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Section 1: Introduction

1.1 General

This report contains an assessment of an apparatus against Electromagnetic Compatibility
Standards based upon tests carried out on samples submitted to the Laboratory.

Test performed at: TRaC Telecoms & Radio [ X]
Unit E
South Orbital Trading Park
Hedon Road
Hull, HU9 1NJ.
United Kingdom.

Telephone: +44 (0) 1482 801801
Fax: +44 (0) 1482 801806

TRaC Telecoms & Radio [1]
Moss View

Nipe Lane

Up Holland

West Lancashire, WN8 9PY

United Kingdom

Telephone: +44 (0) 1695 556666
Fax: +44 (0) 1695 577077
Email: test@tracglobal.com
Web site: http://www.tracglobal.com
Tests performed by: M. E. Leach
Report author: M. E. Leach

This report must not be reproduced except in full without prior written permission from
TRaC Telecoms & Radio.
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1.2 Tests Requested By

This testing in this report was requested by :

STMicroelectronics

190 Avenue Célestin Coq

13106 Rousset Cedex

France

1.3 Manufacturer

DIZIC Co. Ltd

3F, No 4-2 in Xi Street

Zhong Shan District

104 Taipei

Taiwan
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1.4 Apparatus Assessed
The following apparatus was assessed between: 12/04/10 to 22/04/10
DZ-ZB-S-A

The above apparatus was a.2.4GHz ZigBee radio transceiver.
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1.5 Test Result Summary

Full details of test results are contained within Appendix A. The following table summarises the
results of the assessment.

The statements relating to compliance with the standards below apply ONLY as qualified in the
notes and deviations stated in sections 1.6 to 1.7 of this test report.

Full details of test results are contained within Appendix A. The following table summarises the
results of the assessment.

Measurement

Test Type Regulation standard Result
Radiated spurious .
- Title 47 of the CFR:
emissions . ANSI C63.10 Pass
(Restricted bands) Part 15 Subpart C; 15.247
Conducted spurious
emissions Title 47 of the CFR:
(Non-restricted Part 15 Subpart C; 15.247 ANSI C63.10 Pass
bands)
AC Power

Title 47 of the CFR:
conducted Part 15 Subpart C; 15.207 ANSI| C63.10 Pass

emissions
Ié)aCnC(;Jvf/jiig% Part 1-git§u§|n7);r]; t(ril;elcél.:ZFi%(a)(Z) ANSI €63.10 Pass
Condupcg\e,\(lje?arrier Partzigesﬁgp;);rtthg;Clzl.qzéﬂ(b) ANSIC63.10 Pass
T | B g | Awoen | e

Unintentional .
. ; Title 47 of the CFR:
Radlate_d S_punous Part 15 Subpart C; 15.109 ANSI C63.10 Pass
Emissions

- . Title 47 of the CFR:
Digital Modulation Part 15 Subpart C; 15.403 - Pass

Title 47 of the CFR :
RF Safety Part 15 Subpart C; 15.247(b)(5) - Pass
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1.6 Notes Relating To The Assessment
With regard to this assessment, the following points should be noted:

The results contained in this report relate only to the items tested and were obtained in the period
between the date of initial receipt of samples and the date of issue of the report.

The apparatus was set up and exercised using the configurations, modes of operation and
arrangements defined in this report only.

Particular operating modes, apparatus monitoring methods and performance criteria required by
the standards tested to have been performed except where identified in Section 1.7 of this test
report (Deviations from Test Standards).

For emissions testing, throughout this test report, “Pass” indicates that the results for the sample
as tested were below the specified limit (refer also to Section 2, Measurement Uncertainty).

Where relevant, the apparatus was only assessed using the monitoring methods and
susceptibility criteria defined in this report.

All testing with the exception of testing at the Open Area Test Site was performed under the
following environmental conditions:

Temperature :17t0 23 °C
Humidity 1451075 %
Barometric Pressure : 86 to 106 kPa

All dates used in this report are in the format dd/mm/yy.

This assessment has been performed in accordance with the requirements of ISO/IEC 17025.

1.7 Deviations from Test Standards

There were no deviations from the standards tested to.
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Section 2: Measurement Uncertainty

2.1

Application of Measurement Uncertainty

The following table contains the measurement uncertainties for measurements

The following procedure is used when determining the result of a measurement :

(i)

(ii)

(i)

(iv)

If specification limits are not exceeded by the measured result, extended by the positive
component of the expanded uncertainty interval at a confidence level of 95%, then a pass
result is recorded.

Where a specification limit is exceeded by the result even when the result is decreased by
the negative component of the expanded uncertainty interval, a fail result is recorded.

Where a measured result is below a limit, but by a margin less than the positive
measurement uncertainty component, it is not possible to record a pass based on a 95%
confidence level. However, the result indicates that a pass result is more probable than a
fail result.

Where a measured result is above a limit, but by a margin less than the negative
measurement uncertainty component, it is not possible to record a fail based on a 95%
confidence level. However the result indicates that a fail is more probable than a pass.
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2.2 Measurement Uncertainty Values

For test data recorded in accordance with note (iii) of Section 2.1 the following measurement
uncertainty was calculated:

Radiated Electric Field Emissions

Quantity Range Quantity Expanded Uncertainty
9kHz to 150 kHz Amplitude dB(uV/m) +1.6dB
150 kHz to 30 MHz Amplitude dB(uV/m) +2.1dB
30MHz to 300MHz Horizontal Amplitude dB(uV/m) +5.1dB
30MHz to 300MHz Vertical Amplitude dB(uVv/m) +5.2dB
300MHz to 1GHz Horizontal Amplitude dB(uV/m) +5.4dB
300MHz to 1GHz Vertical Amplitude dB(uV/m) +5.2dB
1GHz to 18GHz Horizontal Amplitude dB(uV/m) +4.4dB
1GHz to 18GHz Vertical Amplitude dB(uV/m) +4.4dB
18GHz to 26.5GHz Horizontal Amplitude dB(uV/m) +4.2dB
18GHz to 26.5GHz Vertical Amplitude dB(uV/m) +4.2dB
26.5GHz to 40GHz Horizontal Amplitude dB(uV/m) +4.3dB
26.5GHz to 40GHz Vertical Amplitude dB(uVv/m) +4.3dB

Power Line Conducted Emissio

ns

Quantity Range

Quantity

Expanded Uncertainty

9kHz to 150kHz

Amplitude dB(uV)

+4.2dB

150kHz to 30MHz

Amplitude dB(uV)

+3.1dB
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Section 3: Modifications

3.1 Modifications Performed During Assessment

No modifications were performed during the assessment

10
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Appendix A:

Abbreviations used in the tables in this appendix:

Spec
Mod

EUT
SE
L

N

E
Pk
QP
Av

CDN

: Specification
: Modification

: Equipment Under Test
: Support Equipment

: Live Power Line
: Neutral Power Line
: Earth Power Line

: Peak Detector
: Quasi-Peak Detector
: Average Detector

: Coupling & decoupling network

ALSR
OATS
ATS

Ref
Freq

MD
SD

Pol
H
\Y

Formal Emission Test Results

: Absorber Lined Screened Room
: Open Area Test Site
. Alternative Test Site

: Reference
: Frequency

: Measurement Distance
: Spec Distance

. Polarisation
: Horizontal Polarisation
: Vertical Polarisation

11
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Al 6 dB Bandwidth

Title 47 of the CFR: Part 15 Subpart (c) 15.247(a)(2) requires the measurement of the bandwidth
of the transmission between the -6 dB points on the transmitted spectrum.

Test Details:
Regulation Title 47 of the CFR: Part 15 Subpart (c) 15.247(a)(2)
EUT sample number S03
Modification state 0
SE in test environment REF112
SE isolated from EUT None
EUT set up Refer to Appendix C
Channel Measured .
6dB Limit
Frequency Flower (MHz) Frigher(mhz) Bandwidth (kH2) Result
(MH2) (MH2)
2405 2404.206731 2405.825321 1.6185 >500 Pass
2440 2439.222756 2440.825321 1.6025 >500 Pass
2480 2479.222756 2480.817308 1.5945 >500 Pass

Plots of the 6 dB bandwidth are contained in Appendix B of this test report.

12
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A2 Transmitter Peak Output Power

Carrier power was verified with the EUT transmitting on its lowest, centre and
frequency in turn.

highest carrier

Test Details:
Regulation Title 47 of the CFR: Part15 Subpart (c) 15.247(b)(3)
Measurement standard ANSI C63.10
EUT sample number S03
Modification state 0
SE in test environment REF112
SE isolated from EUT None

EUT set up Refer to Appendix C
F(r:ehqinenne(:y Peak Carrier Antenna Gain Radiated Power Limit Result
(MH2) Power (W) dBi (W) (EIRP) (W)
2405 0.003539973 1.0 0.004456562 1.0 Pass
2440 0.003111716 1.0 0.003917419 1.0 Pass
2480 0.002864178 1.0 0.003605786 1.0 Pass
Notes:

Conducted Measurement

Measured Peak Carrier power includes highest gain of any antenna to be used.
Highest Gain of any antenna to be used = 1 dBi

Conducted measurements were performed with a temporary antenna connector provided by the

client.

13
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A3 Transmitter Power Spectral Density

Transmitter Power Spectral Density was verified with the EUT transmitting on its lowest, centre

and highest carrier frequency in turn.

Test Details:
Regulation Title 47 of the CFR: Partl15 Subpart (c) 15.247(e)
Measurement standard ANSI C63.10
EUT sample number S03
Modification state 0
SE in test environment REF112
SE isolated from EUT None

EUT set up Refer to Appendix C
Antenna port Peak Power
Channel Peak Power Ant Gai Spectral Limit
Frequency Spectral n er:jnBa; an Density (dBm/3kH2) Result
(MHz) Density (dBm/3kHz)
(dBm/3kHz)
2405 -10.47 1.0 -9.47 8.0 Pass
2440 -11.30 1.0 -10.30 8.0 Pass
2480 -11.43 1.0 -10.43 8.0 Pass
Notes:

Conducted Measurement

Measured Power Spectral Density includes highest gain of any antenna to be used.

Highest Gain of any antenna to be used = 1dBi

Conducted measurements were performed with a temporary antenna connector provided by the

client.

The resolution bandwidth on the analyser was set to 3kHz and trace set to max hold.

The span is set to 2MHz
The sweep time is 680 seconds (Span/3kHz).

14
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A4 RF Antenna Conducted Spurious Emissions

Measurement of conducted spurious emissions at the antenna port was performed using a peak
detector with the RBW set to 100kHz and the VBW>RBW. Frequencies were scanned up through
to the 10th harmonic with the EUT transmitting on its lowest, centre and highest carrier frequency
in turn.

Test Details: 2405 MHz

Regulation Title 47 of the CFR: Part 15 Subpart (c) Clause 15.247(d) and Clause
15.205

Measurement standard ANSI C63.10

Frequency range 9 kHz to 25 GHz

EUT sample number S03

Modification state 0

SE in test environment REF112

SE isolated from EUT None

EUT set up Refer to Appendix C

The worst case conducted upper band edge emission measurements at the antenna port are
listed below with the transmitter at 2405MHz (CH11) :

Ref Measured Det. Is measured o
e Measured Peak Conducted 15.247(d) Limit
No. Freq (MHz) Frequency within the _ Summary
Restricted bands (Y/N) power (RBW =100kHz) (dBuV) (dBuv)
9kHz to No Significant Emissions
! 25GHz Pk N Within 20dB of the limit 87.83 Pass
2 2400.00 Pk N 65.95 87.83 Pass
3 2399.910 Pk N 66.86 87.83 Pass
4 2399.910 (In-band PKk)-(APk Outside the -40.58 540 Pass
band or band edge)

No further emissions were detected within 20 dB of the test limit.

15
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RF Antenna Conducted Spurious Emissions continued:

Test Details: 2440 MHz
Regulation Title 47 of the CFR: Part 15 Subpart (c) Clause 15.247(d) and Clause
15.205
Measurement standard ANSI C63.10
Frequency range 9 kHz to 25 GHz
EUT sample number S03
Modification state 0
SE in test environment REF112
SE isolated from EUT None
EUT set up Refer to Appendix C

The worst case conducted upper band edge emission measurements at the antenna port are
listed below with the transmitter at 2440MHz (CH18) :

Ref Measured Det. Is measured -
e Measured Peak Conducted 15.247(d) Limit
No. Freq (MHz) Frequency within the _ Summary
Restricted bands (Y/N) power (RBW =100kHz) (dBuV) (dBuv)
9kHz to No Significant Emissions
L 25GHz Pk N Within 20dB of the limit 87.17 Pass

No further emissions were detected within 20 dB of the test limit.

16
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RF Antenna Conducted Spurious Emissions continued:

Test Details: 2480 MHz

Regulation Title 47 of the CFR: Part 15 Subpart (c) Clause 15.247(d) and Clause
15.205

Measurement standard ANSI C63.10

Frequency range 9 kHz to 25 GHz

EUT sample number S03

Modification state 0

SE in test environment REF112

SE isolated from EUT None

EUT set up Refer to Appendix C

The worst case conducted upper band edge emission measurements at the antenna port are
listed below with the transmitter at 2480MHz (CH26) :

Ref Measured Det. Is measured -
e Measured Peak Conducted 15.247(d) Limit
No. Freq (MHz) Frequency within the _ Summary
Restricted bands (Y/N) power (RBW =100kHz) (dBuV) (dBuv)
9kHz to No Significant Emissions
! 25GHz Pk N Within 20dB of the limit 8581 Pass
2 2483.500 Pk Y 60.51 85.81 Pass
3 2483.919 Pk Y 70.70 85.81 Pass
4 2483.919 (In-band PKk)-(APk Outside the -36.05dB 540 Pass
band or band edge)

No further emissions were detected within 20 dB of the test limit.

17
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Notes:

1. The conducted emission limit for emissions outside the restricted bands, defined in
47CFR15.205(a) are based on a transmitted carrier level of 15.247(b). With the EUT
transmitting on its lowest, centre and highest carrier frequencies in turn, emissions from
the EUT are required to be 20 dB below the level of the highest fundamental as measured
within a 100 kHz RBW in accordance with 15.247(d) using a peak detector.

2. The RBW =100 kHz, Video bandwidth (VBW) > RBW and the radio spectrum was
investigated up to the 10th harmonic in accordance15.33 (a)(1).

3. The measurements at 2400 MHz and 2483.5 MHz were made to ensure band edge
compliance.

4. The carrier level was measured whilst varying the supply voltage between 85% and 105%
of the nominal supply voltage as required by 15.31(e). No variation in carrier level was
observed. All other emissions were at least 20dB below the test limit

The limit outside the restricted band in 100 kHz RBW is defined using the following formula in
accordance with 15.247(d):

The limit in 100 kHz RBW = (Maximum Peak Conducted Carrier measured in 100kHz RBW)-20dB

Where:

The maximum peak conducted power was measured using a spectrum analyser using a 100kHz
resolution bandwidth.

Channel Channel Measurec_j Meas_ured Peak Emission Limit
No. Frequency | Peak Carrier Carrier —20dB In a 100 kHz RBW
(MHz) (dBuV) (dBuV) (dBuV)
11 2405 107.83 107.83-20 87.83
19 2445 107.17 107.17-20 87.17
26 2480 105.81 105.81-20 85.81

18
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A5 Transmit Radiated Electric Field Emissions 15.209 and within the Restricted Bands
of 15.205

Preliminary scans were performed using a peak detector with the RBW = 100kHz below 1GHz
and a RBW = 1MHz >1GHz. The radiated electric filed emission test applies to spurious emissions
and harmonics that fall within the restricted bands listed in Section 15.205. The maximum permitted
field strength is listed in Section 15.209. The EUT was set to transmit on its lowest, centre and
highest carrier frequency.

The following test site was used for final measurements as specified by the standard tested to:

3m open area test site : 3m alternative test site : X

The effect of the EUT set-up on the measurements is summarised in note (c) below.

Test Details: 2405 MHz

Regulation Title 47 of the CFR: Part 15 Subpart C; 15.247 Clause 15.205 and
15.209

Measurement standard ANSI C63.10

Frequency range 30MHz to 25 GHz

EUT sample number S04

Modification state 0

SE in test environment None

SE isolated from EUT None

EUT set up Refer to Appendix C

Photographs (Appendix F) Photographs 1 and 2

The worst case radiated emission measurements for spurious emissions:

| e oo "SR | AL e oo | | e o
. (dBuV) (dB) (dB/m) | (dB) | (dBuVim) (dB) (dBuV/m) HVim)
1. | 2390.000 Pk 48.1 2.5 28.4 | 33.81 45.2 0 45.2 74.0
2. | 2390.000 | Av | 3879 25 28.4 | 33.81 35.9 0 35.9 54.0
3. | 2399.919 | Pk 65.2 2.7 28.4 | 33.81 62.5 0 62.5 83.1
4. | 2399919 | Av | 58.78 2.7 28.4 | 33.81 56.1 0 56.1 63.1
5. | 2400.000 | Pk | 64.77 2.7 28.4 | 33.81 62.1 0 62.1 83.1
6. | 2400.000 | Av | 58.19 2.7 28.4 | 33.81 55.5 0 55.5 63.1
7. | 2404.496 | Pk | 71.88 2.8 28.4 N/A 103.1 0 103.1 137.0
8. | 2483500 | Pk | 4281 2.6 285 | 33.84 40.1 0 40.1 74.0
9. | 2483500 | Av | 29.43 2.6 285 | 33.84 26.7 0 26.7 54.0
10. | 4811.025 | Pk | 42.80 4.1 33.2 | 34.12 46.0 0 46.0 74.0
11 | 4811.025 | Av | 28.85 4.1 33.2 | 34.12 32.0 0 32.0 54.0

19
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Test Details: 2440 MHz

Regulation

Title 47 of the CFR: Part 15 Subpart (b) Clause 15.209

Measurement standard

ANSI C63.10

Frequency range

30MHz to 25 GHz

EUT sample number S04
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up

Refer to Appendix C

Photographs (Appendix F)

Photographs 1 and 2

The worst case radiated emission measurements for spurious emissions:

e oy S TR AT R T e mm ] o
: (dBuV) (dB) (dB/m) | (dB) | (dBuVim) (dB) (dBuV/m) HV/m)
1. 2390.000 Pk 44.6 25 28.4 33.81 41.7 0 41.7 74.0
2. 2390.000 | Av 30.4 25 28.4 33.81 27.5 0 27.5 54.0
3. 2400.000 Pk 445 2.7 28.4 33.81 41.8 0 41.8 79.9
4, 2400.000 | Av 30.4 2.7 28.4 33.81 27.6 0 27.6 59.9
5. 2440.480 Pk 69.3 2.7 28.5 N/A 100.5 0 100.5 137.0
6. 2483.500 Pk 43.4 2.6 28.5 33.84 40.7 0 40.7 74.0
7. 2483.500 | Av 30.7 2.6 28.5 33.84 28.0 0 28.0 54.0
8. 3664.282 Pk 43.5 3.8 31.7 34.05 45.0 0 45.0 74.0
9. 3664.282 | Av 31.0 3.8 31.7 34.05 325 0 325 54.0

20
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Test Details: 2480 MHz

Regulation

Title 47 of the CFR: Part 15 Subpart (b) Clause 15.209

Measurement standard

ANSI C63.10

Frequency range

30MHz to 25 GHz

EUT sample number S04
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up

Refer to Appendix C

Photographs (Appendix F)

Photographs 1 and 2

The worst case radiated emission measurements for spurious emissions:

o R AT Bh T ES aw
: (MHz) (dBuV) (dB) (dB/m) | (dB) | (dBuVim) (dB) (dBuv/im) | (dBuVIm)
1. 2390.000 Pk 43.7 25 28.4 33.81 40.8 0 40.8 74.0
2. 2390.000 | Av 30.43 25 28.4 33.81 27.5 0 27.5 54.0
3. 2400.000 Pk 43.84 2.7 28.4 33.81 41.1 0 41.1 81.4
4, 2400.000 | Av 30.37 2.7 28.4 33.81 27.7 0 27.7 61.4
5. | 2479543 Pk | 70.81 2.8 285 | NIA 102.1 0 102.1 137.0
6. 2483.500 Pk 38.7 2.6 28.5 N/A 69.8 0 69.8 74.0
7. 2483.500 | Av 28.6 2.6 28.5 N/A 59.7 0 59.7* 54.0
8. 2483.924 Pk 37.58 2.6 28.5 N/A 68.7 0 68.7 74.0
9. 2483.924 | Av 28.3 2.6 28.5 N/A 59.4 0 59.4* 54.0
10. | 4959.070 | Pk | 447 4.3 336 | 3415 | 485 0 485 74.0
11 4959.070 | Av 34.2 4.3 33.6 34.15 38.0 0 38.0 54.0

* Pass, refer to Note 3

21
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Notes:

1 Any testing performed below 30 MHz was performed using a magnetic loop antenna in
accordance with ANSI C63.10: section 4.5, Table 1

2 In accordance with 15.35(b), above 1 GHz, emissions measured using a peak detector
shall not exceed a level 20 dB above the average limit.

3 For all the above tables, the average emissions results can be reduced by the 11.4 dB
duty cycle correction factor calculated in Appendix E for comparison with the test limit.

4 Testing was performed with the EUT orientated in three orthogonal planes and the
maximum emissions level recorded. In addition, the EUT antenna was varied within its
range of motion in order to maximise emissions.

5 For Frequencies below 1 GHz, RBW= 100 kHz, testing was performed with CISPR16
compliant test receiver with QP detector. Above 1 GHz tests were performed using a
spectrum analyser using the following settings:

Peak RBW=VBW= 1MHz
Average RBW=VBW= 1MHz

These settings as per ANSI C63.10

The upper and lower frequency of the measurement range was decided according to 47 CFR
15:2008 Clause 15.33(a) and 15.33(a)(1).

22
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Limits

Radiated emission limits (47 CFR 15: Clause 15.209) for emissions falling within the restricted
bands defined in 15.205(a):

E:T?ic;:%mc{h/?lzz) Field strength pV/m Measurement Distance m Field strength dBuV/m
0.009-0.490 2400/F(kHz) 300 67.6/F (kHz)
0.490-1.705 24000/F(kHz) 30 87.6/F (kHz
1.705-30 30 30 29.5

30-88 100 3 40.0
88-216 150 3 43.5
216-960 200 3 46.0
Above 960 500 3 54.0

(&) Where results have been measured at one distance, and a signal level displayed at
another, the results have been extrapolated using the following formula:

Extrapolation (dB)=20log, (

measurement distance
specification distance

The results displayed take into account applicable antenna factors and cable losses.

(b) The levels may have been rounded for display purposes.

(c) The following table summarises the effect of the EUT operating mode, internal configuration
and arrangement of cables / samples on the measured emission levels :

See (i)

See (i) | See (iii) | See (iv)

Effect of EUT operating mode on emission levels

v

Effect of EUT internal configuration on emission levels

v

levels

Effect of Position of EUT cables & samples on emission

v

()

(ii)
(iii)
(iv)

Parameter defined by standard and / or single possible, refer to Appendix D
Parameter defined by client and / or single possible, refer to Appendix D
Parameter had a negligible effect on emission levels, refer to Appendix D
Worst case determined by initial measurement, refer to Appendix D

23
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A6 Power Line Conducted Emissions

Preview power line conducted emission measurements were performed with a peak detector in a
screened room. The effect of the EUT set-up on the measurements is summarised in note (b).
Where applicable formal measurements of the emissions were performed with a peak, average
and/or quasi peak detector. The EUT was set to transmit on its lowest, centre and highest carrier
frequency in turn. The formal measurements are detailed below:

Test Details: Transmit mode
Regulation Title 47 of the CFR: Part 15 Subpart (c) Clause 15.207
Measurement standard ANSI C63.10
Frequency range 150kHz to 30MHz
EUT sample number S04 and S05
Modification state 0
SE in test environment RFG109
SE isolated from EUT None
EUT set up Refer to Appendix C
Photographs (Appendix F) Photograph 3

The worst-case power line conducted emission measurements are listed below:

Results measured using the peak detector compared to the average limit

Ref No. Conductor | Freq (MHz) Result (dBuV) Spec Limit (dBuV) Margin (dB) Result Summary
1 N 0.17770 25.1 54.6 -29.5 Pass
2 N 0.35600 33.7 48.8 -15.1 Pass
3 N 0.40100 29.4 47.8 -18.4 Pass
4 N 0.75730 27.9 46.0 -18.2 Pass
5 N 1.82680 24.7 46.0 -21.3 Pass
6 N 2.40550 32.0 46.0 -14.0 Pass
7 N 4.00900 314 46.0 -14.6 Pass
8 N 12.99997 33.6 50.0 -16.4 Pass
9 N 29.69700 38.0 50.0 -12.0 Pass
10 L 0.17770 25.8 54.6 -28.8 Pass
11 L 0.35667 32.6 48.8 -16.2 Pass
12 L 0.40126 29.4 47.8 -18.4 Pass
13 L 0.75796 24.2 46.0 -21.8 Pass
14 L 1.82811 314 46.0 -14.6 Pass
15 L 2.40779 34.7 46.0 -11.3 Pass
16 L 4.01302 33.2 46.0 -12.8 Pass
17 L 12.99997 34.2 50.0 -15.9 Pass
18 L 29.69610 37.8 50.0 -12.2 Pass
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Test Details: Receive mode
Regulation Title 47 of the CFR: Part 15 Subpart (c) Clause 15.107
Measurement standard ANSI C63.10
Frequency range 150kHz to 30MHz
EUT sample number S04 and S05
Modification state 0
SE in test environment RFG109
SE isolated from EUT None
EUT set up Refer to Appendix C
Photographs (Appendix F) Photograph 3

The worst-case power line conducted emission measurements are listed below:

Results measured using the peak detector compared to the average limit

Ref No. Conductor | Freq (MHz) Result (dBuV) Spec Limit (dBuV) Margin (dB) Result Summary
1 N 0.17767 24.3 54.6 -30.3 Pass
2 N 0.35544 30.9 48.8 -17.9 Pass
3 N 0.39984 32.6 47.8 -15.2 Pass
4 N 0.93313 28.5 46.0 -17.5 Pass
5 N 1.55500 27.7 46.0 -18.3 Pass
6 N 2.31030 31.6 46.0 -14.4 Pass
7 N 4.13180 315 46.0 -14.5 Pass
8 N 29.01000 40.9 50.0 -9.1 Pass
9 L 0.17776 25.3 54.6 -29.3 Pass
10 L 0.35560 29.4 48.8 -19.4 Pass
11 L 0.40000 31.8 47.8 -16.0 Pass
12 L 0.93329 22.2 46.0 -23.8 Pass
13 L 1.55549 28.9 46.0 -17.1 Pass
14 L 2.31133 34.7 46.0 -11.3 Pass
15 L 4.13284 34.1 46.0 -11.9 Pass
16 L 29.01320 40.9 50.0 -9.1 Pass
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Specification limits :
Conducted emission limits (47 CFR 15: Clause 15.207 and 15.107):

Conducted disturbance at the mains ports.

Frequency range MHz _ Limits dBuV
Quasi-peak Average
0.15t0 0.5 66 to 56° 56 to 46°
0.5t0 5 56 46
510 30 60 50

Notes:
1.  The lower limit shall apply at the transition frequency.
2. The limit decreases linearly with the logarithm of the frequency in the range 0.15MHz to 0.5MHz.

Notes:
(@) The levels may have been rounded for display purposes.

(b) The following table summarises the effect of the EUT operating mode and internal
configuration on the measured emission levels :

See (i) See (ii) See (iii) See (iv)
Effect of EUT operating mode on emission levels v
Effect of EUT internal configuration on emission levels v
@) Parameter defined by standard and / or single possible, refer to Appendix C
(ii) Parameter defined by client and / or single possible, refer to Appendix C
(iii) Parameter had a negligible effect on emission levels, refer to Appendix C
(iv) Worst case determined by initial measurement, refer to Appendix C
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A7 Antenna Gain

The maximum antenna gain for the antenna types to be used with the EUT, as declared by the
client, is 1dBi. (see Appendix D for data sheets)
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A8 Unintentional Radiated Electric Field Emissions - 15.109

Preliminary scans were performed using a peak detector with the RBW = 100kHz. The maximum
permitted field strength is listed in Section 15.109. The EUT was set to receive mode only on its
lowest, centre and highest carrier frequency in turn.

The following test site was used for final measurements as specified by the standard tested to :

3m open area test site : 3m alternative test site : X
Test Details: Receive mode

Regulation Title 47 of the CFR: Part 15 Subpart (b) Clause 15.109
Measurement standard ANSI C63.10
Frequency range 30MHz to 25 GHz
EUT sample number S04
Modification state 0
SE in test environment REF112
SE isolated from EUT None
EUT set up Refer to Appendix C
Photographs (Appendix F) Photographs 1 and 2

Ref | FREQ | per | YR | Uoss | FACT. | AWR | STGH | FACT | STGH | LM

(dBuV) (dB) (dB/m) (dB) (dBuV/m) (dB) (dBuV/m)
1. 4872.076 | Pk 48.16 4.4 33.3 34.13 51.7 9.5 42.2 74.0
2. 4872.076 | Av 42.45 4.4 33.3 34.13 46.0 9.5 36.5 54.0

No further spurious emissions within 20 dB of the test limit were detected.
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Specification limits :

The upper frequency of the measurement range was decided according to 47 CFR 15:2008
Clause 15.33.

Radiated emission limits (47 CFR 15:2008 Clause 15.109):

Except for a Class A digital device, the field strength of radiated emissions from unintentional
radiators at a distance of 3m shall not exceed the following values:

Frequenz:l\);lgfz)emlssmn Field strength uV/m Field strength dBuV/m
30-88 100 40.0 (quasi-peak)
88-216 150 43.5 (quasi-peak)
216-960 200 46.0 (quasi-peak)
960-1000 500 54.0 (quasi-peak)
Above 1000 500 54.0 (average)
Above 1000 - 74.0 (peak)

Notes:

(&) Where results have been measured at one distance, and a signal level displayed at
another, the results have been extrapolated using the following formula:

Extrapolation (dB) = 20 logs, (measurement dlstanceJ

specification distance

The results displayed take into account applicable antenna factors and cable losses.
(b) The levels may have been rounded for display purposes.

(c) The following table summarises the effect of the EUT operating mode, internal configuration
and arrangement of cables / samples on the measured emission levels :

See 1) See 2) See 3) See 4)
Effect of EUT operating mode on emission levels v
Effect of EUT internal configuration on emission levels v
Effect of Position of EUT cables & samples on emission levels v

1) Parameter defined by standard and / or single possible.
2) Parameter defined by client and / or single possible.

3) Parameter had a negligible effect on emission levels.

4) Worst case determined by initial measurement.
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Appendix B: Supporting Graphical Data

This appendix contains graphical data obtained during testing.
Notes:

(a) The radiated electric field emissions and conducted emissions graphical data in this
appendix is preview data. For details of formal results, refer to Appendix A and Appendix B.

(b) The time and date on the plots do not necessarily equate to the time of the test.

(c) Where relevant, on power line conducted emission plots, the limit displayed is the average
limit, which is stricter than the quasi peak limit.

(d) Appendix C details the numbering system used to identify the sample and its modification
state.

(e) The plots presented in this appendix may not be a complete record of the measurements
performed, but are a representative sample, relative to the final assessment.

30



Radio Test Report: 9A2786WUS1

B SASVEN PN
\v_

P

6dB Bandwidth: Channel 11 2405MHz

31



Radio Test Report: 9A2786WUS1

X
x/r*-\_; M N

\ s

6dB Bandwidth: Channel 18 2440MHz

32



Radio Test Report: 9A2786WUS1

M
o

4

Foe

4

A

v‘/\\f\

6dB Bandwidth: Channel 26 2480MHz

33



Radio Test Report: 9A2786WUS1

A n RV
Jh&‘ rV wthoat g iV J*“w*\ ,/u‘Nw\ f\L«!.L\(MJu‘f \{‘) ,‘F ot
\ \ | M

W
Al!u«’\u""“‘“‘ ‘ mﬂ\
\

Power Spectral Density: Channel 11 2405MHz

34



Radio Test Report: 9A2786WUS1

/“‘V«\ Aoty “*‘\«‘JW\V‘HK MNIJ“M*;\ el /A['
|/ \
|

&
vl
p e

Power Spectral Density: Channel 18 2440MHz

35



Radio Test Report: 9A2786WUS1

Y
A [(Jf!‘ bt A e PN Lt N

] | Vol
[T \
fu/ ) |/ 4 Jﬂr | / W ol
! A
| \

Power Spectral Density: Channel 26 2480MHz

36



Radio Test Report: 9A2786WUS1

2
oI |
TWMWLM dl b MMJ; | ; | Iy T
Al T e T T

Conducted Emissions Channel 11 2405MHz

37



Radio Test Report: 9A2786WUS1

=y
bl
=

VIEW

[ NI YN Y I |
U}WW Pl g M’U“Ww“b"v%%h AP g o A i

Conducted Emissions Channel 11 2405MHz

38



Radio Test Report: 9A2786WUS1

—4

sl et

P A R A o T JOA O

g

8 I Y T oW P w1y PR TN T

Conducted Emissions Channel 11 2405MHz

39



Radio Test Report: 9A2786WUS1

H

Al grl s o bl

ARG L

|
I

I
i»\.j& A (e

| AP gl

ol p

gare)
Ll

Apereetd

A i

bl

Conducted Emissions Channel 11 2405MHz

40




Radio Test Report: 9A2786WUS1

pus AR

Mahd el

Ll e

M‘L\M\w'u\

ot fled

ek A A

INTTN

v
ki

RATATA UG

Conducted Emissions Channel 11 2405MHz

41




Radio Test Report: 9A2786WUS1

il

e 1

o e

gt

o o

App sy

A

bl A

NN*{'\(‘JM

Conducted Emissions Channel 11 2405MHz

42




Radio Test Report: 9A2786WUS1

e JeHiA

WAVIETAY

et

\N\([H\ANM\L\JNU

Wi

s ana i

[N

bRt

A

Conducted Emissions Channel 11 2405MHz

43




Radio Test Report: 9A2786WUS1

\ / \ f \\\ / \

Conducted Emissions Channel 11 2405MHz: Lower-Band edge

44



Radio Test Report: 9A2786WUS1

AC

‘ VT T A A I .
it st S A J [ Jﬁmﬂm Wﬁ W NJW WWLL m%‘ Jn Wl

U

Conducted Emissions Channel 18 2440MHz

45



Radio Test Report: 9A2786WUS1

Al

Wl

Tt kwmwmml ua,w\ﬁ,‘mw iy MW o W"ﬁh Wd‘f”‘iv{kﬁ«k Yo

AC

Conducted Emissions Channel 18 2440MHz

46




Radio Test Report: 9A2786WUS1

et

I
W [T

I s
T i

Rellcon LG

M@HMM\“

i :
Re-dlAue

4»‘quMMW

AL

g

IR

Conducted Emissions Channel 18 2440MHz

47




Radio Test Report: 9A2786WUS1

[l
u
o el

|
Ul ety

s

VA[WLLM It

U ‘~Lﬂi i

Lkl

A

Mty

A e o

Conducted Emissions Channel 18 2440MHz

48




Radio Test Report: 9A2786WUS1

i gk

ol

e focliesine)

b

Lttty

ol

ol

e

Conducted Emissions Channel 18 2440MHz

49




Radio Test Report: 9A2786WUS1

i g

srel

el i

b

gty

N ol

relllbongy

'L.‘qu}mk«)"lﬂi‘\\(

“«d,[fd”\zl‘

g

Conducted Emissions Channel 18 2440MHz

50




Radio Test Report: 9A2786WUS1

ATV U Y

el 8

e

W«MM\W(L

A"\*"\P\J\“\J"\F{

) AINIUR A

JerAeNed

[Nt

Ly, &wﬂm

Conducted Emissions Channel 18 2440MHz

51




Radio Test Report: 9A2786WUS1

=y
bl
=

VIEW

AC

V‘NM Ut Lo o “\‘ | | L i PP NI
B AR Lo e e

Conducted Emissions Channel 26 2480MHz

52



Radio Test Report: 9A2786WUS1

=y
bl
=

VIEW

YY) T TYETRER YT P »
MM O A s o s A AN

)

Conducted Emissions Channel 26 2480MHz

53



Radio Test Report: 9A2786WUS1

st

N A2

THAGH '\J\’\D,U A

ARy

WL R

R

Eiman T

TR
el

Conducted Emissions Channel 26 2480MHz

54




Radio Test Report: 9A2786WUS1

l
N A A
G A wmmmw Vk,jnlﬁl

v

‘«w\%
W

M:JWMM

ekt

A !

Conducted Emissions Channel 26 2480MHz

55




Radio Test Report: 9A2786WUS1

Lo e

ENTETING

gl

LMWMM«ML‘\M Huedpdd

ANl

el i
S

RN

=

™ WML

et

Conducted Emissions Channel 26 2480MHz

56




Radio Test Report: 9A2786WUS1

N

\"\AWM"UM

Pk o

~dgbel

oAl

it M ko

bl et

sl

it

v
[ gelflnt

Conducted Emissions Channel 26 2480MHz

57




Radio Test Report: 9A2786WUS1

Kot

ity fettagh o fuasboming A Al

B A

Lahelpfedaf

UL I

MM\WM

A ARAR

Conducted Emissions Channel 26 2480MHz

58




Radio Test Report: 9A2786WUS1

V. “‘»U/ \ / v\\ ﬂ "‘M«\ v
\ \

Conducted Emissions Channel 26 2480MHz: Upper-Band edge

59



Radio Test Report: 9A2786WUS1

TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Radiated emissions
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TRaC EMC Emissions Software - Power line conducted emissions
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TRaC EMC Emissions Software - Power line conducted emissions
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TRaC EMC Emissions Software - Power line conducted emissions
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TRaC EMC Emissions Software - Power line conducted emissions
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Appendix C: Additional Test and Sample Details
This appendix contains details of:

1. The samples submitted for testing.

2. Details of EUT operating mode(s)

3. Details of EUT configuration(s) (see below).
4. EUT arrangement (see below).

Throughout testing, the following numbering system is used to identify the sample and it's
modification state:

Sample No: Sxx Mod w
where:

XX = sample number eg. S01

w = modification number eg. Mod 2

The following terminology is used throughout the test report:

Support Equipment (SE) is any additional equipment required to exercise the EUT in the
applicable operating mode. Where relevant SE is divided into two categories:

SE in test environment: The SE is positioned in the test environment and is not isolated from the
EUT (e.g. on the table top during REFE testing).

SE isolated from the EUT: The SE is isolated via filtering from the EUT. (e.g. equipment placed
externally to the ALSR during REFE testing).

EUT configuration refers to the internal set-up of the EUT. It may include for example:

Positioning of cards in a chassis.
Setting of any internal switches.
Circuit board jumper settings.
Alternative internal power supplies.

Where no change in EUT configuration is possible, the configuration is described as “single
possible configuration”.

EUT arrangement refers to the termination of EUT ports / connection of support equipment, and
where relevant, the relative positioning of samples (EUT and SE) in the test environment.

For further details of the test procedures and general test set ups used during testing please refer
to the related document "EMC Test Methods - An Overview", which can be supplied by TRaC
Telecoms & Radio upon request.
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Cl) Test samples

The following samples of the apparatus were submitted by the client for testing :

Sample No. Description Identification

S03 DZ-ZB-S-A ZigBee module (conducted) None

S04 DZ-ZB-S-A ZigBee module (radiated) None

S05 ac-dc plug top power supply P/NDMS120085-P5-IC

The following samples of apparatus were supplied by TRaC as support or drive equipment
(auxiliary equipment):

TRaQ_ . Description

Identification

REF112 Thurlby 30V-2A dc power supply
RFG109 110Vac 60Hz power supply
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C2) EUT Operating Mode During Testing.

During testing, the EUT was exercised as described in the following tables :

Test Description of Operating Mode: Transmit

The EUT was powered via REF112 dc power supply. The
EUT was transmitting on maximum power, 100% duty
cycle using O-QPSK with half-sine pulse-shaping - 8-
symbol listen-before send for CSMA-CA - Bit rate 250kb/s,
symbol rate 62.5ksymbol/s with 4-bit 16-ary orthogonal
symbols, chip rate 2000kchip/s) modulation at centre
frequencies Fc = 2405 + (5x(k — 11) in MHz, where k = 11,
18 and 26

All tests, except as described below

Test Description of Operating Mode: Transmit (15.207)

The EUT was powered via S05 and RFG109. The EUT was transmitting on
maximum power, 100% duty cycle using O-QPSK with half-sine pulse-shaping
PLCE - 8-symbol listen-before send for CSMA-CA - Bit rate 250kb/s, symbol rate
62.5ksymbol/s with 4-bit 16-ary orthogonal symbols, chip rate 2000kchip/s)
modulation at centre frequencies.

Test Description of Operating Mode: Receive

Radiated Electric

Field Emissions The EUT was placed in continuous receive mode during the test was powered
Restricted band via REF112.

15.109 digital circuitry

Test Description of Operating Mode Receive (15.107)

The EUT was powered via S05 and RFG109. The EUT was in continuous
Receive mode

PLCE
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C3) EUT Configuration Information.

Sample Internal Configuration Details

S03 Single possible internal configuration
S04 Single possible internal configuration
S05 Single possible internal configuration
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C4) List of EUT Ports

Sample : S03
Tests : RF Antenna Port Conducted Spurious Emissions, 6dB Bandwidth, Power
Spectral Density and Conducted Fundamental Carrier Power.

Port Description of Cable Attached Cable length | Equipment Connected
Antenna port 500hm coax 7cm REF847/REF835

dc power port 2 core unscreened 1m REF112

Sample : S04

Tests : Radiated Electric Field Emissions Restricted band 15.205 and 15.109 digital

circuitry

Port Description of Cable Attached Cable length | Equipment Connected
dc power port 2 core unscreened >1m REF112

Sample : S04

Tests : Power Line Conducted Emissions 15.207 and 15.107

Port Description of Cable Attached Cable length | Equipment Connected
dc power port 2 core unscreened 1.8m S05

Sample : S05

Tests : Power Line Conducted Emissions 15.207 and 15.107

Port Description of Cable Attached Cable length | Equipment Connected
ac power port Plug top ac —dc power supply N/A RFG109

dc power port 2 core unscreened 1.8m S04
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C5

For Radiated Measurements:

Details of Equipment Used

TRAC
REF/RFG Type Description Manufacturer Date Calibrated.

No.

274 Lab 10 Large anechoic chamber TRaC 29/02/08
231 CBL6111 BILOG Antenna Chase 12/08/08
129 3115 1-18GHz Horn Antenna EMCO 11/08/08
630 QSH20S20S 18-26GHz Horn antenna Q-PAR 02/11/06
008 8447D Pre Amp (30 to 1000MHz) HP 16/02/10
307 8449B Microwave pre amp (1 to 26.5GHz) HP 01/03/10

Spec Analyser/Test Receiver

214 ESAI (LF/HF) R&S 22/03/10

RFG404 ESA-E E4407B Spectrum Analyser Agilent 10/05/10

REF847 ESU40 Spectrum Analyser/Receiver Rhode & Schwarz 08/05/09

REF112 PL320 dc power supply Thurlby CAL date N/A
246 07212BD 4.5m N-Type cable TRaC 22/09/09
270 30-05151-10 3m N-Type cable TRaC 22/09/09
278 30-05156-10 1m N-Type cable TRaC 22/09/09
643 ST18/Nm/Nm/48 48 inch Sucoflex cable Huber & Suhner 22/09/09
650 N-106 3 meter HF Sucoflex cable Huber & Suhner 22/09/09
651 N-106 7 meter HF Sucoflex cable Huber & Suhner 22/09/09

REF831 5m K-Type M-M Teleydyne 22/04/09

Reynolds
REF833 2m K-Type M-M Teleydyne 09/07/10
Reynolds
For Conducted Measurements
TRAC
REF/RFG Type Description Manufacturer Date Calibrated.
No.
REF847 ESU40 Spectrum Analyser/Receiver Rhode & Schwarz 08/05/09
REF112 PL320 dc power supply Thurlby CAL date N/A
N10149 .
835/836 N1911A Power head and meter Agilent 03/08/09
REF833 2m K-Type M-M Teleydyne 09/07/10
Reynolds
For Power Line Conducted Emissions
TRAC
REF/RFG Type Description Manufacturer Date Calibrated.
No.

REF847 ESU40 Spectrum Analyser/Receiver Rhode & Schwarz 08/05/09
n/a Lab 7 Screened room 1 TRaC CAL date N/A
189 ESH3-75 2-phase LISN Rhode & Schwarz 20/05/09
232 ESH3-72 Pulse Limiter Rhode & Schwarz 16/02/10
404 E4407B Spectrum Analyser Agilent 10/05/10

REF109 110Vac/60Hz supply Farnell CAL date N/A
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Appendix D: Additional Information
The following additional information is included within this test report.

D.1 Data sheet for Antenna

i ' T PR R
:‘E\}?smsli_’_: ] Zﬂalﬂ’ T n " .
RainSuwun Remewed growth and essentint ex

K

ANO0S835

Multilayer Chip Antenna for

2.4GHz Wireless Communication

RainSun Corporation 10f9 Aug, 2006
http://www.rainsun.com Verl.1
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T BEPR, AFHIRR
”’f_ ' o Reﬁewcigz_nﬁﬂhmdéaseaﬁal existence:

ANO0835 Multilayer Chip Antenna

& Features
* Light weight and low profile 8.0mm(L) x 3.5mm(W) x 1.0mm(H)

* Omni-directional in azimuth
*» Lead (Pb) Free

& Applications

* 2.4GIz wireless communications
* 2.4GHz Modules

* Bluetooth System

* 802.11b/g Wireless LAN System

Specifications
Center frequency 2.45 GHz
Peak gain 1 dBi
Operation temperature 40°C~+85°C
Storage temperature -40°C~+85°C
VSWR 2.0 (max)
Input Impedance 50 Ohm
Power handling - e 3W {max) S e L
Bandwidth 180 MHz
Azimuth beamwidth Omni-directional
Polarization Linear
Rain5un Corporation 20f9 Aug, 2006
http://www.rainsun.com Ver. 1.1
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i, , T R, AR

m‘?‘@ﬂﬁf@llﬂur .
i 'k ) Renewed growth and essentiak existence.
HainSan

T,
D

Pin configuration

Top view
1 Pin No ~ Pinassignment
%f « 2 1 ~ Feed termination
% 2 Feed point mark
5 3 Solder termination
3
Dimensions
Symbol Dimensions(mm)
A 8.001+0.10
B 3.50+0.10
C 1.50+0.02
D 0.50+0.05
E 0.3010.05
H 1.00 £0.20
S wdig _ (TR
Symbol Dimensions{mm)
G 1.0
H 1.9
I 8.0
RainSun Corporation 30f9 Aug, 2006
http://www.rainsun.com Ver.1.1
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B gron o BUEFIERS , KA BIR
Ra al RS:I;.! n Renowed geowth and easentinl existence.
"'f:;‘;’frii\ X

Recommended Test Board Pattern

Top view Bottom view
50 Ohm
Transmission line ! Ground Plane
I B
T o
Uni = = <— SMA connector
nit: mm

Board thickness: 0.6mm
Board material : FR4

Fig-
Testing Setup
Port 1
Network 17
Amalyzer. .
Measurement

Testing Instrument:
Anritsu 37369C VNA (Vector Network
_ Analyzer)

s

VNA calibrate with 1 path reﬂecnon
only calibration sequence on test board

feed point.

The test board dimension and it's
layout is the same as Fig-1.

RainSun Corporation 40f9 Aug, 2006
http://www rainsun.com Ver.1.1
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iy,
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AR, &4 WEIRAR

RainSan

=~
T

Renewed growth and essential existence.

Typical Electrical Characteristics

Return loss

SE2 REVERZE REFLECTION

LOG HAGHITUEE vREF=8.830 oF

LH 1 - F22
REFERFHCE Fi.ARE

18040 dE/DIY LT

' S . - SN SN S |
i ! : :
T ..ﬁ‘xxili 5 1 iJ_F#H?F

HARKER 3
2 AR ZNHEHA GHz
=31 .899 48

HARKER TC #A%
+HRRKER 0 HIR

2. IEEZIEEDE GHz
=JE, I66 A=

TR S 1

£ 1. 36E7HERUE GHa
i - 118, BEG o

ERREEA READOUT

2 ARAEAARDE

Smith Chart

322 REVERSE BEFLECTIOH
[ PEDANTE

-1
2.B0R00ERED - J.Q0ORODEEE GH2

L ERN R FUNMCTLONS

Marker data:
~ 1: f=2.556 GIlz,

e D838 GHZ 7
3:£=2.451 GHz

RainSun Corporation
hitp://www.rainsun.com

S5o0f9

Aug, 2006
Ver.1.1
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S o o MR, AT BN
H sjn Sii.’ n - Renewed growth and essential existence,
Typical Radiation Patterns
2.45 GHz H-Plane
RainSun Corporation 6 0f9 Aug, 2006
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oo L WP, K TR

=y P s T Reewed growth and cssoutial existence.
RainSun

s - LAR
R

Typical Soldering Profile for Lead-free Process

Peak temp 340°C

Pre-heating:

N
g
o

g | 150°C !

8 s

= : i :

: : | 5 sec.!

« ! ,

% 25 sec. E :

- - ' 5

Do not exceed 30 secs. Time (sec.)
Reflow Soldering
10 sec, max
260°C

| 60 sec. b ;
A b =
Pre-heating ool ;
Time (sec.)
RainSun Corporation 7 0f 9 Aug, 2006
http://www.rainsun.com Ver.1.1
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TR, T EIRR

Packing

Blister Tape Specifications

Renewed growth and essential existencas,

r
i - : .
2 | ]EI I E -
u :
Ao
i ™
T_r

Symbol Dimension Tolerance Unit
w 16.00 +0.30 mm
E 1.75 +0.10 mm
E 7.50 +0.10 min
D 1.50 +0.10 mm

+0.25
Dy 1.50 mm
-0.00

P, 4.00 £0.10 mm

P 800 [ #0100 | mm, |
P, 200 £010 ¢ mm
Ag 3.70 0.10 mm
By 8.20 10.10 mm
K 1.40 10.10 mm
T 0.30 10.05 min

RainSun Corporation 8 of 9 Aug, 2006
http://www.rainsun.com Ver.1.1
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N
Seansiieroue

FURTEEI, AT IR

RainSon

T
i

Reel Specifications

Renewed growth and essential sxistence,

_..F ‘i;;
A e I
Quantity | Tape Width A C B E w w,
PerReel .| ..(mm) | (mm) | (mm) | (mm) | (mm) | (mm). .| (mm)
1,000 16 17841 | 18402 | 60t0.5 | 22405 | 167403 | 195410
RainSun Corporation 90f9 Aug, 2006
http://www rainsun.com Ver. 1.1
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Appendix E: Calculation of the duty cycle correction factor

The following information was supplied by the client to support this assessment:

MMS GROUP
MCD Division

DUTY CYCLE DECLARATION

May 3rd 2010
STMicroelectronics SAS
18990 Avenue Celestin Cog
Zane Industrielle
Rousset Cedex
13106
France
RE: Duty cycle declaration

FCC 1D YCPDESTMI2ZWA
IC ID: BOT6A-DESTMIZWA

Te Whom it May Coencern:

Please be advised that STMicroelectronics SAS declare that the maximum duty cycle for the RF 802.15.4 Zig-
Eee module on channel 28 is 50%.

Thank you for your attention to this matter.

Yours faithfully

STMicroelectronics SAS

Signature

Francis Dell'ova

Copyright 2010 & STMicroslectronics
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Transmit Power Duty Cycle

Goal:

MMS GROUP
MCD Division

Calculate the worse case fime a 802.15.4 Mode will be in TX Mode in any 100ms Time Window.,

Correction Factor is: 20"Log10(Duty Cycle)

Procedure;

In order to calculate the worse case TX on time.
IEEE 802.15.4 MAC and PHY constants are used and slotted ACK
LIFS and SIFS scenarios. Each scenario is described below.

Diata Rate 250000 | bits / sec
31250 | bytes / sec
Symbols/byte 2 | sym / bytes
Symbal Timing 62500 | sym / sec
. 0,000016 | sec/ syn
Byte Timing 0.000032 | sec / byte
bytes 4 Pream-
PHY PSDU § | ble, SPD, Length
Max Length 127 | bytes
Total Packet Length 133 | bytes
Maximum Time TX PKT 0,004256 | sec
IEEE 802.15.4-2003 MAC Constants
maxBE 5]
aMaxFrameResponseTime 1220 | symbols
aMaxFrameRetries 31
aUnitBackoffPeriod 20 | symbols
macAckWaitDuration 54 | symbols

macBatiLifeExlPeriods & | Backoff periods
machaxCSMABackoffs
macMinBE 31
aMinLIFSPeriod 40 | symbols
aMinSIFSPeriod 12 | symbols
aMinCAPLength 440 | symbols
NE 0|

cw 21

BE 3l

2) Wait for ACK

3) RX ACK

4) Wait for LIFS

£) Wait for Backoff

&) Repeat 1)

Ceopyright 2018 ® STMicreslectranics
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L
- h"‘ =
TX Frama R¥ ACK TX Frame
N L
MAC-Level Calculation (LIFS)
Long InterFrame Spaci ed w/ ACK)
Long Frame 127 | bytes
_Data Frame Paylead | 102 | bytes
ACK Frame 5 | bytes
tack 12 | sym
LIFS 40 [ sym
Backoff Period | 20 | sym
Random between
Maximum Backoff T|0and7
Backoff Required | - ]
Backoff Time 80 | sym
Transmit Time
TX Time (Packet) 0,004256
Total TX Time (sec) 0,004256
NOT Transmit fime (RX or ldie}
Backoff Time 0,00192
tacki{minimum) 0000192
BX Time (ACK) 0,000352
LIFS 0,00064
Total Off Time (sec) 0,003104
Total Time (ttotal) 0,00736
Mumber of periods in 100ms Window 13,58695652
Worse Case {100ms windaw)
TX Frame 14 times 0059584
RX or IDLE 13 Times 0,040352
Sum 0,099936

MAC TX Duty Cycle (On /total)

Represents MAC
59.62% | only performance

Short Frame Scenario:

1) TX Frame

Copyright 2010 & STMicroslectronics

Assume Frame is
Data Frame
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&

2) Wait for ACK

3) RX ACK

4) Wait for SIFS
5) Wait for Bachkoff

6) Repeat 1)
MAC-Level Calculation (SIFS)
Short InterFrame Spacing (Slotted w/ ACK)
Short Frame 18 | bytes
Data Frame Payload 18 | bytes
ACK Frame 5 | bytes
tack 12 | sym
SIFS 12 | sym
Backoff Period 20 | sym
| Random between
Maximum Backoff 7T|0and?
Backofi Required 2]
Backoff Time 80 | sym
Transmit Time f
TX Time (Packet) 0.000768 |
Total TX Time (sec) 0,000768 |
NOT Transmit time (RX or Idle) E
Backoff Time 000182 |
tack(minimum) 0,000192 |
RX Time (ACK) 0.000352 |
SIFS 0,000192 |
Total Off Time (sec) 0.002656 |
Total Time (ttotal) 0,003424
Mumber of periods in 100ms Window 29,20580743
Worse Case (100ms window)
TX Frame 29 times 0022272
RX or IDLE 28 Times 0,077024
Sum 0.099296
[ MAC TX Duty Cyele (On /total) T 22.43% |
Use for FCC Calculations 23%

100ms window.

In TX Mode 23ms worst case in any

Therefore worst case being 59.62% of MAC duty eyele corresponding to 4.5dE of reduction, we need to add an
additional reduction of 1.5dB to be below 5.9dB. Duty cycle is then D = 10(-1.5/20) = 0.841 = 84.1%, say

84% which gives a total duty cycle of 50%.

Copyright 2010 @ STMicrotlectronics
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_23ms

= =0.23
100ms

0.23 or 23%

The calculated Correction factor (dB) = 20 x (Logjp 0.23) = -12.76dB
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Appendix F: Photographs and Figures

The following photographs were taken of the test samples:

Radiated electric field emissions arrangement: front view.
Radiated electric field emissions arrangement: rear view.
Radiated electric field emissions arrangement: rear view close up.
Power line conducted emissions

PCB Photo: Front

PCB Photo: Front with screen can removed

PCB Photo: Rear

Noogk~koNE
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Photograph 1
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Photograph 2
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Photograph 3
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Photograph 4
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Photograph 5
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Photograph 6
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9A2786

Photograph 7
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Appendix G: MPE Calculation
OET Bulletin No. 65, Supplement C 01-01

47 CFR 881.1307 and 2.1091

2.1091 Radio frequency radiation exposure evaluation: mobile devices.

For purposes of these requirements mobile devices are defined by the FCC as transmitters
designed to be used in other than fixed locations and to generally be used in such a way that a
separation distance of at least 20 centimetres is normally maintained between radiating structures
and the body of the user or nearby persons. These devices are normally evaluated for exposure
potential with relation to the MPE limits. As the 20cm separation specified under FCC rules may
not be achievable under normal operation of the EUT, an RF exposure calculation is needed to
show the minimum distance required to be less than 1ImW/cm? power density limit, as required
under FCC rules.

Prediction of MPE limit at a given distance

Equation from page 18 of OET Bulletin 65, Edition 97-01

S = % re - arranged R = 1/£
4 7R Sdr
where:

S = power density

P = power input to the antenna

G = power gain of the antenna in the direction of interest relative to an isotropic radiator
R = distance to the centre of radiation of the antenna

Sample No. S03
Maximum peak output power at the antenna terminal: 5.49 dBm
Maximum peak output power at the antenna terminal: 3.53997341 mw
Power density 1.00000000 mwW/cm?®
Antenna gain (typical): 1 dBi
Maximum antenna gain: 1.258925412 numeric
Prediction frequency: 2405 MHz
Result
FPrrdeljZ[:]ocn Maximum allowable | Power density limit | Distance (R) cm required to be
(I\C}IHZ) y antenna gain: (dBi) (S) (mWicm?) less than 1mW/cm?®
2405 1 1.000000 0.59551824
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