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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

1 GENERAL INFORMATION

1.1 Testhouse Info
Name : Nemko AS
Address : Nemko Kjeller

Telephone : +47 64 84 57 00
Fax : +47 64 84 57 05
E-mail: comlab@nemko.com
FCC test firm : 994405
IC OATS: 2040D-1
Total Number of Pages: 58
1.2 Client Information
Name : Texas Instruments Norway AS
Address : Gaustadalléen 21,
NO-0349 Oslo, Norway
Telephone : +47 22 95 85 44
Fax : +47 22 95 85 46
Contact:
Name : Dag Grini
Telephone : +47 22 95 83 01
E-mail : d.grini@ti.com
1.3 Responsible Manufacturer (If other than client)

Same as the client.

Instituttveien 6, Box 96
NO-2027 Kjeller, NORWAY

Nemko AS, NO-2027 Kjeller
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

2 TEST INFORMATION

2.1 Test Item

Name : Texas Instruments
FCCID: ZAT2538EM

IC: 451H-2538EM
Model/version : CC2538EM

Serial number : -

Hardware identity and/or version: |Rev1.1.1

Software identity and/or version :

Frequency Range :

2405 — 2480 MHz

Number of Channels :

16

Type of Modulation :

250 kbps, OQPSK (Digital)

Conducted Output Power:

5.1 mW (Peak)

User Frequency Adjustment :

None

Type of Power Supply :

3.0Vpc (Two AAA 1.5 Vpc batteries)

Antenna Connector :

PCB antenna

Antenna Diversity Supported :

No

Desktop Charger :

None

Description of Test Item

The CC2538EM RF-transceiver module is an evaluation module developed for the 2.4 GHz ISM band.
It is based on the CC2538 system on- chip device. The physical layer of the radio complies with the
IEEE 802.15.4 standard with Direct Sequence Spread Spectrum (DSSS) and offset-QPSK modulation.

Exposure Evaluation

The EUT is exempted from RF Exposure Evaluation.

Nemko AS, NO-2027 Kjeller
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

2.2 Test Environment
221 Normal test condition
Temperature; 19.6 —-21.5°C
Relative humidity: 20.2-43.3%
Normal test voltage: Nominal 3.0 V DC (2 x AAA battery)

New batteries were used for all tests.

The values are the limit registered during the test period.

2.3 Test Period

Item received date: 2013-01-07
Test period : from 2013-02-01 and 2013-03-04

Nemko AS, NO-2027 Kjeller
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

3 TEST REPORT SUMMARY

3.1 General
Manufacturer: Texas Instruments
Model No.: CC2538EM

All measurements are tracable to national standards.

The tests were conducted for the purpose of demonstrating compliance with FCC CFR 47 Part 15,
paragraph 15.247 and Industry Canada RSS-210 Issue 8.

Radiated tests were conducted in accordance with ANSI C63.4-2003. The radiated tests were made in
a semi-anechoic chamber at measuring distances of 3m and 10m.

X New Submission ] Production Unit
[] Class Il Permissive Change X Pre-production Unit
DTS Equipment Code ] Family Listing

THIS TEST REPORT APPLIES ONLY TO THE ITEM(S) AND CO NFIGURATIONS TESTED.

Deviations from, additions to, or exclusions from t he test specifications are described in
“Summary of Test Data”.

N) Nemko

TEST REPORT #: 230524-3

TESTED BY: W‘M/W\WL”MP DATE: 2013-03-11

G.Suhanthakumar, Test engineer

Nemko Group authorizes the above named company to reproduce this report provided it is reproduced in its entirety and for
use by the company’s employees only. Any reproduction of parts of this report requires approval in writing from Nemko Group.

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility
of such third parties. Nemko Group accepts no responsibility for damages suffered by any third party as a result of decisions
made or actions based on this report.
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

3.2 Test Summary

Name of test FCC Part 15 RSS-210 Issue 8 Result
reference reference
Antenna Requirement 15.203 7.1.4 (RSS-GEN) | Pass
Power Line Conducted Emission 15.107(a) 7.2.2 (RSS-GEN) | N/A*
15.207(a)
Minimum 6 dB Bandwidth 15.247(a)(2) A8.2 Pass
Peak Power Output 15.247(b) A8.4 Pass
Power Spectral Density 15.247(d) A8.2 Pass
Spurious Emissions (Antenna Conducted) 15.247(c) A8.5 Pass
Spurious Emissions (Radiated) 15.247(c) A8.5 Pass
15.109(a)
15.209(a)
Receiver Emissions (Radiated) N/A 2.3 N/A
*EUT is battery operated only.
3.3 Description of modification for Modification Fi ling

Not applicable.

34 Comments

All ports were populated during spurious emission measurements.

3.5 Family List Rational

Not Applicable.

Nemko AS, NO-2027 Kjeller
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

4 TEST RESULTS

4.1 Power Line Conducted Emissions

Para. No.: 15.207 (a)

The test is not applicable since the device is batt  ery powered.

Test Performed By: - Date of Test: -

Measurement procedure: ANSI C63.4-2003 using 50  pH/50 ohms LISN.
Test Results: -

Measurement Data: -

Nemko AS, NO-2027 Kjeller
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

4.2 Minimum 6 dB Bandwidth

Para. No.: 15.247 (a)(2)

Test Performed By: G.Suhanthakumar

Date of Test: 18 Feb 2013

Test Results: Complies

Measurement Data:

Measured 6 dB Bandwidth (MHz)

2405MHz

2440 MHz

2480MHz

1.80

1.79

1.79

Tested according to KDB 558074 D01 DTS Meas Guidance v02, Section 7.1.

Requirements:

For Digital Transmission Systems in the 2400-2483.5 MHz band the minimum 6 dB bandwidth shall be

at least 500 KHz.

Nemko AS, NO-2027 Kjeller
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 30 kHz Delta 1 [T1]
VBW 100 kHz 0.00 dB
Ref 20 dBm “ At 10dB SWT 25 ms 1.802884615 MHz
20 Offspt  10.9dB Marke] 1 [T1 ]
6.21dB "

10 2.4D4102564 [GHz
1P K
MAX

4 R
A ™ .
SN )

40 AC

—-60

—-70

-80

Center 2.405 GHz 500 kHz/ Span 5 MHz

Date: 18.FEB.2013 10:09:53

6 dB Bandwidth at 2405 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 30 kHz Delta 1 [T1]
VBW 100 kHz -0.31 dB
Ref 20 dBm * Att 10dB SWT 25 ms 1.794871795 MHz
20 Offspt  10.9dB Marke| 1 [T1]
-6.30 dB "

10 2.439102564 [GHz
1P K
MAX

. AT
LA N :

40 AC

—-60

—-70

-80

Center 2.44 GHz 500 kHz/ Span 5 MHz

Date: 18.FEB.2013 10:11:40

6 dB Bandwidth at 2440 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 30 kHz Delta 1 [T1]
VBW 100 kHz 0.26 dB
Ref 20 dBm * Att 10dB SWT 25 ms 1.794871795 MHz
20 Offspt  10.9dB Marke] 1 [T1 ]
-6.97 dB "

10 2.4[79102564 [GHz
1P K
MAX

- [ K
A I\ .

3CB
L _40 AC
—- 50
—-60
—-70
-80
Center 2.48 GHz 500 kHz/ Span 5 MHz

Date: 18.FEB.2013 10:12:38

6 dB Bandwidth at 2480 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

4.3 20 dB Bandwidth

Test Performed By: G.Suhanthakumar Date of Test: 18  Feb. 2013

Measurement Data:

Measured 20 dB Bandwidth (MHz)

2440 MHz

2.8

Requirements:

No requirements. Reported for information only.

Nemko AS, NO-2027 Kjeller Page 13 (58)



TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

@ * RBW 30 kHz Delta 1 [T1 ]
VBW 100 kHz -0.11 dB
Ref 20dBm “Att 10 dB SWT 25 ms 2.812500000 MHz
20 Offset 10.5dB Markef 1 [T1]
19.17 dB rr

10 2.438589744 [GHz
1PK
MAXI

—0

"

=

[V

P

LVL

—-10

T

/4\\\,\2 PS

—-20

-30

3CB
AC

—-40

—-60

—-70

-80

Center 2.44 GHz

Date: 18.FEB.2013 10:13:44

500 kHz/

Span 5 MHz

20 dB Bandwidth at 2440 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

4.4 Peak Power Output

Para. No.: 15.247 (b)

Test Performed By: G.Suhanthakumar Date of Test: 01 Feb 2013

Test Results: Complies

Measurement Data:

RF channel 2405 MHz 2440 MHz 2480 MHz
Measured Maxium Field strength 108.1 107.4 99.3
(dBpV/m) -VP

Calc. Radiated Power (dBm) 12.9 12.2 4.1
Calc. Radiated Power (mW) 194 16.5 2.6
Measured Conducted Power (dBm) 7.1 6.9 -1.0
Measured Conducted Power (mW) 5.1 4.9 0.8
Calculated Antenna Gain (dBi) 5.8 5.3 5.1

Tested according to KDB 558074 D01 DTS Meas Guidance v02, Section 8.1.1.
EIRP is calculated according to KDB 558074 D01 DTS Meas Guidance v02, Section 10.2.2.1

The maximum field strength is obtained in XY plane and Vertical polarization.

See attached graph.
Detachable antenna? |:| Yes |Z| No

If detachable, is the antenna connector non-standard? |:| Yes |:| No

Requirements:
The maximum peak output power shall not exceed the following limits:
For Digital Transmission Systems in the 2400 - 2483.5 MHz band: 1 Watt

If transmitting antennas of directional gain greater than 6 dBi are used, the peak output power from the
intentional radiator shall be reduced below the stated value above by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.

Nemko AS, NO-2027 Kjeller Page 15 (58)



@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 108.10 dBuV/ "

Ref 110 dBuv/m “Att 10dB 1 SWT 2.5 ms 2.404479167 GHz

110 /—Lx

—100
1P K| /
MAX
—90
\ TDF

—80
/ PS
—70 /

—60 M/
W \‘\V% 3CB
50 AC
—40
—30
—20
10
Center 2.405 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 14:45:31

Radiated Field strength, VP , 2405 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 106.09 dBpV/ "
Ref 110 dBuV/m “Att 10 dB SWT 2.5 ms 2.404559295 GHz
110 =
x
//_

—100
1P K|
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—90
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7 N
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L ]
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—30

—20

10

Center 2.405 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 14:46:17

Radiated field strength, HP, 2405 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 107.41 dBuVv/ "

Ref 110 dBuv/m “Att 10dB SWT 2.5 ms 2.439519231 GHz
1

110 /_L\

100
1P K \
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—90

TDF

—80
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—70

M"”’NM \W 3CB
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—30

—20

10

Center 2.44 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 14:55:50

Radiated field strength, VP, 2440 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 105.80 dBuV/ "

Ref 110 dBuv/m “Att 10dB SWT 2.5 ms 2.440200321 GHz

TN

110

—100
1P K|
MAX

—90

TDF
—80
/ \ B
70
—60
W,«*—"J/ \\M 3CB
Mn.\ A

AC

—30

—20

10

Center 2.44 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 14:56:36

Radiated field strength, HP, 2440 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 99.29 dBuV/ "

Ref 110 dBuv/m “Att 10dB SWT 2.5 ms 2.479358974 GHz

110

L 100 .
1P K
MAX / \

—90

/ TDF
—80

\ PS
—70 /

—60
3CB

] \ AC

—50 o WWWM
—40
—30
—20
10
Center 2.48 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 15:04:21

Radiated field strength, VP, 2480 MHz

Nemko AS, NO-2027 Kjeller Page 20 (58)



@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ * RBW 3 MHz Marker 1 [T1]
VBW 10 MHz 98.09 dBuV/ "

Ref 110 dBuv/m “Att 10dB SWT 2.5 ms 2.479399038 GHz

110

100 1

T ZEa N
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/ TDF
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/ \\ 3CB
o] . AC
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iy Mot AN e Pt A
—40
—30
—20
10
Center 2.48 GHz 2.5 MHz/ Span 25 MHz

Date: 1.FEB.2013 15:05:08

Radiated field strength, HP, 2480 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 5 MHz Marker 1 [T1]
VBW 10 MHz 7.07 dB n

Ref 20dBm * Att 10dB SWT 45 ms 2.405182500 GHz

20 Offset 10.9dB

10 1

0 LVL

—-10
/ PS

—- 50

—-60

—-70

-80

Center 2.405 GHz 2.5 MHz/ Span 25 MHz

Date: 18.FEB.2013 10:27:32

Conducted power — 2405MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 5 MHz Marker 1 [T1]
VBW 10 MHz 6.89 dB n

Ref 20dBm * Att 10dB SWT 45 ms 2.439932500 GHz

20 Offset 10.9dB

10

0 LVL

]/ ps
A\
i’ Nl

—- 50

—-60

—-70

-80

Center 2.44 GHz 2.5 MHz/ Span 25 MHz

Date: 18.FEB.2013 10:27:59

Conducted power — 2440MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 5 MHz Marker 1 [T1]
VBW 10 MHz -0.98 dB n

Ref 20dBm * Att 10dB SWT 2.5 ms 2.479919872 GHz

20 Offset 10.9dB

10

—0

E— LVL

—-10
/ \ .
—-20

@J ——"

—-60

—-70

-80

Center 2.48 GHz 2.5 MHz/ Span 25 MHz

Date: 18.FEB.2013 10:25:13

Conducted power — 2480MHz
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

4.5 Spurious Emissions (Radiated)

Para. No.: 15.247

(©

Test Performed By: G.Suhanthakumar

Date of Test: 1 & 18 Jan 2013

Test Results: Complies

Measurement Data:

Band-edge, @3m

Frequency Measured Field Strength Detector Limit Margin
@3m, dBuV/m dBuv/m dB
2.39 GHz 45.3 PK 74 28.7
37.5 AV 54 16.5
2.4835 GHz 68.3 PK 74 5.7
51.7 AV 54 2.3

Tested according

to KDB 913591.

Band-edge field strength 2.4835 GHz:
Marker Delta 100kHz RBW: 47.44 dB

Average Field Strength: 99.11- 47.44 = 51.67 dBuV/m

100% duty cycle

See attached plots.

RF conducted power
Scan performed radiated with 100 kHz Bandwidth from 0.01 to 25 GHz.

All emissions are more than 20dB below carrier.

See plots.

Nemko AS, NO-2027 Kjeller
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 45.29 dBu \%

Ref 110 dBpVvV * Att 10dB SWT 2.5 ms 2.390000000 GHz

110

100 /V_\
MAX

-90
\ TDF

—20

10

Center 2.39 GHz 4 MHz/ Span 40 MHz

Date: 18.FEB.2013 10:40:42

Band Edge, 2390 MHz, Peak Detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 10 MHz 37.51 dBp \%

Ref 110 dBpVvV * Att 10dB SWT 2.5 ms 2.390000000 GHz

110

100 /N\
MAXHE I

\ TDF
—80

—40
Tl |WWMWWMWWM

10

Center 2.39 GHz 4 MHz/ Span 40 MHz

Date: 18.FEB.2013 10:41:18

Band Edge, 2390 MHz, Average Detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 99.11 dBpV/ n

Ref 110 dBuVv/m * Att 10dB SWT 2.5 ms 2.479471154 GHz

110

—100

1
1
MAX
—90
—80

PS

—20

10

Center 2.48 GHz 1.5 MHz/ Span 15 MHz

Date: 1.FEB.2013 15:09:18

Field strength at 2480MHz for delta marker
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 100 kHz
VBW 1 MHz

Delta 1 [T1]
47.44 dB

Ref 110 dBuVv/m * Att 10dB SWT 10 ms -3.605769231 MHz
110 Markef 1 [T1]
46.31 dBpV m
—100 2.4B3355769 [GHz
1
:
TN
[\/“'I »\,\/\ TDF
—80
/ \ PS
A N
60 /
/ \ 3CB
C

] M&MM& sl

—20

10

Center 2.4835 GHz 1.5 MHz/

Date: 1.FEB.2013 15:11:42

Span 15 MHz

Delta marker, 2483.5MHz, AV detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 68.28 dBuV/ n
Ref 110 dBuVv/m * Att 10dB SWT 2.5 ms 2.483500000 GHz
110
100

L~
1PK / \
vAXHEEN
/ TDF
—80

HIMARA ALY o A
—40
—30
—20
10
Center 2.4835 GHz 1.5 MHz/ Span 15 MHz

Date: 1.FEB.2013 15:10:29

Band Edge, 2483.5 MHz, Peak Detector
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(N) Nemko

TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

DELTA MARKER 1
-2.282740385 CHz

* RBW 100 kHz
VBW 300 kHz

Delta 1 [T1]
-59.48 dB

Ref 10 dBm *Att 15dB SWT 25s -2.282740385 GHz
10 Offset 10.5dB Markef 1 [T1]
1 1.78 dB m
v
Lo 2.3[72836538 GHz
1P K
MAX N
LVL
- 20
-30
—-40
—-50
ik
-60 WVPRTTNEY i PN Liae
MLV (T il AL A A
—-70
—-80
-90
Start 10 MHz 2.499 GHz/ Stop 25 GHz
Date:  11.MAR.2013 16:43:43

Conductd spurious emission 10MHz — 25GHz - ch2405M Hz
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(N) Nemko

TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

DELTA MARKER 1
-2.322788462 CHz

* RBW 100 kHz
VBW 300 kHz

Delta 1 [T1]
-56.54 dB

Ref 10 dBm *Att 15dB SWT 25s -2.322788462 GHz
10 Offset 10.5dB Markef 1 [T1]
1 0.12 dB n
Lo A 2.4[12884615 GHz
1P K
MAX IR
LVL
—-20
--30
—-40
50
i}
A
-60 : WMAA
Rk MMM@WAMMWWWW~MMWW“MWNMNWM
L-70
—-80
-90
Start 10 MHz 2.499 GHz/ Stop 25 GHz

Date: 11.MAR.2013 16:44:34

Conductd spurious emission 10MHz — 25GHz - ch2440M Hz
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@ Nemko TEST REPORT

FCC part 15.247
Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

DELTA MARKER 1 * RBW 100 kHz Delta 1 [T1 ]
921. 1057692 NHz VBW 300 kHz -52.52 dB

Ref 10 dBm “ Att 15 dB SWT 25s 921.105769231 MHz

10 Offset 10.5dB Markef 1 [T1]

-6.22 dB n
Lo 2.452932692 GHz
1
1P K| Y
MAXHE S
LVL
—- 20
--30
—-40
—-50
1
50 y G OAA P wee A
A A gl MIATAARA A A I

--70
—-80

-90

Start 10 MHz 2.499 GHz/ Stop 25 GHz

Date: 11.MAR.2013 16:45:10

Conducted spurious emission 10MHz — 25GHz - ch2480 MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

Radiated emissions 9kHz - 30 MHz.
Detector: Quasi-Peak

Measuring distance 10 m.

RBW 200 Hz Marker 1 [T1]
MT 100 ms 48.81 dBuV/ n
Att 10 dB PREAMP ON 9.900000000 kHz

100 kHz 1 MHz arkel 4 fOINIHZ
42.39 dHuVv/ m
S58860HB60-+H
[ry
4 dqHV/ w
DQQO00 kHz
[ry

Lo I: FRV7] o

H TDF
QYO0 MHz

@

o o Plw o ;

15
ar|

D Ol
[*]

[o)]
(oRm

6CB

5 \‘ DC
4

" Fuwmmﬂwm FLNTE VY RV ORI IO K. 4 9 1 P P OV

30 MHz

Date: 1.FEB.2013 16:50:17

Radiated Emissions, 9 kHz — 30 MHz @10m
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

Radiated emission 30 — 1000 MHz.

Detector: Peak

Measuring distance at 3m.

All values are below the limit even when measured with Peak Detector.

See attached plot.

60r
1 FCC Part 15 G 3m QPHAV
500
e T I I 994.859000 M
% 4 30.492 dBpV.
Ea
T 30
£ 60.943000 MHz
T of 13.009 dBuV/m
3 1
10
0 t t ——+— t t t t t ——t— {
30M 50 60 80 100M 200 300 400 500 800 1G

Frequency in Hz

Radiated Emissions, 30 — 1000 MHz, VP and HP, @3m
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

Radiated Emissions, 1-25 GHz
1-8 GHz measured at a distance of 3 m
8 - 25 GHz measured at 1m

Peak detector

Frequency Field Strength @3m Detector Limit Margin
MHz dBuv/m dBuv/m dB
All freqgs None detected Pk 74 -

Average detector

Frequency Field Strength @3m Detector Limit Margin
MHz dBuv/im dBuvim dB
All fregs None detected Av 54 -

Antenna factor, amplifier gain and cable loss are included in Spectrum Analyzer “Transducer factor”.

See attached graphs.
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

@ “* RBW 1 MHz Marker 2 [T1]
VBW 3 MHz 45.23 dBpv/ e
Ref 110 dBuV/m “ Att 10 dB SWT 5ms 2.586538462 GHz
110 4 Markef 1 [T1]
107.51 dBp\/ m
100 2.4p7051282 [GHz
1P K
MAX IS
TDF
80
PS
—70
60
3CB
C

PRI TP
ﬁﬂﬁ«hvm Ty u‘,\;_wlv.:x DA A A
—30
—20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:18:23

Radiated Emissions ch. 2405 MHz, 1 — 3 GHz, VP, @3m - Pre-scan with Peak detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 105.64 dBuV/ g
Ref 110 dBuVv/m “ Att 10 dB SWT 5ms 2.407051282 GHz
110 | Delta®[T1]
61.70 dB
L 100 -128.20512820% MHz
1P K
MAX IS
TDF
80
PS
70
60
3CB
50 c
u‘;»/ﬂj \V\A‘AM»N
AAMANAL
B Jptp NP A bl by
VA TR W R T PO STETIW ST T
30
20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:17:13

Radiated Emissions ch. 2405 MHz, 1 — 3 GHz, HP, @3m - Pre-scan with Peak detector
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 1 MHz Marker 2 [T1]
VBW 3 MHz 41.75 dBpV/ s
Ref 110 dBuv/m “ At 10dB SWT 5 ms 1.865384615 GHz
1
110 Markef 1 [T1]
107.20 dBp\{/ m
100 2.439102564 [GHz
1P K
MAX IS
TDF
—80
PS
—70
—60
3CB
50 C
2
VTN
_ P ‘,‘AMA-NMN“M M)
MWWW
—30
—20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:19:22

Radiated Emissions ch. 2440 MHz, 1 — 3 GHz, VP, @3m - Pre-scan with Peak detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% “* RBW 1 MHz Marker 2 [T1 ]
VBW 3 MHz 42.99 dBpVv/ e
Ref 110 dBuVv/m “ Att 10 dB SWT 5ms 2.169871795 GHz
110 1 Markef 1 [T1]
105.54 dBp\{/ m
L 100 2.439102564 [GHz
1P K
MAX IS
TDF
—80
PS
—70
60
3CB
50 c
2
v CNTIIIVR P TR ey el
—30
20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:20:22

Radiated Emissions ch. 2440 MHz, 1 — 3 GHz, HP, @3m - Pre-scan with Peak detector
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 99.04 dBuVv/ m
Ref 110 dBuV/m * Att 10dB SWT 5 ms 2.480769231 GHz
110 Markef 2 [T1]
4p.28 dBuV m
100 1 1.8b7435807 [GHz
1P K
MAX IR
TDF
—80
PS
—70
—60
3CB
50 c
2 WAV
v MR AV MM
. Al N LA ]
T N S PR R TR AV e e
—30
—20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:13:43

Radiated Emissions ch. 2480 MHz, 1 — 3 GHz, VP, @3m

— Pre-scan with Peak detector
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 97.70 dBuV/ n
Ref 110 dBuv/m * Att 10dB SWT 5 ms 2.480769231 GHz
110 Markef 2 [T1]
45.05 dBuV m
L 100 1 2.945512821 |GHz
y
1P K
MAX IR
TDF
80
PS
=70
60
3CB
50 c
2
LMMIM»MMw s
| L e A A i AP
[T 12 FVNSNIY PRV Y PR TV IR o i
30
20
10
Start 1 GHz 200 MHz/ Stop 3 GHz

Date: 1.FEB.2013 15:15:07

Radiated Emissions ch. 2480 MHz, 1 — 3 GHz, HP, @3m

— Pre-scan with Peak detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 46.56 dBuV/ n

Ref 72 dBuv/m * Att 10dB SWT 35 ms 4.260416667 GHz

—70

50 n _— A W

WWMWMW WW TDF

LNA

—10

—0

—-10

—-20

Center 5.75 GHz 550 MHz/ Span 5.5 GHz

Date: 1.FEB.2013 16:04:51

Radiated Emissions ch. 2405 MHz, 3 - 8.5 GHz, VP, @ 3m — Pre-scan with Peak detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 50.63 dBuV/ n

Ref 72 dBuv/m * Att 10dB SWT 35 ms 8.253205128 GHz

—70

-50 WWMMWM
W Lo, UM g

TDF

LNA

—10

—0

—-10

—-20

Center 5.75 GHz 550 MHz/ Span 5.5 GHz

Date: 1.FEB.2013 16:05:52

Radiated Emissions ch. 2405 MHz, 3 - 8.5 GHz, HP, @ 3m — Pre-scan with Peak detector
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 43.56 dBu \%
Ref 62.5dBuv * Att 10dB SWT 25 ms 11.870993590 GHz
60 Qffsét 95 dB
—50
1P K| 1
MAX X
I Aok AR A Lk AR M At AN b AP A AR LVL
TDF
—30
LNA
—20
—10
3CB
C
—0
—-10
—- 20
—-30
Start 8.5 GHz 350 MHz/ Stop 12 GHz

Date: 1.FEB.2013 16:16:04

Radiated Emissions ch. 2405 MHz, 8.5 — 12 GHz, VP, @1m — Pre-scan with Peak detector ,
Distance Correction factor of -9.5 dB is included i n the graph
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 44.15 dBu v
Ref 62.5dBuV “Att 10dB SWT 25 ms 11.276442308 GHz
60 Offsdt 05 dB
50
1P K 1
MAX
il o AN AL A AN MR k] MMUWM,A.A}“—IWWWUuww L
TDF
30
LNA
20
10
3CB
c
o
.10
20
30
Start 8.5 GHz 350 MHz/ Stop 12 GHz

Date: 1.FEB.2013 16:16:46

Radiated Emissions ch. 2405 MHz, 8.5 — 12 GHz, HP, @1m — Pre-scan with Peak detector ,
Distance Correction factor of -9.5 dB is included i n the graph.
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 45.69 dBu \%
Ref 72.5dBuv * Att 10dB SWT 35 ms 17.913461538 GHz
| 70 —Qffset Q5 4B
—60
1P K
MAX
LVL
—50 T

WMMWWWWWW o

LNA

—10

—0

—-20

Start 12 GHz 600 MHz/ Stop 18 GHz

Date: 1.FEB.2013 16:28:04

Radiated Emissions ch. 2405 MHz, 12 — 18 GHz, VP, @ 1m — Pre-scan with Peak detector,
Distance Correction factor of -9.5 dB is included i n the graph.
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 45.30 dBp \%
Ref 72.5dBuv * Att 10dB SWT 35 ms 17.798076923 GHz
| 70 —Qffset Q5 4B
—60
1P K
MAX
—50 LVL

MWWWWWMWW o

LNA

—10

—0

—-20

Start 12 GHz 600 MHz/ Stop 18 GHz

Date: 1.FEB.2013 16:27:46

Radiated Emissions ch. 2405 MHz, 12 — 18 GHz, HP, @ 1m — Pre-scan with Peak detector,
Distance Correction factor of -9.5dB is included in the graph.
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 1 MHz
VBW 3 MHz

Ref 82 dBuV/m * Att 10dB SWT 45 ms

Marker 1 [T1]
37.66 dBuV/ m
24.158653846 GHz

TDF

LNA
PS

—10

—0

—-10

Center 21.5 GHz 700 MHz/

Date: 5.MAR.2013 17:59:54

Span 7 GHz

Radiated Emissions ch. 2405 MHz, 18 — 25 GHz, VP/HP , Pre-scan with Peak detector,
Distance Correction factor -9.5dB is not included i n the graph.
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

In receive mode detected LO leakage emissions:

Peak detector

Frequency Channel Field Strength @3m Detector Limit Margin
MHz MHz dBuv/im dBuv/im dB
4809 2405 47.2 Pk 74 26.8
4879 2440 - Pk 74 -
4959 2480 - Pk 74 -

Average detector

Frequency Channel Field Strength @3m Detector Limit Margin
MHz MHz dBuv/im dBuv/im dB
4809 2405 34.6 Av 54 19.4
4879 2440 - Av 54 -
4959 2480 - Av 54 -

The detected spurious emissions are within the restricted band (4.5 - 5.15 GHz).
The maximum is detected in vertical polarization.

See attached graphs.
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

@ * RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 47.19 dBpV/ m
Ref 72 dBpVv/m “ Att 0dB SWT 20 ms 4.810264423 GHz
70
60
1P K
MAX
—50 %
v
WWMWW%WWWW TDF
—40
LNA
-30
—20
3CB
AC
-10
-0
—-10
—-20
Center 4.809991987 GHz 1 MHz/ Span 10 MHz

Date: 1.FEB.2013 15:33:17

LO leakgage at ch 2405MHz — VP : PK detector
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

% * RBW 1 MHz
* VBW 10 Hz

Marker 1 [T1]
34.61 dBuVv/ m

Ref 72 dBuv/m * Att 0dB SWT 25s 4.809991987 GHz
—70
—60
1P K|
MAX
—50
TDF
—40
LNA
—30
—20
3CB
C
—10
—0
—-10
—-20
Center 4.809991987 GHz 1 MHz/ Span 10 MHz

Date: 1.FEB.2013 15:32:50

LO leagage at ch 2405MHz — VP : AV detector
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

4.6 Power Spectral Density (PSD)

Para. No.: 15.247 (e)

Test Performed By: G.Suhanthakumar

Date of Test: 18 Feb. 2013

Test Results: Complies

Measured and Calculated Data:

calculated peak PSD
dBm
Power Spectral Density @2405 MHz -8.4
Power Spectral Density @2440 MHz -9.2
Power Spectral Density @2480 MHz -16.7

Tested according to KDB 558074 D01 DTS Meas Guidance v02, Section 9.1.

Requirements:

The Power Spectral Density of a Digital Transmission System shall be no greater than +8 dBm in any

3 kHz band.
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 3 kHz Marker 1 [T1]
* VBW 100 kHz -8.35dB n

Ref 20dBm * Att 10dB SWT 320 ms 2.404561538 GHz

20 Offset 10.9dB

—10

0 LVL

o W
AM M | 0 Ps

AL IR

—-40

—-60

—-70

-80

Center 2.405 GHz 285 kHz/ Span 2.85 MHz

Date: 18.FEB.2013 10:22:20

PSD Measurement - 2405MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 3 kHz Marker 1 [T1]
* VBW 100 kHz -9.16 dB n

Ref 20dBm * Att 10dB SWT 320 ms 2.440063942 GHz

20 Offset 10.9dB

10

0 LVL

e T e, |-

40 AC

—-60

—-70

-80

Center 2.44 GHz 285 kHz/ Span 2.85 MHz

Date: 18.FEB.2013 10:21:03

PSD Measurement — 2440MHz
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@ Nemko TEST REPORT
FCC part 15.247

Ref. no.: 230524-3
FCC ID: ZAT2538EM
IC: 451H-2538EM

% * RBW 3 kHz Marker 1 [T1]
* VBW 100 kHz -16.74 dB ng
Ref 20dBm * Att 10dB SWT 320 ms 2.479913221 GHz
20 Offs¢t 10.5§dB
10
1P K
MAX
-0 LVL
—-10
1
) PS
20 A MUMA MW"&' My
30 Mﬂ \U/ \/ Ln
L 40 u u AC
—- 50
—-60
—-70
-80
Center 2.48 GHz 285 kHz/ Span 2.85 MHz

Date: 18.FEB.2013 10:23:04

PSD Measurement - 2480MHz
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

5

LIST OF TEST EQUIPMENT

To facilitate inclusion on each page of the test equipment used for related tests, each item of test
equipment and ancillaries are identified (numbered) by the test laboratory.

No. | Instrument/ Type of instrument/ Manufacturer Ref. no. Cal. Cal.
ancillary ancillary Date Due

1 |FSP30 Spectrum Analyzer Rohde & Schwarz LR 1551 2012.04.05 2013.04.05
2 | ESU40 EMI Receiver Rohde & Schwarz LR1639 2010.06 2013.06

3 [3115 Antenna horn EMCO LR 1330 2010.08.05 2013.08.05
4 1643 Antenna horn Narda LR 093 2009.01.26 2014.01.26
5 |642 Antenna horn Narda LR 220 2009.01.26 2014.01.26
6 | PM7320X Antenna horn Siverts lab LR 103 2009.01.26 2014.01.26
7 DBF-520-20 Antenna horn Systron Donner LR 101 2009.01.26 2014.01.26
8 |638 Antenna horn Narda LR 098 2010.06.17 2015.06.17
9 |[VvULB 9163 Antenna TriLog Schwarzbeck LR1616 2012-08 2013-08

10 |(8449B Pre-amplifier Hewlett Packard LR 1322 2012-09-27 2013-09-27
11 [ LNA6900 Pre-amplifier Teseq LR 1593 2012-11 2013-11
14 |80S Signal Generator Powertron LT 502 Cal b4 use

15 [ Model 87 V Multimeter Fluke LR 1598 2012-12-14 2014-12-14
17 (6810.17A 10 attenuator Suhner LR 1143 2012.09.15 2014.09.15
18 | FA210A1010003030 | Microwave cable Rosenberger LR1566 Cal b4 use

19 | 6HC 3000-18000 HP Filter Trithlic LR1614 Cal b4 use

20 | 6HC 2500-18000 HP Filter Trithlic LR1615 Cal b4 use

21 | FSW Spectrum Analyzer Rohde & Schwarz LR1640 2012.06 2014.06
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TEST REPORT
FCC part 15.247
Ref. no.: 230524-3

FCC ID: ZAT2538EM

IC: 451H-2538EM

6 BLOCK DIAGRAM

6.1 Power Line Conducted Emission

Shielded Room

EUT LISN

Test Receiver

6.2 Test Site Radiated Emission

Anechoic Chamber

EUT

Non-conducting
support on Turntable,
H=0.8m Ground Plane

Antenna
H=1-4m

Test Receiver

Shielded Room
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