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M easur ement of RF Interference from a

Model TCU1P03_M1202D In-Vehicle Bluetooth Module Transmitter

1.0INTRODUCTION:

1.1 Description of Test Item - Thisdocument represents the results of the series of radio interference
measurements performed on an InVehide Bluetooth Module, Model No.TCU1P03 M1202D, Serid
N0.07187699 spread spectrum trangmitter, (hereinafter referred to as the test item). The test item is a
frequency hopping spread spectrum transcalver used in vehicle bluetooth gpplications. It tranamits in the 2400 to
2483.5MHz band and uses an externd flat pand antenna. The test item was manufactured and submitted for
testing by Motorola TCG located in Deer Park, IL.

1.2 Purpose - The test sries was performed to determine if the test item meets the conducted and
radiated RF emission requirements of the FCC "Code of Federa Regulations' Title 47, Part 15, Subpart C,
Sections 15.247 for Intentional Radiators. Testing was performed in accordance with ANS| C63.4-2001.

1.3 Deviations, Additions and Exclusions - There were no deviations, additions to, or exclusons

from the test specification during this test series.
1.4 Applicable Documents - The following documents of the exact issue desgnated form part of this
document to the extent specified herein:

- Federa Communications Commission "Code of Federd
Regulations', Title 47, Part 15, Subpart C, dated
1 October 2003

- FCC Public Notice, DA 00-705, "Filing and Measurement Guidelines for Frequency Hopping
Spread Spectrum Systems’, Released March 30, 2000

- ANSI C63.4-2001, "American National Standard for Methods
of Measurement of Radio-Noise Emissons from Low-Voltage
Electricd and Electronic Equipment in the Range of 9 kHz
to 40 GHz"

1.5 Subcontractor Identification - This series of tests was performed by Elite Electronic Engineering
Incorporated of Downers Grove, lllinois. The laboratory is accredited by the Nationa Ingtitute of Standards
and Technology (NIST) under the Nationa Voluntary Laboratory Accreditation Program (NVLAP). NVLAP
Lab Code: 100278-0.

1.6 Laboratory Conditions - The temperature at the time of the tet was 21°C and the rdative
humidity was 55%.
20TEST ITEM SETUP AND OPERATION:

THISREPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT THE
WRITTEN APPROVAL OF ELITE ELECTRONIC ENGINEERING INCORPORATED.
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The test item 5 an In-Vehide Bluetooth Module, Part No.TCU1P03 M1202D. A block diagram of
the test item setup is shown as Figure 1.

2.1 Power Input - The test item obtained 5 VDC power through two leads from a BK Precision
Modd 1670 power supply. The power supply received 115V 60Hz power through lowpass powerline filters
on the wdl of the shidded enclosure. The leads from the power supply to the test item were approximately 6
incheslong.

2.2 Grounding - Since only two wires were used to provide the input power, the test item was
ungrounded during the tests.

2.3 Support Equipment - The following support equipment was submitted with the test iten

Item Description

Hat Pand Antenna S/N 07187699

2.4 Inter connect Cables - The following interconnect cables were submitted with the test item:

[tem Description

Antenna Cable 43cm long

RS232 Cable Usad for progriamming only - Unterminated for radiated tests and connected to
computer during conducted tests

2.5 Operational Mode - Thetest item and al support equipment was placed on an 80cm high non-
conductive stand. The test item and al support equipment were energized. The test item was st to tranamit at
frequencies of 2402MHz, 2441MHz and 2480MHz.

3.0 TEST EQUIPMENT:

3.1 Test Equipment List - A ligt of the test equipment used can be found on Table I. All equipment
was cdibrated per the indruction manuas supplied by the manufacturer.

3.2 Calibration Traceability - Test equipment is maintained and cdibrated on a regular basis. All
cdibrations are traceable to the Nationd Ingtitute of Standards and Technology (NIST).

4.0 REQUIREMENTS, PROCEDURES AND RESULTS:

4.1 Powerline Conducted Emissions

4.1.1 Requirements — This requirement is not gpplicable since the test item receives 5VDC
from the vehide' s power supply. There are no operational modes where the transmitter can be connected to the
AC power public utilities. Therefore, the conducted emissions measurements are not required.

4.2 Carrier Frequency Separation
Page 4 of 53
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421 Requirements - Per section 15.247 (a)(1), frequency hopping systems shdl have
hopping channd carrier frequencies separated by a minimum of 25kHz or the 20dB bandwidth of the hopping
channd, whichever is greeter.

4.2.2 Procedures - The test itemwas setup ingde the chamber. The output of the test item
was connected to the spectrum andyzer through a 30dB pad. With the hopping function enabled, the test item
was alowed to transmit continuoudly.

The resolution bandwidth (RBW) was set to > to 1% of the span. The peak detector and '‘Max-Hold'
function were engaged. The span was set wide enough to capture the peaks of at least two adjacent channels.
When the trace had gtabilized after multiple scans, the marker-dedta function was used to determine the
separation between the peaks of the adjacent channds. The analyzer's display was plotted using a 'screen dump'
utility.
4.2.3 Results - Page 15 showsthe carrier frequency separation. As can be seen from
this plot, the separation is 991.9 kHz which is greater than the 20dB bandwidth (836.7kHz).
4.3 Number of Hopping Frequencies
4.3.1 Requirements - Per section 15.247(a)(1)(iii), for frequency hopping sysems
operating in the 2400-2483.5MHz band, the frequency hopping systems shdl use at least 15 non-overlapping
channdls.

4.3.2 Procedures- Thetest item was setup insde the chamber. The output of the test item
was connected to the spectrum andyzer through a 30dB pad. With the hopping function enabled, the test item
was dlowed to transmit continuoudly.

The resolution bandwidth (RBW) was set to > to 1% of the span. The peak detector and 'Max-Hold'
function were engaged. The span was set wide enough to capture the entire frequency band of operation.

The test item’ s Sgnd was dlowed to sabilize after multiple scans. The number of hopping frequencies
was counted. The andyzer's display was plotted using a 'screen dump' utility.

4.3.3 Results - Page 16 shows the number of hopping frequencies. As can be seen from this
plot, the number of frequenciesis 79 which is greater than the minimum required.

4.4 Time of Occupancy
4.4.1 Requirement - Per section 15.247(3)(2)(iii), for frequency hopping systems
operating in the 2400-2483.5MHz band, the average time of occupancy shdl not be greater than 0.4 seconds
within a 0.4 second period multiplied by the number of hopping channels employed.

4.4.2 Procedures - The test item was setup insde the chamber. The output of the test item was

connected to the spectrum andyzer. With the hopping function enabled, the test item was dlowed to tranamit
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continuoudly.

The resolution bandwidth (RBW) was set to 1 MHz. The peak detector and 'Max-Hold' function were
engaged. With the span set to OHz, the sweep time was adjusted to capture a single event in order to measure
the dwell time per hop. Then, the sweep time was expanded to capture the average time between hops. When
the trace had stabilized after multiple scans, the time between hops was measured. The analyzer's display was
plotted using a 'screen dump' utility.

The dwdl time in a 31.6 second period was then caculated from dwell time per hop divided by time
between hops then multiplied by 31.6 seconds.

4.4.3 Results - Pages 17 and 18 show the plots for the time of occupancy (dwell time). As can
be seen from the plots, the time of occupancy can be determined by a 400usec burst every 99.2msec multiplied
by a 31.6 second period. This cdculated vaue is equd to 0.1274 seconds which is less than the 0.4 seconds
allowed.

4.5 20dB Bandwidth

4.5.1 Requirement - Per section 15.247(a)(2)(iii), for frequency hopping syssems operating in
the 2400-2483.5MHz band, the 20dB bandwidth shal be measured for determination of the carrier frequency
Separation limits.

4.5.2 Procedures - The test item was setup insde the chamber. The output of the test item was
connected to the spectrum analyzer through a 30dB pad. With the hopping function disabled, the test item was
alowed to tranamit continuoudy. The frequency hopping channel was set separately to low, middle, and high
hopping channds. The resolution bandwidth (RBW) was et to > to 1% of the 20 dB BW.

The 'Max-Hold' function was engaged. The andyzer was dlowed to scan until the envelope of the
transmitter bandwidth was defined. The andyzer's display was plotted using a 'screen dump' utility.

4.5.3 Results - The plots on pages 19 through 21 show that the maximum 20 dB bandwidth was
836.7kHz

4.6 Peak Output Power

4.6.1 Requirement - Per section 15.247(b)(1), For frequency hopping systems operdting in
the 2400-2483.5MHz band and employing at least 75 hopping channds. The peak output power shal not be
greater than 1 waitt.

Per section 15.247(4), the pesk output power from an intentiond radiator if the transmitting antenna(s)
have a directiona gain greater than 6dBi shal be reduced below by the amount in dB that the directional gain of
the antenna exceeds 6dBi.

4.6.2 Procedures - The output of the test item was connected to the power meter. The
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maximum meter reading was recorded. The peak power output was measured for the low, middie and high
hopping frequencies.

The test item was placed on the nonconductive stand and set to transmit. A broadband measuring
antennawas placed at atest distance of 3 meters from the test item. The test item was maximized for worst case
emissions (or maximum output power) a the measuring antenna. The maximum meter reading was recorded.
The peak power output was measured for the low, middle and high hopping frequencies.

The equivaent power was determined from the field intengty levels measured at 3 meters usng the
substitution method. To determine the emission power, another double ridged waveguide antenna was then set
in place of test item and connected to a cdibrated signal generator. The output of the Sgna generator was
adjusted to match the received leve at the spectrum analyzer. The signal level was recorded. The reading was
then corrected to compensate for cable loss, as required. The peak power output was calculated for the low,
middle and high hopping frequencies.

4.6.3 Results - Theresults are presented on pages 22 and 23. The maximum antenna
conducted output power measured from the transmitter was 1.37dBm which meetsthe 30 dBm limit. The
maximum EIRP measured from the transmitter was 3.7 dBm which meets the 36dBm defacto limit.

4.7 Bandedge Compliance

4.7.1 Requirement - Per section 15.247(c), the emissions at the band-edges must be at least
20dB below the highest level measured within the band. In addition, the radiated emissons which fal in the
restricted band beginning at 2483.5 MHz, must meset the generd limits of 15.209

4.7.2 Procedures - The test item was setup insde the chamber. The output of the test item was
connected to the spectrum anayzer through a 30 dB pad. With the hopping function disabled, the test item was
allowed to transmit continuoudy. The frequency hopping channd was set separately to low and high hopping
channds. The resolution bandwidth (RBW) was set to 100 kHz.

The 'Max-Hold' function was engaged. The andyzer was alowed to scan until the envelope of the
tranamitter bandwidth was defined. The andyzer's display was plotted using a 'screen dump' utility. The
measurement was repeated with the frequency hopping function enabled.

For the emissons which fal in the restricted band the "marker-delta” method described in Public Notice
DA 00-705 was used. Initidly radiated measurements were performed a the fundamentas of the highest
hopping frequencies using 1 MHz bandwidth. For the measurements the "delta’ required to meet the generd
limit was cdculated.

Next, the band-edge emissons were plotted using peak detector and 100 kHz bandwidth. The "ddta’
limit was applied to this plot to determine compliance at the band-edge.
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The test item was placed on the nortconductive stand and set to transmit. A broadband measuring
antennawas placed at atest distance of 3 meters from the test item. The test item was maximized for worst case
emissions (or maximum output power) at the measuring antenna. The maximum meter reading was recorded.

4.7.3 Results - Pages 24 through 27 show the conducted band-edge compliance results. Page
28 shows the radiated band-edge compliance results using the marker-delta method. As can be seen from these
plots, the emissons at the band-edge and in the restricted band are within the generd limits.

4.8 Spurious Emissions

4.8.1 Antenna Conducted
4.8.1.1 Requirement — Per section 15.247(c), the spurious emissions in any 100 kHz
BW outside the frequency band must be at least 20dB below the highest 100 kHz BW level measured within
the band.
4.8.1.2 Procedur es — The measuring equipment was connected to the test item's
antenna port. The emissions in the frequency range from 30MHz to 25GHz were observed and plotted
separately with the test item transmitting at 2402MHz, 2441MHz, and 2480MHz. Compliance above 25GHz is
demongtrated with radiated measurements,
4.8.1.3 Results - The results of the antenna conducted emissions levels were plotted.
These plots are presented on pages 29 through 37. These plots show that the spurious emissions were at least
20 dB below theleve of the fundamentdl.
4.8.2 Radiated Spurious Emissions
4.8.2.1 Requirement — Per section 15.247(c), the radiated emissons which fdl in the
restricted bands must meet the genera limits of 15.209.
4.8.2.2 Procedur es— The radiated tests were performed in a 32ft. x 20ft. x 18ft.
hybrid absorber lined semi-anechoic test chamber. With the exception of the floor, the reflective surfaces of the
shidded chamber are lined with ferrite tiles on the walls and celling. The floor of the chamber is used asthe
ground plane. The chamber complies with ANSI 63.4 and CISPR 16 requirements for Site attenuation.

Prdiminary radiated measurements are performed to determine the frequencies where the sgnificant
emissons might be found. With the test item a one set position and the measurement antenna at a set height (i.e.
without maximizing), the radiated emissions were measured using peek detection with 100 kHz BW. This data
was then automaticaly plotted up through 18 GHz. The frequency range from 18 to 25 GHz was checked
manudly but not plotted.

Next, the harmonic or spurious emissions faling in the restricted bands were measured up through the
10th harmonic. For the measurements above 1GHz, the measurement bandwidth was set to 1 MHz RBW. The
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anayzer was st to linear mode with 10 Hz VBW in order to Smulate an average detector. A pre-amplifier
was used to increase the receiver sengtivity.
4.8.2.3 Results - The preiminary emissons levels were plotted. These plots are

presented on pages 38 through 49. These plots indicate that the radiated spurious emissions were below the
generd limit.

The harmonics and any other emissons that fall in the restricted frequency bands were then re-measured
manudly. Thisdatais shown in the tables on pages 50 through 52. Thefidd intengties levels for the harmonics
in the regtricted band were within the limit.

4.9 Spectral Density
4.9.1 Requirement - Per section 15.247(d), the peak power spectra dendty from the

intentiond radiator shal not be greater than 8 dBm in any 3 kHz band during any time interva of continuous
transmisson.

4.9.2 Procedures - The output of the test item was connected to the spectrum andyzer. The
test item was put into inquiry mode.

The test item was placed on the non-conductive stand and set to transmit. A broadband measuring
antennawas placed a atest distance of 3 meters from the test item. The test item was maximized for worst case
emissions (or maximum output power) at the measuring antenna.

The resolution bandwidth (RBW) was et to 3kHz, the sweep time was set to the span divided by 3kHz
(IMHz/3kHz = 333 seconds). The peak detector and 'Max-Hold' function was engaged. The analyzer's display
was plotted using a 'screen dump' utility.

4.9.3 Results - Page 53 shows the power spectra density results. As can be seen from this
plot, the peak power density isless than 8dBm in a 3kHz band during any time interval of continuous
transmission.

5.0 CONCLUSIONS:

It was determined that the Motorola TCG InVehide Bluetooth Module, Part No.
TCU1P03 _M1202D, Serial No. 07187699, did fully meet the conducted and radiated emission requirements
of the FCC "Code of Federal Regulations' Title 47, Part 15, Subpart C, Section 15.247 for Bluetooth spread
gpectrum transmitters.

6.0 CERTIFICATION:

Elite Electronic Engineering Incorporated certifies that the information contained in this report was
obtained under conditions which meet or exceed those specified in the test specifications.

The data presented in this test report pertains to the test item at the test date. Any electricad or
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mechanica modification made to the test item subsequent to the specified test date will serve to invdidate the
data and void this certification.
7.0 ENDORSEMENT DISCLAIMER:

This report must not be used to claim product endorsement by NVLAP or any agency of the US

Governmernt.
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TABLE |: TEST EQU PMENT LI ST

ELI TE ELECTRONI C ENG | NC. Page: 1
Eq 1 D Equi pnent Description Manuf act ur er Model No. Serial No. Frequency Range Cal Date Cal Inv Due Date
Equi prent Type: ACCESSCR ES, M SCELLANEQUS
XPRO H GH PASS FI LTER K& M CROMVE  11SHI0- 4800/ 001 4.8-20G% 07/19/04 12 07/ 19/ 05
XZQD ATTENUATCR SWTCH DRI VER  HEW.ETT PACKARD 11713A 3439A02724  --- NA
Equi prent Type: AMPLI FI ERS
APKO PRE- AWMPLI FI ER HEW.ETT PACKARD 8449B 3008A00662  1-26.5G& 02/ 04/ 04 12 02/ 04/ 05
Equi prent Type: ANTENNAS
NTAO Bl LOG ANTENNA CHASE EMC LTD. Bl LOG CBL611 2057 0.03-2G¥Z 07/12/04 12 07/ 12/ 05
NWO R DGED WAVE GU DE AEL H1498 153 2-18GH 09/ 05/ 04 12 09/ 05/ 05
NW1 R DED WAVE QU DE AEL H1498 154 2-18GHZ 09/ 05/ 04 12 09/ 05/ 05
Equi prent Type: ATTENUATCRS
T1E7 10DB, 25W ATTENUATCR \El NSCHEL 46-10- 34 B&3489 DG 18G#Z 08/ 09/ 04 12 08/ 09/ 05
T2DH 20DB 25W ATTENUATCR \El NSCHEL 46- 20- 34 BN1039 DG 18G#Z 03/29/04 12 03/ 29/ 05
Equi prent Type: METERS
MPC1  DUAL PONER METER HEW.ETT PACKARD EPM 442A US37480258 0. IMHZ- 50GZ 05/19/04 12 05/ 19/ 05
MPA  PONER SENSCR HEW.ETT PACKARD 8482A US3318A27650 0. 1- 4200MHZ 02/ 24/ 04 12 02/ 24/ 05
Equi prent Type: RECEl VERS
RAC1L SPECTRUM ANALYZER HEW.ETT PACKARD 85660B 3407A08369  100HZ- 22GHZ 02/ 04/ 04 12 02/ 04/ 05
RACB RF PRESELECTCR HEW.ETT PACKARD 85685A 3506A01491  20HZ- 2GZ 02/ 04/ 04 12 02/ 04/ 05
RAF3  QUASI PEAK ADAPTER HEW.ETT PACKARD 85650A 3303A01775 0. 01- 1000MHZ 02/ 04/ 04 12 02/ 04/ 05
RBA1 EM TEST RECH VER RHCDE & SCHWARZ ESI B26 100146 20HZ- 26. 5G&Z 03/29/04 12 03/ 29/ 05
Equi prent Type: S| GNAL GENERATCRS
GBX1 SYNTHES| ZED SWEEPER HEW.ETT PACKARD 83630A 3420A00857  10MHZ- 26. 5GZ NOTE 1

Cal. Interval: Listed in Mnths 1/Q Initial hly NA Not Applicable
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Note 1: For the purpose of this test, the equi pment was calibrated over the specified frequency range, pulse rate, or
nodul ation prior to the test or nonitored by a calibrated instrunent.

ELITE ELECTRONIC ENGINEERING INC.

Radiated Emissions Test Setup Anechoic Ferrite Chamber

Anechoic Ferrite Chamber

DUT

s
et
™

Pa

Receive Antenna

|: Hpib chl I:I
Turn Table & Mast
Controller | Computer
I

Printer

Spectrum
Analyzer

FIGURE 1 BLOCKDIAGRAM OF TEST SETUP
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Radiated Emissons 2GHz — 18GHz — Verticd Polarization

Radiated Emissons 2GHz — 18GHz — Horizonta Polarization
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Radiated Emissons 18GHz — 25GHz — Horizonta Polarization
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Delta 1 [T1] RBW 1l MH=z RE Att 0 aB
Ref Lvl -0.13 dB VBW 3 MHz
10 dBm 400.801603 us SWT 20 ms Unit dBm
10
30 dB| Cffset
e

11

-10

5GL

-29

=30

INL
1ap

1
l

-9l

Center 2.441 GEz 2 ms/

Date: 9.SEP.2004 10:43:37

DWELL TIME = (400usec/99.2msec) * (0.4 sec * 79 hopping frequencies) = 0.1274sec

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 DWELL TIME

MODE : FREQUENCY HOPPING ENABLED
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-10

~20

-30

-140|

-50

-60

=70

-80

—-90

Delta 1 [T1] RBW 1 MHz RF Att 0 dB
Ref Lvl ~-0.15 dB VBW 3 MHZ
10 dBm 99.198397 ms SWT 500 ms Unit dBm
30 dB| Offset
i o K
0 4
SGL
INl
1ap
Center 2.441 GHz 50 ms/

Date: 9.SEP.20014

10:33:27

MANUFACTURER : MOTOROLA

MODEL NO.
SERIAL NO.

: TCUTP03_M1202D
: 07187699

TEST PERFORMED : FCC 15.247 DWELL TIME

MODE

: FREQUENCY HOPPING ENABLED
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Engineering Test Report No

Delta 1 (T1] RBW 10 kEz RF Att 0 de
Ref Lvl 1.86 dB VBW 100 kEz
10 dBm 836.67334669 kH=z SWT 64 ms Unit dBm

10,

30 dB| Offset

=10

DALY
J B .ﬁn.,“l“' ‘“hwif‘ B
L

v ' “\M

=70

~80

=50

Center 2.402 GHz 250 kEz/ Span 2.5 MHz

Date: 9.SEP.2004 12:52:27

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 20dB BANDWIDTH

MODE : TRANSMIT @ 2.402GHz, MAXIMUM DATA RATE

. 33977-01
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Engineering Test Report No

Delta 1 [T1] RBW 10 kHz RF ATt 0 dB
Ref Lwvl -1.50 dB VBW 100 kHz
10 dBm 831.66332665 kHz SWT 64 ms Unit dBm
10
30 dB| Offset
[ 2 |
0
oy
IFATLY N
-20 INl
1 [0
1ol -24.2 dBm rh"’ \Hﬁ\] 1 -
. a) i

Til ”MN
_EDMN /‘! 1 \Mmﬁfd "V'"“’L“J\\ﬁfu'“u

-80

~-70

~B0

Center 2.441 GHz 250 kHz/ Span 2.5 MHz

Date: S5.SEF.2004 12:57:04

MANUFACTURER : MOTOROLA

MODEL NO. : TCUiIP03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 20dB BANDWIDTH

MODE : TRANSMIT @ 2.441GHz, MAXIMUM DATA RATE

. 33977-01
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Delta 1 [T1) RBW 10 kHz RF Att 0 ds
Ref Lvl -1.24 dB VBW 100 kHz
10 dBm 831.66332665 kHz SWT 64 ms Unit dBm
10
30 dB| Offset
| & |
0
-10 ﬁ |
AT,
. A rJ \
B L i
D1 -23.6 dBm 1MA

= |

=

L=

—
L

qfa)
I

so 1 [/“' | UMAA.\h!\UJhInM
Al

-70

-80

)

Center 2.48 GEz 250 kHz/ Span 2.5 MHz

Date: 9.5EP.2004 13:02:06

MANUFACTURER : MOTOROLA

MODEL NO. : TCUIP0O3_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 20dB BANDWIDTH

MODE : TRANSMIT @ 2.480GHz, MAXIMUM DATA RATE
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Dat a Sheet
MANUFACTURER : Motorola TCG
MODEL : TCU1P0O3_ML202D
SI'N : 07187699
SPECI FI CATI ON . FCC Part 15, Subpart C, Section 15.247
Peak Qutput Power — Antenna Conducted Measurenent
DATE : Septenber 10, 2004

NOTES . CW Si gnal
. Power Meter Measurenent

FREQ. PEAK POWER
(MHz) (dBm)
2402 0.79
2441 0.94
2480 1.37

CHECKED BY: Marh € {@W

Page 22 of 53
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Dat a Sheet
MANUFACTURER Mot orol a TCG
MODEL TCU1PO3_ML202D
SI'N 07187699
SPECI FI CATI ON FCC Part 15, Subpart C, Section 15.247
Peak Qutput Power — Radi ated Measurenent
DATE Sept enber 10, 2004
NOTES
TEST DI STANCE | S 3 METERS
MATCHED
SPECTRUM SIGNAL CABLE | ANTENNA EIRP
FREQ. ANT | ANALYZER | GENERATOR | LOSS GAIN TOTAL
(MHz) POL | RDG(dBuV) RDG (dBm) (dB) (dB) (dBm)
2402 \Y 100.3 -1.00 2.8 6.8 3.0
H 97.4 -4.30 2.8 6.8 0.3
2441 Vv 102.0 -0.30 2.8 6.8 3.7
H 100.6 -1.60 2.8 6.8 2.4
2480 \Y 101.6 -0.40 2.8 6.9 3.7
H 98.3 -3.40 2.8 6.9 0.7

EIRP = S.G RDG + Cable

Loss — Antenna Gain

CHECKED BY: Monh E__W ‘
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Engineering Test Report No

Marker 1 [T1] RBW 100 kE=z RF ALt 0 dB
Ref Lvl 0.35 dBm VBW 1 MEz
10 dBm 2.40201403 GEz SWT S ms Unit dBm

10

30 dB| Cffset
L

=10 / L\
Bandellge
Lfn41'+
~z20Fk=D1_=19.7 <SBm o
iMax / \ iMR
=30
-4

r |
_50 1 . Wl

— 60

=

—70|

-80|

—a0

Center 2.4 GHz 1 MH=z/ Span 10 MH=z

Date: 9.SEP.2004 13:55:20

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 ANTENNA COND. BANDEDGE COMPLIANCE
MODE : TRANSMIT @ 2.402GHz, MAXIMUM DATA RATE

. 33977-01
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Engineering Test Report No

Marker 1 [T1] RBW 100 kHz RE Att 0 dB
Ref Lvl 0.33 dBm VBW 1 MBz
10 dBm 2.40201403 GHz SWT 5 ms Unit dBm

10

30 dB| Offset

Wi
Y O O I 5 AVIVIY

InL
1MAX / 1MA
-30

—40

- 60|

=70

-80

-90

Center 2.4 GEHz 1l MEZ/ ’ Span 10 MHz

Date: 9.SEP.2004 14:03:04

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 ANTENNA COND. BANDEDGE COMPLIANCE
MODE : FREQUENCY HOPPING ENABLED

. 33977-01
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Engineering Test Report No

Marker 1 [T1] RBW 100 kH=z RF Att 0 dB
@Ref Lvl 0.91 dBm VBW 1l MHzZ
10 dBm 2.48000301 GH=z SWT 5 ms Unit dBm
v 30 dB Ofiset
[
- Aandedge
Z.iih '7L
_20f=R1 -19.1 dBm —
1MAX 1MR
-30
\,
R Fodor]
. AR AR AL AL PN L e
~70
-80]
-3a0|
Center 2.4835 GHz 1 MEz/ Span 10 MHz
Date: 9.SEP.2004 14:09:43
MANUFACTURER : MOTOROLA
MODEL NO. : TCUIPG3 _M1202D
SERIAL NO. : 07187699
TEST PERFORMED : FCC 15.247 ANTENNA COND. BANDEDGE COMPLIANCE
MODE : FREQUENCY HOPPING ENABLED

. 33977-01
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Engineering Test Report No

Marker 1 [T1] RBW 100 kH=z RF Att 0 dB
® Ref Lvl 1.02 dBm VBW 1 MH=
10 dBma 2.48002305 GH=z SWT 5 ms Unit dBm
1n 30 dB| Offset
1 [ = ]
| /‘L\
™ Bandedge
1. N 7"
_agP1 -19 dBm 81
1MAX 1MA
-30|
UM U
-50) h A 1 A
M L A
-60
-70
-80)
_gg
Center 2.4835 GHz 1 MHA=z/ Span 10 MHz
Date: 9.SEP.2004 14:15:11
MANUFACTURER : MOTOROLA
MODEL NO. : TCU1P03_M1202D
SERIAL NO. 1 07187699
TEST PERFORMED : FCC 15.247 ANTENNA COND. BANDEDGE COMPLIANCE
MODE : TRANSMIT @ 2.480GHz, MAXIMUM DATA RATE

. 33977-01
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Marker 1 [T1] RBW 100 kHz RF Att 0 4dB
Ref Lwvl -60.05 dBm VBW 1 MH=
10 dBm 1.00000000 GH=z SWT 245 ms Unit dBm
10
30 dB| Offset
&
0
-10
_20f=D1 =19 8 dBm e
1MAX 1MA
-30
-40
-50
_ ) T A F
. T NIV BUTY NNV ETPRVLN 20t v A bl
~70
-80
-
Start 30 MHz 97 MHz/ Stop 1 GHz

Date: 9.SEP.2004 14:32:30

MANUFACTURER : MOTOROLA

MODEL NO.
SERIAL NO.

: TCUIP03_M1202D
: 07187699

TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
: TRANSMIT @ 2.402GHz, CW

MODE
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Engineering Test Report No

Marker 1 [T1] RBW 100 kH=z RF Att 0 dB
@Ref Twl 0.23 dBm VBW 1 MHZ
10 dBm 2.39478958 GH=z SWT 1.5 s Unit dBm
10
30 dB| Offset
1
0 r
-10|
_20b=D1--19 8 48 IRl
1MARZ 1MA
-30
-140)
o et
WMNMWWWWW
-60
-70)
-80
-90
Start 1 GHz 600 MHz/ Stop 7 GHz
Date: 9.SEP.2004 14:28:09
MANUFACTURER : MOTOROLA
MODEL NO. : TCU1PG3_M1202D
SERIAL NO. : 07187699
TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.402GHz, CW

. 33977-01
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Engineering Test Report No

Marker 1 [T1] RBW 100 kH=z RF Att 0 4dB
Ref Lvl -59.04 dBm VBW 1 MHE=z
10 dBm 7.00000000 GHz SWT 4.5 3 Unit dBm
10,
30 dB| Offset
f A |
0
~-10
-20| Dl —1 2 4B 81
1MAX 1MA

=30

-40|

=50

- 60|

-80|

Start 7 GHz 1.8 GHz/ S5top 25 GHz

Date: 9.SEP.2004 14:36:07

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.402GHz, CW

. 33977-01
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Marker 1 [T1] RBW 100 kH=z RF Att 0 dB
Ref Lvl -60.17 dBm VBW 1 MHz
10 dBm 1.00000000 GHz SWT 245 ms Unit dBm
10
30 dB| Cffset
0
-10
-20 hatl 2 aB
1MAX
- 30|
-40
- 50|
—60 l N 2 1 | T VTN PV Y
W ¥ W TP SEPV TR AT S VS i e o
-70
- 80|
Y]
Start 30 MHz S7 MHz/ Stop 1 GH=z
Date: 9.SEP.2004 14:47:02

MANUFACTURER : MOTOROLA
MODEL NO. : TCUIP03 M1202D
SERIAL NO. : 07187699

IRl
1Ma

TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.441GHz, CW
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Marker 1 [T1] RBW 100 kHz RF Att 0 dB
® Ref Lvl 0.15 dBm VBW 1 MHEz
10 dBm 2.44288577 GH=z SWT 1.5 = Unit dBm
e 30 dp|offset
| = |
1
o L J
-10
_zc D1 2 dBm IEl
1MAY 1MA
-30
-40
. [ AN
-6
-70|
-B0|
-390l
Start 1 GHz 600 MEz/ Stop 7 GHz
Date: 9.S5EP.2004 14:44:09
MANUFACTURER : MOTOROLA
MODEL NO. : TCU1PO3_M1202D
SERIAL NO. 1 07187699 :
TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.441GHz, CW
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Engineering Test Report No

Marker 1 [T1] RBW 100 kH=zZ RF Attt 0 dB
® Ref Lvl -58.67 dBm VBW 1 MHZ
10 dBm 7.00000000 GEz SWT 4.5 s Unit dBm
10,
30 dB| Offset =
0f
-10
—20 01 o] Hﬂl IN1
1MAY 1MA
=30
—40
=50
.
s ForncA b i o WASAASTIA A A Ar I Y
-70
-80
—g0
Start 7 GHz 1.8 GH=z/ Stop 25 GHz
Date: 9.5EP.2004 14:50:28
MANUFACTURER : MOTOROLA
MODEL NO. : TCU1P03 M1202D
SERIAL NO. : 07187699
TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.441GHz, CW

. 33977-01
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Engineering Test Report No

Marker 1 [T1] RBW 100 kEHz RF Att 0 dB
®Ref Lvl -59.11 dBm VBW 1 MEz
10 dBm 1.00000000 GH=z SWT 245 ms Unit dBm
10 30 dB| Offset
2 |
4}
-10|
oLl -14d.3 clBm ¥t
1HMAR 1MR
-130
- 40|
-30
_EQWJ - ' PR W S T A T ) A.I.\I‘LM'
-70)
-80
-580
Start 30 MHz 97 MHz/ Stop 1 GHz
Date: 9.8EP.2004 14:56:45
MANUFACTURER : MOTOROLA
MODEL NO. : TCUTPO3_M1202D
SERIAL NO. : 07187699
TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.480GHz, CW

. 33977-01
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Marker 1 [T1] RBW 100 kH=z RF Att 0 dB
Ref Lvl 0.70 dBm VBW 1 MH=z
10 dBm 2.47895792 GHz SWT 1.5 s Unit dBm
10
30 dB| Offset
| » |
1
4] h 4
-10]
0Dl -14.3 dbm o
1mAx 1ma
-30
-40
~50
w,“,NMqﬂﬂw*AAJ«¢MWKh*J’AAk“H
EUW%WWWW‘WW
~70
-a0
-390

Start 1 GHz 600 MHEzZ/ Stop 7 GH=z

Date: 9.5EP.2004 14:53:53

MANUFACTURER : MOTOROLA

MODEL NO. : TCUIP03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.480GHz, CW
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Marker 1 {T1] RBW 100 kEz RE Att 0 4B
Ref Lvl -59.80 dBm VBW 1 MBz
10 dBm 7.00000000 GH=z SWT 4.5 s Unit dBm
10
30 dB| Offset
B
0|
-10
_yo=R1 -19.3 dbm —
1MAX 1MA

-30

—40]

- 50|

O POV, PO W e Y s S RN ¥ i B e e

- 70|

-80

-50

Start 7 GHz 1.8 GHz/ Stop 25 GHz

Date: 9.5EP-2004 15:01:06

MANUFACTURER :MOTOROLA

MODEL NO. : TCU1PG3 M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 SPURIOUS RF ANTENNA COND. EMISSIONS
MODE : TRANSMIT @ 2.480GHz, CW

. 33977-01
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ﬂ

Dat a Sheet
MANUFACTURER Mot or ol a TCG
MODEL TCU1PO3_ML202D
S/'N 07187699
SPECI FI CATI ON FCC Part 15, Subpart C, Section 15.247

Radi at ed Spurious Eni ssions Measurenent

DATE Sept enber 10, 2004
NOTES Transmitting at 2402VHz
TEST DI STANCE IS 3 METERS
DI ST.
MTR. B. W CORR. ANT. CABLE PRE. 15. 209
FREQ ANT. RDG. RBW VBW | FACT. FACT. LOSS AMP. TOTAL Li mit
VHz POL. dBuV | AMBI ENT Hz dB dB dB dB dBuV/m [ dBuV/m
2402 \ 100. 3 1M 3M 31.3 3.5 -35.9 99.2
2402 H 97. 4 1M 3M 31.3 3.5 -35.9 96. 3
4804 \Y 28.3 | AMBIENT | 1M 10M 34.8 0.6 -35.2 28.5 54
4804 H 28.1 | AMBIENT [ 1M 10M 34.8 0.6 -35.2 28.3 54
12010 \ 27.3 | AMBIENT [ 1M 10M 41. 4 -34.8 34.9 54
12010 H 27.5 | AMBIENT | 1M 10M 41. 4 -34.8 35. 1 54
19216 \Y 32.4 | AMBIENT | 1M 10M 45. 6 .8 -35 44.8 54
19216 H 32.4 | AMBIENT [ 1M 10M 45.6 8 -35 44.8 54

CHECKED BY: M__Q_W

—_—
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Dat a Sheet

MANUFACTURER Mot or ol a TCG

MODEL TCULP0O3_ML202D

S/'N 07187699

SPECI FI CATI ON FCC Part 15, Subpart C, Section 15.247

Radi at ed Spurious Eni ssions Measurenent
DATE Sept ember 10, 2004
NOTES Transmitting at 2441VHz
TEST DI STANCE IS 3 METERS
DI ST.
MTR. B. W CORR. ANT. CABLE PRE. 15. 209

FREQ. ANT. RDG. RBW VBW | FACT. FACT. LOSS AMP. TOTAL Li mit
VHz POL. dBuV | AMBI ENT Hz dB dB dB dB dBuV/m [ dBuV/m
2441 \ 102 1M 3M 31.3 3.5 -35.9 100.9
2441 H 100. 6 1M 3M 31.3 3.5 -35.9 99.5
4882 \Y 28. 8 AMBI ENT | 1M 10M 34.9 0.6 -35.2 29.1 54
4882 H 29 AMBI ENT | 1M 10M 34.9 0.6 -35.2 29.3 54
7323 \ 28.7 AMBI ENT | 1M 10M 38.2 0.8 -35.6 32.1 54
7323 H 28.7 AMBI ENT | 1M 10M 38.2 0.8 -35.6 32.1 54
12205 \Y 27.3 AMBI ENT | 1M 10M 41.5 1.1 -34.5 35. 4 54
12205 H 27.1 AMBI ENT | 1M 10M 41.5 1.1 -34.5 35.2 54
19528 \ 32.2 AMBI ENT | 1M 10M 45.8 2.2 -34.3 45.9 54
19528 H 32.1 AMBI ENT | 1M 10M 45.8 2.2 -34.3 45. 8 54

cHEckeD BY: Mank & &ﬁw
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ﬂ

Dat a Sheet

MANUFACTURER Mot or ol a TCG

MODEL TCULP0O3_ML202D

S/'N 07187699

SPECI FI CATI ON FCC Part 15, Subpart C, Section 15.247

Radi at ed Spurious Eni ssions Measurenent
DATE Sept ember 10, 2004
NOTES Transmitting at 2480MHz
TEST DI STANCE IS 3 METERS
DI ST.
MTR. B. W CORR. ANT. CABLE PRE. 15. 209

FREQ. ANT. RDG. RBW VBW | FACT. FACT. LOSS AMP. TOTAL Li mit
VHz POL. dBuV | AMBI ENT Hz dB dB dB dB dBuV/m [ dBuV/m
2480 \ 101. 6 1M 3M 31. 4 3.5 -35.9 100. 6
2480 H 98. 3 1M 3M 31.4 3.5 -35.9 97.3
4960 \Y 25. 6 AMBI ENT | 1M 10M 34.9 0.6 -35.2 25.9 54
4960 H 25.5 AMBI ENT | 1M 10M 34.9 0.6 -35.2 25.8 54
7440 \ 30.1 AMBI ENT | 1M 10M 38.2 0.8 -35.6 33.5 54
7440 H 30.1 AMBI ENT | 1M 10M 38.2 0.8 -35.6 33.5 54
12400 \Y 27.3 AMBI ENT | 1M 10M 41.5 1.1 -34.2 35.7 54
12400 H 27.2 AMBI ENT | 1M 10M 41.5 1.1 -34.2 35.6 54
19840 \ 31.9 AMBI ENT | 1M 10M 45.9 2.3 -33.4 46.7 54
19840 H 31.9 AMBI ENT | 1M 10M 45.9 2.3 -33.4 46.7 54
22320 \Y 31.6 AMBI ENT | 1M 10M 46.5 2.8 -34.8 46. 1 54
22320 H 31.6 AMBI ENT | 1M 10M 46.5 2.8 -34.8 46.1 54

creckep By: Mok £ i@%
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Marker 1 [T1] RBW 3 kHz RF Att 0 dB
Ref Lvl -45.63 dBm VBW 30 kHz
10 dBm 2.44050000 GHz SWT 340 s Unit dBm

D1 8 JdBmffset

—20|

~30 |

-40

-50

-60

-70

-80

-80!
Center 2.441 GHz 100 kHz/

Date: 10.5EP.2004 09:46:00

MANUFACTURER : MOTOROLA

MODEL NO. : TCU1P03_M1202D

SERIAL NO. : 07187699

TEST PERFORMED : FCC 15.247 POWER SPECTRAL DENSITY
MODE : INQUIRTY MODE

NOTES :20dB EXTERNAL ATTENUATION

Inl
1ap

Span 1 MHz
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