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Object

Calibration procedure|s)

Calibratien date:

Calibration Equipment used (M&TE ailical fur ca ibrationi

This calibration cerfificate documen:s the traceability to national standards, wh ch realize the physical units of measurements (SI).
The measurements and ha uncertainties with confidence probatility a-e given on the fallowing pages and are part of the certificate.

All calibrations have bee conducted in the clcsed laboratory facility: environmen: temperature (22 + 3)°C and humidity < 70%.

Srimary Standards D Cal Datz (Certifcate No.) Scheduled Calibrazion
Power meter E44198 5B11293874 04-Apr-13 {No. 217 C1733) Apr-14

“ower sensor E44 128 14Y4 1433087 04-Apr-13 (No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: 55054 (3¢) | 04-Apr-13 {No. 217-£1737) Apr-14

Refarence 20 dB At ter SN: 88277 (20%) 04-Apr-13 {No. 217-C1735) Apr-14

Reference 30 dB Attenuatcr SN: 55125 (30b) 04-Apr-13 (No. 217-C1738) Apr-14

Reference Probe ES3DY2 SN: 3013 30-Dec-13 (No. ES3-3013_Deci13) Dec-14

JAE4 SN: 660 13-Dec-13 (No. DAE4-660_Cect3) Dec-14

Secondary Standa-ds 9] Check Uate {in 1ouse) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-89 (in hoase chack Apr-13) In house check: Apr-"6
Network Analyzer HP 8753E US37390585 18-02t-01 {in house check Oct-13) In house chack: Oct-"4

Calibrated by:

Approved oy

Name

Function

Signature

Issued: February 2§, 2014

This calibration cerlificate shal not be repreduced except in full withou: writlan approval of the laboratory.
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Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMzx,y,z sensitivity in free space

ConvF sensitivity in TSL  NCRMX,y.z

DCP dicde compression oaint

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

ABCD modulation deperdent linearizatior parameters

Palarization ¢ o rotation around probe axis

Polarization @ rotation around an axis that Is in the plane normal to probe axis {at measurement center),
i.e., % =0is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Pezk Spatial-Averaged Specific
Absorotion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tecnnigues”, June 2013

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

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

o NORM(f)x.y.z = NORMXx.y.z * frequency_response (see Frejuency 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 Convi™,

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

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

o AxKZ Bxy,z: Cxy,z; Dx,y.z; VRx,y,z: A, B, C, D are numerical linearizalion paramelers sssessed based on
the data of pawer sweep “or specific modulation signal. The parameters do not depend on fraquency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

»  ConvF snd 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 7 > 80C 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 softwara to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to NORMx,y,z * ConviF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and highar which allows extending the validity from + 50 MHz to 100
MHz.

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

e Sensar Offsef: The sensor offset corresponds to the offset of virtual measurement center from the orobe tip
{on orobe axis). No tolcrance required.

= Connector Angle: The angle is assessed using the ‘nformation gained by determining the NORMx (no
uncertainty raquired).

Certificate No: £S3-3020 Meb14 Page 2 of 11
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ES3DV2 — SN:3020 February 25, 2014

Probe ES3DV2

SN:3020

Manufactured:  December 5, 2002
Calibrated: February 25, 2014

Calibrated for DASY/EASY Systems

[Note: non-compatible with DASYZ2 systeml)

Certificate No: ES3-3020 Fab14 Pags 3 of 11



TN A
Korea Testing Laboratory Report No.:14-030828-01-01

ES2DV2- SN-3020 February 25, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3020

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm {uVivim)4* 1.10 0.99 1.02 £10.1%
DCP (m\)° 105.4 106.8 104.2 l
Modulation Calibration Parameters _
uip Communication System Name A B [ D VR Une"
dB dBVuv dB mV (k=2)
4 c X 0.0 0.0 1.0 02 | 1743 | 38%
Y | on 00 10 186.0
Z 0.0 0.0 1.0 181.6

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

* The uncartainties of NemX,Y.Z do not affect he E*-fisld uncertzinty inside TSL (see Pages 5 and 6).

® Numerical linearizaticn parameter: uncentainty not required,

" Uncertainty is determined using the mrax. deviation from linzar respanse apphying rectangular distributan and is expressed for the square of the
fickd value.

Certifizate No: ES3-3020_Fck14 Page 4 of 11
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ES3DV2- SN:3020 February 25, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3020

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth“ Unct.

f(MHz)® | Permittivity (Sfm) " ConvFX ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 6.66 £.66 6.56 0.20 210 | +12.0%
835 41.5 0.90 6.39 6.39 6.39 0.29 1.59 +120%
| 900 41.5 0.97 6.25 6.25 6.25 0.17 247 +12.0%

1750 40.1 1.37 5.03 5.03 5.03 0.28 1.81 + 12.0_‘9’3_‘

1900 40.0 1.40 4.85 4.85 4.85 0.34 1.62 +12.0 %
1950 40.0 1.40 472 472 4.72 0.30 1.78 | #12.0%
2450 39.2 1.80 4.18 4.18 4.18 0.70 1.20 +12.0%

“ Frequency validity of + 100 MHz only applies for DASY v4.4 end higher (see Page 2), else it is restricted to + 50 MHz. The uncenainty is the RSS
of the ConvF uncertalnty at callbration frequency and the uncertalnty for the indicated fraquancy band.

" At frequancies telow 3 GHz, the validity of tissue paramaters (= and o) can be relaxed tc = 10% if liquid compansation formule is applied to
measured SAR values. A: frequencies above 3 GHz, the valdity of tissue parameiers (= and ) IS restricted to £ 5%. |he uncertainty Is the RSS of
tre ConwF uncartainty for indicated target tissue parameters.

" AlphalCeplh aie delenmined during salibration. SPZAG warrants that the ramaining daviation due to the boundary effect after compersation is
always less than £ 1% (o lequencies below 3 GHz and beluw ® 2% (o leguencies belween 3-8 GHez al any dislance laicer han hal the probe tip
diameter from the boundary,

Certificate No: ES3-3020 Fcb14 Page 5 of 1



TRUL7 ISP
Korea Testing Laboratory Report No.:14-030828-01-01

ES3DV2- SN:3020 Febuary 25, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3020

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz) | Permittivity "~ (sm)f ConvFX | ConvFY ConvFZ | Alpha® | (mm) k=)
750 55.5 0.96 6.23 6.23 5.23 0.31 1.57 +12.0 %
835 55.2 0.97 6.17 6.17 517 0.72 1.06 i 12.0 %
900 55.0 1.05 6.03 6.03 5.03 0.43 136 | 212.0%
1750 534 1.49 4.77 477 4.77 0.32 273 | *120%
1900 53.3 1,52 4.41 4.41 4.41 0.36 1.83 £12.0 %
1950 53.3 1.52 4.44 4.44 444 0.48 1.51 £12.0%
2450 52.7 1.95 3.78 3.78 3.78 0.50 1.05 +12.0%

© Zrequency valid ty of = 100 MHz enly apalies ‘or DASY v4.4 and higher {sea Page 2, else 1t is restricted to + 50 MHz. |he uncerainty is the KSS
of the Convl uncertainty at calioration frequency and the uncer:ainty for the ind cated fraquency band.

' At rrequencies below 3 GHz, the validity ot lissue paramelters (= and &) can be ralaxed to £ 10% it liquid compensaton formula is applied to
measured SAR values, At frequencies above 3 GHz, the validity of fissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the CanvF uncerfainty tor indicated target tissue parameters.

“ alpha/Depth are determined during calltrallon. SPEAG warrants that the remalning deviation dua to the boundary effect after compensation s
always less than = 1% for frequencies below 3 GHz and balaw + 2% for frequencies between 3-8 GHz at any distance largar than half the orobe tip
dizmeter from e buurdany.

Certificate No: ES2-3020_Feb14 Pags 6 of 11
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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)

Certificate No: CS3-3020_Feb14
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CS3DV2- SN:2020 February 25, 2014

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: % 0.5% (k=2)
Cerlifivale No: ES3-3020_Fel14 Page 8 of 11
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ES3DV2- SN:3020 Fabruary 25, 2C14

Dynamic Range f(SARcaq)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

Certificate No: ES3-3020_Feb14 Page 9 of 11
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ES3DV2 SN:3020 February 25, 2014

Conversion Factor Assessment

f = 835 MHZ,WGLS R9 (H_convF) f= 100 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DV2- SN:3020 February 25, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3020

Other Probe Parameters

| Sensor Arrangement Triangular
Connector Angle (°) -938
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm |
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Senscr X Calikration Point 2 mm
Probe Tip to Senscr Y Calibration Point 2 mm
Probe Tip to Senscr Z Calibraticn Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Certificate No: ES3-3020_Feb14 Page 11 of 11
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client | KTL (Dymstec) Certificate No: EX3-3905_Feb14

CALIBRATION CERTIFICATE |

Object EX3DV4 - SN:3905

Calibration procedure(s) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date: February 26, 2014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 04-Apr-13 (No. 217-01733) Apr-14

Power sensor E4412A MY41498087 04-Apr-13 (No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: S5054 (3c) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (No. 217-01735) Apr-14

Reference 30 dB Attenuator SN: S5129 (30b) 04-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Dec13) Dec-14

Secondary Standards ID Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-13) In house check: Oct-14

Name Function Signature

Calibrated by: Israe El-Naouq Laboratory Technician

Approved by: Katja Pokovic Technical Manager / /4

Issued: March 1, 2014

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

Certificate No: EX3-3905_Feb14 Page 1 of 11
. _________________________________________________________________________________________________________________________________________|]
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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,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 9§ 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., § =0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

b) 1EC 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:
e NORMXx,y,z: Assessed for E-field polarization 9 = 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 Ax\y,z Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx,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.

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

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

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

Certificate No: EX3-3905_Feb14 Page 2 of 11
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EX3DV4 — SN:3905 February 26, 2014

Probe EX3DV4

SN:3905

Manufactured:  September 4, 2012
Calibrated: February 26, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3905 February 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3905

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pV/(V/im)A* 0.48 0.33 0.58 +101%
DCP (mV)® 98.9 97.0 97.8

Modulation Calibration Parameters

uiD Communication System Name A B (o D VR Unct
dB dBVuV dB mvV (k=2)
0 cw X 0.0 0.0 1.0 0.00 [ 1208 | #3.3%
4 0.0 0.0 1.0 128.9
Z 0.0 0.0 1.0 130.8

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

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

8 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: EX3-3905_Feb14 Page 4 of 11

. _________________________________________________________________________________________________________________________________________|]
723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea Tel: +82-31-500-0133
http:://www.ktl.re.kr Fax: +82-31-500-0149



U EA R
Korea Testing Laboratory Report No.:14-030828-01-01

EX3DV4- SN:3905 February 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3905

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (S/m)* ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
5250 35.9 4.71 4.82 4.82 4.82 0.30 1.80 £131%
5500 35.6 4.96 4.52 4.52 4.52 0.35 1.80 +13.1 %
5600 35.5 5.07 4.23 4.23 4.23 0.40 1.80 +131%
5750 35.4 5.22 5.20 5.20 5.20 0.35 1.80 +131%

9 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.

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

4 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3905 February 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3905

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (S/im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
5250 48.9 5.36 4.08 4.08 4.08 0.40 1.90 £13.1%
5500 48.6 5.65 3.74 3.74 3.74 0.45 1.90 +13.1%
5600 48.5 5.77 3.50 3.50 3.50 0.50 1.90 +13.1%
5750 48.3 5.94 4.04 4.04 4.04 0.45 1.90 +13.1%

© 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 ) 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.

8 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3905 February 26, 2014

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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EX3DV4- SN:3905 February 26, 2014

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARycaq)
(TEM cell , feya= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment

f= 5250 MHz WGLS R58 (H_convF)-SCS f= 5750 MHz,WGLS R58 (H_convF)-SCS
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3905

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -72.7
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 Point 1 mm
Recommended Measurement Distance from Surface 2 mm
Certificate No: EX3-3905_Feb14 Page 11 of 11
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Accredited by the Swiss Accreditation Service (SAS)
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client  KTL (Dymstec)
CALIBRATION CERTIFICATE

Acereditation No.: SCS 108

Cerificate No: D835V2-481_Apri3

Objecl D835V2 - SN: 481

Calibralion prozaedure(s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration datz: April 25, 2013

This calibration certificate documents the tacesbility to naticnal standards, which realize the physical units of measurements (3l).
The measurements and the uncertainties with confidence probability are given on the tollowing pages and ara part of the certificate.

Calibration Equipment used (M&TE critical for calibraticn)

All calibrations have been conducted in -he closed ladoratory facility: environment temperatura (22 + 3)°C and humldity = 70%.

Nelwaik Analycer FP B753E

Calibrated by

Approved by:

|JS37350885 $42106

Name
Claudio Leubler

Katja Pokovic

This calibration cerificatz shall not be reproducad except in ful

18-0ci-01 {in heuse check Oct-12)

Function
Laboralory Technician

Technicel Manager

without writien approval of the leboracory.

Primary Standards 1D 1 Cal Date (Certificate No.) Scheduled Calibration
Powar metar EFPM-442A G03AT460704 01-Nov-12 {No. 217-01640) Oot-13

Powar sensor HP 8481A LJ837292783 01-Nav-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: £088 [20k) 04-Apr-13 [Ne. 217-01736) Apr-14

Type N mismatch combination SN: 8047.3 / 06327 04-Apr-13 iNo, 217-01736) Apr-14

Haferance Probe ES3DV3 Sh: s2Us 28-Dec-12 (No. ES3-3205_Dec12) Dec-13

DAE4 Sh: 202 11-8ep-12 (No. DAE4-S08_Sep12) Sep-13

Secondary Stancards D Check Date (in house} Scheduled Check
Power sensor HP B481A MY 41092317 18-Oct-02 {in hecuse check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 (in house chack Qct-11)

In house check: Oct-13
In house check: Oct-13

Siq’ngl e |
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|

M

7
=

Issued: April 26, 2013

g
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Zeughausstrasse 43, 8004 Zurich, Switzerland ”:/,,’,/' /-\\\ w S Swiss Calibration Service
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Accreditzd by tre Swiss Accraditeticn 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 tissuc simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 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 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 the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

« SAR for nominal TSL pararneters: 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%.

Cerlificale Nu: 0835V2-481_Apri13 Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5285
Extrapolation Advancec Extrapalation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 835 MHz =+ 1 MHz
Head TSL parameters
The following pararretars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.90 mhof/m
Mcasured Head TSL parameters (22.0=0.2) “°C 408 6% 0.91 mho/m + 6 %
Head TSL temperature change during test <05"C e
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 246 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.49 Wrikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.59 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.18 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permmittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0£0.2) “°C 540+6% 1.01 mha/m =6 %
I Body TSL temperature change during test <05°C e e=-
SAR result with Body TSL
SAR averaged aver 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.50 Wikg
SAR for nominal Body TSL parameters normalized to 1\W 9.65 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mVW input power 1.63 W/kg
SAR for nominzl Body TSL parameters normalized to 1W 6.34 Wikg + 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedanca, transformed to feed point 51.3Q-5.1jQ

Hetumn Loss -25.7dB

Antenna Parameters with Body TSL

Impedance, transformsd to feed point 46.502-6.5 j(2

Retum Loss -224dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.393 ns

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

The dipole is made of standard semirigid coaxial cable. The center conducter 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 dipcles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the pesition 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 Stancard.

No excessive forca must be applied to the dipole arms. because they m ght bend cr the soldered connections near the
feedpoint may be damaged.

Additianal EUT Data

Manufactared by SPEAG

Manufactared on April 23, 2003
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DASYS Validation Report for Head TSL

Date: 25.04.2013
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 835 MlIz; Type: D835V2; Serial: D835V2 - SN: 481

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 0.94 S/m; &, =40.8; p = 1000 kg/m3
Phantom section; Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012;
» Scnsor-Surface: 3mm (Mecchanical Surface Detection)
» Elcctronics: DAE4 Sn909; Calibrated: 11.09.2012
e Phantom: Flat Phantom 4.91.; Type: QDOOOP49AA; Serial: 1001
o DASYS5252.8.6(1115); SEMCAD X 14.6.9(7117)

Dipole Calibration for Head Tissne/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (:
Measurement grid; dx=5mm, dy=3mm, dz=5mm

Reference Value = 56.921 V/m: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.77 W/kg

SAR(1 g) = 2.46 W/kg; SAR(10 g) = 1.59 W/kg

Maximum valuc of SAR (measured) = 2.89 W/kg

4.3%
.59

313

-10.98

0dB = 2.89 W/kg =4.61 dBW/kg

=
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Impedance Measurement Plot for Head TSL

25 Apr 2013 ©9:09:05
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DASYS Validation Report for Body TSL

Date: 24.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 481

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium paramelers used: § = 835 MHz; ¢ = 1.01 S/m; & = 54; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSIC63.19-2007)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012:
s Sensor-Surface: 3mm (Mechanical Surface Detection)
o Elcctronics: DAE4 Sn909; Calibrated: 11.09.2012
o Phantom: Flat Phantom 4.91.; Type: QDOOOP49A A; Serial: 1001

o DASYS5252.8.6(1115); SEMCAD X 14.6.9(7117)

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

Reference Value = 55.650 V/m; Power Drift = -0.01 dB

Peak SAR fextrapolated) = 3.71 W/kg

SAR( g) = 2.5 Wikg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (mcasured) = 2.92 W/kg

0dB =2.93 W/kg = 4.67 dBW/kg
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Impedance Measurement Plot for Body TSL

24 Apr 26813 11:31:49
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