/ Fail
emissions, class B limit,
MHz dB (nV) dB (uVv) dB
0.760292 N 32.86 48.00 15.14 Pass
1.462447 N 31.59 48.00 16.41 Pass
1.988398 N 32.78 48.00 15.22 Pass
2.865860 N 32.65 48.00 15.35 Pass
3.340020 Ph 31.21 48.00 16.79 Pass
4.511820 Ph 30.90 48.00 17.10 Pass
14.660695 Ph 31.54 48.00 16.46 Pass
18.584410 Ph 31.25 48.00 16.75 Pass

Table calculations and abbreviations:
L] Line ID = line identification (Ph - phase, N - neutral).
L] Measured conducted emissions = EMI meter reading (dBuV) + cable loss (dB) + LISN correction factor (dB). (For LISN

correction factor refer to Appendix B).
. Margin = dB below (negative if above) specification limit.
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Plot 3.7.1
Mains terminal radio interference voltage test results
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Plot 3.7.2
Mains terminal radio interference voltage test results
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Figure 3.7.1
Setup for mains terminal radio interference voltage test, table-top equipment
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Photograph 3.7.1
Setup for mains terminal radio interference voltage test
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APPENDIX A - Test equipment and ancillaries used for tests
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No. Description Manufacturer information Due
Name Model No. Serial No. calibr.
0041 Double ridged guide antenna, Electro-Metrics RGA 50/60 2811 3/03
1-18 GHz
0412 Cable, Coax, Microwave, DC-18 | Gore 36Q01Q0111 412 9/03
GHz, N-N, 3 m 8.2
0446 Active Loop Antenna Electro- 6502 2857 10/03
10 kHz-30 MHz Mechanics
0447 LISN, 16/2, 300 V RMS Hermon Labs LISN 16-1 447 11/03
0465 Anechoic Chamber HL AC-1 023 3/03
9(L)x6.5(W)x55H)m
0493 Oven temperature Thermotron S-1.2 Mini- 4016 9/03
Max
0521 Spectrum Analyzer with RF filter | Hewlett Packard 8546A 0319 9/03
section (EMI Receiver
9 kHz - 6.5 GHz)
0539 Generator signal Marconi 52023-001H 1041 12/03
Instruments
0558 Multimeter Digital Fluke 76 0904 10/03
0566 Antenna, Biconical, Electro-Metrics BIA 25/30 3566 11/03
20-200 MHz
0569 Antenna, Log Periodic, 200- Electro-Metrics LPA 25/30 1953 4/03
1000MHz
0589 Cable Coaxial, A2P0OL118.2, 3m | GORE GORE-3 589 12/03
0592 Position controller Hermon Labs L2-SR3000 100 5/03
check
0593 Antenna Mast, 1-4 m/ Hermon Labs AM-F1 101 2/03
1-6 m Pneumatic check
0594 Turntable for Anechoic Chamber, | Hermon Labs WDC1 102 1/04
flush mounted, d=1.2 m, check
pneumatic
0604 Antenna Biconilog Log- EMCO 3141 9611-1011 1/04
Periodic/T Bow-Tie,
26 - 2000 MHz
0614 Antenna Dipole Tunable Electro-Metrics TDS 30-1 334 1/04
200 -500 MHz
0670 Oscilloscope, Digital storage LeCroy LC 334A 2387 8/03
500MHz, 2Gs/s, 4ch with Corporation
Telecom Mask Tester
0672 Shielded Room Hermon Labs SR-3 027 11/03
4.6(L) x4.2(W) x2.4(H) m Check
0758 Power supply, 36 V, 1 A Horizon DHR 36-1 5361231 6/03
Electronics Check
0783 Tester Leakage 230 V Current HL MD2-L-601 142 8/03
Standard IEC 601
0787 Transient limiter Hewlett Packard | 11947A-8ZE 3107A01877 11/03
0793 Radio communication test set Marconi 2955 9507/179 2/03
Instruments
0808 Analyzer spectrum, 100 Hz to Anritsu MS2601B M178731 3/03
2.2 GHz, AM/FM modulator
1004 Cable coaxial, PSWJ4, 6 m ANDREW ANDREW-6 163 12/03
1116 Antenna horn, 1-18 GHz Hermon Labs Al1-18 186 3/03
1424 Spectrum analyzer, Agilent 8564EC 3946A00219 8/03

30 Hz - 40 GHz

Technologies
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No. Description Manufacturer information Due
Name Model No. Serial No. calibr.
1425 EMI Receiver System, Agilent 8542E 3710A00222 9/03
9 kHz - 2.9 GHz Technologies
1430 EMI Receiver System, 9 kHz - Agilent 8542E 3807A00262 9/03
2.9 GHz Technologies
1501 Cable RF, 6 m Belden M17/167 MIL- NA 12/03
C-17
1508 Cable RF, 2 m Telequis RG-58 C/U NA 9/03
1509 Cable RF, 2 m Telequis RG-58 C/U NA 9/03
1511 Cable RF, 8 m Belden M17/167 MIL- NA 9/03
C-17 Check
1518 Cable RF, 0.5m Telequis MIL-C-17F- NA 12/03
RG 058
1521 Cable RF, 1.0 m Telequis MIL-C-17F- NA 9/03
RG 058 CU
1527 Cable RF, 1.3 m Telequis MIL-C-17F- NA 12/03
RG 058 CU
1566 Cable RF, 2 m Huber-Suhner Sucoflex 13094/4PE 12/03
104PE
1637 Cable, RG-214,6 m Hermon Labs C214-6 1637 12/03
1650 Attenuators set (2, 3, 5, 20 dB), M/A —COM 2082 3/03
DC — 18 GHz
1651 Attenuators set (2, 3, 5, 20 dB), M/A —COM 2082 3/03
DC — 18 GHz
1826 Antenna mast and turntable Sh. I. Machines CRL-4 1 5/03
position controller Check
1849 Antenna mast with polarity Sh. I. Mashines AM-F4 NA 1/04
control check
1850 Turntable Sh. I. Mashines TT-M-3 NA 1/04
check
1939 Cable 40 GHz, 1.5 m, green Rhophase KPS-1503A- T4664 10/03
Microwave Ltd. 1500-KPS
1942 Cable 18 GHz, 4 m, blue Rhophase SPS-1803A- T4658 10/03
Microwave Ltd 4000-NPS
1947 Cable 18 GHz, 6.5 m, blue Rhophase NPS-1803A- T4974 10/03
Microwave Ltd 6500-NPS
1984 Antenna, double ridged EMC Test 3115 9911-5964 12/03
waveguide horn, 1-18 GHz, Systems
300 W, N-type
2009 Cable RF, 8 m Alpha Wire RG-214 NA 12/03
2109 Anechoic chamber Hermon Labs AC-2 NA 12/03
6 (L) x5.5 (W) x2.95 (H) m Check
2227 Crystal Detector 0.01-18 GHz Hewlett Packard 8472A NA 10/03
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APPENDIX B-Test equipment correction factors
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Biconilog antenna factor, EMCO, model 3141

Ser.No.1011
Frequency, MHz Antenna Factor, Frequency, MHz Antenna Factor,
dB(1/m) dB(1/m)

26 7.8 940 24.0
28 7.8 960 24.1
30 7.8 980 24.5
40 7.2 1000 24.9
60 7.1 1020 25.0
70 8.5 1040 25.2
80 9.4 1060 25.4
90 9.8 1080 25.6
100 9.7 1100 25.7
110 9.3 1120 26.0
120 8.8 1140 26.4
130 8.7 1160 27.0
140 9.2 1180 27.0
150 9.8 1200 26.7
160 10.2 1220 26.5
170 10.4 1240 26.5
180 10.4 1260 26.5
190 10.3 1280 26.6
200 10.6 1300 27.0
220 11.6 1320 27.8
240 12.4 1340 28.3
260 12.8 1360 28.2
280 13.7 1380 27.9
300 14.7 1400 27.9
320 15.2 1420 27.9
340 15.4 1440 27.8
360 16.1 1460 27.8
380 16.4 1480 28.0
400 16.6 1500 28.5
420 16.7 1520 28.9
440 17.0 1540 29.6
460 17.7 1560 29.8
480 18.1 1580 29.6
500 18.5 1600 29.5
520 19.1 1620 29.3
540 19.5 1640 29.2
560 19.8 1660 29.4
580 20.6 1680 29.6
600 21.3 1700 29.8
620 21.5 1720 30.3
640 21.2 1740 30.8
660 21.4 1760 31.1
680 21.9 1780 31.0
700 22.2 1800 30.9
720 22.2 1820 30.7
740 22.1 1840 30.6
760 22.3 1860 30.6
780 22.6 1880 30.6
800 22.7 1900 30.6
820 22.9 1920 30.7
840 23.1 1940 30.9
860 234 1960 31.2
880 23.8 1980 31.6
900 24.1 2000 32.0
920 24.1

Antenna factor is to be added to receiver meter reading in dB(uV) to convert to field intensity in dB(uV/meter).
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