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2  Calibration report “Probe ET3DV6”

Calibration Laboratory of
Schmid & Partner
Engineering AG

&

L

5 Schweizerischer Kalibrierdienst
' Service suisse d'étalonnage

.
(R

et Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurlch, Switzarland ":,";7’“;\"\‘\?\\5‘ S Swiss Calibration Service
el
Aceradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreament for the recognition of calibration certificates

client  Cetecom Certificate No: ET3-1558_Aug12

[CALIBRATION CERTIFICATE |

Chjsct ET3DVE - SN:1558

Calibration procedure(s) QA CAL-01.v8, QA CAL-12.47, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

Calibration date; August 24, 2012

Thiz calibration certificate documents the traceability to national standards, which realize the physical units of measurements (51}
The measurements and the uncaraintizs with corfidence probability are given on the fellowing pages and are part of the cedificata.

All calibrations have bean conducted in the closed labaratory facility: anvironment tfermperature (22 + 3)°C and humidity =< 70%.

Cabbration Equipment used (M&TE critical for calibration)

Primary Standars [ D Cal Date (Ceriificate Na.) Scheduled Calibration
Power meter E44 168 GBE41203674 29-Mar-12 {No. 217-01508) Apr-13
Power sensor E4412A MY41498087 29-Mar-12 (No. 217-01508) Apr-13
Reference 3 dB Altenualar S 55054 {3c) Z7-Mar-12 (Ma. 217-015831) Apr-13
Referance 20 di Attenuator SN: 5 27-Mar-12 (Mo, 217-015258) Apr-13
Referance 30 dB Allenualor | SM: 55120 (30b) 37-Mar-12 (Na. 217-01532) | ape1a
Reference Probe ES30WV2 | BM: 3013 28-Dec-11 {No. ES3-3013_Clec11) Dec-12 e
DAE4 SM: 860 20-Jun-12 (Mo, DAE4-6E0_Jun12} Jun-13
Secondary Standards 1] Chack Date {in house) Scheduled G.ﬁ.é"ck
RF generator HP BE4BC | UsasdzuDITO0 4-Aug-39 {in house check Apr-11) In house check: Apr-13
| Wetwaork Analyzer HP 8753E | UIB37380685 18-0ct-01 {in house check Oct-11) In hause check: Oci-12
Mame Funcfion Signature . [
Calibrated by: Jeton Kastrati Labaratary Technician

Approved by Katja Pakovic Technical Manager

|ssued: August 25, 2012

This calibration cerificata shall not be raproduced except in full without written spproval of the lsboratary.

Cartificate No: ET3-1558_Aug12 Page 1 of 12
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Calibration Laboratory of
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N Schweizerischer Kalibrierdienst
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Engineering AG N
. . NN . __— .
Zeughausstrasse 43, 8004 Zurich, Switzerland '/,///_\\\‘\s Swiss Calibration Service
aefy
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 calibration certificates

Glossary:

TSL tissue simulating liquid

NORM®, 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 modulation dependent linearization parameters

Polarization ¢ « rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a)

b)

|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
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:

NORMXx,y,z: Assessed for E-field polarization 8 = 0 (f £ 900 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 E2field
uncertainty inside TSL (see below ConvF).

NORM(f)x,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 with CW
signal {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 < 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 NORMzx,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.

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

Certificate No: ET3-1558_Aug12 Page 2 of 12
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ET3DV6 - SN:1558 August 24, 2012

Probe ET3DV6

SN:1558

Manufactured:  September 16, 2003
Calibrated: August 24, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systemt)

Certificate No: ET3-1558_Aug12 Page 3 of 12
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CETECOM
L _oom

ET3DV6- SN:1558

August 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (],lV/(V/m)Z)A 2.04 1.87 1.69 +10.1 %
DCP (mV)® 97.6 99.1 95.6
Modulation Calibration Parameters
§]]] Communication System Name PAR A B c VR UncE
dB dB dB mv (k=2)
0 Ccw 0.00 X 0.00 0.00 1.00 156.8 +3.3 %
Y 0.00 0.00 1.00 195.9
Z 0.00 0.00 1.00 181.8
10011 UMTS-FDD (WCDMA) 2.4 X 3.22 56.3 18.5 123.6 +0.5 %
Y 3.10 65.6 18.0 115.8
z 3.31 66.5 18.4 147.7
10012 IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 1.87 X 2.76 87.0 18.1 126.3 0.7 %
Mbps)
Y 2.60 66.5 17.9 116.7
Z 2.38 64.1 16.5 108.6
10021 GSM-FDD (TDMA, GMSK) 9.40 X 20.64 99.9 28.7 129.7 1.9 %
Y 16.24 98.3 28.5 1127
Z 18.20 99.4 28.9 105.6
10023 GPRS-FDD (TDMA, GMSK, TN 0) 9.57 X 19.97 90.7 28.8 118.5 2.5%
Y 17.94 98.9 28.4 141.8
zZ 19.28 99.8 28.9 143.2
10024 GPRS-FDD (TDMA, GMSK, TN 0-1) 6.56 X 30.39 100.0 258 106.0 2.2 %
Y 27.77 98.5 25.5 133.1
z 26.90 99.7 25.9 128.3
10027 GPRS-FDD (TDMA, GMSK, TN 0-1-2) 4.80 X 33.74 99.5 243 1251 22%
Y 30.73 99.8 243 104.3
Z 30.39 99.3 24.5 146.7
10028 GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | 3.55 X 40.58 99.4 23.0 135.7 +2.5%
Y 33.74 99.5 23.1 114.0
Z 31.50 99.5 23.6 111.0
10148 LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | 5.83 X 8.70 68.4 20.8 138.4 1.7 %
QPSK)}
Y 6.27 66.7 19.5 119.3
z 6.35 65.8 19.7 114.7
10149 LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | 6.42 X 7.67 69.0 213 146.6 +1.9%
16-QAM)
Y 7.18 67.1 20.0 127.2
z 7.33 67.5 20.3 121.4
10154 LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 5.76 X 86.31 67.8 20.5 1345 1.4 %
QPSK)
Y 5.91 66.1 19.3 117.3
Z 5.98 66.2 19.4 112.0
10155 LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 6.43 X 7.39 68.6 21.2 142.5 +1.9%
16-QAM)
Y 6.92 66.8 19.9 124.6
Z 7.07 67.2 20.2 118.3
Certificate No: ET3-1558_Aug12 Page 4 of 12
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CETECOM™

ET3DV6—- SN:1558

August 24, 2012

10166 LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | 5.45 X 5.24 66.5 197 123.6 1.4 %
QPSK)
Y 4.97 65.3 18.8 109.8
Z 5.38 67.1 20.0 144.2
10167 LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | 6.21 X 5.34 68.0 20.8 127.8 $1.9%
16-QAM)
Y 5.88 66.3 19.6 1121
z 6.47 68.5 20.9 149.1
10169 LTE-FDD (SC-FDMA, 1 RB, 20 MHz, 573 X 5.25 67.1 20.3 119.0 +1.2%
QPSK)
Y 5.30 67.5 20.3 147.4
zZ 5.29 67.0 20.1 137.6
10170 LTE-FDD (SC-FDMA, 1 RB, 20 MHz, 6.52 X 6.16 68.4 21.3 120.2 3.7 %
168-QAM)
Y 5.78 67.0 20.3 109.8
Z 6.24 68.6 21.3 139.5
10175 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, 573 X 5.20 66.8 20.1 118.8 +1.4 %
QPSK)
Y 4.96 65.8 19.4 108.7
zZ 5.31 67.1 20.2 137.5
10176 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, 6.52 X 6.16 68.4 21.3 120.6 1.9 %
16-QAM)
Y 5.78 67.0 20.3 109.0
Z 5.23 68.6 21.3 139.7
10187 LTE-FDD (SC-FDMA, 1 RB, 1.4 MHz, 5.74 X 5.25 66.9 20.2 118.3 1.2 %
QPSK)
Y 4.89 65.3 19.0 108.6
z 5.29 67.0 201 138.1
10188 LTE-FGD {SC-FDMA, 1 RE, 1.4 MMz, 6.50 X 5.19 68.5 214 1211 +1.9%
16-QAM)
Y 5.72 656.8 20.1 108.6
z 6.26 68.8 215 140.5

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%.

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

5 Numerical linearization parameter: uncertainty not required.
£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ET3-1558_Aug12
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ET3DV6- SN:1558 August 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)© | Permittivity” {sm)* ConvFX | ConvFY | ConvFZ | Alpha | (mm) {k=2)
750 41.9 0.89 6.40 6.40 6.40 0.33 2.57 £120%
835 41.5 0.90 6.14 6.14 6.14 0.58 1.88 £120%
900 41.5 0.97 5.98 5.98 5.98 0.44 221 +12.0%
1450 40.5 1.20 537 5.37 5.37 0.56 2.63 £120%
1750 40.1 1.37 4.97 4.97 4.97 0.76 2,22 £120%
1900 40.0 1.40 5.05 5.05 5.05 0.80 2.09 +120%
2450 39.2 1.80 4.15 4.15 4.15 0.80 1.75 £120%

G 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 unceriainty at calibration frequency and the uncertainty for the indicated frequency band.

F at frequencies below 3 GHz, the validity of tissue parameters (s and o) can be refaxed o + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and «) is restricted te x §%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ET3-1558_Aug12 Page 6 of 12
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ET3DV6- SN:1558 August 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

§(MHz)}® | Permittivity© (Sim) " ConvF X ! ConvFY | ConvFZ | Alpha (mm) {(k=2)
750 55.5 0.96 6.11 6.1 6.11 0.50 1.97 +12.0 %
835 55.2 0.97 6.00 6.00 6.00 0.42 2.25 +12.0%
900 55.0 1.05 5.92 5.92 5.92 0.36 2.52 £12.0 %
1450 54.0 1.30 5.19 5.19 5.19 0.69 2.29 +12.0%
1750 53.4 1.49 4.39 4.39 4.39 0.80 2.44 +12.0%
1900 53.3 1.52 4.20 4.20 4.20 0.80 2.32 +12.0%
2450 52.7 1.95 4.06 4.06 4.06 0.80 0.83 +12.0%

€ Frequency validity of + 100 Mz 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 (¢ and o) is restricted to = 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ET3-1558_Aug12 Page 7 of 12
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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: £ 6.3% (k=2)
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Certificate No: ET3-1558_Aug12 Page 8 of 12
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ET3DVE— SN 1558 August 24, 2012

Receiving Pattern (¢), S =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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ET3DV6- SN:1558 August 24, 2012

Dynamic Range f(SARpcaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)
Certificate No; ET3-1558_Aug12 Page 10 of 12
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ET3DVE— SN:1558 August 24, 2012

Conversion Factor Assessment

f= 900 MHz WGLS RS (H_conF) f= 1760 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
Certificate No: ET3-1858_nug12 Page 11 of 12
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ET3DV6~ SN: 1558

August 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 1857.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode enabled
Probe Overall 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

Certificate No: ET3-1568_Aug12 Page 12 of 12

Page 14 of 68




Chi o

Annex E to Test report no.: 1-4254/12-74-02-A CE r E‘OM "
Y

3 Calibration report “Probe EX3DV4”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zaughausstrasse 43, 3004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swizs Calibration Service

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

cient ~ Cetecom Certificate No: EX3-3566_Aug12

[CALIBRATION CERTIFICATE |

Object EX3DV4 - SN:3566

Calibration procedure(s) QA CAL-01.v8, 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 certificate dosuments tha traceability 1o national standards, which realize the physical units of measurements (SI).
The measuremants and the uncertainties with confidence probability are given on the following pages and ane part of the cerificate.

All calibrations have been conducted in the closed Iaboratory facility: environment temperature (22 £ 31°C and bumidity < 70%.

Caliration Equipment used (METE eritical for calibration}

Primary Siandards (8] Cal Date (Cerificate Mo.) Scheduled Calibration
| Power meter E44198 | GratzezETa 29-Mar-12 {Mo. 217-01508] Apr13

Powar sansor E44124 MY 488087 28-Mar-12 [Ma. 217-01508) _Apr13

Reference 3 98 Attenustor Sn: SEDE4 (3o} 27-Mar-12 (Mo, 217-01531) Apr-13

Reference 20 4B Alenuator SM: 350846 (206) | 27-Mar12 (Mo, 217-01529) Apr-13

Reference 30 dB Aftenuator SN: 55128 (30b) 27-Mar-12 (Mo, 217-01532) Apr-13

Reference Prabe ES30V2 SN: 3013 25-Deg-11 (No. ES3-3013 Decid) Dac-12

DAE4 | S BED 20-Jun-12 (Mo, DAES-GB0_Jun12) Jur-13

Secondary Standards 18] | check Date lin house) Scheduled Check

REF generator HP 86480 U53642UU1?0_[_:!. 4-Aug-88 {in house check Apr-11] 1|'1_|jouse chack: Apr-13

Wetwork Analyzer HP BTS3E | LISS7300885 18-0ct-01 {in house check Crot-11) In housa chack: Oct-12

MName Function Signatura
Calibrated by: Jeton Kasirali : Laboratory Technician

Approved by: Katia Pokovic Technical Manager y /é;':/" a

lzsued: August 25, 2012

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

Certificate No: EX3-3566_Augi2 Page 1of 11
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Calibration Laboratory of
Schmid & Partner o
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland
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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
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMXx,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, C modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization § 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 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:

o NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 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).

e NORM(f)x,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.

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

o Axy,z Bx,yz; 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 < 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 * ConvE 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 isofropy (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.

Certificate No: EX3-3566_Aug12 Page 2 of 11

Page 16 of 68




Annex E to Test report no.: 1-4254/12-74-02-A CETECOMW
W :

EX3DV4 — SN:3566 August 23, 2012

Probe EX3DV4

SN:3566

Manufactured:  February 14, 2005
Calibrated: August 23, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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CETECOM
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EX3DV4-- 8N:3566

August 23, 2012

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/i(vim)3H* 0.33 0.46 0.46 +10.1 %
DCP (mV)® 96.0 96.1 97.4
Modulation Calibration Parameters
uD Communication System Name PAR A B c VR Unc™
dB dB dB mV (k=2)
0 CcwW 0.00 X 0.00 0.00 1.00 170.7 1.9%
Y 0.00 0.00 1.00 1471
zZ 0.00 0.00 1.00 1417
10062 IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 8.69 X | 10.05 68.5 214 1259 | £22%
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 66.5 19.1 144.4 1.4 %
QPSK)
Y 6.25 66.2 19.1 125.3
Y4 6.30 66.8 19.6 121.0
10149 LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | 6.42 X 6.74 65.5 18.8 103.8 1.2 %
16-QAM)
Y 7.15 66.8 19.6 131.2
z 7.17 67.2 20.0 1264
10154 LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 5.76 X 5.86 65.9 18.9 1366 | #1.2%
QPSK)
Y 5.81 65.6 18.8 120.4
z 5.85 66.2 19.4 115.8
10155 LTE-FDD (SC-FCMA, 50% RB, 10 MHz, | 6.43 X 6.84 87.0 19.7 1419 | +14%
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, 5.73 X 439 64.6 18.5 1152 | 209%
QPSK)
Y 4.72 66.1 19.4 142.2
z 4.77 67.0 20.2 138.1
10175 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, 5.73 X 434 64.4 18.4 1113 | #09%
QPSK)
Y 473 66.2 19.5 140.4
Z 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 20.3 139.4
zZ 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%.

* The uncertainties of NormX,Y,Z do not affect the E>-field uncertainty inside TSL (see Pages 5 and 6).
8 Numerical linearization 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.
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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)* ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
2600 39.0 1.96 5.94 5.94 5.94 0.32 1.03 +12.0%
3500 37.9 2.91 5.53 5.53 5.53 0.42 0.99 +13.1%
5200 36.0 4.66 4.24 4.24 4.24 0.35 1.80 +13.1%
5300 35.9 4.76 4.05 4.05 4.05 0.35 1.80 +13.1%
5500 356 4.96 3.72 3.72 3.72 0.40 1.80 +13.1%
5800 35.3 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 itis 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 Gz, 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 paramsters (e and o) is restricted to = §%. 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.

£(MHZ)© | Permittivity™ (sm)* 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 49.0 530 3.50 3.50 3.50 0.50 1.0 +13.1%
5300 48.9 542 3.35 3.35 3.35 0.50 1.90 +131 %
5500 48.6 5.65 3.10 3.10 3.10 0.55 1.20 +13.1%
5800 48.2 6.00 3.12 3.12 3.12 0.60 1.90 +13.1%

C 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 (g and o) is restricted to = 5%. The uncertzinty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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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}
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EX30W4A- SN 3586 August 23, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =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 = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX30V4- SN:3566 August 23, 2012

Conversion Factor Assessment

f=2600 MHz, WGLS R22 {H_convF) f= 2600 MHz WGLS R22 (M_convF)
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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
Ceonnector Angle (%) 84.4
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommended Measurement Distance from Surface 2 mm

Certificate No: EX3-3566_Aug12 Page 11 of 11
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4  Calibration report “900 MHz System validation dipole”

' i
Cal |hration Laboralory of ~““‘¢\1\:’/j”¢ =3 Schweizerischer Kalibrierdianzt
Schmid & Pariner m‘ E/E”Ef- c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "rg’?:};\\.\:“‘ S owiss Callbration Service
REOP Y
Accreditad by the Swiss Acoraditction Servize (SAS| Accreditation No.: SCS 108

The Swiss Accredilalion Service is one of the signatorles to tha EA
Multilat=ral Agreement for the recognition of calibration certificates

cient  Cetecom Certificate No: DO00V2-102_Aug11

|CALIBRATION CERTIFICATE ]

Object D800V2 - SN: 102

Galitration pmradura(s) QA CAL-05.vB
Calibration procedure for dipale validation kits above 700 MHz

Calibraton date: August 15, 2011

This calibraticn certificate Jocurients the racezbil Ly 1o natenal standards, whish realizz the physical wiits o measurermenls (31
The measurements and the uncertalntias aith aonfidarae prohability A given on the following peges and are part of the certificata.

All calibratons have been conducted in the closed laboratory facility: envirormant temaarature {22 + 31°C and humidity < 709,

Calibwation Eovipment used [METE critcal “or calibration)

Primary Standards o# Cal Data (Cerlifcata Nz} Scnaduled Calibration =
Poveer metar LTV -4424 GBRITIROTO4 05-Cct-10 (Mo, 217-01266) Oct-11

FPower sensar HP B4314 PR P e DF-Oct-10 (Mo 217-01266) Oet-11

Refaranze 20 dB Attenuator SM: 55038 |200) 23-Mar-11 {he, 217-01237) Apr-12

Type-M mismalch somLinalion SN: 5047.2 f 06327 Z3:-Mar11 ke, 217-01371) Apr-12

Reaferencs Probe FEAMO0WAE SR BB0E 23-Apr-11 (Mo, ES3-3206_Aprid) Apr-12

DAE4 SM: &0 M-Ju-11 (Mo, DAE4-C01 _Juli 1) Jul-12 |
Secondary Standards 1o # ] Chook Doce (in house) Scheduled Cheack 1
Power sznsor HP 646- A WYA1092317 18-0Ct-02 (In house chesk Cal-09) In hose chracs (011

HF generalor B&E BMT-06 100315 04-Aug-95 (in hauee cheok Qot-09) In house chae Oot-11

Metwark Anglyzer HF 07250 337300635 34206 18-0ct-01 {in howse check Oul-1D) In house chacd G- 1

Marie Function Signt.are
Caliziated by: Claudie Leublar Laboratory Techncian f*\

|
|

Approved by: Kalja Pokovic Technical Manager /“}@i
= :;& =
B s

lasued. August 15, 2011

| Thiz calibratian cartificale shall nob be reproduces excen: in full without wiiten approval of the labaraton,

Carilicale No: D900V2-102 Augl1 FPage 1ot 8
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Calibration Laboratory of
Schmid & Pariner

5 Schwelzerlscher Kallorierdlenst
Sarvice suisee d'étalonnage

Engineering AG T c Servizlo svizzero di taralura
Zeughaussirasse 43, 8004 Zurich, Switzerland "34;:75?_“\:35’ S Swiss Calibration Service
gy
aceredited oy the Swiss Accredilation Sarvics [5AS) Accreditation Ne.: SCS 108

The Swiss Accreditation 3ervice Is one of the signaluries to the Ef
Multilateral Agreemaent for the recagnition of calibration certificates

Glossary:

TSL tissus simulating liguid

ConvF sensitivity in TSL/ NCRM xy .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 Techniquas®, 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

Federal Communications Commission Office of Engineering & Technology (FCC QET),
“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 far Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

o

Additional Documentation:
d) DASY4/5 System Handboaok

Methods Applied and Interpretation of Parameters:
+ Measuremeont Conditions: Further datails are available from the Validation Report at the end
of the vertificate. All figures stated in the certificate are valid at the frequency indicatad.

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its foed
point exactly below the center marking of the flat phaniom section, with the arms oriented
parallel to the body axis.

s 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 fecd point. The Retum Loss ensures low
raflected power. No uncertainty required.

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

* SAR measured: SAR measured at the stated antanna 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 calculaie the
nominal SAR result.

Cartificate Mo: DIDOVE-102_Aug11 Pzne 2cf 8
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CETECOM

Measurement Conditions

DASY systemn confiquraticn, as far as not given on page 1.

DASY Version DASYS Waz2.6.2
Extrapolation Advanced Exrapolation
Phantom Modular Flal Phanturn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
. Frequency Q00 MHz 11 MHz
Head TSL parameters
The fellowing parameters and celculatiors were eppliad.
Temperature Permittivity Conductivity
Nominal Head TSL parameters AR 41.5 0.87 mho/m
Measured Head TSL parameters {220 +£02)°C 403 £6% 0.853mha'm =6 %
Head TSL temperature change during test =0.5°'C o
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measurad

250 mvW input power

269 mh fa

SAF for nominal Head TSL parameters

narmalized to 1/

10,9 mW g = 17.0 % (k=2)

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

cond tion

S5AR measurec

250 mW input power

1.73mW /g

SAR for nominal Head TSL parameters

normalizec to 10

6.97 mW /g =+ 16.5 % (k=2)

Body TSL parameters

Thea fallowing parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Bedy TSL parameters 2200 55.0 1.05 mho/m
Measured Body TSL parameters (22.0+£02)°C S28+6 % 1.05 mhoim £ 6 %
Body TSL temperature change during test =0b 52
SAR result with Body TSL
SAR averaged over 1 ¢m” (1 g) of Body TSL Condilion
SAR measurad 250 mW input sower 283mW /g

SAR Tor nominal Budy TSL parameiers

narmal zed o 1\

1.2 mW /g +17.0 % (k=2)

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

condition

EAR measured

250 m\" input power

1.82mW g

SAR for nominal Body TSL parameters

normmzlized to 1W

7.29 mW | g = 16.5 % (k=2)

Caticata Ma: DNWE-102_Augi 1
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Appendix

Antenna Parameters with Head TSL

Impadance, transtormed to feed point A9.8 0 -5.0]0
Return Losas -26.0dB

Antenna Parameters with Body TSL

Impedance, ransfonmed o fead point 4580 - 6.4 0
Return Loss -22.0dB

General Antenna Parameters and Design

I Electrical Delay (jone direction) 1.407 ns

After long tarm use with 100W radiatsd power, only a slight warming of the dipole near the feedpoint can oe measurasl,

I'he dipole is made of standard semirigid coaxial cable, The senter conductor of tha feeding line is dircctly connected to the
second arm of lhe dipole. The antenna is therefore shorl-circailed lor DC-signals,
Mo excessive foree must be applied to the 4 pole anms, because they might bend or the soldered connections near the

feadpoint may ba damaged.

Additional EUT Daia

ManLfactured by SPEAG
Manufactured on January 24, 2001
Cerificate Mo, DIOMVZ-102 Aug1l Pagce 4 of 8
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Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 49.8Q - 5.0/Q 45.60Q +0.6/Q
Return Loss -26.0dB -23.6dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 45.8Q - 6.4jQ 4550 +6.8/0
Return Loss -22.0dB -20.5dB
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DASY5S Valldation Report for Head TSL

Date: 15.08.2011
Test [ahoratory: SPEAG, Zurich, Switeerlamd
DUT: Dipole 900 MHz; Type: DY 2; Serial: DU0V2 - SN: 102

Communication System: CW, Frequency: 900 MHz

Wedium parameters used: £ =900 MHz; o =0.95 mho/m; & =410.3; p = 1000 }cg.'frnE
Phantam section: Flat Section

Measurcment Standard: DASY S (IRERAFEC/ANST CA3.19-2007)

DASYS2 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvFi(5.97, 5.97, 5.97% Calibrated: 29.04.2011
o Sensar-Surface: 3mm (Mechanical Surface Detection)
« Elcotronics: DAE4d Snb01; Calibrated: (4.07.2001 1
e Phantom: Flat Phantom 4.90; Type: QDOOOP49AA: Serial: 1001

= DASYS2 52.0.2(482); SEMCAD X 14.4.5(3634)

Dipaole Calibration for Head Tissue/IP'in=250 mW, d=15mm/Zoom Scan ({7x7x7)/Cuhe (:
Measurement grid: dx=3mm, dy=5mm, dz=3mm

Referznce Value = 39,842 Yim; Power Drift = (LM dI3

Peak SAR (extrapolated) = 4.018 Wikp

SAR( g) = 2.69 mW/g; SAR(10 g) = L.73 mW/g

Maximum value of SAR (measured) = 3.146 mW/g

-11.23

0dB = 3. 150mW/g

Certificate No: D00V2-102_Aug ! Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 15.08.2011

Test Labaratory: SPLAG, Zurich, Switzerland

DUT: Dipole 90 MHz; Type: DY00V2; Serial: DOO0OV2 - SN: 102

Communication System: CW; Frequency: Y00 MHz

Medium parameters used: [ = 900 MHz; 6 = 1.05 mho/m; £, = 52.8; p = 1000 kgfan
Phantcm section: Flal Section

Measurcment Standard: DASY 3 (IEEEIEC/ANST CH3.15-2007)

DASYS2 Configuration:
»  Probe: ES3IDVE - SN3205; ConvE{5.94, 3,04, 5.94); Calibratcd: 29.04.2011
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
o FElectronics: DAE4 Snol ] ; Calibrated: 04.07.2011
= Phantom: Flat Phantoun .97 Type: QDOOOP4IAA; Serial: 1001

= DASYS2 52.6.2(482); SEMCAD X 14.4.5(3034)

Dipole Calibration for Body Tissne/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: ¢x=3mm, dy=5mm, dz=5mm

Reference Value = 56.479 Vi, Power Dirift = 0.03 dB

Peak SAR {extrapolated) = 4.331 Wikg

SAR(] g) = 2.83 mW/g; SAR(10 g) = 182 mW/g

Maximum value of SAR (measurcd) = 3.319 mW/g

=146

0dB =330mW/e

Certificats Mo: D30CV2-102_ALg11 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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5 Calibration report “1900 MHz System validation dipole”

J : T
ca“br_'anon Labm’amﬂ' of ¢¢‘_‘-:‘t‘__.f,/"/_; Schweizerischer Kalibrisrdienst
Schmid & Partner o ] Service sulsse d'élalonnage
Engineering AG e Sarvizia svizzera di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ f;\\ & Swiss Calibration Serviee

ot I
Jl.'ulu'u

Accredited by the Swiss Azcraditation Service [3A3) Accrodilalion No.: SCS 108
The Swiss Accreditation Service is one of tha signatories o the EA

Multilateral Agreement for the recognition of calibration certificates

client  Cetecom Certificate No: D1900V2-5d009 Augii

[CALIBRATION CERTIFICATE

Obiject D1900VZE - SN: 54009

Calibration procadure(s)

QA CAL-D5.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibratior date:

August 17, 2011

This calibration cenificate documems tha raceabiity to national siandands, whoh radlize the physical urits of measurcmerts (S1).
The measuremants and the uncertairtizs with confidence probability are given on the following pages and are part of the cartificats

All galioratians have been conductad i the closed laboratory Facilty: env ronmant temperature (22 + 307G and humidity = 70%.

Calibraticn Equipment used (M&TE crifical for calibration)

This ealibration certif cate shall nel ke raprodused axcept in ‘ull without written approval of the charatory.

Cerificate Mo D1900W2-5d004_Augii

Paga 1ot 8

Prmary Standards {[n] Cal Cate (Certilicate he.) Scheduled Celib-ation

Poawar matar EPh-4424, GE3sdal 0 CH=Ot O (Mo, 217-01 26/ {int-11

Power sensar HP 84814 | UzaTa00783 06-0Cct-" 0 iMNa. 217-01266) Oet 11

Referencs 20 0 Attanuatar SN; 35086 [200) 29-Mar-17 (Nw. 217-01287) Apr-12

Typs-N misma-ch combination Sk BUO47 2 7 OELET 20-Mar-1- (Mo, 217-01371) Apr-12

Refzrence Probe ES3DVE SH: 3205 28-Apr-11 iNo. C23-3205 Aprid) Apri2

DAE4 SH: 601 O=dul-11 (Mo DAE4-601 _Jull 1) Ju-12

Secondary Standards IC Checs Dale (i1 hoasy) Schedulsd Gheck

Power sensor HE 848148 BAY A1 DB2517 18-0et-0% (in house check Oct-08) In hizuse check: Jet-11

AF gencrator RES SNT 06 100005 04-Auc-29 {in house creck Cot-0%9) In bizuse check: Dot

Malwark Arrlyazr HP 3753E US3TI80585 54208 18-0ct-01 1In house check Coet-100) In hoga cherk: Sor-11
Mamza Function Sig) d-h e

Culibrated ty: Claudlo Laublar Laboratory Technician

Approved by Katja Pokovie Tachrical Managar /r’()f-’)/

lssued; Augus: 17, 2011
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i ) Sy,
Calibration Laboratory of .::*i‘:‘:’i’ﬂ?‘; schwelzerischer Kalibrierdiznst
Schmid & Partner S 2 Service suisse d'Slalonnags
Engineering AG Z ,:;.:“-\n\? Servizio svlzzero di taratura
Zeughausstrasse 43, 8004 Turich, Switzerland ’a/, — Bwiss Calibration Sarvice
el
Accredited by the Swiss Accraditatian Service 15AS) Accreditation No.: SCS 108

The Swiss Accreditation Setvice Is one of the signatories to the EA
Multilateral Agreement far the recegnition of calibration certificates

Glossary:

TEL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
/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: Measuresment Techniques”, December 2003

by IEC 62209-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-hcld
daevices 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 (FGC OET),
‘Evaluating Compliance with FCC Guidelines for Human Exposure to Hadiofroguency
Electromagnetic Fields; Additicnal Information for Evaluating Compliance of Mabile and
Fortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplernent C (Editian 01-01) to Bulletin 65

Additional Decumentation:
d) DASY4/5 System Handbook

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

«  Antenna Paramcters 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.

s Feed Point impedance and Refum Loss: These parameters are measured with the dipole
positionad under the liquid filed phantom. The impedance stated is transformed from the
measuremant at the SMA connector to the feed point. The Return Loss ensures low
reflacted power. No uncartainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed poini.
Mo uncertainty requirad.

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

= SAR normalized: SAR as maasured, normalized 1o an input power of 1 W at the antenna
conrector.

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

Certificate No: D1900V2-5d003 Aug1l Page 2 of 8
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Measurement Conditions

DASY syslen configuration. as far as not given 01 page 1.

V52 5.2

DASY Verslon DASYE

Extrapolation Advanced Cxtrapolation

Phantom IWodular 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

Thie following parameters end caleulations were applied.

Temperatire Pormittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mbodin
Measured Head TSL parameters (220 £ 02170 5B % 142 mhoim+5 %
Head TSL temperature change during test < 0.5°C =5
SAR result with Head TSL
SAR averaged over 1 cm” {1 g) of Head TSL Condition
SAR messurad 250 m\W input power 101 i /g

SAR for neminal Hzad TSL parametars

normalized to 1W

40.0 mW /g £ 17.0 % (k=2)

SAR averaged aver 10 ¢m” {10 g} of Head TSL

condition

SAR measured

2590 mW input power

527 mW g

SAR for nominal Head TSL parameters

normalized ta “W

20.8 mW fg + 16.5 % (k=2)

Body TSL parameters

The following pararmeters and calculations wers anolied

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0C 53.3 1.52 mho/m
Measured Body TSL parameters [ee0+02)°C 53B=6% 1.57 mho/m + f %
Body TSL temperature change during test < 0.5°C
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Conditian
SAR measured 250 mW npul power 104 mW /g

SAR tor nominal Body TSL pararetars

nermalized to 1W

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

SAR averaged aver 10 cm’ (10 g) of Body TSL

concifion

SAR measured

250 mW Input power

5.43mW /g

SAR for nominal Body TSL paramaters

nommelized to 1W

21.5 mW /g £16.5 % (k=2)

Cartificara Mo: D800V 2-54009_Aug11
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 110+ 270
Relurn Loss -30.9dB

Antenna Parameters with Body TSL

Impedance, transformed o feed paint

66N +28]0

Return Loss

- 26.8dEG

General Antenna Parameters and Design

Elecirical Delay (one direction)

1.188 ns

After long term use with 100V radiates oower, only a slight warming of the cipole nzar the feedpoint can be measured.

The dipale is made of standard semirigid coaxial cable. The centar conductor of the feeding lirc is dirccily connected to the
saeond arm of the dipole. The anlenna is tharelore shorl-cireuited Tor DC-signals.
Mo excessive torce must be appl ed to the dipele arms, Decausa they might bend or the soldersd connections near the

feedpoint may se damagec.

Additional EUT Data

Manufacturec Dy

SPEAG

Manufactureo on

February 22, 2002

Gerfifizare Moy D1900V2-5d400%_Aug11
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Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgi?]t[ormed to feed 51.1Q +2.7j0 52.3Q +0.7j0
Return Loss

-30.9dB -28.2dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 46.6Q +2.8/0 4850 +3.6/0
Return Loss -26.8dB -26.5dB
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DASYS Validation Report for Head TSL
Date: 16.08.2011

Test Lahararory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MIlz; Type: DI900V2; Serial: D1900V2 - SN: 5d00%

Communication System: CW: Frequency: 1800 MHz

Medium parameters used: 7~ 1900 MHz; o = 142 mho/m; & = 39.5; p = 1000 kg/m’
Phantom seciion: Flal Section

Measuremen! Standard: DASYS ([EEETEC/ANST Co3.19-2007)

DASY 32 Configuration:
= Probe: ES3DV3 - SN3205: Convl(5.01, 5.01, 5.01); Calibrated: 29.04.201 |
s Sensor Surface; 3mm (Mechanical Surface Detection)
= Electronics: DAEZ Sn601; Calibrated: 04,07.2011
s Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1IN0

o DASYS2 52.0.20482) SEMCAD X 14.4.5(3634)

Dipole Calibration for ITead Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube I
Measurement grids dx=5mum. dy=5mm, dz=3mm

Reference Value = Y7.320 ¥/m; Power Drift = 0.04 B

Peak SAR (extrapolated) = 18,403 W/kp

SAR(I g) = 10.1 mW/g; SAR(10 g) = 5.27 mW/g

Masiim valne of SAR (measured) = 12.5(4 mW/g

354
{700
1062

BRI

ST

0dB = 12.500mW/z

Carificate Moo C1900W2-50002 Augl 7 Pape 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validatlon Report for Body TSL

Test Laboratory: SPEAC, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: DIM0OV2; Serial; DI1900Y2 - SN; 5d009

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: £ = 1900 MHz: @ = [.57 mho/m; g, = 53.9: p = 1000 kg/m®

Phantom section: Flat Secricn
Measurement Standurd: DASY 3 (IEEEAECIANST CA3.19-2007)

DASY52 Configuration:

Probe: ES3IDV3 - SN3205: ConvF(4.62, 4.62, 4.62); Calibrated: 29.04.2011
Sensor-Surface: 3mm {Mechanical Surface Detection)

Electronics: DAE4 Sna01: Calibraled: 04.07.2011

Phanrom: Flar Phantom 3.0 (back): Type: QDOOOPS0AA; Serial: 1002

DASYS2 52.6.2(482); SEMCAD X 14.4.5(3034)

Drate: 17.08.2011

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, de=5mm
Reference Value = 93,260 V/m; Power Drilt = 0.02 dB
Peak SAR (extrapolated) = 18,457 W/kg

SAR( g) = 10.4 mW/g:; SAR(10 g) = 5.43 mW/g
Maximum value of SAR {measuredi= 13111 mW/g

346

— -B.93

-10.39

-13.4a6

0dB = 13.1 llmW/g

Cerlilivale Mo: D1900V2-50009 Augl | Page Tof A
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Impedance Measurement Plot for Body TSL

ICHY] 544 1UFs

Ca

Five
16"

Hld

CH2 S14  L0A S dB/REF -26 dE

17 Aug 2811 16:15:13
8185 ¢ Z35.43 pH 1 988,338 G688 HHZT

1:-20.770 dE 4 9BE.698 £68 NHz

BE
Ll
0

Hld

STAKI 1 /@0.838 A6 MHz

Certificate No: DN 900V2-50008_Aug11

STNP 7 46A.ARS Bﬁﬂ MHz

Zage dof 8

Page 43 of 68




Annex E to Test report no.: 1-4254/12-74-02-A

CETECOM

-a-n-

6

Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of N \.w? 3 Schweizerischer Kalibrierdienst
Schmid & Pariner ;‘% Service suisse d'étalonnage
Engmeenng AG _ _ :——;ﬁ\? Sert\rizlo swlnzzefm di I.arfatura
Zeughausstrassa 43, 8004 Zurich, Switzerland 7 -4 r oo T Swiss Calibration Service
S
Accradited by the Swiss Accraditation Servica (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificatas
client ~ Cetecom Certificate No: D2450V2-710_Aug12
Object D2450V2 - SN: 710
Calibration procedurea{s) QA CAL-05.v8
Calibration procedure for dipale validation kits above 700 MHz

Calitration date: August 13, 2012

Calibration Equipment used (M&TE critical for calibration)

This calitration ceificale documents the Iraceability to national standards, which realize the physical units of measurements (S1).
The measuremerts and the uncerainties with confidence probability are given on the fallowing pages and are part of the cerdificate.

Al calibrations have baen conductad in the closed laboratery faciliity: environment temperature (22 « 3)°C and humidity < 70%,

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

Primary Standards 1D i Cal Date [Cerlificate No.) Scheduled Calibration
Powar meter EPM-4424 GBE7480704 05-Oct-11 (Mo, 217-01451) Q12
Power sensar HP G4814 Us3T282733 05-Oct-11 (Mo, 217-01451) Ccir12
Referance 20 dB Altenualor SN: B0GE {20k) 27-Mar-12 {Na. 217-01530) Apr-13
Type-N mismatch combination Sh: B047.2 f 06327 27-Mar-12 {No. 217-01533) Apr-13
Reterence Probe ES3DV3 SN 3205 30-Dae-11 (Mo, ES3-32058_Decti) Dec-12
DAE4 Sh: 801 27-Jun-12 {Mo. DAE4-601 Juni2) Juri-13
Secondary Standards ID# Check Dale (in house) Scheduled Check =
Power sensar HP 84814 MY41092317 18-0ct-07 (in house check Cot-11} In house check: Oct-13
RF genarator R&S SMT-06 100005 O4=Aug-98 {in house check Oct-11) In house check: Qol-13
Metwork Analyzer HF 87T55E US37300585 54208 18-0ct-01 {in house check Oot-11) In house check: Oct-12
Mame Function Signature
Calibrated by: Israe El-Naoug Laboratory Techniclan F é_L
F A ’VOmw-v'
Approved by: Katja Pokovic Technical Manager

s

Issued; August 13, 2012

Certificate No: D2450W2-710_Augi2 Page 1of 8
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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

¢) 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 ceriificate. All figures stated in the certificate are valid ai 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.

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 o 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.

e 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.

o 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 0f 8
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Measurement Conditions
DASY system configuration, as far as not given 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 £ 6 %

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 129 mW/g

SAR for nominal Head TSL parameters normalized to TW

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

6.01mW/g

normalized to 1W

SAR for nominal Head TSL parameters

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

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body 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 - -
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

norralized 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

6.03mW /g

SAR for nominal Body TSL parameters

normalized to 1W

23.9mW /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 5240Q+05jQ
Return Loss -32.3dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 486Q+27iQ
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 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 soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 05, 2002

Certificate No: D2450V2-710_Aug12
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DASYS 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: 2450 MHz

Medium parameters used: = 2450 MHz; ¢ = 1.81 mho/m; & = 39.2; p= 1000 kga‘m'q
Phantom section: Flal Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45): Calibratcd: 30.12.2011;
s Sensor-Surface: 3mm (Mechanical Surtace Detection)
» Electronics: DAE4 Sno0; Calibrated: 27.06,2012
e Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0AA: Serial: 1001

» DASYS2 52.8.2(969), SEMCAD X 14.6.6(6824)

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

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

Peak SAR (extrapolated) = 26.515 mW/g

SAR(L g) = 12.9 mW/g; SAR(10 8) = 6.01 mW/g

Maximum value of SAR (measured) = 16.6 Wikg

-14.40

-19.20

-24.00

0 dB = 16.6 W/kg = 24.40 dB W/ke

Certificate No: D2450V2-710_sugl2 Page 5 of 8
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Impedance Measurement Plot for Head TSL

1l:Z4:46

13 Aug 2042
2 450,088 260 MHz

EH 511 1 U Fs 2524455 B4D7E ¢ 20,689 pH
S L T

Del \

.,

v
167
Hid S i
CH2 511 108 5 _dB/REF —78 98 3-32.796 dB 2 456,086 BA0 MHz
T 1 |
Ca
|
|
. T !
A
167 : .
+ + —|
| | |
Hid t - t
STOP 2 650,008 008 MHz

 EEEST VPN ot
START 2 258,008 808 MHz

Gartificate Mo: D2450V2-710_Aug12 Page 6 of 8

Page 49 of 68



Annex E to Test report no.: 1-4254/12-74-02-A cm#;.ng-qu”w

DASY5 Validation Report for Body TSL

Date: 13.08.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D24350V2; Serial: D2450V2 - SN: 710

Communication System: CW; Frequency: 2450 MHz )
Medium parameters used: = 2450 MHz; o = 1.99 mho/m; &, = 51.3; p = 1000 icghn"
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS52 Configuration:
e 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: QDUOO0OP5S0AA; Serial: 1002

«  DASYS52 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 Drll = 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 (measured) = 16.9 W/kg

-14.40

19.20

-24.00

0dB =169 W/kg =24.56 dB Wikg

Certificate No: D2450V2-710_Aug12 Page 7 of &
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Impedance Measurement Plot for Body TSL
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Calibration report “5GHz System check dipole”

. . .
Callbt_'atlon Laburatory of :q‘\i\_._f/f"-,,g Schweizerischer Kalibrierdienst
Schmid & Partner ;“%}&/ﬁ Service suisse d'étalonnage
Engineering AG Loy Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland G e Swise Callbration Service

BT

Accradited by the Swiss Accreditation Sanvice [SAS) Accreditation No.. SCS 108
The Swiss Accreditation Service is one of the signaterles to the EA

Multilateral Agreement for the recagnition of calibration certificates

Client Cetecom Certificate No: D5GH2zV2-1055_Jan12

CALIBRATION CERTIFICATE |

Objesct D5GHzV2 - SN: 1055

Calibration procedura(s)

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

Calibration date:

January 16, 2012

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1),
Tha measutemeants and the uncerairfies with confidence probability are given on the following pages and are part of the certificata.

All calibrations have been conductad in the closed lsboratary facility: anvironment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Metwork Analyzer HP 87S3E

| This calibration certificate shall not be reproduced except in full withaut written approval of the latoratary.

| US37380585 54208

18-Oct-01 ({in house check Oot-11)

Primary Standards D # Cal Date (Certificats No.) Scheduled Calibeation A
Power mefer EPM-4424 GBR3T4E0704 05-Oct=11 (Mo, 217-01451) Oct-12

Power senzor HP BAS1A UEE72027483 05-0ct-11 (No. 217-01451} Oot-12

Reference 20 dB Attanuator SN: 5086 (20g) 28-Mar-11 (Mo, 217-01363) Apri2

Typa-N mismateh combination SN: 5047.2/ 08327 29-Mar-11 (Mo. 297-1371) Apr-12

Reference Proba EX30V4 SM: 3303 30-Dee-11 (No. EX3-3503 Dectl} Dec-12

DAES SHM: 6 0d-Jul-11 {No. DAE4-G01_Juli1) Jul-12

Secondary Standards D # Check Date (in house) Scheduled Gheck

Powar senzor HP B431A MY41092317 18-0ct-02 (in house chack Oct-11) In house check: Cet-13

RF generaior RAS SMT-06 1000305 0d-Aug-99 (in house check Oct-11} In house check; Oct-13

In housa chack: Oxt-12

Mame Function Signature
Galibrated by: Dimce lliew Laboratory Technizian @ m
Approved by: Katja Pokovic Tachnleal Manager

Issued: January 18, 2012

Certificate No; D5GHzV2-1055_Jani2
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Calibration Laboratory of SO,

. S @/ % S Schweizerischer Kalibrierdienst
Schmid & Partner i\hﬂ\\%{mﬁ c Service suisse d'étalonnage
Engineering AG BN Servizio svizzeroe di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland A ///—-\\\ N S swiss Catibration Service
(M
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 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 (S8AR) 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

¢) 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 Mobiie and
Poriable 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:
o Measurement Conditions: Further details are available from ihe 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 oriented
parallel to the body axis.

o 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.

o 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.

Certificate No: D5GHzV2-1055_Jan12 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.0
Extrapoiation Advanced Extrapclation

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)

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

Frequency

Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2)°C 492 +6% 5.46 mho/m £ 6 %
Body TSL temperature change during test <05°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

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

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

condition

SAR measured

100 mW input power

2.06 MW /g

SAR for nominal Body TSL parameters

normalized to 1TW

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 em® (10 g) 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 48.2 6.00 mho/m

Measured Body TSL parameters (22.0£0.2) °C 4826 % 6.28 mho/m + 6 %

Body TSL temperature change during test <05°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 74.0 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 204 mW /g =17.6 % (k=2)
Certificate No: D5GHzV2-1055_Jan12 Page 4 of 8
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Appendix
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 52.30Q-73jQ
Return Loss -22.5dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 54.3Q-3.6)Q
Return Loss -25.4dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed fo feed point 58.0Q-1.8jQ
Return Loss -224 0B

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 feedpeint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o 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 s still
according o 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 June 09, 2006
Cettificate No: D5GHzV2-1055_Jan12 Page 5 of 8
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Antenna Parameters with Head TSL at 5200 MHz

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 51.0Q - 8.9jQ 54.50 -4.3/Q
Return Loss -21.1dB -28.2dB

Antenna Parameters with Head TSL at 5500 MHz

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 52.1Q - 4.9/Q 50.0Q -3.9jQ
Return Loss -25.6dB -27.0dB

Antenna Parameters with Head TSL at 5800 MHz

From cal. data Measured 2012-09-03
Impedance; trsgi?;ormed to feed 54.90 - 1.8)0 48.3Q -1.4i0
Return Loss -26.0dB -22.9dB
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DASYS Validation Report for Body TSL
Date: 16.01.2012

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - 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/m3 , Medium parameters used: f = 5800 MHz;
o = 6.28 mho/m; &, = 48.2; p = 1000 kg/m*

Phantom section: Flat Section

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

DASYS52 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: QDOOOPS0AA; Serial: 1002
o DASY52 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 g) = 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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Impedance Measurement Plot for Body TSL
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8  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

W,
N\ Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

Swiss Calibration Service

1y,
(2
o

K

o4
%, )

%0 N
KIAR

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

Cilient

- DAES:477 Mayl2

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (St).
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 | D # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 I SN: 0810278 28-Sep-11 (No:11450} Sep-12

Secondary Standards | D # Check Date (in house) Scheduled Check

Calibrator Box V2.1 SE UWS 053 AA 1001 05-Jan-12 (in house check) In house check: Jan-13
Signature

Name o Function
\ - Techniclan

Calibrated by:

Approved by: EF'In.'Bk‘('m"qﬁdi‘t

Issued: May 14, 2012

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

Certificate No: DAE3-477_May12 Page 1 of 5

Page 61 of 68



Annex E to Test report no.: 1-4254/12-74-02-A CETECOMW
e

9 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

Item SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation to test of first articles.

Complete tests were made on the pre-series Type No. QD 000 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called samples).

Test Requirement Details Units tested

Shape Compliance with the geometry IT'IS CAD File (*) First article,
according to the CAD model. Samples

Material thickness | Compliant with the requirements 2mm +/- 0.2mm in First article,
according to the standards specific areas Samples

Material Dielectric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be Liquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] |EEE P1528-200x draft 6.5

[3] I1EC PT 62209 draft 0.9

(*) The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3].

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard [1] and draft standards [2] and [3].

Date 18.11.2001

/,/Z“;’/’% Schmid & Partner %;\/ﬁ;ﬂ,/gv/ﬁ

Signature / Stamp Engineering AG

Zeughausstrasse 43, CH-8004 Zurich
Tol-gi-‘1 1 245 97 00, Fax +41 1 24597 79

Doc No 881-QD 000 P40BA-B Page 1(1)
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10 Application Note System Performance Check

10.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

10.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment‘-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

* The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within £ 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance® should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

» The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

10.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% + 3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 0.6% 0
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 + 0.6% 1+ 0.6% 0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% 0
Response time + 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
Integration time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 +1.7% +1.7% 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 1+ 0.2% 1+ 0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% o0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+5.0% Rectangular [V3 [0.6 [0.49 [£1.7% +1.4% ©
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 |0.49 |£1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 |0.7 [0 0 0
Boundary effects +1.0% Rectangular [V3 |1 1 0 0 0
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 0
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics +1.0% Normal 1 1 1 0 0 0
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 0
Integration time 1 0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% o0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% o0
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 049 |£1.5% +1.2% o0
Combined Uncertainty +5.3% +4.9%
Expanded Std. *+10.6% +9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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10.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB v
Signal Low cable
Generator Pass 1 —— : } @
Att3
Att2 |;
S @
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

+ The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

* The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

» The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.
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* Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

» Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

10.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

10.6 Additional system checks

While the validation gives a good check of the DASY system components, it does not include all parameters
necessary for real phone measurements (e.g. device modulation or device positioning). For system
validation (repeatability) or comparisons between laboratories a reference device can be useful. This can be
any mobile phone with a stable output power (preferably a device whose output power can be set through
the keyboard). For comparisons, the same device should be sent around, since the SAR variations between
samples can be large. Several measurement possibilities in the DASY software allow additional tests of the
performance of the DASY system and components. These tests can be useful to localize component
failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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