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Client TMC(SZ)/CSZIT Certificate No: J13-2-2909

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3633

Calibration Procedure(s) T, P

Calibration Procedures for Dosimetric E-field Probes

Calibration date: October 24, 2013
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101547 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101548 01-Jul-13 (TMC, No.JW13-044) Jun-14
Reference10dBAttenuator | BT0520 12-Dec-12(TMC,No.JZ12-867) Dec-14
Reference20dBAttenuator | BTO267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3846 03-Sep-13(SPEAG,No.EX3-3846_Sep13) Sep-14
DAE4 SN 777 22-Feb-13 (SPEAG, DAE4-777_Feb13) Feb -14
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-13 (TMC, No.JW13-045) Jun-14
Network Analyzer ES071C | MY46110673 15-Feb-13 (TMC, No.JZ13-781) Feb-14
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer
Reviewed by: Qi Dianyuan SAR Project Leader
Approved by: Lu Bingsong Deputy Director of the laboratory

Issued: October 29, 2013
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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
AB,C.D modulation dependent linearization parameters

Polarization @ @ rotation around probe axis
Polarization 6 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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
Met

Certi

close proximity to the ear (frequency range of 300MHz to 3GHz)", February 2005

hods Applied and Interpretation of Parameters:

NORMzx.y, z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; f>=1800MHz: waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not effect the

E’ Hield 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.

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

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

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.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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+50MHz to+100MHz.

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe EX3DV4

SN: 3633

Calibrated: October 24, 2013
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY - Parameters of Probe: EX3DV4 - SN: 3633

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uV/(V/m)%)* 0.38 0.39 0.37 +10.8%
DCP{mV)? 97.7 99.7 99.0
Modulation Calibration Parameters
uiD Communication A B Cc D VR UncE
System Name dB dBuV dB mV (k=2)

0 cw X 0.0 0.0 1.0 0.00 955 +2.1%

Y 0.0 0.0 1.0 97.6

z 0.0 0.0 1.0 98.7

Corresponds to a coverage probability of approximately 95%.

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

A The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 8).

B Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution

and is expressed for the square of the field value.
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DASY - Parameters of Probe: EX3DV4 - SN: 3633

Calibration Parameter Determined in Head Tissue Simulating Media

f[MHze | Relative | Conductivity | kx| ConvEY | ConvF Z | Alpha | DEPT [ Unct

Permittivity (Sim) (mm) | (k=2)
850 415 0.92 932 9.32 9.32 015| 140 | +12%
900 41.5 0.97 9.23 9.23 9.23 0.15 1.33 | +12%
1810 40.0 1.40 823 8.23 8.23 016| 153 | +12%
1900 40.0 1.40 7.92 7.92 7.92 0.17 1.76 | +12%
2000 400 1.40 7.90 7.90 7.90 013| 254 | +12%
2450 39.2 1.80 7.78 7.78 7.78 0.36 1.00 | +12%

€ Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to +50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
FAt frequency 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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DASY - Parameters of Probe: EX3DV4 - SN: 3633

Calibration Parameter Determined in Body Tissue Simulating Media

f[MHgzc | Relative | Conductivity | o FX | ConvFY | ConvF Z | Alpha | D€Pth | Unct

Permittivity (Sim) (mm) | (k=2)
850 55.2 0.99 9.52 9.52 952 |0.24 1.16 +12%
900 52.7 1.05 9.58 9.58 9.58 |0.28 1.03 +12%
1810 533 1.52 7.74 T7.74 7.74 |0.16 1.87 +12%
1900 53.3 1.52 7.37 T.37 7.37 | 0.14 3.60 +12%
2000 533 1.52 7.64 7.64 7.64 |0.15 3.53 +12%
2450 52.7 1.95 7.60 7.60 7.60 |042 0.97 +12%

® Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to +50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (£ and @) 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 g) is
restricted to #5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: 0.9% (k=2)

Certificate No: J13-2-2909 Page 8 of 11



T M W No. [14N00955-SAR
/N Page 87 of 125

"W 4 in Colisboration with
TMCGiees
VAR, \  CALIBRATION LABORATORY

Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: Info@emcite.com Hutp://www.emcite.com

Dynamic Range f(SARcaq)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: 0.9% (k=2)
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Conversion Factor Assessment
=900 MHz, WGLS R9(H_convF)  f=1900 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY - Parameters of Probe: EX3DV4 - SN: 3633

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 8
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 2mm
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Client CTTL(SouthBranch) Certificate No:

Object ES3DV3 - SN:3151

Calibration Procedure(s) TMC-0S-E-02-1956

Calibration Procedures for Dosimetric E-field Probes
Calibration date: September 01, 2014

This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following |

pages and are part of the certificate.
All calibrations have been conducted in the ciosed laboratory facility: environment temperature(22:3)°C and
humidity<70%.
Calibration Equipment used (M&TE critical for calibration)
Eﬁmgg@nndards ID#  Cal Date(Calibrated by, Certificate No.) Scheduled Calibmﬁoq
Power Meter NRP2 101919 01-Jul-14 (CTTL. No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101547 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101548 01-Jui-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAttenuator | BT0520 12-Dec-12(TMC,No.JZ12-867) Dec-14
Reference20dBAttenuator | BT0267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3845 03-Sep-13(SPEAG N0 EX3-3846_Sep13) Sep-14
DAE4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan-15
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 8201052605  01-Jul-14 (CTTL, No.J14X02145) Jun-15
Network Analyzer ES071C | MY48110673  15-Feb-14 (TMC, No.JZ14-781) Feb-15
Name Function Signature
Colbeted by: Yu Zongying SAR Test Engineer /A\w-rb
Reviewed by: Qi Dianyuan SAR Project Leader B T
| Approved by: Lu Bingsong Deputy Director of the laberatory | 174 M?Z

Issued: September 02, 2014
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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_cycie) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

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

8=0 is normal to probe axis

Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

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 300MHz to 3GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORMx,y.z: Assessed for E-field polarization 6=0 (f<800MHz in TEM-cell; > 1800MHz: waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect 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
(no uncertainty required). DCP does not depend on frequency nor media.

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

o  Axyz Bxyz CxyzVRxyzAB,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<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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+50MHz to+100MHz.

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

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

o Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe ES3DV3

SN: 3151

Calibrated: September 01, 2014
Calibrated for DASY/EASY Systems

{Note: noncompatible with DASY2 system!)
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DASY — Parameters of Probe: ES3DV3 - SN: 3151

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Unc (k=2)
Morm{pVivim)®* IKEL 1.20 1.14 +10.8%
DCPimV)® 103.4 1033 102.9 ]

Modulation Calibration Parameters

UID | Communication | A B c ‘D VR | Unc®
System Name dB dBpV dB my (k=2)
0 cwW X (00 (00 [10 000 |2641 | 42.3%
¥ 0.0 | 0.0 1.0 2757
z (00 |00 [10 | | 268.7

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 85%.

A The uncertaintizs of Marm X, ¥, Z do not affect the E-fiald uncertainty inside TSL (see Page 5 and Page B)
® Numerical linearization parameter, uncertainty not required,

E Uncertainly ie determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY - Parameters of Probe: ES3DV3 - SN: 3151

Calibration Parameter Determined in Head Tissue Simulating Media

- [+

f [MHz]" P.;;Té F cun:;c;::w ConvF X | ConvF ¥ | ConvF Z | Alpha® ::::; ! :'::Tz;'
850 05 092 | 604 | 604 | 604 | 041 | 149 | +12% |
900 4915 | 097 617 | 617 | 617 | 038 | 1.55 | £12%
1810 400 | 140 544 | 544 | 544 | 057 | 149 | +12%
1900 | 400 140 | 516 | 516 | 516 | 074 | 125 | +12%
2000 40.0 1.40 523 | 523 | 523 | 050 | 157 | +12%
2100 39.8 149 526 | 525 | 525 | 074 | 124 | +12%
2300 3.5 167 491 | 491 | 491 | 073 | 121 |x12%
2450 | 392 1.80 471 | 471 | 471 | 082 | 1.16 | £12%
2600 | 39.0 196 457 | 457 | 457 | 089 | 114 | z12%

® Frequency validity of +100MHz only applies for DASY vé 4 and higher (Page 2), else it is restricted to 50MHz. The
uncartainty is the RSS of ConvF uncerainty at calibration frequency and the uncertainty for the indicated frequancy band.
F At frequency below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to £10% if liquid compeansation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncerainty is the RSS of the ConvF uncertainty for indicated targed tissue parameters.
EAIphif'Dﬂp-lh are determined during calibration. SPEAG wamanis that the rermaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below £ 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary,

Centificate Mo: Z14-97077 Page 5 of 11
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DASY - Parameters of Probe: ES3DV3 - SN: 3151

Calibration Parameter Determined in Body Tissue Simulating Media

| | G |

fMHZ® P.::m';y; °°"‘:;°:')'?’ ConvF X | ConvF Y | ConvF Z | Alpha® D‘:’:’ :'::;) l

850 55.2 0.99 614 | 614 | 614 | 034 | 178 | +12% |
900 55.0 105 | 608 | 608 | 608 | 051 | 143 | +12%
1810 | 533 1.52 503 | 503 | 503 | 052 | 154 | +12%
1900 53.3 1.52 477 | 471 | 477 | 048 | 186 | +12%
2000 533 | 1852 5.00 5.00 500 | 068 | 133 | +12%
2100 53.2 1.62 504 | 504 | 504 | 073 | 1.32 | +12%
2300 52.9 181 | 456 | 456 | 456 | 058 | 1.57 | +12%
2450 52.7 1.95 442 | 442 | 442 | 067 | 1.39 | +12%
2600 52.5 2.16 426 | 426 | 426 | 069 | 1.37 | +12% |

© Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to 250MHz, The

unceriainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band
F At frequency below 3 GHz, the validity of tissue parameters (¢ and @) 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 0) is

restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary

effect after compensation is always less than + 1% for frequencies below 3 GHz and below t 2% for the frequencies

between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z14-97077 Page 6 of 11
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-6230M633-2504
E-masl: cttl@chmattl.com Hnpe/'www chinat.cn

Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response (normallzed)

Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell, f = 900 MHz)

Input Signal[uV]

107 10" 10 10' 10° 10°

SAR[mW/cm’)
—8—not compensated —®— compensated

R Rt s = S S
a4 A RES s 4
i L]
Jop-doi s $ ‘
2 e —rren
10’ 10 10' 10’ 10’ 10"
_ ) SAR[mWicm |
~—@- not compensated ®  compensated l

Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF) f=1810 MHz, WGLS R22(H_convF)

Deviation from Isotropy in Liquid

10
os

os

04
02
00

Z Axis

10 080 080 04 020 0 020 040 060 080 0
Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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Add: Mos 1 Xueyuan Road, Haidion District, Beijing, 100091, China
Tel: +B&-10-62304633-207% Fa: +Bb=10-62304633-2504
E-mail: endEchinati].com 1ittp:dreoww chimattl.cn

DASY - Parameters of Probe: ES3DV3 - SN: 3151

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 85.2
Mechanical Su;fal:a Detection l|lo-de_ . enabled
Optical Surface Detection Mode - disable

| Probe Overall Length n 337mm
Probe Body Diameter - 10mm
Tip Length 10mm
Tip Diameter  amm |

| Probe Tip to Sensor X Calibration Point 2mim
Probe Tip to Sensor ¥ Calibration Point | Zmm

, Probe Tip to Sensor £ Calibration Point . o 2mm
Recommended Measurement Distance f_r-::m Surface 3mm i

Certificate Mo: Z14-9T077 Page 11 of 11
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ANNEX H Dipole Calibration Certificate

835 MHz Dipole Calibration Certificate

Calibration Laboratory of

Sehweizesiacher Kallrierdlonst

Schmid & Partner Sorvice swisss d'atalonnage
Engineering AG Servizio swizzeno di aratura

Zeughausstrasse 43, 503 Zurich, Switzsniand Swiss Calbeation Service

Aczradited by the Swiss Accredintion Senice (SAS) Aceraditation No: SCS 108

The Swias Accrediation Sarvice Is 0ne of the signstoniss to the EA

Multilataral Age for the gnitioa of calbration certificates

cient  TMC-SZ (Auden) Certilicate Ne: DB35V2-4d057_Oct12

CALIBRATION CERTIFICATE

Ooct DB3SV2 - SN: 44057 5. .42 0T fF

THC-CC- 12 -0 3 40
Caibiation procedure(s) QA CAL-05.v8

Calibration procodure for dipole validation kits above 700 MHz

Cantrmion date: Octoder 24, 2012

This CMlibAUON CAMINCELE COSUMSNS Thi URCHADIY 10 Natonsl Iandards, which Mele the phylical urils of s (S51),
The measwroments ard thw wrcoalndies with conta protatdty ase grren o e hiliwing pages and are part of the cartfioate.

NI celbrations have boon conducted in the dosed y lacidy tamporalune (22 & 31°C and humicty « 70%.

Calbention Fquiprment used (METE orilon for cRiltoasion)

Primary Starddands e Cel Date (Cortlicato No) Scheduled Caltiadon

Power malor EFMASL2A CBITB0T04 050ct-11 (No. 217-01451) Oct-12

Powar sensor HP 84314 USS7T20780 050ct11 (No. 21701451) Oc-12

Fateancs 20 0B Atteralor SN 5048 (200) 2T Ma12 (N0, 21791530 Ape-13

TyporN mismalch combiastion SN2 oy 27 M- 12 (Mo 217 15 Ape13

Raforonce Prode ES3DVE SN =205 30 Doc- 11 (No. ES3:3205_Dectt) Dec-12

DAEA SN 6 770012 (N0 DAES-601_Junt2) Jun-13

Secondery Stendwds s Check Dats fin housa) Schaculed Chock

Power sonsor HP BLRTA MY41032317 180002 (in house chack Oct-11) in house check: Oct-13

RF gesarmtior RAS SMT-08 100005 O4-A0g-59 (0 house check Oct-11) In house check: Oet-13

Nateork Anadyzer HP B7SSE USI7IN0SES 54208 18-0c201 (o house cheack Oct-12) n house checke Oct-13
Name Functon Signahse

Caibrased by: tomme EHERY Labomtery Technktin

hiinc L1
Asoroved by Katps Polnic Techrioa Manager ’&7% ]

lsauec: Ociaber 24, 2012

A

THS GEEbralon conficans shall not b seproduced except i Rl wilhous witten approval of the liboretory.

Cenifcate No: DES5V2-43157_Octi2 Page 10f8
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Calibration Laboratory of “@ Schweizarischer Kalibrierdienst
Schmid & Partner S Service suissc d'étalonnage
Engineering AG i_% Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland ‘r{l/R\‘\\? Swiss Calibration Service
el >
Accredited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multllateral 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) |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 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:

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.

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

« SAR normmalized: 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.

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: D835V2-40057_0ct12 Pago 20l 8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASY5 V52.8.3
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Freguency 835 MHz = 1 MHz
Head TSL parameters
Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220=02)°C 418:6% 0.92 mho/m £6%
Head TSL temperature change during test <05°C s =2
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 244 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.62 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1,60 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 6.32 Wikg = 16.5 % (k=2)
Body TSL parameters
Thae following paramatars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220:£02)°C 538:6% 0.89 mho/m +6 %
Body TSL temperature change during test <05°C -— e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measursd 250 mW input pawer 2.43 W/kg
SAR for nominal Body TSL paramelers normalized to 1W 9.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAA measured 250 mW input power 1.59 Wikg
SAR for nominal Body TSL paramaters nomalized to 1W 6.26 Wikg = 16.5 % (k=2)

g

-,

N

Certificate No: DB35V2-44057_Oct12
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Appendix

Antenna Parameters with Head TSL
impedance, transformed to feed point 5210Q-27jQ
Return Loss -205d8

Antenna Parameters with Body TSL

Impedancs, transformed to feed point 4310-44j0
Return Loss -262d8

General Antenna Parameters and Design

| Etectrical Delay (oe direction) | 1396 s i)

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

Tha dipole is made of standard ssmirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole amns in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions* paragraph. The SAR data ara nol affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 10 the dipole arms, bacause they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 27, 2006

Certificate No: DBISV2-4d057_Oct12 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 24.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d057

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.92 mho/m; & =41.8; p = 1000 kg/m’
Phantom section: Flat Section

Mecusurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Conliguration:
» Probe: ES3DV3 - SN3205; ConvF(6.07, 6.07, 6.07); Calibrated: 30.12.2011;
» Scnsor-Surface: 3mm (Mechanical Surface Delection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 4.9L; Type: QDO0O0P49AA; Serial: 1001
« DASYS52 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5Smm

Reference Value = 55.185 V/m; Power Drifl = 0,03 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.44 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measurcd) = 2.82 W/kg

-5.650

-12.00

0 dB =2.82 W/kg = 4.50 dBW/kg

Certificate No: DB35V2-4d057_0ct12 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.10.2012
Test Laboratlory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d057

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz; 6 =0.99 mho/m; £ = 53.8; p = 1000 l&glm3
Phantom section: Flat Scction

Measurement Standard: DASY S (IEEE/IEC/ANST C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011;
» Scnsor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
« DASY3252.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 55.185 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.53 Wikg

SAR(1 g) = 2.43 W/kg; SAR(10 g) =1.59 W/kg

Maximum value of SAR (measured) = 2.82 W/kg

-1.20

-3.60

!

0 dB =2.82 W/kg = 4.50 dBW/kg

-12,00

Centificate No: DB35V2-4d057_Oct12 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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1900 MHz Dipole Calibration Certificate

Calibration Laboratory of S, S Schwelzerlscher Kalibrierdienst
Schmid & Partner ;%\—_’éé Service suisse d'étalonnage

Engineering AG T S T Ly
Zsughausstrasse 43, 8004 Zurich, Switzertand i@e S Swiss Calibration Service
Accreditod by 1he Swiss Accreditation Servios (SAS) Accreditation No.: SCS 108

The Swies Accreditation Sacvice s one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

clemt  TMC:SZ (Aliden) - 00 contfaisne: D1900V2-54088.Octi2 -
CALIBRATION CERTIFICATE

Object D1900V2- SN: 5¢0B8° 1 L vIR LS R | o

m e '

Calibration procadure(s) ‘QACAL«-OE*(& : i 1 v S 0 3 7": 0 1

Callralion dele October17,2012 . .

This calibration certficate docummnts the traceablity 1o national slandards, which realize the physical units of measuramants (S1).
The monsuroments and the uncertalnlics with confidance probatilily &re glven o the folowing pages and are part of the certiicata,

All cadbrations have beea conducted in the closed leborztory facilily: emvironment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment usod (MATE cntical for calibeation)

Primary Standards 10 # Cal Date (Centficats No.) Scheduled Cafbration
Power mater EPM 4424 GBI74BOTOL 05-Oct-11 (No. 217-01451) Oct-12
Powar sensor HP B481A US37292783 05-0cl-11 (No. 217-01451) Oct-12
RAeferenca 20 dB Ananuator SN: 5058 (20%) 27-Mer-12 (No. 217-01530) Apr-13
Type-N mismatch combination SN: 5047.2 7 08327 27-Mar-12 (No. 217-01533) Apr-13
Reterence Probe ES3DV3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12
DAES SN: 601 27-Jun-12 (No. DAEZ-801 Juni2) Jun-13
Seconcary Standards 0 ¥ Chack Data (in & ) Schaduled Check
Power sensor HP B481A MY41092317 10-0ct-02 (in house check Oct-11) In house chack; Oct-13
RF genarator RAS SMT-06 100005 04-Aug-88 (in house eheck Ocl-11) In house check; Oct+13
Network Analyzer HP 8753E US37380535 54206 18-Oct-01 (in house check Oct-12) In housa chack: Oct-13
Name Function Signature
— T 5 (O T

Apgroved by: KafiaPokowic:

This calibration cortificate shall not be reproduced except In full without wrilten approval of the laboratory.

Certificate No: D1900V2-5¢088_0Oct12 Page 10l8 !; !'(‘
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Calibration Laboratory of

f Schweizerischer Kalibrierdienst
Schmid & Partner S Servico sulsse d'éalonnage
Engineering AG C! Sirviio wwtiiaes di taraturs
Zoughausstrasse 43, 8004 Zurlch, Switzerland S Swiss Calibration Service
Accrodited by the Swiss Accreditation Sarvios (SAS) Accreditation No.: SCS 108

msm-sucnaummm-mofmmmmu
Multilataral Agreement for the gnition 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) |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 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

¢) 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. Al figures 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 center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impedance and Retum 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.

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

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%.

Cerficate No: D1900V2-54088_Oct12 Page 2 o1 8
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Measurement Conditions
DASY system configuration, as far as not ?en on page 1.
DASY Version DASYS V5283
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mho/m
Measured Head TSL parameters (22.0=02)°C 40.0=6% 1.37 mho/m =6 5
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.86 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.19 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 20.9 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220=02)°C 522:6% 1.54 mho/m =6 %
Body TSL temperature change during test <05°C — o
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.40 Wikg
SAR for nominzl Body TSL paramsters normalized to 1W 21.4 Wikg = 16.5 % (k=2)

Canificate No: D1900V2-5¢088_Oct12
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed 1o feed point 5200+59i0
Retum Loss -2434d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4890+62j0
Return Loss ~240dB

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.195ns 1)

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

No excessivo force must be appliad 10 the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 28, 2006

Centficato No: D1900V2-5088_Oct12 Page 4 of 8
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DASYS5 Validation Report for Head TSL
Date: 17.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d088

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.37 mho/m; & = 40; p = 1000 kg/m’
Phantom scction: Flat Scction

Measurcment Standard;: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2011;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
» Phantom: Flat Phantom 5.0 (front); Type: QDDOOPSOAA,; Serial: 1001
« DASYS52 52.8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value = 94.805 V/m; Power Drift = (0.04 dB

Peak SAR (extrapolated) = 17.6 W/kg

SAR(1 g) = 9.86 W/kg; SAR(10 g) =5.19 Wikg

Maximum valuc of SAR (measured) = 12.1 Wikg

‘800
12,00
-16.08

20,00 | LA
0dB=12.1 W/kg=10.83 dBW/k

Certificate No: D1900V2-5¢088_0ct12 PageSot8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54088

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; ¢ = 1.54 mho/m: &, = 52.2; p= 1000 kglm:‘
Phantom scction: Flat Section

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

DASY52 Configuration;

« Probe: ES3DV3 - SN32035; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011;

« Sepsor-Surface: 3mm (Mechanical Surface Detection)

* Electronics: DAE4 Sn601; Calibrated: 27.06.2012

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
» DASYS525283(988); SEMCAD X 14.6.7(6848)

Date: 17.10.2012

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 94,805 V/m; Power Drift = (.03 dB
Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =54 Wikg
Maximum value of SAR (measured) = 12.8 W/kg

-12.00

-16.00

)

0dB =128 W/kg=11.07dBW/k

-20.00

Caertificato No: D1900V2-54088_0c112 Page 7ol 8
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Impedance Measurement Plot for Body TSL

17 Dot 2012 09144140

812 21U TS 1148941 0 6.1855 0 S10.24 pH 1 900,000 008 MHx
bt G LR ~
¥ £ o,
R CH1 Markers
2!32:;139
; %3 o
&5 i 1.95200 &z
Al &
v
fys
f
Hid N A R
CH2 §44 06 S 9B/ REF -290. gs____z}!:nﬂldn__tf.ﬂ.ﬂmnu:
| | |
. LT i i
rP . oo - - . . 2 Mark
e~ | | p- 1 | ___,_———-""—'_'—_ GizNarkers
]
|

‘ ' ‘ ! - 2-15.785 4B
s R O | 1 /D,/”'/rr 1.95608 cHz
: ‘ 4 s -
! 1l { |
1 ]

Hig

’ -
|
| —

W R FE T 87

| SIS il . T LSRR LS M.
START 1 790,000 8OO M4z STOP 2 156.060 028 reiz

Cectificate No: D1800V2-5d088_0ct12 Page 8 of 8



No. 114N00955-SAR
Page 117 of 125

TML

2450 MHz Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrodiied by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the eignatories to the EA
Multilateral Agreement for the recognlition of calibration cortificates

cient  TMC-SZ (Auden)

Accreditation No. SCS 108

Certificate No: D2450V2-873_Oct12

CALIBRATION CERTIFICATE

Otjoct D2450V2 - SN: 873 B 4 30 4 rl
‘JC (‘(” -7

Calibration procadureds) QA CAL-05.v8 1 2 2 6 8 0 2'

Callbmllon pmcoduro for dipole validahon kits above 700 MHz

Callbrason dano: October 18, 2012

This calioration corificate documents the traceabiity 1o natonal standards, which realizs the physical unils of meesurements (S1).
ThomnuwmnlsunImuunmmmurwmmwﬂhwmuonwmmdummw

Mcmnmnv-wmwmmaaummaywcmawm:mmmmm<m.

Calibration Equpmont used (MATE critical fee calibeation)

This calration certificate shall not be raproduced except in full whout witien approvel of the laboratory.

Primary Stanauds Da Cal Date (Carlificate No.) Schiedued Calibration

Power meter EPM-4424 GB37480704 05-0ct-11 No. 217-01451) Oct-12

Power sansor HP §481A US3I7282743 05Oct-11 (No, 217-01451) Oct-12

Referencs 20 02 Attenuator SN: 5058 {20k) 27-Mar-12 (No. 217-01530) Apr-13

Typo-N mismaich combination | SN S047.2/06327  27-Mar-12 (No. 217:01533) Apr13

Reference Proba ESIOV3 SN; 3205 30-Dac-11 (No. ES3-3205_Dec11) Dec-12

DAE4 SN: 691 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

| Secondary Standards =X Check Date (in house) Schadulad Check

Power sensor HP 84814 MY41082317 18-Oct2 (in house check Oct-11) In housa check: Oct-13

AF generator RAS SMT 06 100005 D4-Aug 99 (in house check Oct11) In house check: Oct-13

Network Analyzer HP 8753E US37330585 54206 18-0ci-01 {in housa check Ocl-12) In house chacke Oct-13
Name Funcson Sigratura

Calibrated by: Israe EFNacug . Labomiery Technicn (\

Approved by: Kat|a Pokovic " Technical Manager :

: ﬁi".‘.'-(; /.’: "C'//;r‘/:‘

Issupct October 18, 2012

Cartificate No: D2450V2-873_Oct12

Page 108
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Calibration Laboratory of s,\\‘\'\_/w ,’",,} Schweizerlschar Kalibrierdienst
Schmid & Pariner Z Service sulsse d'étalonnage
Engineering AG e Servizio svizzoro di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland %//}?\y Swiss Calibeation Service
Accredited by Ihe Swiss Accroditation Senvics {SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service I one of the signatorios to the EA
Multilateral 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-heid
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. Al figures 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 center marking of the fiat 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.

s 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.
SAR 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.

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%.

Certiicate No: D2450V2-873_Oct12 Page20i8



TV

No. 114N00955-SAR

Page 119 of 125

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5283
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Froquency 2450 MHz & 1 MHz
Head TSL parameters
The following paramaters and calculations wero apped
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parametors (220202)'C 3841+6% 1.85 mho/m 4 6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Congition
SAR messured 250 mW input power 132 Wha
SAR for nominal Head TSL parameters nomalized to 1W 51.9 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6.14 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24,3 W/kg = 16.5 % (k=2)
Body TSL parameters
The followi meters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+02)°C 510£6% 202 mhoim 26 %
Body TSL tempersture change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm’® (1 g) of Body TSL Condition
SAR messured 250 mW input power 13.0 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 50.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW Input power 6.01 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 23.7 Wikg = 16.5 % (k=2)

Certificato No: D2450V2-873_Oct12
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Appendix

Antenna Parameters with Head TSL
Impadancs, transformed to feed point 532Q+151Q
Return Loss -253dB

Antenna Parameters with Body TSL

Impedance, transfarmed to feed point 4990Q+350
Hetumn Loss -29.1dB

General Antenna Parameters and Design

[ Etoctrical Delay (one direction) | 1.161 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 connecied to the
second arm of the dipole. The antenna is therefore shart-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affectad by this change. The overall dipole langth is still
according to the Standard.

No excessive force must be applied to the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 18, 2010

Certificate No: D2450V2-873 Oct12 Pzga 4 of8
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DASYS5 Validation Report for Head TSL

Date: 18.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 873

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; ¢ = 1.85 mho/m; ¢, = 38.4; p = 1000 kg/m’
Phantom section: Flat Scction

Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011;
» Sensor-Surface: 3mm (Mcchanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001
+ DASY5252.8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value =99.414 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 27.3 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.14 W/kg

Maximum valuc of SAR (measured) = 17.0 W/kg

4.60
-14.40

1820

-24.00

0dB =17.0 W/kg = 12.30 dBW/kg

Certificate No: D2450V2-873_Oct12 PageSol B



T M "‘ No. 114N00955-SAR
Vam. Page 122 of 125

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 18.10.2012

Tesl Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 873

Communication System: CW; Frequency: 2450 MHz

Mcdium parameters used: f= 2450 MHz; 6 = 2.02 mho/m; 5 = 51; p = 1000 kg/m)
Phantom section: Flat Scction

Mcasurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4,26); Calibrated: 30.12.2011:
* Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
» DASYS52 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=3mm, dz=5mm

Reference Value = 94.642 V/m; Power Drift = (0.01 dB

Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.01 W/kg

Maximum value of SAR (measured) = 16.9 W/kg

480

1440

m20

-24.00 | St

0dB =169 Wikg = 12.28 dBW/kg

Certificate No: D2450V2-873_0c112 Page 7ot 8
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Impedance Measurement Plot for Body TSL
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