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Calibration date: January 16, 2013

This calibration cerificate dacuments the traceability to national standards. which realize the physical units of measurements (S1).
The measurements and the uncartainties with confidence probability ara given on the following pages and are part of the cerificate.

Al calibrations have been conducted in the closed laborstory fasility; snvironment temperature (22 + 3)°C and hurmidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D | Cal Date (Certficate Mo ) Schaduled Calibration =
Powar meler EA4198 5B41253874 29-Mar-12 [Na. 217-01508) Agr-13
Poiwer sensar £44124 MY41498087 29-Mar-12 (No. 217-01508) Apr-13
Rafersncs 3 d& Attenuator | SM: 55054 (3¢} | 27-Mar-12 (No. 217-01531) Apr-13
| Reference 20 dB Attenuator Sh: 55086 (20b) 27:Mar-12 (No_ 217-01523) Apor-13 _ 1
Referancs 30 dB Attenuator SN: 55120 (30b) 27-Mar-12 (No. 217-01532) Apr-13
Reference Probe ES30N2 SN: 3013 28.Dec2 (No. ES3-2013_Dact2) Deo-13
DAE4 ) SN; 660 20-Jun-12 (No, DAE4-660_Jun12) Jun-13
Secondary Standards 1C Check Date (in house) Scheduled Check
RF generator HE 86480 US3BAZU01700 4.AUG-89 (in house chack Apr-11) In house check: Apr-13
Network Analyzer HP B755E US37360585 18-0ct-01 {in house check Oct-12) In house check: Got-13
Marme Function Signature

Calibrated by: Jeton Kastrat] Laboratory Technician [_/L,
e =
Approved by Katja Pokevic Technical Mananer /‘Z/‘e)é; ;‘/-

lssued: Janusry 16, 2013

This calibration certificate shall not be reproducad except in full without written approval of the laboratory.

Certificate No: ET3-1553_Jan13 Page 1 of 11




CETECOM"
FCC ID: LAARFM120LW w

IC ID: 2503A-RFM120LW SAR Test Report - Appendix C - Misc Page 2 of 48

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

1, - o
R Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

Swiss Calibration Service

,

Y.
N

i

o

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreernent for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B, CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization $ § rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.€., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b} IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
+  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz; R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z dees not affect the E*-field
uncertainty inside TSL (see below ConvF).

«  NORM(fx,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

s PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

s AXY.Z Bx.y,z; Cx.y.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f £ 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty vaiues are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from = 50 MHz to = 100
MHz.

*  Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

s Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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ET3DVE- SN:1559

January 16, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)*)? 1.72 1.63 1.62 +10.1%
DCP (m\)® 972 98.7 99.7
Moduiation Calibration Parameters
uiD Communication System Name A B c D VR Unc®
dB dBvVuv dB my (k=2)
0 Ccw X 0.0 0.0 1.0 0.00 138.9 027 %
Y 0.0 0.0 1.0 179.6
z 0.0 0.0 1.0 175.6

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncertainties of NormX,Y,Z do not affect the E2-field uncertainty inside TSL (see Pages 5 and 6).

® Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determinad using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ET3-1559_Jan13

Page 4 of 11



CETECOM"
FCC ID: LAARFM120LW w

IC ID: 2503A-RFM120LW SAR Test Report - Appendix C - Misc Page 5 of 48

ET3DV6- SN:1559 January 16, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

fF(MHZ)® | Permittivity " (Sim) " ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2)
450 43.5 0.87 7.49 7.19 7.19 0.21 2.26 +134 %
835 415 0.90 6.44 6.44 6.44 0.30 2.80 £12.0%
900 41.5 0.87 6.32 6.32 6.32 0.28 3.00 £120%
1750 40.1 1.37 5.17 517 517 0.63 2.35 £12.0%
1900 40.0 1.40 4.92 4.92 4.92 0.79 2.00 £12.0%
2450 39.2 1.80 4.25 4.25 4.25 0.80 1.90 +12.0%

€ Frequency validity of = 100 MHz oniy applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

¥ At frequencies befow 3 GHz, the validity of tissue parameters {z and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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ET3DV6- SN:1559 January 16, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity " (8/m)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 56.7 0.94 7.67 7.67 7.67 0.15 2.35 +134 %
835 55.2 0.97 6.26 6.26 6.26 0.28 3.00 +120%
800 55.0 1.05 6.19 6.19 6.19 0.30 2.90 +12.0%
1750 53.4 1.49 4.70 4.70 4.70 0.80 249 £120%
1900 53.3 1.52 449 4.49 4.49 0.80 240 £12.0%
2450 52.7 1.95 4.02 4.02 4.02 0.40 1.90 +£12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted %o + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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ET3DV6- SN:1559 January 16, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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ET3DVE- SN:1559 January 16, 2013

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ET3DV6- SN:1559 January 16, 2013

Dynamic Range f(SARycaq)
(TEM cell , f= 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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ET3DVE- SN:1559 January 18, 2013

Conversion Factor Assessment
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Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ET3DV6- SN:1559 January 16, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 47
Mechanical Surface Detection Mode enabied
Optical Surface Detection Mode enabled
Probe Cverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm
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Engineering AG

Zeughausstrasse 43, 3004 Zurich, Switzerland
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Swizs Calibration Service

Accredited by the Swiss Accraditation Servica (SAS) Acereditation No.: SCS 108
The Swiss Accreditation Service [s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecorh Certificate No: EX:’»-:!&BS_Aug'ﬂ

[CALIBRATION CERTIFICATE |

Object EX3DV4 - SN:3566

Calibration procedura(s) O CA'L-O“I.\I'B, QA CAL-14 v3, QA CAL-23.v4, QA CAL-25.v4
| Calibration procedure for dosimetric E-field probes

Calibration date: August 23, 2012

This calibration cartifizate documents the traceability 1o national standards, which realize the physical units of measurements (51).
The measuremants and the uncertainties with confidence probability are given on the following pages and are part of the cerdificalea.

Al calibrations have been conductad in the closed laboretory facilty: envirenment temperature (22 + 3]°C and humidity < 70%.

Caliration Equipment used {ME&TE critical for calibratian)

Primary Standards 1D B Cal Date (Cerificate Mo.) Scheduled Calibration
| Power meter E4419B | GRa1zsaRTe 24.Mar-12 (No. 217-01508) Apr-13

Power sansor E44128 MY A1 488057 28-Mar-12 [Ma. 217-01508) Apr-13

Reference 3 dB Attenuator Sh: 55054 {3ch 27-Mar-12 (Ma. 217-01531) Ap-13

Refarence 20 dB Altenuator 5M: 55086 {Z0b) | 27-Mar-12 (Na. 217-01529) Apr-13

Reference 30 dB Attenuator Sh: 55128 {30b) 27-Mar-12 (Mo 217-01532) Apr-13

Reference Probe ES30V2 SN 3013 25-Dec-11 (Mo, ES3-3013 Decii) Diec-12

DAE4 | SN-BED 20-Jun-12 {No. DAE4-660_Jun12} Jur-13

Secandary Standards 18] | check Date {in house} Schaduled Check

RE generator HP 86480 US3842U01700 4-Aug-85 (in house check Apr-11 In house check: Apr-13

Wetwork Analyzer HP BTS3E | LISA73O0585 18-Cct-01 {in house check Cot-11) In housa chack: Oct-12

Name Funation Signature
Calibrated by: Jeton Kasirati ; Laboratory Technician

Wosy =&

|ssued: August 23, 2012

Approved by: Kala Pokovic Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A,B,C modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b} |EC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORMx.y,z: Assessed for E-field polarization 8 = 0 (f £ 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E%-field
uncertainty inside TSL {see below ConvF).

o NORM(fx,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

« PAR:PARis the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

o Ax,y,z; Bx,y,z; Cx,y,z, VRx.y,z: A, B, C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

« Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

e Sensor Offsef: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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Probe EX3DV4
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Manufactured:  February 14, 2005
Calibrated: August 23, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

August 23, 2012
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EX3DV4- SN:3566

August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Une (k=2)
Norm (pVI(V/m)z)A 0.33 0.46 0.46 +10.1%
DCP (mV)® 96.0 96.1 97.4
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc™
dB dB dB mv {k=2)
0 cw 0.00 X 0.00 0.00 1.00 170.7 +1.9 %
Y 0.00 0.00 1.00 1471
Z 0.00 0.00 1.00 141.7
10062 |IEEE 802.11ath WiFi 5 GHz (OFDM, 6 8.69 X 10.05 68.5 21.4 125.9 2.2 %
Mbps)
Y 9.85 67.7 21.0 105.9
Z 9.78 67.8 21.2 103.9
10148 LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | 5.83 X 6.35 86.5 19.1 144.4 1.4 %
QPSK)
Y 6.25 66.2 19.1 125.3
z 6.30 66.8 19.6 121.0
10149 LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | 6.42 X 8.74 65.6 18.8 103.8 +1.2%
16-QAM)
Y 7.15 66.8 19.6 131.2
Z 7.17 67.2 20.0 126.4
10154 LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 5.76 X 5.86 65.9 18.9 136.6 1.2 %
QPSK)
Y 5.81 65.6 18.8 120.4
Z 5.85 66.2 9.4 115.8
10155 LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 6.43 X 6.84 67.0 18.7 141.9 4%
16-QAM)
Y 6.79 66.6 19.5 125.7
z 6.85 67.1 20.1 120.9
10169 LTE-FDD {SC-FDMA, 1 RB, 20 MHz, 573 X 4.39 64.6 18.5 115.2 +0.9 %
QPSK)
Y 4.72 66.1 19.4 142.2
y4 4.77 67.0 20.2 138.1
10175 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, 573 X 4.34 64.4 18.4 111.3 +0.9 %
QPSK)
Y 4.73 66.2 19.5 1404
Zz 4.78 67.0 20.2 136.5
10176 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, 6.52 X 4.83 64.9 18.8 108.5 +1.2 %
16-QAM)
Y 5.36 67.1 20.3 1394
p4 5.38 67.6 20.9 134.2

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

A The uncertainties of NormX,Y,Z do not affect the E>-field uncertainty inside TSL (see Pages 5 and 6).

& Numerical finearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear respanse applying rectangular distribution and is expressed for the square of the
field value.

Certificate No: EX3-3566_Aug12

Page 4 of 11



CETECOM"
FCC ID: LAARFM120LW w

IC ID: 2503A-RFM120LW SAR Test Report - Appendix C - Misc Page 16 of 48

EX3DV4— SN:3566 August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f (MHz) © Permittivity " (sm)© ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2)
2600 39.0 1.96 5.94 5.94 5.94 0.32 1.03 +12.0%
3500 379 291 5.53 5.53 5.53 0.42 0.99 £131%
5200 36.0 4.66 4.24 4.24 4.24 0.35 1.80 +13.1%
5300 359 4.78 4.05 4.05 4.05 0.35 1.80 +131%
5500 356 4.96 3.72 3.72 3.72 0.40 1.80 +13.1%
5800 36.3 5.27 3.65 3.65 3.65 0.45 1.80 £13.1%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to * 50 Miz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to = 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to * 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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EX3DV4- SN:3566

August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

1 (MHz) © Permittivity (8tm) " ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2)
2600 52.5 2.16 6.06 6.08 6.06 0.80 0.50 +12.0%
3500 51.3 3.31 5.27 5.27 5.27 0.58 0.86 £13.1%
5200 49.0 5.30 3.50 3.50 3.50 0.50 1.80 +13.1%
5300 48.9 5.42 3.35 3.35 3.35 0.50 1.90 +13.1 %
5500 48.6 5.65 3.10 3.10 3.10 0.55 1.90 +131%
5800 48.2 6.00 3.12 3.12 3.12 0.60 1.90 +13.1%

© Frequency validity of + 100 MHz oaly applies for DASY v4.4 and higher (see Page 2), else it is restricted to * 50 MHz. The uncertainty is the RSS

of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and 6) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to £ 5%. The unceriainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

Certificate No: EX3-3566_Aug12
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EX3DV4- SN:3566 August 23, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate No: EX3-3566_Aug12 Page 7 of 11



CETECOM
FCC ID: L6ARFM120LW iad

IC ID: 2503A-RFM120LW SAR Test Report - Appendix C - Misc Page 19 of 48

EX30NV4- SN 3566 August 23, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4~ SN:3566 August 23, 2012

Dynamic Range f(SARead)
(TEM cell , f = 800 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4— SM:3566 August 23, 2012
Conversion Factor Assessment
f = 2600 MHz, WGLS R22 (H_convF) f= 2600 MHz WGLS R22 (M_convF)
o] x
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Deviation from Isotropy in Liquid
Error (§, 9), f = 900 MHz

Deviation

-0 -08 -06 -04 -02Z 00 02 04 906 0B 1.0
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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EX3DV4- SN:3566 August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 844
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip 1o Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1Tmm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm

Certificate No: EX3-3566_Aug12 Page 11 of 11
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizlo svizzero di taratura
Swiss Calibration Service

Accradited by tha Swiss Accraditation Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerificates

client  Cetecom Certificate No: D2450V2-710_Aug12

|CALIBRATION CERTIFICATE

Chject D2450V2 - SN: 710

Calibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibration dale: August 13, 2012

This calibration cenificate documents the lraceability to national standards, which realiza the physical units of measurements (S1).
The measurements and the uncerainties with confidence probability are given an the following pages and are part of the certificate.

Al calibrations hava been cenductad in tha closed laboratory facility: environment temperature (22 + 2)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Frimary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Powar mater EPM-4424 GB37480704 056-Oct-11 (No. 217-01451) Oal-12

Power sensar HF 84814 U537252783 05-Oct-11 (No. 217-01451) Oai-12

Referance 20 dB Attenuator Sh: 5058 (20k) 27-Mar-12 {Mo. 217-01530) Apr-13

Type-M mismatch combination SM: B047.2 / 06327 27-Mar-12 {Ma. 217-01533) Apr-13

Reference Probe ES30V3 S 3R05 A0-Dec-11 (Mo, ES3-3205_Oectl) Dec-12

DAE4 Sh: 801 27-Jun-12 {No. DAE4-601_Juni12) Jun-13

Secondary Slandards D # Gheck Date (in house) Scheduled Check ==

Power sensar HP 84814 MYA1092317 18-0ct-02 (in house check Oct-11) In house check: Oct-13

RF genarator R&S SMT-06 100005 04-Aug-99 {in house check Oct-11) I house check: Ool-13

Metwork Analyzer HP 8753E U537390585 54208 18-0ct-01 {in house check Oct-11) In house check: Oct-12
Mame Function Signature

Calibrated by: |srae El-Naoug Laboratery Technician (\

/L‘,&M é‘OOmw.q
Approved by: Katja Pokovic Technical Manager {Z
- - é

Issued: August 13, 2012

This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.
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Schwetzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Calibration Laboratory of S,
Schmid & Partner S
Engineering AG 5

Zeughausstrasse 43, 8004 Zurich, Switzerland ”,,,’/ Ifl\\ &
LTI

)

)

4,

Aceredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories o the EA
Muititateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms criented
parallel to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

e  SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

e SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-710_Aug12 Page 2 of 8
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Page 25 of 48

Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 V52.8.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2) °C 39.2£6% 1.81 mho/m =86 %

Head TSL temperature change during test <05°C e ----
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 129mW/g

SAR for nominal Head TSL parameters

normalized to 1W

51.5 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

801 mW/g

SAR for nominal Head TSL parameters

normalized to 1W

24,0 mW /g = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0£0.2)°C 51.3+6% 1.99 mho/m =6 %
Body TSL temperature change during test <0.5°C men -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0mW /g

SAR for nominal Body TSL parameters

normalized to 1W

51.2 mW/ g =17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

8.03mW /g

SAR for nominal Body TSL parameters

normalized to 1W

23.9 mW /g =16.5 % (k=2)

Certificate No: D2450V2-710_Aug12
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 524 Q+05jQ
Return Loss -32.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4960 +2.7jQ
Return Loss -31.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.156 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according fo the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 05, 2002

Certificate No: D2450V2-710_Aug12 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 13.08.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 710

Communication System: CW; Frequency: 24350 MHz

Medium parameters used: f= 2430 Mlz; 6 = 1.81 mho/m; & = 39.2; p = 1000 kgh—nj
Phantom section: Flal Section

Measurcment Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS2 Confliguration:
« Probe: ES3DV3 - SN3203; ConvF(4.435, 4.45, 4.45); Calibrated: 30.12.2011;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o« Electromcs: XAE4 Sno01; Calibrated: 27.06.2012
e Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0AA; Serial: 1001

+ DASYS2 52 8.2(069), SEMCAI X 14.6.6(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dv=5mm, dz=5mm

Reference Value = 99.363 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 26.515 mW/g

SAR(1 g) = 12.9 mW/g; SAR(10 g) = 6.01 mW/g

Maximum value of SAR (measured) = 16.6 Wikg

-14.40

-19.20

-24.00 -
0 dB = 16.6 Wikg = 24.40 dB W/ke

Certificate Ne: D2450V2-710_Augi2 Page Sof 8
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Impedance Measurement Plot for Head TSL

13 fug 2012 11:24346
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DASYS5 Validation Report for Body TSL

Date: 13.08.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450¥2; Serial: D2450%2 - SN: 710

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: '= 2450 MHz; o = 1.99 mho/m; &, = 51.3; p = 1000 kgfln"
Phantom section: Flat Scetion

Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601: Calibrated: 27.06.2012
+  Phantom: Flat Phantom 3.0 (back); Type: QDOO0OPS0AA; Serial: 1002
o DDASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value =95.331 V/m: Power Drilt = 0.01 dB

Peak SAR (extrapolated) = 26,640 mW/g

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.03 mW/g

Maximum value of SAR (mecasured) = 16.9 Wikg

0 dB =169 Wikg = 24.56 dB W/kg

Certificate No: D2450V2-710_Augi2 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration report “5GHz System validation dipole”

Calibration LahoratDrY of \.{‘:‘:&\I__I;?"n, g Schweizerischer Kalibrierdienst

Schmid & Partner Rty Service sulsse ¢'étalonnage
Engineering AG 3! SN c Servizio svizzera di tAratura

Zeughaussirasse 43, B004 Zurich, Switzerland i 'r'-:flul\"\}\ S suiss Calibration Service

Accreditad by tha Cwiss Accreditat on Servicz (3A5) Accredilalion No.: SGS 108
The Swiss Accreditation Service is one of the signatorias to the EA

Multilateral Agreement for tho racognition of calibration certificates

clent  Cetecom Certifizate No: DBGHZ-1055_Aug11

[CALIBRATION CERTIFICATE |

Dbject DEGHzV2 - SN: 1055

QA CAL-22.31
Calibration procedure for dipole validation kits between 3-5 GHz

Calibracian precedurais)

Callbrabion dale:

August 22, 2011

This calibration cerificale doswnants U rasasability e national sandands . which realize the physizal Lnits of measuremants (SI).
I e ireasuremsrts and the uncertainiizs with confidence probability are given on the following pages and ara part of the cartificate

All salibrations havz boz conducted in the closed laboratory facil ty: snvironmant te mperature (22 + 3370 and bumidily =< 70%.

Calitration Equipmant uged (METE oritical for calibration;

Melark Analyrer HP 8753E

| US3T3E80E8T S4206

18-0c1-01 {in nouse check Det-10)

Primary Standar;{_e 1D # Gal Gate (Cartificata Now.) Seheduled Calibraticn
Powear malar EPR-d424 GB3T480704 OF-Cct-10 (Mo, 217-0126R) Oct-11

Power scnsor H E481 4 LS57202785 06-Oct-10 (Mo, 217-C1265) Oct-11

RAefaranca 20 dB Attenyatar SN: 5086 [20g) 9N 11 (M. 217-013268) Apr-12

Tye-M mismatch combinaticn SN B04T.2 4 OEA2T Fa-Mar-11 (Mo, 21701371 Aprdz

Raferance Prabe EX30W4 SN 3603 C4 Mar 11 [Ma. EX2-3503_Mart1] Mar-12

DAE4 5N 801 CA-Jul-11 (Mo, DAS-601_Jul | |} Jul12

Sacondary Standards IC# Chac Dats jin house) Scheduled Grecs
Power sansor HP A4R14 MY£1092317 18-0et-02 tin 1ouse check Oct-02) In hzuse check: dct-11
RF generatar R&S SMT-06 | 100005 4-Aug-98 {in house creck Oc-08) In house check: Dot-11

In house check: Oct-11

Hame Functicn Sl n%\lurc
Calibrated by: Claudi Leubler Laboratony Techniclan i
A
Approved by: Katls Pokavic Tecknical Manager

Issued: Augus. 23, 2011

| This calibration cenificats shall not ke rapreduced excopt in full withoa: witten approval of the lebaratary.

Carifizate Moz DAGEHZ-1055_Augl 1 Page 1 of 8
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Calibr_'alion Labﬂrator? of S{“:‘Q\L,I.I.I/Ir'lr‘:’/,i Schweizerischer Kalibrierdienst
Schmid & Partner B Service suisse d'étalonnage
Engineering AG ) . :';"’::a_“\: Servizio svizzero di faratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘d/w/_', “1\“:.-‘ Swiss Calibration Serviee
Wl
Accreditad by tha Swiss Accreditation Servize (SAS) Accredilation No.: SCS 108

The Swiss Accraditation Service is on2 of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Glossary:

T5L tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a; |EEE Std 1528-2003. “|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communicalions Devices: Measurement Techniques”, December 2003

b) IEC 62203-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Fedearal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mohilze and
Partable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edilinn 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figuras stated in the certificate are valid at the frequency indicated.

+  Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the centar marking of the flat phantom section, with the arms orianted
parallel lo lhe body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

»  SAH meastred: SAR measurcd at the stated antenna input power.

= SAR normalized. SAR as measured, normalized to an inpul power of 1 W at the antenna
connector.

= SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Catificata Na DEGH2-1055_Aug11 Page 2ol 8
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Measurement Conditions
DASY system conliguralicn, as far as not given or page 1.

DASY Version DASYS

WA B2

Extrapolation Advancod Exrapolation

Phanlom Maodular Flat Phaniom V&0

Distance Dipole Center - TSL 13 mm

with Spacer

Foom Scan Resolution oy, dy = 4.0 mm, dz = 1.4 mm

Gradec Ratio = 1.4 (£ direction)

5200 MHz + 1 MHz
55300 MHz + 1 MHz
5300 MHz + 1 WHz

Frequoney

Head TSL parameters at 5200 MHz
Tk following parameters and celoulations were applied.

Temperature Permittivity Conductivity
Naominal Head TSL parameters 28040 38.0 4.66 mho/m
Measured Head TSL parameters (22.0=02)°C 387 +6% 4489 mho'm + 6 %
Head TSL tempetature change during test =05°C
SAR result with Head TSL at 5200 MHz
SAR averaged aver 1 em® (1 g) of Head TSL Condition
SAR measurcd 100 mW input pavier FIGmMN g

nornalized to 1W

SAR for nominal Head TSI parameters

773 mW tg = 17.0 % (k=2)

SAR averaged over 10 em‘ (10 g} of Head TSL conditior

SAR measured 100 mW input power

22T mN g

SAR for nomina Head [SL parameters normalized to 1W

22.0 mW fg = 16.5 % (k=2)

Head TSL parameters at 5500 MHz
The following parameers and calculations ware applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 35.5 486 mho/m
Measured Head TSL parameters [22.0 £0.2) "0 353286 % 4./ mhe'm £ B %
Head TSL temperature change during test <0.5°C Py
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 em® {1 g} of Head TSL Conditon
SAR measurad 100 mWY inout power 214 mW g

SAR for nominal Haad TSL parameters normelized to 10

811 mW/ gz 17.0 % (k=2})

SAR averaged over 10 em® {10 g) of Head TSL conditian

SAR mezsured 100 MW input power

281 MW /g

SAM for nominal Head TSL paremzters normalized o 1W

23.0 mW /g = 16.5 % (k=2)

Cerificata No: D5GHz-1055_Aug11 Paga 3 of R
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Head TSL parameters at 5800 MHz
The following paramcters and calculations werz applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 353 5.27 mho'm
Measured Head TSL parameters [22.0x02)°C 34.8x6% 503 mho'm =6 %
Head TSL temperature change during test =0.5°C -
SAR result with Head TSL at 5800 MHz
SAR averaged aver 1 cm’ (1 g) of Head TSL Condition )

SAR measured

100 mW input power

TAT mW /g

SAR for nominal Head 150 paramstas

rormalized to 1W

754 mWig=17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

zondition

S3AR measured

100 mW inpul poveer

214 mW /g

SAR for nominal Head TSL pararrcters

normalized to 1W

21.3 mW /g = 16.5 % (k=2)

Certificate Mo: DBGHz-1055_Aug™ 1
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 51.0£1-8.90

Relurn Loss -21.1dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed o Teed poinl BRl 2 -449)0

Return Loss -2ESdB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transtormed to feed point

BO-1.8j0

Return Loss -2E0dB
General Antenna Parameters and Design
Electrica Delay {ona direction) 1.203 ns

After long enmn Lsa with - 00W radiatad powsr, only a slight weming of the dipole near the feedpeint can be measured.

The dipole is made of stancard semirigid coaxial cable. The cenler conductar of tha ferding line is directly nonnectad 1o the

seccnd arm of the dipole. The antenna is theratore short-circuited for DC-gignals.

Mo excessive force must be applisd to the dipale ams, because they might bend or the soldered conrections near the

feeduoinl may be darmaged,

Additional EUT Data

Manufactured by

3PEAG

Manufactured on

June 09, 2006

Canificate Ma: DaEHz-1055_4Aug11
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Antenna Parameters with Head TSL at 5200 MHz

From cal. data

Measured 2012-09-03

Impedance; transformed to feed
point

51.0Q - 8.9iQ

54.5Q -4.3jQ

Return Loss

-21.1dB

-28.2dB

Antenna Parameters with Head TSL at 5500 MHz

From cal. data

Measured 2012-09-03

Impedance; transformed to feed
point

52.1Q - 4.95Q

50.0Q2 -3.9;Q

Return Loss

-25.6dB

-27.0dB

Antenna Parameters with Head TSL at 5800 MHz

From cal. data

Measured 2012-09-03

Impedance; transformed to feed
point

54.9Q - 1.8jQ

48.3Q -1.41Q2

Return Loss

-26.0dB

-22.9dB
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DASYS Validation Report for Head TSL
Mare: 22.08.201 1

Test Laboralory: SPEAG, Zurich, Swilzerlaml

NUT: Dipole 5GHz; Type: D5GHz; Serial: DSGHeV2 - SN: 1055

Cormimunication Sysrem: CW: Froquency: 5200 MHz, Frequency: 5500 MHz, Frequeney: 5800 MHz
Medium parameters used: 7= 5200 MHz; ¢ = 4.49 mhao/m; er— 35.7: p = 1000 kg/m3

Medium parameters used: [= 3500 MHz; o = 4.79 mho/m; er = 35.3: p = 1000 kg/m3

Medium parameters used: ©= 3800 MHz; 6 = 5.08% mho/m; & = 34.8: p = 1000 kg/in3

Phuntom section: Flat Section

Measuremenl Stundard: DASY S (IEEE/IEC/ANSI Co3, [9-2007)

DASY 32 Contiguration:

s Probe: EX3DV4 - SN3503; ConvFiS41, 541, 541, ConvF4.91, 4.91, 4917, ConvFi4.81, 4581,
4,811, Calibrated: 04.02,2011

s Sensor-Surface: 1.dmm (Mechanical Surface Delection)
o [lectronics: DALA Sn6l1; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (fronth: Type: QDODOPA0AA; Seral: 1001

o DASYS2 32.6.2(482); SEMCAD X [1.1.5(3634)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scam,
dist=1.4mm (8x8x7)/Cuhe 0: Measurement grid: dx=4mm, dy=4mm, dz=|.4mm

Reference Value = 61.925 Vim; Power Drift = (004 dB

Peak SAR {exrrapolated) = 25712 Wikg

S5AR( ) =7.75 mW/e; SAR(10 ¢) = 221 mW/g

Maximum value of SAR (measured) = 13.273 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5500 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid: dx—4mm, dy=4mm, dz=14mm

Reference Value = 61.604 V/m; Power Drifl = (0L.06 dB

Peak SAR (extrapolated) = 32,491 W/ikg

SAR(1 g) = 8.14 mW/g; SAR{10 g) = 2.31 mW/g

Maximum value of SAR (measured) = 19.687 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx—4mm, dy=$mm, dz=1.dmumn

Reference Value = 58418 V/m; Power Drift = 0.07 dB

Peak SAR (exmapolated) = 31.921 Wikg

SAR(L g) = .57 mW/g: SAR(10 g} = 2.14 mW/g

Maximum value of SAR (measured) = 18,816 mW/yg

Cerificate No: DSGHz-1055_Aug 11 Papz 6 of &
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—{-10.00

= -20.00

-30.00

-40.00

-50.00

0dB = 18.820mW/g
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Impedance Measurement Plot for Head TSL
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Calibration report “5GHz System check dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwaizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swizs Callbration Service

Accradited by the Swiss Accreditation Sarvice {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signateries to the EA

Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Certificate No: D5GH2zY2-1055_Jani2

CALIBRATION CERTIFICATE |

Object D5GHzV2 - SN: 1055

Calibration procedure{s)

QA CAL-22 v1
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date:

January 16, 2012

This calibration certificats documeants the traceability to national standards, which realize the physical units of measurements [50),
Tha measuraments and the uncertainties with confidence probahility are given on the following pages and are part of the certificata.

All calibrations have been conductad in the closed laboratory facility: enviranment lemperature (22 + 3)°C and humidity < 70%.

Galibration Eguipment used (M&TE critical for calibration)

Melwork Analyzer HF B753E

| This calibration centificate shall not be reproduced except in full without written approval of the laboratary.

| US37380585 54206

18-Cct-01 (in house check Oot-11)

Primary Standards ID# Cal Date [Certificata Mo.) Scheduled Calibration il
Fowsr meter EFM-4424 GB374B0704 05-Cct=11 (No. 217-01451) Oct-12

Powar sensor HP BAB1A UB57252743 05-Oct-11 (No. 217-01451) Oot-12

Reference 20 dB Attanuator SN: 5086 (20g0) 29-Mar-11 {No, 217-01368) Apri2

Typa-N mismaich combination SN: 5047.2 / 08327 23-Mar-11 {No. 217-01371) Apr-12

Reference Proba EX3DVA BM: 3503 30-Dec-11 (No. EX3-3503_Decii) Dec-12

DAE4 SM: 601 04-Jul-A1 (Mo, DAE4-G01_Jul11} Jduliz2

Secondary Standards 1D i Check Date (in house) Scheduled Check

Powar senzor HP B481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13

RF generator R&AS SMT-06 100005 (4-Aug-99 {in house check Oct-11} In house check: Oct-13

In house chack: Ocl-12

Mame Function Signature
Calibrated by: Dimce |liey Laboratory Technician 7 m
Approvad by Katla Pokovic Technical Manager ’/%//‘/y’__ﬁ/
=

Issued: January 18, 2012

Certificate Mo: D5GHzV2-10585_Jani2
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. . o,
Calibration Laboratory of s\“\Q\_JL’ ”/,} Schweizerischer Kalibrierdienst
Schmid & Partner ila%f//ﬁé Service suisse d'étalonnage
Engineering AG Lo Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘//, ///\\\ \\3 Swiss Calibration Service
RN
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibraticn certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

o Anfenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

e SAA normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificate No: D5GHzV2-1055_Jan12 Page20f 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz + 1 MHz
5500 MHz = 1 MHz
5800 MHz = 1 MHz

Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (220+0.2)°C 492 %6 % 546 mho/m £ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.33mW /g

SAR for nominal Body TSL parameters

normalized to 1W

73.4 mW / g = 18.1 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

206 mW /g

SAR for nominal Body TSL parameters

normalized to TW

20.7 mW / g = 17.6 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters (22.0=0.2)°C 48.7+6 % 5.86 mho/m + 6 %
Body TSL temperature change during test <0.5°C -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.83mW/g

SAR for nominal Body TSL parameters

normalized to 1W

78.4 mW / g = 18.1 % (k=2)

SAR averaged over 10 cm® (10 ¢) of Body TSL

condition

SAR measured

100 mW input power

217mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.7 mW / g = 17.6 % (k=2)

Certificate No: D5GHzV2-1055_Jan12
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 482 6.00 mho/m
Measured Body TSL parameters (22.0£0.2)°C 482 +6% 6.28 mho/m + 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 ¢cm® (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.39mW /g

SAR for nominal Body TSL parameters

normalized to 1W

740 mW /g £ 18.1 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.04mW /g

SAR for nominal Body TSL parameters

normalized to 1W

20.4 mW / g = 17.6 % (k=2)

Certificate No: D5GHzV2-1055_Jan12
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Appendix
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 52.30-7.3iQ
Return Loss -225dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 543Q-36|Q
Return Loss -25.4dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, fransformed to feed point 58.00-18jQ
Return Loss -22.4 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the scldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 09, 2006

Certificate No: D5GHzV2-1055_Jan12 Page 5 of 8
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Antenna Parameters with Body TSL at 5200 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

52.3Q - 7.3iQ

53Q - 5.0iQ

Return Loss

-22.5dB

-20.1dB

Antenna Parameters with Body TSL at 5500 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

54.3Q - 3.6)Q

56.7Q2 —4.3jQ2

Return Loss

-25.4dB

-23.7dB

Antenna Parameters with Body TSL at 5800 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

58.0Q2 - 1.8jQ2

56.4Q —2.9jQ

Return Loss

-22.4dB

-23.9dB
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DASY5 Validation Report for Body TSL.
Date: 16.01.2012

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV?2 - SN: 1055

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; ¢ = 5.46 mho/m; &, = 49.2; p = 1000 kg/m3 , Medium parameters
used: f = 5500 MHz; ¢ = 5.86 mho/m; &, = 48.7; p = 1000 kg/m® , Medium parameters used: f = 5800 MHz;
¢ = 6.28 mho/m; &, = 48.2; p = 1000 kg/m3

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91), ConvF(4.43, 4.43, 4.43), ConvF(4.38, 4.38,
4.38); Calibrated: 30.12.2011

= Sensor-Surface: 1.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 04.07.2011

+ Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002
o DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.661 V/m; Power Drift = 0.0066 dB

Peak SAR (extrapolated) = 28.5640

SAR(1 g) = 7.33 mW/g; SAR(10 g) = 2.06 mW/g

Maximum value of SAR (measured) = 16.903 mW/g

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.908 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 33.5950

SAR(1 g) = 7.83 mW/g; SAR(10 ) = 2.17 mW/g

Maximum value of SAR (measured) = 18.661 mW/g

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.743 V/m; Power Drift = 0.0061 dB

Peak SAR (extrapolated) = 34.4690

SAR(1 g) = 7.39 mW/g; SAR(10 g) = 2.04 mW/g

Maximum value of SAR (measured) = 18.154 mW/g

Certificate No: D5GHzV2-1055_Jan12 Page 6 of 8
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—-10.00

| 20.00

-30.00

-40.00

-50.00

0 dB = 18.150mW/g = 25.18 dB mW/p
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Impedance Measurement Plot for Body TSL
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