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March 23, 2001

Grayhill Inc.

Attn:  Mr. Rob Haller
561 Hillgrove Avenue
LaGrange, IL 60525-5997

UL Reference: File MC1099, Project 0ONK 37578
Subject: Revised EMC Test and Measurement Report for Model EZCom-1P
Dear Mr.Haller:

We have provided with this letter your revised EMC Test Report for the above referenced
model. Section 1.6 has been revised to correct atypographical error in the original test report.
The rated high channel was reduced to 2443MHz not 2433MHz as originally stated.

Please review the attached report and direct any questions or comments to me.

Best regards, Reviewed by:
Bart Mucha (Ext. 41216) Jack Steiner
EMC Engineer Engineering Group Leader
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

EMC - TEST REPORT

Issue Date: January 23, 2001
Revised Date: March 23, 2001

O EMISSIONS

IMMUNITY
Test Report FileNo. . MC1099
Project No. . OONK37578
Model / Type . EZCom-IP
Kind of Product . 2.4GHz Direct Sequence Spread

Spectrum Transmitter
Applicant . Grayhill Inc.
License Holder . Grayhill Inc.
Address . 561 Hillgrove Avenue
:  LaGrange, IL 60525-5997

Manufacturer . Same as Applicant
Test Result : COMPLIANT

Thisreport without appendices consists of 12 pages. Appendix A containstest photos,
Appendix B containsoriginal test data, Appendix C contains sample calculations and
Appendix D contains a block diagram of the measurement system.

The data contained in thisreport reflectsonly the itemstested in the configurations and
mode of operationsdescribed. An attempt has been madeto arrangethe EUT, with the
equipment provided, into a test configuration which maximizes the observed emissions of
the EUT while smulating, as close as practical, a typical end-use installation. The photos
and data provided in thisreport document that configuration.

Underwriters Laboratories Inc. authorizes the above company to reproduce
this report provided it is reproduced in its entirety.

UnderwritersLaboratoriesinc. 333 Pfingsten Rd. Northbrook, IL 60062
Fax: (847) 272-8864
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

1.0 GENERAL PRODUCT DESCRIPTION
The EUT isa2.4GHz, direct sequence spread spectrum transmitter.
1.0.1 Equipment Mobility:
Table-top

1.0.2 Test Voltage and Frequency:

Voltage (V) Freguency (H?2)
120 60

1.1 MODEL DIFFERENCES

Any other model(s) represented by the modelstested in thisinvestigation will be
documented by the manufacturer.

1.2 ENVIRONMENTAL CONDITIONSIN TEST LAB

Temperature: 20-25°C
Relative Humidity: 30-60% RH
Atmospheric Pressure: 860-1060 mbar

1.3 CALIBRATION OF EQUIPMENT USED FOR MEASUREMENT

All test equipment and test accessories are calibrated on aregular basis. The
maximum time between calibrationsisone year or what isrecommended by the
manufacturer, whichever isless.

All test equipment calibrations are traceable to the National Institute of Standards
and Technology (NIST), therefore, all test data recorded in thisreport istraceable
to NIST.
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1.4  EUT CONFIGURATION(S)
See Appendix A for individual set-up configuration(s). In addition to the EUT, the
following peripheral devices and/or cableswere connected during the
measurement:
Device M anufacturer Model Serial # FCCID
EUT Grayhill EZCOM-IP N/A NMAEZCOMWL 241P
8 dBi Maxrad N/A N/A N/A
OMNI
Antenna
Cable M anufacturer Length Type
Antenna Cable Times Microwave 25 feet LMR-400
1.5 EUT OPERATING MODE(s)
The equipment under test was operated during the measurementsunder the
following conditions:
30-1000MHz - Testing was performed with the radio not transmitting and an Axis 2100
digital camera sending streaming image data to the radio as a traffic generator.
1GHz — 25 GHz - Continuous operation, transmitting 350 mW (25.4dBm) at antenna
terminals. The listed antenna s gain is 8dBi resulting in ERP (neglecting coax 1oss) of
33.4dBm.
16 DEVICE MODIFICATIONS
The following modifications were necessary for compliance:
1. Rated output power was reduced from 440mw to 350mW.
2. Rated high channel was reduced to 2443MHz.
These changes will be implemented in firmware in the production radio so users can not
go higher in frequency or higher in power.
1.7 REVISION HISTORY
Section 1.6 was revised to correct atypographical error in the origina test report. The
rated high channel was reduced to 2443MHz not 2433MHz as originally stated.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

EMISSIONS TEST REGULATIONS

Emission measurements were performed according to the following regulations:
47 CFR Part 15 Subpart B: 1999

ANSI C63.4 — 1992

Per the manufacturer’ srequest, only spurious measurementswere performed per
15.247(c) of Part 15.

The radiated measurements were performed on the highest gain antennain each antenna
family. Since the transmitter operates over afrequency range greater than 10MHz,
measurements must be performed on low, mid and high channels per 15.31(m).

Average Vaue of Measured Emissions

Per clause 15.35 of CFR 47, Part 15 the measured field strength can be determined by
averaging the pulse train over a 0.1 second interval. When averaged over a 0.1 second
interval, the EUT has a duty cycle of 40%. The average value of measured emissions
can be calculated as follows:

20l0g(0.4) = -7.96dB

At the time of testing the pulse train (duty cycle) was not known. Therefore the limits
shown on the plots and datafiles do not reflect the average value of measured emissions.
The average value can be determined by reducing the measured value by 7.96dB.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

CONDUCTED SPURIOUSEMISSIONS, 1 TO 25 GHz
Test Location
10 Meter Semi-Anechoic Chamber

Tedst Instruments

M easurement Software

Rhode & Schwarz, Model FSEK20, EMC No. 4182
Last Cal. 11-12-99, Next. Cal. 11-12-00

Freguency Range of M easurement
1to 25 GHz

Test Results
The requirements are:
MET

Remarks
See App. B for complete test results.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

RADIATED ELECTRIC FIELD EMISSIONS, 30MHz to 1000M Hz

Test Location

10 Meter Semi-Anechoic Chamber

UL Procedure

3014ANBK-LPG-002

Tedst Instruments

Hewlett Packard Model 8566B Spectrum Analyzer
Model 85650A Quasi-peak Adapter
Miteq AM-3A-000110-N Preamp  No. FCA4003, EMC4016, EMC4151
Model 85685A RF Preselector ~ No. EMC4015

Antennas
Chase EMC Ltd., Biconical AntennaMode VBAG6106A S/IN 1246
Chase EMC Ltd., Log Periodic Antenna Model UPA6109 S/N 1040

Freguency Range of M easurement

30MHz to 1000MHz

Measurement Distance

10 meters

Test Reaults

The requirements are:
MET

Remarks

See App. B for complete test results.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

RADIATED ELECTRIC FIELD EMISSIONS, 1 TO 4 GHz

Test Location
10 Meter Semi-Anechoic Chamber

UL Procedure
3014ANBK-LPG-002A

Tedst Instruments

M easurement Software

Rhode & Schwarz, Model FSEK20, EMC No. 4182
Last Cal. 11-12-99, Next. Cal. 11-12-00

Antennas

EMCO, Model 3115, EMC No. 4033
Last Cal. 4-1-00, Next Cal. 4-1-01

Freguency Range of M easurement
1to4 GHz

Measurement Distance
*2 meters

Test Results
The requirements are:
MET

Remarks
See App. B for complete test results.

*To avoid overload in the transmit mode no preamplifier was used between 1
GHz and 4 GHz. Measurements were made at a 2 meter distance to allow an
adequate margin between the measurement systems noise floor and the limit.
The 2 meter limit was calculated as follows:

Limit above 960MHz per 15.209 is 500uV/m.
500uV/m* (3 meters/ 2meters) = 750uV/m
20 log (750uV/m) = 57.5dBuV/m
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

RADIATED ELECTRIC FIELD EMISSIONS, 2TO 2.5 GHz

Test Location
10 Meter Semi-Anechoic Chamber

UL Procedure
3014ANBK-LPG-002A

Tedst Instruments

M easurement Software

Rhode & Schwarz, Model FSEK20, EMC No. 4182
Last Cal. 11-12-99, Next. Cal. 11-12-00

Antennas

EMCO, Model 3115, EMC No. 4033
Last Cal. 4-1-00, Next Cal. 4-1-01

Freguency Range of M easurement
2t025GHz

Measurement Distance
*2 meters

Test Results
The requirements are:
MET

Remarks
See App. B for complete test results.

*To avoid overload in the transmit mode no preamplifier was used between 1
GHz and 4 GHz. Measurements were made at a 2 meter distance to allow an
adequate margin between the measurement systems noise floor and the limit.
The 2 meter limit was calculated as follows:

Limit above 960MHz per 15.209 is 500uV/m.
500uV/m* (3 meters/ 2meters) = 750uV/m
20 log (750uV/m) = 57.5dBuV/m
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

RADIATED ELECTRIC FIELD EMISSIONS, 4 TO 18 GHz

Test Location
10 Meter Semi-Anechoic Chamber

UL Procedure
3014ANBK-LPG-002A

Tedst Instruments
M easurement Software

Rhode & Schwarz, Model FSEK20, EMC No. 4182
Last Cal. 11-12-99, Next. Cal. 11-12-00

Antennas

EMCO, Model 3115, EMC No. 4033
Last Cal. 4-1-00, Next Cal. 4-1-01

Last Char. 10-14-00, Next Char. 10-14-01. Consists of the following:
Hewlett-Packard Step Attenuator, Model HP84904K (used for linearity
check)

Cascaded 3.8GHz and 4.8GHz high passfilters, TTE Models H710-3.8G-
50-A and H711-4.8G-50-A (attenuates fundamental 90dB)

Preamplifiers, MITEQ, Model ASF5-00501800-5, EMC No. 4194 and
EMC No. 4195

Freguency Range of Measurement
410 18 GHz

Measurement Distance
3 meters

Test Results
The requirements are: MET

Remarks
See App. B for complete test results. To avoid overload in the transmit mode,
two high pass filters were cascaded to attenuate the fundamental (2.4GHz) signd
90dB. These filters were located prior to the preamplifier stage to avoid
overload of the preamplifiers. See Appendix D for a block diagram of the
measurement system.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

RADIATED ELECTRIC FIELD EMISSIONS, 18 TO 26.5 GHz

Test Location
10 Meter Semi-Anechoic Chamber

UL Procedure
3014ANBK-LPG-002A

Tedst Instruments

M easurement Software

Rhode & Schwarz, Model FSEK20, EMC No. 4182
Last Cal. 11-12-99, Next. Cal. 11-12-00

Antennas

Last Char. 10-14-00, Next Char. 10-14-01. Consists of the following:

Hewlett-Packard Step Attenuator, Model HP84904K (used for linearity
check)

Preamplifiers, MITEQ, Models AF$44-00102650-40-10P-44 and
AFS42-00102650-40-10P-42, EMC No. 4186 and EMC No. 4192

Freguency Range of M easurement
18 to 26.5 GHz

Measurement Distance
3 meters

Test Results
The requirements are:
MET

Remarks
See App. B for complete test results.

The attenuation of fundamental signal (2.4GHz) by the horn antenna s sufficient
to avoid overload of the preamplifier stage. See Appendix D for a block diagram
of the measurement system.
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3.0

4.0

4.1

FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

IMMUNITY TEST REGULATIONS

I mmunity testing was not performed.

GENERAL REMARKS

Sample Receipt Date : October 3, 2000
Test Dates
Start October 3, 2000
End November 6, 2000
SUMMARY

The requirements according to the technical regulations are:

MET

Underwriters Laboratories Inc.
333 Pfingsten Road
Northbrook, IL 60062 USA

FCC Site Number: 31040/SIT 1300F2

Test Engineer: Reviewed by:
Bart Mucha (Ext 41216) Jack Steiner
EMC Engineer Engineering Group Leader
International EMC Services International EMC Services
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

APPENDIX A

PHOTOS
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Emissions

Radiated Emissions
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

APPENDIX B

TEST DATA

EMISSIONS

Conducted Spurious Emissions (pages B2 - B3)
Radiated Electric Field Emissions
Radiated Spurious Emissions

File MC1099 Project OONK37578 Page B1 of B22
Test Engineer: Bart Mucha
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Conducted Spurious Emissions, 1to 25 GHz

RBW = 100 kHz
VBW =1 MHz
5 UL — EMC TEST SYSTEM 3 Oct Z2HHH 1138916
Conducted Spurious Emissions
GRAYHILL INC.
EZCOM-1IP
M. 440
3p RED=LOL CHAN BLK=MID GREEMN=H]
wm 1H
-F@ [dB from fundomental
f ik ety
- 1 B g Iu .I.II,- B ¢ Lq"-‘_JTI'EL——. —||——m
B | m “”_h L LT e
J ww gl i l"‘f'fl"lsww ':Jl‘l'*”' e 1‘1‘:1"[: k-“l__mm;‘,# i Ml L) ™
N alll SR el L ! s ‘_‘.‘!‘.-l" iy _‘.' i
k"&‘l’!"'m?P-‘J.l'f"{:i'*h“"L'ff_i-].;'l \\y..'"""': .ﬁlﬁ-‘b #.“*-Ti-"' \Sl'-hn}l-él.. tl!.lr ‘I.“."'-?\ ) 'H'rfl ‘ r:ﬂr“ ™
1 AREA 1HARER 25HERA
Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2462MH?2z)
File MC1099 Project 0ONK 37578 Page B2 of B22
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Conducted Spurious Emissions, 1to 25 GHz

RBW = 100 kHz
VBW =1 MHz

GRAYHI LL | NC.
EZCOM | P
0. 44W

RED=LOW CHAN BLK=M D GREEN=HI

FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Test Meter Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Factor dBm

[Mi]  [dB(uVv)] [dB] [ dB]
Fundanent al
2416. 142 118. 43 pk2 -107 13.43 6.57 N A NA NA
Azimuth: NN A Height:100 Horz Margin [dB] 20 N A NA NA
Fundanent al
2440. 144  119.11 pk2 -107 14.11 6.57 N A NA NA
Azimuth: NN A Height:100 Horz Margin [dB] 20. 68 N A NA NA
Fundanent al
2464. 146 118. 84 pk2 -107 13.84 6.57 N A NA NA
Azimuth: NN A Height:100 Horz Margin [dB] 20. 41 N A NA NA
LIMT 1: -20dB bel ow fundanental (worst case 13.43dBm - 20dB = -6.57dBn)
LIMT 2: NONE
LIMT 3: NONE
LIMT 4: NONE

pk - Peak detector

All spurious emissionswere at least 20dB below the fundamental

File MC1099 Project OONK37578
Test Engineer: Bart Mucha
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 30-1000M Hz
Preliminary Peak Data

Azimuth — 0 to 360 degrees

Antenna Height — 1, 2, 3and 4 meters

(5 UL — NORTHEROOK EMC GROUP & Now ZBBEH A9:57: 38
Fodioted Emizsions
Grayhill, Inc.
EZCOM-IP
1268L), B8 Hz w/ AXIS Comerao
2@ RED=HORIZOMTAL GREEW=UERTICAL
e
A
In]
1=
b
3 | FR 47 PART (1S O B5FH 8 []
D —
:3 CISPR|CLASS Al 18| METHER i s | e sy | e 2 ifene
|_|4B 4 LEFR S/ FHRET > L Ha E | L THEF
i)
= CISPR| CLATS Bl 1@ MET;P
| | M
E || L L il Ll
ze :I#T"‘;*\-_I ]I : "1.1. T ;-‘_;jp’gm e
.{1-"‘,“_ . : 2 ILH“,.HFJ'N'IN"” R

186 I BBE
FF"BCIUBFTCI:J [MHZ]

34
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Radiated Spurious Emissions, 30-1000M Hz
Preliminary Peak Data

Azimuth

— 0to 360 degrees

Antenna Height — 1, 2, 3and 4 meters

FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Gayhill, Inc.

EZCOW | P

120V, 60 Hz w AXl S Canera

RED=HORI ZONTAL GREEN=VERTI CAL

Test Meter @Gin/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Factor dB[uVolts/neter]
[ MHz] [dB(uVv)] [dB] [ dB]

38. 7684 43.2 pk -30.6 14.9 27.5 29.5 30 N A N A
Azimuth: 8 Hei ght: 99 Vert Margin [dB] -2 -2.5 N A N A
40. 3872 43.3 pk -30.6 14. 3 27 29.5 30 N A N A
Azimuth: 294 Height:99 Vert Margin [dB] -2.5 -3 N A N A
74.9888 54.7 pk -30.5 6.5 30.7 29.5 30 N A N A
Azimuth: O Hei ght: 400 Vert Margin [dB] 1.2 L7 N A N A
100. 0799 48.9 pk -30.4 10. 6 29.1 33.1 30 N A N A
Azimuth: 112 Height:200 Vert Margin [dB] -4 -.9 N A N A
125. 1037 49.9 pk -30.4 13. 7 33.2 33.1 30 N A N A
Azimuth: 316 Height:99 Vert Margin [dB] .1 3.2 N A N A
275. 2461 45.4 pk -29.3 17.3 33.4 35.6 37 N A N A
Azimuth: 332 Height:99 Vert Margin [dB] -2.2 -3.6 N A N A
320. 1099 50.7 pk -32.8 14.9 32.8 35.6 37 N A N A
Azi mut h: 38 Hei ght: 300 Horz Margin [dB] -2.8 -4.2 N A N A
639. 7702 46.1 pk -30.8 19.6 34.9 35.6 37 N A N A
Azimuth: 328 Height:99 Horz Margin [dB] -.7 -2.1 N A N A
LIMT 1: CFR 47 PART 15 CLASS B (10M
LIMT 2: C SPR CLASS B 10 METER
LIMT 3: CFR 47 PART 15 CLASS A
LIMT 4: CISPR CLASS A 10 METER
pk - Peak detector
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Final Maximized Quasi-Peak Data
Azimuth — 0 to 360 degrees
Antenna Height — 1to 4 meters

Gayhill,

I nc.

EZCOM | P
120V, 60 Hz w AXI S Canera
RED=HCORI ZONTAL GREEN=VERTI CAL

FCCID:

NMAEZCOMWL24IP

Issued: January 23, 2001

Test Meter @Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Readi ng Factor Fact or dB[ uVol t s/ met er]
[Mi]  [dB(uVv)] [dB] [ dB]

38. 7649 42.05 gp -30.6 14.9 26.35 29.5 30 N A N A
Azi muth: 66 Hei ght: 100 Vert Margin [dB] -3.15 -3.65 N A N A
40. 3989 42.95 gp -30.6 14.3 26.65 29.5 30 N A N A
Azi muth: 168 Height:102 Vert Margin [dB] -2.85 -3.35 N A N A
74.9747 53.27 gp -30.5 6.5 29.27 29.5 30 N A N A
Azimuth: 71 Hei ght : 169 Vert Margin [dB] -.23 -.73 N A N A
100.0545 48.63 gp -30.4 10.6 28.83 33.1 30 N A N A
Azi mut h: 306 Height:121 Vert Margin [dB] -4.27 -1.17 N A N A
124.9498 46.03 gp -30.4 13.7 29.33 33.1 30 N A N A
Azi mut h: 354 Height:104 Vert Margin [dB] -3.77 -.67 N A N A
275.023 44.73 gqp -29.3 17.3 32.73 35.6 37 N A N A
Azi mut h: 330 Height:101 Vert Margin [dB] -2.87 -4.27 N A N A
320.0972 51.55 gp -32.8 14.9 33.65 35.6 37 N A N A
Azimuth: 75 Hei ght : 248 Horz Margin [dB] -1.95 -3.35 N A N A
640.1438 46.61 gp -30.8 19.6 35.41 35.6 37 N A N A
Azi muth: 331 Height:143 Horz Margin [dB] -.19 -1.59 N A N A
LIMT 1: CFR 47 PART 15 CLASS B (10M
LIMT 2: CISPR CLASS B 10 METER
LIMT 3: CFR 47 PART 15 CLASS A
LIMT 4: ClSPR CLASS A 10 METER
Q: Quasi - Peak Detection
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 1to 4GHz
M easurement Antenna - Vertical
Transmit Antenna— 8dBi OM NI

RBW = VBW = 100 kHz

Preliminary Peak Data

(58 UL - NORTHEROOK EMC GROUP 27 0=t 20BE _ 19:31:26
Frelimi riciry Fodioted Emizsions
GRAYHIWL INC. JERTICEL
EZCOM--AF
A, 35|
ted 8dB  OMNI
RED=L0OkK| BLE=MID SREEN=FIisH
=1 I | 1
; |
o |
£ |
BE\B CFR 47, Port 15 7 meter : !r'l‘," -
o 1l \ it Ll e
3 skt LLzJe:-.?‘L"‘r‘ P oot .
E RS
S vy Al m‘a\'-«uAM‘.J&M“h ks i
e
ZH
| BAK 4HHE

FI"‘BDIUBHCI:J [ MHZ]

Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)

Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 2 metersper 15.209
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 2to 2.5GHz
M easurement Antenna - Vertical
Transmit Antenna— 8dBi OM NI

RBW = VBW = 100 kHz

Preliminary Peak Data

(58 UL - NORTHEROOK EMC GROUP 27 0=t 20B8E 2607 54
Frelimi gl=1al8] Fodisted Emissions
GRAYHILL INC. VERTI
EZCOM-IP
A, 350 HIGH=2433MH=

ted 8dBi OMNI
RED=L0OW BLK=MID GREEMEFHIG

.M

s
: - 2z e/
EEEB CER 47, Pt 15 2 bl llp JH m_
= | )L :}MW LY
3 R #“nijmuwmmm INRT o L
%cua
2@
2PAn 2508
FI"‘BD]UBHDI:J [MHZ]
Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)
Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 2 metersper 15.209
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Preliminary Peak Data
RBW = VBW = 100 kHz

GRAYHI LL | NC. VERTI CAL
EZCOM | P

0. 35W H GH=2433Mz

8dBi OWNI

RED=LOW BLK=M D GREEN=HI GH

Test Meter Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Factor dB[uVolts/neter]

[Mi]  [dB(uVv)] [dB] [ dB]
M d Channel, Restricted band
2351.351  25.23 pk 2 30.2 57.43 57.5 54 N A N A
Azimuth: NV A Height:100 Vert Margin [dB] -.07 3.43 N A N A

Low Channel , Band- Edge measur enent
2392.392 29.37 pk 2 30.3 61.67 57.5 NA NA NA
Azimuth: NV A Height:100 Vert Margin [dB] 4.17 N A N A N A

H gh Channel, Band- Edge neasurenent
2483.483  32.41 pk 2 30.6 65.01 57.5 NA NA NA
Azimuth: NV A Height:100 Vert Margin [dB] 7.51 N A N A N A

1: CFR 47, Part 15, 2 neter
2: FCC Restricted Bands 1
3: FCC Restricted Bands 2
4: FCC Restricted Bands 3

pk - Peak detector

Per clause 15.35 of CFR 47, Part 15 the measured field strength can be determined by averaging
the pulse train over a 0.1 second interval. When averaged over a 0.1 second interval, the EUT
has a duty cycle of 40%. The average value of measured emissions cab be calculated as
follows:

20l0g(0.4) = -7.96dB

At the time of testing the duty cycle was not known. Therefore the limits shown on the plots
and data files do not reflect the average value of measured emissions. The average value can
be determined by reducing the measured value by 7.96dB.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Final Maximized Average Data
Azimuth — 0 to 360 degrees
AntennaHeight — 0.75t0 2.5 meters
RBW =1 MHz, VBW = 10Hz

GRAYHI LL | NC. VERTI CAL

EZCOW | P
0. 35W H GH=2433MHz
8dBi OWN
RED=LOW BLK=M D GREEN=H GH
Test Meter @Gin/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Fact or dB[ uVol t s/ met er]
[ MHz] [dB(uVv)] [dB] [ dB]
Low Channel, Restricted band
2350.9599 23.6 av 2 30.2 55.8 57.5 54 N A N A
Azimut h: 55 Hei ght : 102 Vert Margin [dB] -1.7 1.8 N A N A
LIMT 1: CFR 47, Part 15, 2 neter
LIMT 2: FCC Restricted Bands 1
LIMT 3: FCC Restricted Bands 2
LIMT 4: FCC Restricted Bands 3

av - Average detector

Per clause 15.35 of CFR 47, Part 15 the measured field strength can be determined by averaging
the pulse train over a 0.1 second interval. When averaged over a 0.1 second interval, the EUT
has a duty cycle of 40%. The average value of measured emissions cab be calculated as
follows:

20l0g(0.4) = -7.96dB

At the time of testing the duty cycle was not known. Therefore the limits shown on the plots
and data files do not reflect the average value of measured emissions. The average value can
be determined by reducing the measured value by 7.96dB.
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2390M Hz Band-Edge M easurement

REF S7 dBul ATT H dB

FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

2483.5M Hz Band-Edge M easurement

REF S7 dBul ATT H dB

85

73 hUMMMﬂ
oL W\R

37 L
- R WOT VPV [V

13
1
= |
~23 START 2433.5 MH=z CENTER z2458.5 MH=z STOP 2483.5 MH=z
REW 188 kH= VEW 188 kH=z SUF 8125 =ec
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 1to 4GHz
M easurement Antenna - Horizontal
Transmit Antenna— 8dBi OMNI

RBW = VBW = 100 kHz

Preliminary Peak Data

UL — NORTHEROOK EMC GROURP 19 Ot 2BB5H 15:168:48
Freliminary Rodicted Emissions
GRATHILL IMC.
EZCOMM-IF BdEi OMNI Z25FT CARELRE
kg 8. 46l

HDR[Z?\TQL AMTENNA FOLARITY

| _

1208

aa
=

CFR 47, Port 15 7 meter |

et st Lkl
b miastin, --'vld'ﬂ"'.;w,{ ..'."_'r.
R v ki

T .,}ﬁﬂ,{!‘u'r-k { uii‘l-‘i,'.ﬁ-‘.w tatedeindi

B

dECulolts/meter]
)]
=

oittronchisntpnctobiradmaiibie sl

I
=

2H

1888 4B6R

Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)

Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 2 metersper 15.209
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 2to 2.5GHz
M easurement Antenna - Horizontal
Transmit Antenna— 8dBi OM NI

RBW = VBW = 100 kHz

Preliminary Peak Data

(58 UL - NORTHEROOK EMC GROUP 27 0=t 20B8E 26 38 : 29
Frel imiﬁc:r“g Fodioted Emissions

GRAYHTLL INC.  HORIZONTAL
EZCOM_IP

B.35W  HIGH=2433MH=

tad 8dBi OMNT

RED=LOW BLK=MID GREEN=HIGH

MHz

i

2d = = : Ju \ H

5 = S 2 = i
- E = = Z { =
]
BE\B [FR 47, Part 15 7 meHer .EJ HH
: Il - b
o ﬁfi,-:-;:‘_n.mh"&'diﬁuh"#m‘«‘w:.ra*w'\'-ﬂ'm'?f‘a?A T A B e S it e sl
i)
“4m

2H

ZHAER 25080

FI"‘BDIUBHCI:J [ MHZ]

Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)

Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 2 metersper 15.209

Average measurements were not considered necessary in the horizontal antenna
polarity based on preliminary data. Measurementsin vertical polarity were
considered to cover horizontal polarity data (vertical more severe).
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 4 to 18GHz
M easurement Antenna - Vertical
Transmit Antenna— 8dBi OM NI

RBW = VBW = 100 kHz

Preliminary Peak Data

{2 UL~ NORTHBERODK EMC GROUP 27 Oct 20B@  17:49:53
Frelimi rciry Fodiated Emizsions
GRAYHILL INC. LERTICAL
ELCOM-IF
B, 350
1ea 8B OMNI
FRED=LOW BLK=MIC SREEMN=HIGF
_8a
{5
IN]
4
i}
£
A
:—J;E CFR 47, Fort 15, B meter I I N U 1 O I I | I N I N
=
|_|j I l‘ll'".";
bbbt |, A R et e
o . : A ey P iviain . ki tinatt
Pl .w‘a.z!n#; I e el A A
20
4pAEA TBERA TBEAA
FI"‘BD]L,IBHDI:J [MHZ]
Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 MH2)
Green = High Channel (2433 MH2)
Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 3 metersper 15.209
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Preliminary Peak Data
RBW = VBW = 100 kHz

GRAYHI LL | NC. VERTI CAL
EZCOM | P
0. 35W
8dBi OWNI
RED=LOW BLK=M D GREEN=H GH
Test Meter Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Factor dB[uVolts/neter]

[ MHz] [dB(uVv)] [dB] [ dB]
Low Channel, Restricted band

4275. 425 72.68 pk -51 34.2 55.88 54 54 N A N A
Azimuth: NV A Height:101 Vert Margin [dB] 1.88 1.88 N A N A

M d Channel, Restricted band
4303. 434 72.62 pk -51 34.1 55.72 54 54 N A N A
Azimuth: NV A Height:101 Vert Margin [dB] 1.72 1.72 N A N A

H gh Channel, Restricted band
4340. 78 64.77 pk -51.1 34.1 47.77 54 54 NA NA
Azimuth: NV A Height:101 Vert Margin [dB] -6.23 -6.23 N A N A

Low Channel, Restricted band
4835. 612 73.58 pk -50.1 35 58.48 54 54 N A N A
Azimuth: NV A Height:101 Vert Margin [dB] 4.48 4.48 N A N A

M d Channel, Restricted band
4863. 621 76.12 pk -50 35.1 61.22 54 54 N A N A
Azimuth: NV A Height:101 Vert Margin [dB] 7.22 7.22 N A N A

H gh Channel, Restricted band
4900. 967 75.61 pk -49.9 35.3 61.01 54 54 NA NA
Azimuth: NV A Height:101 Vert Margin [dB] 7.01 7.01 N A N A

LIMT 1: CFR 47, Part 15, 3 neter
LIMT 2: FCC Restricted Bands 2
LIMT 3: FCC Restricted Bands 3
LIMT 4: NONE

pk - Peak detector
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Final Maximized Average Data
Azimuth — 0 to 360 degrees
AntennaHeight — 0.75t0 2.5 meters
RBW =1 MHz, VBW = 10Hz

GRAYHI LL | NC. VERTI CAL
EZCOM | P
0. 35W
8dBi OWNI
RED=LOW BLK=M D GREEN=H GH
Test Meter Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Fact or dB[ uVol t s/ met er]
[Mi]  [dB(uVv)] [dB] [ dB]
*Low Channel, Restricted band
4275.9699 74.7 av -51 34.2 57.9 54 54 N A N A
Azimuth: 195 Height:122 Vert Margin [dB] 3.9 3.9 N A N A

*M d Channel, Restricted band
4865.9709 74.78 av -50 35.1 59.88 54 54 N A N A
Azi muth: 341 Height:179 Vert Margin [dB] 5.88 5.88 N A N A

LIMT 1: CFR 47, Part 15, 3 neter
LIMT 2: FCC Restricted Bands 2
LIMT 3: FCC Restricted Bands 3
LIMT 4: NONE

av - Average detector

*Based on prelimnary neasurenents, these average neasurements were
consi dered representative of the low, md and high channels.

Per clause 15.35 of CFR 47, Part 15 the measured field strength can be determined by averaging
the pulse train over a 0.1 second interval. When averaged over a 0.1 second interval, the EUT
has a duty cycle of 40%. The average value of measured emissions cab be calculated as
follows:

20l0g(0.4) = -7.96dB

At the time of testing the duty cycle was not known. Therefore the limits shown on the plots
and data files do not reflect the average value of measured emissions. The average value can
be determined by reducing the measured value by 7.96dB.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 4 to 18GHz
M easurement Antenna - Horizontal
Transmit Antenna— 8dBi OM NI

RBW = VBW = 100 kHz

Preliminary Peak Data

|2 UL — NORTHEROOK EMC GROUP 27 Oct 20088 19:689: 38
Frelimi rciry Hodiated Emi=sions
GRAYHILL INC. HORIZOMTAL
ELCOM-IP
[, 350

el 8dBi OMNI
RED=L0OL BLK=MID SREEM=HIGF

26

5

]

4

u

£

e

= CFR 47, Port 15, W meter I I N U 1 O I I N N N

:>j | |

@ ‘ Al i t-'\w.'".w‘fNw""“m-..wv"""

] I ' TR H"L-lt- -;t:ﬁ“'-*r]ﬁi--""~"|"-r'*|-:"“'-ﬂ“l'.‘ik'?""':'_"" i il i

i i, B e J
R P YT 1 i L R
28
S 15| 5]E] - 1 HHBEK 18H8A

FI"‘BDIUBHCI:J [ MHZ]

Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)

Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 3 metersper 15.209

File MC1099 Project 0OONK37578 Page B18 of B22

Test Engineer: Bart Mucha

L A R F
et

UL International EM C Services www.ul.com/emc (800) USE UL EMC



Preliminary Peak Data
RBW = VBW = 100 kHz

FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

GRAYH LL | NC. HORI ZONTAL

EZCOW | P

0. 35W

8dBi OWN

RED=LOW BLK=M D GREEN=H GH

Test Meter @Gin/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Factor dB[uVolts/neter]
[ MHz] [dB(uVv)] [dB] [ dB]

H gh Channel, Restricted band
4340.78 72.96 pk -51.1 34.1 55.96 54 54 N A N A
Azimuth: NN A Height:113 Horz Margin [dB] 1.96 1. 96 N A N A
H gh Channel, Restricted band
4900. 967 68.26 pk -49.9 35.3 53.66 54 54 N A N A
Azimuth: NV A Height:113 Horz Margin [dB] -.34 -.34 N A N A
M d Channel, Restricted band

6455. 485 58.02 pk -47.8 36.8 47.02 54 999 N A N A
Azimuth: NN A Height:100 Horz Margin [dB] -6.98 -951.98 NA N A
M d Channel, Restricted band

8612. 204 60.8 pk -49.5 38.5 49. 8 54 999 N A N A
Azimuth: NN A Height:100 Horz Margin [dB] -4.2 -949.2 NA N A
Low Channel, Restricted band

9671. 891 64. 14 pk -50 38.4 52.54 54 999 N A N A
Azimuth: NN A Height:100 Horz Margin [dB] -1.46 -946.46 NA N A
LIMT 1: CFR 47, Part 15, 3 neter

LIMT 2: FCC Restricted Bands 2

LIMT 3: FCC Restricted Bands 3

LIMT 4: NONE

pk - Peak detector
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Final Maximized Average Data
Azimuth — 0 to 360 degrees
AntennaHeight — 0.75t0 2.5 meters
RBW =1 MHz, VBW = 10Hz

GRAYHI LL | NC. HORI ZONTAL
EZCOM | P
0. 35W
8dBi OWNI
RED=LOW BLK=M D GREEN=H GH
Test Meter Gain/Loss Transducer Level Limt:1 2 3 4
Frequency Reading Factor Fact or dB[ uVol t s/ met er]
[Mi]  [dB(uVv)] [dB] [ dB]

*H gh Channel, Restricted band
4343.989 75.35 av -51.1 34.1 58.35 54 54 N A N A
Azi muth: 210 Height:110 Horz Margin [dB] 4.35 4.35 N A N A

*H gh Channel, Restricted band
4904.007 71.12 av -49.9 35.3 56.52 54 54 N A N A
Azi mut h: 202 Height:111 Horz Margin [dB] 2.52 2.52 N A N A

LIMT 1: CFR 47, Part 15, 3 neter
LIMT 2: FCC Restricted Bands 2
LIMT 3: FCC Restricted Bands 3
LIMT 4: NONE

av - Average detector

*Based on prelimnary neasurenents, these average neasurements were
consi dered representative of the low, md and high channels.

Per clause 15.35 of CFR 47, Part 15 the measured field strength can be determined by averaging
the pulse train over a 0.1 second interval. When averaged over a 0.1 second interval, the EUT
has a duty cycle of 40%. The average value of measured emissions cab be calculated as
follows:

20l0g(0.4) = -7.96dB

At the time of testing the duty cycle was not known. Therefore the limits shown on the plots
and data files do not reflect the average value of measured emissions. The average value can
be determined by reducing the measured value by 7.96dB.
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 18 to 26.5GHz
M easurement Antenna - Vertical

Transmit Antenna— 8dBi OM NI

RBW = VBW =50 kHz

Preliminary Peak Data

5 UL - WORTHERODK EMC GROUP 27 Oct 2BB8  2@:41:26
Frel imi rciry Fodioted Emi=sions
GRAYHILL INC. VERTICAL
EZCOM-IP
A, 35 HIGH=2433MH=
tae 8B OMNI
RED=L0OL BLK=MID GREEM=HIGH
_8a
5
[IN]
4
In]
i
A
:—J;E CFRE 47, Port 15, 3 meter
=
g "&'uﬁ-_-%i‘at-h:r:“h,:'f,l_ea'.éws."_;;.;:.':,‘f'f';'g::':-'.-:.!ﬁt_;,»_,‘-.-"""“*-mi.',;:L';;.;,’r.«_-_f-::‘,‘;-.',:1.“,.-4,3'}“:...-.;«;'313:,:;1;»,,.ﬂ:-_*l.‘.‘:f-:'rﬁ_.lﬁ_f'z~_.'j:-'.*-:'ﬁ?::v:;.‘-‘..'.‘f*'-'.t'.*'r_-':'?'5-"?,‘-Tf-\!f_.t,'i'*}*r"rg;_“'*
“4m
28
| 8008 26588
FI"‘BD]L,IBHCI:J [MHZ]
Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)
Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 3 metersper 15.209
FileMC1099 Project 0ONK37578 Page B21 of B22

Test Engineer: Bart Mucha

L A R F
et

UL International EM C Services www.ul.com/emc (800) USE UL EMC



FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

Radiated Spurious Emissions, 18 to 26.5GHz

M easu

rement Antenna - Horizontal

Transmit Antenna— 8dBi OM NI
RBW = VBW =50 kHz

Preliminary Peak Data

{5 UL_— NORTHBROOK EMC GROUP 27 Oct 2BB@  28:46:45
Frel imi rciry Fodioted Emi=sions
GRAYHILL IMC. HORIZONTAL
EZCOM-IP
A, 350 HIGH=2433MH=
tae 8B OMNI
RED=LOW BLE=MID GREEM=HIGH
8B
5
[IN]
4
In]
E
B8
:—J;E CFRE 47, Port 15, 3 meter
=
g ot G A e T '.-‘-'1';':’;I’;*F""T.'iij'uf-l'.::1;'!.!;'."5:."1'.4.'!.‘.;"1";1'-:6.'{'{,",.'-.'.h;'i':-f.l;1.'n'f-‘I"l.-'-’-f;‘,’-“.'".",".'i‘?.1'-‘l‘.""!—‘:qT.'-:'.'.‘;"@'-’r‘.-rfi’.f'.'-é»'«"-'f,'.f,i‘:“;.‘,f{!-.‘,?'“_.‘.f.; e
“4m
2/
1 8088 26580
FI"‘BD]L,IBHDI:J [MHZ]
Red = Low Channel (2418 MH2)
Black = Mid Channél (2425 M H2)
Green = High Channel (2433 MH2)
Yellow Limit Line = Restricted Bands per 15.205
Red Limit Line= General Limit at 3 metersper 15.209
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FCC ID: NMAEZCOMWL241P
Issued: January 23, 2001

APPENDIX C

Sample Calculations of Field Strengths

Basic Equation:

The field strength is calculated by adding the Meter Reading, Cable Set Gain/Loss and
Transducer (Antennaor LISN) Factor. The basic equation is as follows:

FS=MR+GL +TF

Where:
FS = Calculated Field Strength in dB(uV)/meter

MR = Meter Reading of receiver amplitude in dB(uV)

GL = Gain/Loss factor of cable set in dB
A negative Gain/Loss indicates signal amplification (gain)
A positive Gain/Loss indicates signal attenuation (10ss)

TF = Transducer Factor of antennaor LISN in dB

Sample Calculation:
The measured receiver amplitude is 52.7 dB(uV).

The gain/loss factor is—30.2 dB (indicating a preamplifier isincluded in the cable set).

The transducer factor (antenna factor) is 6.6 dB.

These factors are added (52.7 + (-30.2) + 6.6) resulting in a calculated field strength of 29.1
dB(uV)/meter.

FileMC1099 Project 0ONK 37578 Page C1 of C1
UL International EM C Services www.ul.com/emc (800) USE UL EMC



1to4GHz Measurement System

1to 18GHz 40GHz
Horn Antenna || Spectrum
Analyzer

410 18GHz M easurement System

Block Diagram of M easurement System

FCC ID: NMAEZCOMWL.

Issued: January 23, 2001

APPENDIX D

Step
1to 18GHz Attenuator 3.8GHz 4.8GHz 1t018GHz | 1to 18GHz
Horn Antenna =1  (usedfor =1 HighPass | HighPass || Preamplifier Preamplifier
linearity Filter Filter Stage 1 Stage 2
check)
18to 26.5GHz M easurement System
18 to 26.5GHz Step Attenuator 18-26.5GHz | 18-26.5GHz 40GHz
Horn Antenna ™= (used for linearity check) =1 Preamplifier Preamplifier Spectrum
Stage 1 Stage 2 Analyzer
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