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Summary

Tests for compliance with FCC Regulations subject to Part 15 were performed on C-Spec spread
spectrum RF link. The DUT is subject to Regulations as a transmitter, and as a digital device. This
link uses an already certified spread spectrum RF modem, but with different RF cables, antennas,
and added Power amplifier and bandpass filter. Here we report measurements of radiated
emissions in restricted bands. The other measurements, such as Antenna Conducted Power,
Spectral Power Density, etc., follow this report.

In testing performed on March 13 and 14, 1997 the device tested in the worst case met the
allowed specifications for radiated emissions in restricted bands by at least 4.1 dB (see pp. 7-9).
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1. Introduction

C-Spec Wireless Bridge, Model RF-2A, was tested for compliance with FCC Regulations, Part 15, adopted
under Docket 87-389, April 18, 1989. The tests were performed at the University of Michigan Radiation
Laboratory Willow Run Test Range following the procedures described in ANSI C63.4-1992 "Methods of
Measurement of Radio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz". The attenuation characteristics of the Open Site facility are on file with FCC
Laboratory, Columbia, Maryland. (FCC file 31040/SIT)

2. Test Procedure and Equipment Used
The test equipment commonly used in our facility is listed in Table 2.1 below. The second column identifies

the specific equipment used in these tests. The HP 8593E spectrum analyzer is used for primary amplitude
and frequency reference.

Table 2.1. Test Equipment.

Test Instrument Equipment Used Manufacturer/Model Cal. Date/By

Spectrum Analyzer Hewlett-Packard 8593A February 1996/HP
(9kHz-22GHz) SN: 3107A01358

Spectrum Analyzer X Hewlett-Packard 8593E August 1996/HP
(9kHz-26GHz) SN: 3107A01131

Spectrum Analyzer Hewlett-Packard 182T/8558B  August 1996/U of M Rad Lab
(0.1-1500 MHz) SN: 1529A01114/543592

Preamplifier Watkins-Johnson May 1996/U of M Rad Lab
(5-1000MHz) All -1 plus A25-18

Preamplifier Avantek Nov. 1992/ U of M Rad Lab
(5-4000 MHz)

Power Meter Hewlett-Packard 432A August 1989/U of M Rad Lab
w/ Thermistor Hewlett-Packard 478A August 1989/U of M Rad Lab

Broadband Bicone University of Michigan July 1988/U of M Rad Lab
(20-200 MHz)

Broadband Bicone University of Michigan June 1993/U of M Rad Lab
(200-1000 MHz)

Dipole Antenna Set EMCO 3121C February 1994/EMCO
(30-1000 MHz) SN: 992

S-Band Std. Gain Horn X S/A, Model SGH-2.6 Manufacturer, NRL design

C-Band Std. Gain Homn X University of Michigan Manufacturer, NRL design

XN-Band Std. Gain Horn X University of Michigan Manufacturer, NRL design

X-Band Std. Gain Hom X S/A, Model 12-8.2 Manufacturer, NRL design

Ku-Band Std. Gain Hom X University of Michigan Manufacturer, NRL design

K-Band Std. Gain Horn X University of Michigan Manufacturer, NRL design

Ridge-hom Antenna University of Michigan February 1991/U of M Rad Lab
(0.5-5 GHz)

LISN Box University of Michigan May 1994/U of M Rad Lab

Signal Cables X Assorted January 1993/U of M Rad Lab

X-Y Recorder Hewlett-Packard 7046A During Use/U of M Rad Lab

Signal Generator Hewlett-Packard 8656A January 1990/U of M Rad Lab
(0.1-990 MHz)

EMUI/Fld Int. Meter Stoddard NM-37/57A August 1989/U of M Rad Lab
(30-1000 MHz) SN: 0606-80119

Printer X Hewlett-Packard 2225A August 1989/HP




3. Configuration and Identification of Device Under Test

The DUT is a spread spectrum rf wireless link operating in 2400 - 2483.5 MHz band. The system to be
certified consists of ta PC containing a Lucent RF card, cables, amplifier, filter, and choice of nine
antennas.

The DUT can operate on any of the seven channels in 2.412 - 2.462 MHz range. In this report we
report measurements of emissions in Restricted Bands. Nine antennas are included. Most emissions were
unmeasurable, even at a I m distance. Tests were performed for the lowest, mid, and highest channels.

The DUT was designed and will be manufactured by C-Spec Corporation, 20 Marco Lane, Dayton,
OH 45458. It is identified as:

C-Spec Wireless Bridge
Model: RE-2A

SN: 003

FCC ID: MBX-OLANWB2A

Components to be certified:

RF Modem Card, Lucent SN: 003
FCC ID: IMR24HAT(issued to Lucent)
CAN: 2301 01 778A

Antenna, Omni, H-pol SN: none
Model 200A801 G=8.15 dBi FCC ID: n/a
Antenna, V-pol SN: none
Model 200A901, G=8.1 dBi FCC ID: n/a
Antenna, Omni, V-pol SN: none
Model 2426AA, 5.0 dBi FCCID: n/a
Antenna, V-pol SN: none
Model A02-12, 12.4 dBi FCCID: n/a
Antenna, Circ.-pol SN: none
Model 2415AB, 13.5 dBi FCC ID: n/a
Antenna, Circ.-pol, indoor SN: none
Model ANT2HUS80I, 8.5 dBi FCC ID: n/a
Antenna, H-pol SN: none
Model 2CON1001, 10.0 dBi FCC ID: nfa
Antenna, H-pol SN: none
Model 2CON1701, 17.0 dBi FCC ID: n/a
Antenna, H-pol SN: none
Model 2CON2301, 23.0 dBi FCCID: n/a




Cables :
RG-8/U (Belden 9913), 25 ft, used in the tests
RG-8/U (Belden 9913), 50 ft, used in the tests.

Bandpass Filter, C-Spec SN: proto
(used only with 2CON1701 and 2CON2301 antennas)

Attenuators, 3 dB and 10 dB, GenRad SN: none
Amplifier, C-Spec, 2.4 GHz SN: 707112
Model AMP20

3.1 EMI Relevent Modifications

None.

4. Emission Limits
4.1 Radiated Emission Limits
Since the DUT is a spread spectrum device, the radiated emissions are subject to emissions in restricted

bands only . The applicable frequencies, through ten harmonis, are given below in Table 4.1, Emission
limits from digital circuitry are specified in Table 4.2.

Table 4.1. Radiated Emission Limits— Transmitter,

Fundamental Spurious*
Frequency Ave. Ejj;p (3m) Ave. Ejjp (3m)
(MHz) (LV/m) dB (LV/m) {(WV/m) dB (UWV/m)
2400-2483.5 --- -~
2483.5-2500 Restricted
4500-5250 Bands 500 54.0
7250-7750
14470-14500
17700-21400 Restricted
22010-23120 Bands 500 54.0
23600-24000

* Measure up to tenth harmonic; 1 MHz res. BW, 100 Hz video BW (for average detection)




Table 4.2 Radiated Emission Limits (15.109) — Digital device.

Frequency Class A ds=10m Class B ds=3m
(MHz) (WV/m) dB (LV/m) (nV/m) dB (uV/m)
30-88 920 39.0 100 40.0
88-216 150 435 150 435

219-960 210 46.4 200 46.0
960- 300 49.5 500 54.0

120 kHz BW up to 1 GHz, 1 MHz BW above 1 GHz

4.2 Conductive Emission Limits

Table 4.3. Conducted Emission Limits (15.107).

Frequency Class A ds=10m Class B ds=3m
(MHz) Y dBuv uv dBuv

0.45-1.705 1000 60.0 250 48.0

1.705-30.0 3000 69.6 250 48.0

Note: Quasi-Peak readings apply here (9 kHz BW)

Class A limits apply to the DUT.

5. Radiated Emission Tests and Results

5.1 Anechonic Chamber Measurements
In our chamber there is a set-up similar to that of an outdoor 3-meter site, with a turntable, an antenna mast,
and a ground plane. Instrumentation includes spectrum analyzers and other equipment as needed. For these
tests the receicer (horn) antennas were placed on a styrofoam block, at about 1.2 m hight, and the DUT on a
turntable, at 3 meter distance, then moved to 1 m distance.

Standard gain horn antennas were used for measurements. Up to 7 GHz the horns were connected
to a spectrum analyzer via RG-214 coaxial cable, and above 7 GHz a pre-amp was added. The cables and
the pre-amplifier used were specially calibrated for these tests using a network analyzer.

For each possible DUT antenna situation, the antenna was rotated in all possible ways and the maximum
emission recorded. Except at 2483.5 MHz, in all other cases only noise was observed. A photograph in
Figure 5.1 shows the measurement set-up.

5.2 Outdoor Measurements
None made




5.3 Computations and Results
To convert the dBm measured on the spectrum analyzer to dB(ltV/m), we use expression

E3(dBpV/m) = 107 + P + Ka - Kg + Kg

where Pr = powerrecorded on spectrum analyzer, dB, measured at 3m
Kas = antenna factor, dB/m
Kg = pre-amplifier gain, including cable loss, dB
Kg = pulse operation correction factor, dB

When presenting the data, at each frequency the dominant measured emissions under all of the
possible situations are given. Computations and results are given in Tables 5.1 through 5.3. There we see
that in the worst case the DUT meets the limit by 4.1 dB at 2483.5 MHz.

5.4 Conducted Emission Tests
Were not measured. The case the card was tested has been Class A verified previous.
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Table 5.1 Highest Emissions Measured

Radiated Emissions C-Spec RF Link w/ amplifier
Freq. | Ant. | Ant. | Pr** | Det.*| Ka Kg E3 E3lim | Pass
#| MHz | Used | Pol. | dBm | Used | dB/m dB  {dBuV/imydBuv/nl dB Comments
| [Ant. #200A801; with 25 ft cable i _ )
| 1} 2483.5 | HornS| H/V | -80.4| Ave | 21.5 00 | 481 54.0 5.9 |real signal, meas. at 3 m
2| 4884.0 [HomC| H/V | -82.5( Ave | 255 0.0 40.5 | 54.0 | 13.5 |noise floor, meas. at 1 m
3| 7326.0 HormXN H/V | -78.0] Ave | 25.0 0.0 44.5 54.0 9.5 [noise floor, meas. at | m
4/ 14500.0 [HornKu H/V | -71.6| Ave | 30.9 173 39.5 54.0 | 14.5 |noise floor, meas. at I m
| 5] 19536.0 | HomK| H/V | -69.7| Ave | 323 [ 320 28.1 54.0 | 259 |noise floor, meas. at 1 m
| 6] 21978.0 | HornK| H/V | -66.2| Ave | 32.8 325 316 540 | 224 [noise floor, meas. at 1 m
Ant. #200A901; with 25 ft cable i _
1} 2483.5 | HomS | H/V | -80.3| Ave | 21.5 0.0 48.2 54.0 5.8 [real signal, meas. at 3 m
2| 4884.0 |HomnC| H/V | -82.5| Ave | 25.5 0.0 40.5 | 54.0 | 13.5 [noise floor, meas. at 1 m
| 3| 7326.0 HornXN H/V | -78.0| Ave | 25.0 0.0 44.5 54.0 9.5 jnoise floor, meas. at 1 m
| 4] 14500.0 |HornKy H/V | -71.6| Ave | 30.9 17.3 39.5 | 540 | 14.5 |noise floor, meas. at 1 m
5| 19536.0 | HornK | H/V | -69.7) Ave | 323 | 320 28.1 | 54.0 | 259 [noise floor, meas. at 1 m
6] 21978.0 | HomK ) H/V | -66.2| Ave | 32.8 | 325 316 | 54.0 | 224 [noise floor, meas. at | m
| __|Ant. #2426AA; with 25 ft cable| _ _
1] 2483.5 | HomS| H/V | -80.7| Ave | 21.5 00 | 478 | 540 6.2 |real signal, meas. at 3 m
2| 4884.0 | HornC| H/V | -82.5| Ave | 25.5 0.0 40.5 54.0 | 13.5 |noise floor, meas. at 1 m
3| 7326.0 HomXN H/V | -78.0| Ave | 25.0 00 | 445 54.0 9.5 |noise floor, meas. at 1 m
4] 14500.0 HornKy H/V | -71.6( Ave | 30.9 17.3 39.5 54.0 | 14.5 |noise floor, meas. at I m
5] 19536.0 | HornK| H/V | -69.7| Ave | 32.3 320 [ 281 54.0 | 25.9 |noise floor, meas. at 1 m
| 6] 21978.0 |HornK | H/V | -66.2| Ave | 32.8 | 325 31.6 | 54.0 | 224 [noise floor, meas. at 1 m
|* Ave} measulred wit!ll 1 MHz| Res BW i'md 100 I-iz Video |BW
Conducted Emissions ]
Freq. | Line | Det. Viest Vlim Pass
MHz | Side | Used| dBuVv dBuV dB Comments
1
2 Not applicable
10 |




Table 5.2 Highest Emissions Measured

Radiated Emissions

C-Spec RF Link w/ amplifier

Freq. | Ant. | Ant. | Pr** | Det.*| Ka Kg E3 E3lim | Pass
#| MHz | Used | Pol. | dBm| Used | dB/m dB  |dBuV/mdBuV/im| dB Comments
Ant. #A02-12; with 25 ft cable .
| 1] 2483.5 | HomnS | H/V | -80.2| Ave | 21.5 0.0 483 54.0 | 5.7 |recal signal, meas. at3m
| 2] 4884.0 |HornC| H/V | -82.5| Ave | 255 0.0 40.5 54.0 | 13.5 |noise floor, meas. at 1 m
3| 73260 HommXN H/V | -78.0( Ave | 250 0.0 44.5 540 | 9.5 |noise floor, meas. at i m |
4( 14500.0 [HornKy H/V | -71.6| Ave | 309 ( 17.3 | 395 | 54.0 | 14.5 Inoise floor, meas. at 1 m
5| 19536.0 | HonK| H/V | -69.7| Ave | 323 32.0 28.1 54.0 | 25.9 |noise floor, meas. at 1 m
6] 21978.0 | HomK| H/V | -66.2| Ave | 32.8 32.5 31.6 540 | 22.4 [noise floor, meas. at 1 m
Ant. #2415AB; with 50 ft cable
| 1] 2483.5 | HomS| H/V | -78.6| Ave | 21.5 0.0 | 499 54.0 4.1 |real signal, meas. at 3 m
2| 48840 |HomC| H/V | -82.5| Ave | 255 0.0 40.5 54.0 | 13.5 |noise floor, meas. at 1 m
31 7326.0 HomXN H/V [ -78.0( Ave [ 25.0 0.0 44.5 54.0 | 9.5 |noise floor, meas. at i m
4| 14500.0 [HornKg H/V | -71.6[ Ave | 30.9 17.3 39.5 54.0 | 14.5 [noise floor, meas. at 1 m
5] 19536.0 | HomK| H/V | -69.7| Ave | 323 | 320 28.1 54.0 | 259 [noise floor, meas. at | m
6| 21978.0 |[HornK| H/V | -66.2| Ave | 32.8 | 325 31.6 | 540 | 22.4 |noise floor, meas. at 1 m
Ant. #ANT2HUS801; with 10 ft RG-58 cable
1] 2483.5 | HornS| H/V | -79.6] Ave | 215 0.0 489 | 54.0 | 5.1 jreal signal, meas. at 3 m
2| 4884.0 |HomC| H/V | -82.5| Ave | 255 | 0.0 | 405 54.0 | 13.5 |noise floor, meas, at 1 m ]
3| 7326.0 HornXN H/V | -78.0f Ave | 250 0.0 445 | 54.0 | 9.5 jnoise floor, meas. at 1 m
4] 14500.0 jHornKy H/V | -71.6] Ave | 309 | 173 39.5 | 540 | 14.5 |noise floor, meas. at 1 m
5] 19536.0 | HornK| H/V | -69.7| Ave | 323 | 320 28.1 54.0 | 25.9 |noise floor, meas. at 1 m
6] 21978.0 | HornK| H/V | -66.2| Ave | 32.8 | 325 31.6 | 540 | 22.4 |noise floor, meas. at i m
l* Ave:I measulred witlll 1 MHZl Res BW and 100 I‘iz Video lBW
Conducted Emissions
Freq. | Line | Det. Viest Viim Pass
MHz Side | Used} dBpVvV dBuV dB Comments
1
2 |Not applicable]
10 !




Table 5.3 Highest Emissions Measured

Radiated Emissions C-Spec RF Link w/ amplifier
Freq. | Ant. | Ant. | Pr** | Det*| Ka Kg E3 E3lim | Pass
MHz | Used | Pol. | dBm | Used | dB/m dB  |dBuV/mdBuv/m dB Comments

Ant. #2CON1001; with 25 ft cable

1| 2483.5 [HomnS| H/V [ -81.3| Ave | 215 | 0.0 47.2 54.0 | 6.8 |real signal, meas. at 3 m
2| 4884.0 |HomC| H/V | -82.5| Ave | 25.5 00 405 54.0 | 13.5 |noise floor, meas. at 1 m
3] 7326.0 HommXN H/V | -78.0( Ave 250 0.0 44.5 54.0 9.5 |noise floor, meas. at 1 m
4| 14500.0 [HomKy H/V | -71.6| Ave [ 309 | 17.3 39.5 54.0 | 14.5 |noise floor, meas. at 1 m
5[ 19536.0 |HornK | H/V [ -69.7( Ave | 32.3 | 320 28.1 | 54.0 | 259 |noisefloor, meas.atlm |
6| 21978.0 | HomK | H/V | -66.2| Ave | 32.8 | 325 31.6 54.0 | 224 |noise floor, meas. at 1 m

Ant. #2CON1701 with 3 dB attenuator and 50 fi cable N
2483.5 | Hom$ -80.1] Ave | 215 0.0 484 | 540 5.6 |real signal, meas. at 3 m

4884.0 [ HomC -82.5] Ave | 255 0.0 40.5 54.0 | 13.5 inoise floor, meas. at 1 m

14500.0 {HornKu -71.6| Ave | 309 17.3 39.5 54.0 14.5 |noise floor, meas. at I m

19536.0 | HornK -69.71 Ave | 323 32.0 28.1 54.0 25.9 |noise floor, meas. at t m

H/V
H/V
7326.0 HornXN H/V | -78.0| Ave 250 0.0 | 445 540 9.5 inoise floor, meas. at 1 m
H/V
H/V
H/V

6] 21978.0 | HormK -66.2| Ave | 328 | 325 | 316 | 540 | 224 [noise floor, meas. at I m

Ant. #2CON2301; with 10 dB attenuator and 50 ft cable

24835 | Homs | iV | -802| Ave | 215 | 00 | 483 | 540 | 57 |real signal, meas. at3m
4884.0 | HornC| H/V | -82.5| Ave | 255 [ 00 40.5 54.0 | 13.5 |noise floor, meas. at 1 m

7326.0 HomXN -78.0| Ave | 25.0 0.0 4.5 54.0 9.5 |noise floor, meas. at 1 m

19536.0 | HornK -69.7] Ave | 323 32.0 28.1 540 | 259 [noise floor, meas. at 1 m

HV

14500.0 {HomKy H/V | -71.6| Ave { 309 173 | 395 | 540 | 14.5 |noise floor, meas. at 1 m
HV
H/V

21978.0 | HornK -66.2| Ave | 328 325 31.6 54.0 | 22.4 |noise floor, meas. at 1 m

~ * Ave: measured with | MHz Res BW and 100 Hz Video BW

. rt T [ |

Conducted Emissions
Freq. | Line | Det. Viest Viim Pass
MHz Side | Used| dBuVvV dBuV dB Comments
Nqi 'applicablé ) )
|




C-Spec RF-2A

OTHER DATA

Since the RF-2A uses an (added) external amplifier to increase the performance of the system, the
following additional measurements were performed and results are presented in subsequent pages.
Here we are somewhat embarrassed to say that we do not have the plots we recorded on October 9,

1997.
On that day measurements were made and plots recorded for two C-Spec products,

RF-2A FCC ID: MBX-OLANWB2A (being applied for here)
RF-10A FCC ID: MBX-OLANWB10A

The RF-10A (also with an external amplifier) has been applied for certification previous and was
evaluated by Joe Dichoso. That application did include the plots. However, as for the RF-2A, the
plots were lost. (At best, we recall they were placed near the waste basket area and were gone by
the next day.) Luckily, we already had extracted the pertinent data and those are presented here.

To show how the data was recorded, we show here sample measurements from RF-10A.
For the subject device, the RF-2A, the measurements were made for the lowest (2412 MHz), mid
(2442 MHz), and highest (2462 MHz) channels.
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14:

REF
FEAK

MA SB
CORR

STAR

14:82:38 0CT 69, 1997
i -4

REF
PEAK

SAMPLE MEASUREMENT FROM C-SPEC RF-10A
(FCC ID: MBX-OLANWBI10A)

61152 OCT B89, 1997
MKR 456 kHz

SE.B dBpV #AT 18 dB PG ~10.8 dB 34.91 dBpv

L/ T -

T @8 Hz STOP 2,0080@ MHZz
RRES BW 9.8 kHz VBH 30 kHz SWP 74.1 msec

MKR 6.75 MHz
80.0 dBpvV #AT 16 dB PG -18.8 dB 38.51 dBpv

................................................................................................. Amplifier Line
: _ : : : : : : : Conducted (Hi side})
START @& Hz STOFP 38.88 HMHz
¥RES BWH 9.0 kHz VBW 38 kHz SWF 1.11 secC
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SAMPLE MEASUREMENT FROM C-SPEC RF-10A
(FCC ID: MBX-OLANWBI10A)

14183:35 0CT @89, 1997

REF 80.6 dBpv #AT 18 dB PG -18.8 dB

START @ Hz STOP 2,088 MHz
$RES BMW 9.9 kHz VBHW 30 kHz SWF 74.1 msec

14:84:43 0CT 89, 19397

REF 88.0 dBpV #AT 16 dB PG -416.0 dB 34.22 dbBpV

PEAK
LOG

STAR

MKR §.75 MHz

Amplifier Line
Conducted (Lo side)

T @ Hz STOF 39 .00 MHZ
RRES BH 3.8 kHz YEW 30 kHz SWF 1.11 e
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SAMPLE MEASUREMENT FROM C-SPEC RF-10A
(FCC ID: MBX-OLANWBI10A)

10:54:48 0CT ©9. 1397
MKR 2,436 GHz

REF 306.96 dBm AT 4@ dB 12.92 dBm
FERK . B N " . ;
Loo

i@
dB -

oL f.. TP SO OS SO L FSRTREION ¢ I U
~6.3 ; : ' : : ; N : :
dBm

VA SB : : : : : : : : :
sc rFeg L T ST U S e URUURRURIN 3 DI il
CORR : : : : : : : : :

START @ Hz STOP 2.988 GHz
RRES BW 198 kHz #VEW 100 kHz SWF 870 wmsec

1@:55:30 0OCT @89, 1997

MKR 8.8E4 GHz
REF 2¢.8 dBm AT 48 dB -87.47 dBm
PEAK ; ; - - ; - - -
Log : : : : : : : : ;
18 .........:.........:.........: ......... :.........:.........:......-..: ......... R IR RERE PRI
dBI) - - . . . - . :
egR T e e T
oL Ae.@00 BHz i
-6.9
dBm T
e SB : : S : D :
8C F¢j. . . e e e T
CORR : : : : : : : : :
: : . WM““/ '
.............. S T S TUSNT G L LRI R e dis
START Z.988 BHz ‘ STOP 10,620 GHz
#RES BW 100 kHz BUBKW 1280 kHz SWP 2.13 sec

10:86:46 OCT B89, 1997
7 -4 MKR 22.60 GHz

REF 328.0 d&m AT 408 dB ~-23.21 dBm

PEAK [~ B N T ; ; : . ; .

Log : : : : : : N SN :

ig . PR T S P L st T

d8 ./ : : ; : : X : : :
eaE T : ................... : ......... :n”““t .........

oL .25.88 GHz U L R T S

-5.9 . : : :

dm T T T T T T ——— T

e s ol . . R

sSC fFC L . ) . : W‘* I'-\v«.-.w,'»,‘--s‘-.\/-"#.‘ -~ NL?‘J’M

cope e i A A s Nep il SR
_,,,,,H«.'_u.w: “ : : :

START 18.88 GHz STOP 25.4@¢ GHz
$RES BH 198 tHz #VSH 168 Luz SHP 4.5¢  zazo
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SAMPLE MEASUREMENT FROM C-SPEC RF-10A
(FCC ID: MBX-OLANWBI10A)

12:29:43 OCT @9, 1987

Iz HER & 1.Z25060 maec

REF 38.@ dBm AT 48 dB -23.%9 dB

PEAK . -

LOG : : : : : : : : :

19 .........:.........:.v.......:‘.....v..:".“..A.j AAAAAAA R LR LR R LR

aB / : : : : : : : :
MARKER

oL 1.2680 msec 1 00D D

Z14.2 -23.59 d?

dBm - .

HA $8
S§C F§
CORR
CENTER 2.412730 GHz SPAN @ Hz
#RES BW 1.8 MH=z #VBH 108 kHz #SHF 2.00 msec

12:30117 OCT @9, 1997

I -4 HKR a4 1.37¢d msec
REF 386.8 dBm AT 468 dB 1.29 dB
FEAK - : . - -
LoG : : : : : : : : :
19 ......... [EREEREEE EEERRREES [SAALEATEE perraneans [EREEREEES :....... IREEEEE R ERE R sreeases
dg s : : : : : : : : :
TP R R ST
oL ,1.3780 msec e
-14.2(1-23.48 o o
dBm : : : : :
WA SB
SC F3
CORR
: : : : : : : : : Duty Factor
CENTER 2.412736 GHz SPAN 8 Hz
#RES BW 1.0 MHz #VEBW 188 kHz #SHWP 2.60 msec
r
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SAMPLE MEASUREMENT FROM C-SPEC RF-10A
(FCC ID: MBX-OLANWBI10A)

12:32:28 0CT @9, 1997

o MKR 2.43667 GHz
REF 386.6 dBm AT 46 dB 14 .64 dBm
FEAK - -
LOG : : : : . : : : :
19 ......... e EERTETE e IEESTRTSTY HERTEETEs: IERERERTEE plnrneg EREEEEEEE e
48~ j : : : : . :

Lo+2PLAY LIN
oL 18.8 dBm
i8.8& ) . . . : : : : :
dEm TR U T . e T L ST
MA SB : : : : : : : :
L P S SO T TS SRR S SRR SRR N .
CORR : : : : ; : : : : Maximun Spectrum is

T CE P S S e e at 2.43607 Mhz

CEHTER 2.43277 GHz SPAN 20 .89 MHz

$RES BH 3.9 MHz #VEBW 100 kH=z #SUF 380 mseo

12:35129 0CT 85, 1997

& fIKK 2.4300588 BHZ
REF 30.6 dEn aT 48 38 .21 d8=
rEAK 5 ; - : - - -

LOG E . : M : Z : * : .

18 | N A e S U P S ST
dg ./ N N : : : : N : .

Wa SB
SC FCIL. ..
CoRa| i e e L
........................................................................ Scan for (Max)
Spectral Density
CENTER 2.43€0788 GHz SPFAN 3@0.8 kHz
#RES BH 3.8 kHz BUBM 100 kHz #SKF 188 sec

12:37:35 0CT BS., 1897
¢ MKR a 4.3 kHz

REF 38.6 dBm AT 48 dB 1.96 dB
PEAK

LOG : : ; : : : : : :

i8 .- RS EEREREEED [EERREE - B R EREERERE [REEEEERES [EEEEER R
+1: 94 - . . . R B B

| [ EXHIBIT _F
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Measurement of
Spectral Lines

Hz SPAN 108.8 kHz
z #VBW 186 tHz BSHF S080 msec




C-Spec RE-2A

Power Line Conducted Emissions (15.207)

The RF amplifier that goes at the antenna is powered through the RF cable, which in turn, is
powered from a switching power supply via bias Tee. The worst case conducted emissions were
45.0 dBpv (peak) at 0.52 MHz.

Conducted emissions from the PC were not measured since that is already Class A compliant.

(Limit 48 dBpV, QP)

EXHIBIT__ F__
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C-Spec RF-2A

Bandwidth (15.247(a)(2).

For this, the DUT was put in a test mode for continuous data transmission. With spectrum analyzer
connected at the antenna connector, for each of the three channels tested the spectrum analyzer was

set for RBW=100 kHz, VBW=300 kHz, and SPAN= 100 MHz. The 6 dB bandwidth values
obtained were:

Frequency Channel 6 dB Bandwidth
2.412 GHz 11.4 MHz
2.442 GHz 12.2 MHz
2.462 GHz 10.3 MHz

EXHIBIT __ £~ _
Page 7 of /v
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C-Spec RF-2A

Maximum Peak Qutput Power (15.247(b))

For this, the DUT was put in a continuous transmit mode and the power was measured at the
antenna terminals with a bolometer type microwave power meter. The system consisted of the RF
bridge, pigtail cable, lightening arrestor, and 50 ft RG-9913/U cable. There was, however, still a

-0.6 dB duty factor, and for such, the meter reading was increased by 0.6 dB. Measurements were
made at the lowest, mid, and highest channels.

Frequency Meter Reading Adjusted Value
2.412 GHz 16.0 dBm 16.8 dBm
2.442 GHz 20.5 dBm 21.1 dBm
2.462 GHz 11.0 dBm 11.8 dBm
(Limit 30 dBm)
EXHIBIT__~
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C-Spec RF-2A

RFE Antenna Conducted Spurious Emissions (15.247(c))

For this, the DUT was put in a continuous transmit mode and the (cable) antenna connector was
connected directly to the spectrum analyzer. With RBW=VBW=100 kHz, the frequency was swept
from 0 to 25 GHz. Sweeps were made for lowest, mid, and highest frequency channels. In all
three cases only the fundamental was seen, and the worst case was a noise measurement of -28.5
dB below the carrier at 21.0 GHz. (Limit -20.0 dB below carrier)

EXHIBIT__F
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C-Spec RF-2A

Power Spectral Density (15.247(d)

For this, the DUT was put in a test mode for continuous data transmission. With spectrum analyzer
connected at the antenna connector, each of the three channels tested were first scanned for the
maximum spectrum peaks and then at these peaks the sweep was repeated with RBW=3 kHz,
VBW=100 kHz, SPAN=300 kHz, and SWEEP TIME=100s. The maximum readings obtained
were:

Frequency Channel Meter Reading
2.412 GHz 1.3 dBm
2.442 GHz 1.8 dBm
2.462 GHz 0.5 dBm
(Limit 8.0 dBm)

The spectrum line spacing was 7.5 kHz.

EXHIBIT *
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