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Appendix B.1 Uncertainty Analysis DASY5 #3

Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram

i=
= f(d,k k
a b c d e = f(d,k) g oxgle
Section . .
. Tol Prob . . 1
Uncertainty Component n © rob Div. G g Vi
P1528 (%) Dist. (1g) ui (%) (Veff)
Probe calibration E.2.1 6.0 N 1 1 6.00 0
Axial isotropy E.2.2 4.7 R 1.73 0.71 1.93 o0
hemispherical isotropy E2.2 9.6 R 1.73 0.71 3.94 o)
Boundary effect E23 1.0 R 1.73 1 0.58 )
Linearity E2.4 4.7 R 1.73 1 2.72 )
System detection limit E.2.5 0.3 R 1.73 1 0.17 )
Readout electronics E.2.6 0.3 N 1 1 0.30 0
Response time E.2.7 0.5 R 1.73 1 0.29 00
Integration time E2.8 2.6 R 1.73 1 1.50 o)
RF ambient Condition -Noise E.6.1 3 R 1.73 1 1.73 )
RF ambient Condition - reflections E.6.1 3 R 1.73 1 1.73 )
Probe positioning- mechanical E62 15 R 173 1 0.87 w
tolerance
Probe positioning- with respect to E63 29 R 173 1 1.68 w
phantom
Max. SAR evaluation E.5.2 1.0 R 1.73 1 0.58 )
Test sample positioning E.4.2 1.32 N 1 1 1.32 9
Device holder uncertainty E.4.1 3.6 N 1 1 3.60 4
Output power variation -SAR drift 6.63 5 R 173 1 289 w
measurement
Phantom uncertainty (shape and
thickness tolerances) E3.1 4 R 173 ! 231 *
Liquid conductivity - E32 5 R 1.73 0.64 1.85 £s
deviation from target values
Liquid conductivity E32 | 038 | N 1 0.64 | 024 9
- measurement uncertainty
Liquid permittivity — E.33 5 R 1.73 06 | 173 o
deviation from target values
Liquid permittivity - E33 | 027 | N 1 06 | 016 9
deviation from target values
Combined standard uncertainty RSS 10.82 287
Expanded uncertainty (95% k=2 21.00
CONFIDENCE INTERVAL) '
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Measurement uncertainty for 3 GHz to 6 GHz averaged over 1 gram
_ i=
a b c d e = f(d,k) g o k
. Sectionin | Tol Prob . . Ci lg Vi
Uncertainty Component P1528 %) Dist. Div. (Ig) ui (%) (Veff)
Probe calibration E.2.1 6.55 N 1 1 6.55 00
Axial isotropy E2.2 4.7 R 1.73 0.71 1.93 ce)
hemispherical isotropy E2.2 9.6 R 1.73 0.71 3.94 o0
Boundary effect E.2.3 1.0 R 1.73 1 0.58 o0
Linearity E2.4 4.7 R 1.73 1 2.72 o0
System detection limit E.2.5 0.3 R 1.73 1 0.17 )
Readout electronics E.2.6 0.3 N 1 1 0.30 e
Response time E.2.7 0.5 R 1.73 1 0.29 00
Integration time E.2.8 2.6 R 1.73 1 1.50 o0
RF ambient Condition -Noise E.6.1 3 R 1.73 1 1.73 &)
RF ambient Condition - reflections E.6.1 3 R 1.73 1 1.73 o0
Probe positioning- mechanical tolerance E.6.2 1.5 R 1.73 1 0.87 o
Probe positioning- with respect to E6.3 29 R 173 | 168 w
phantom
Max. SAR evaluation E.5.2 1.0 R 1.73 1 0.58 e)
Test sample positioning E.4.2 1.32 N 1 1 1.32 9
Device holder uncertainty E.4.1 3.6 N 1 1 3.60 4
Output power variation -SAR drift 6.6.3 5 R 173 1 789 w
measurement
Phantom uncertainty (shape and E31 4 R 173 1 231 w
thickness tolerances)
Liquid conductivity - E32 | 5 R 173 | 064 | 185 oo
deviation from target values
Liquid conductivity - E32 | 038 | N 1 0.64 | 024 9
- measurement uncertainty
Liquid permittivity — E33 | 5 R 1.73 06 | 173 -
deviation from target values
Liquid permittivity - E33 | 027 | N 1 06 | 016 9
deviation from target values
Combined standard uncertainty RSS 10.82 324
Expanded uncertainty (95% k=2 21 64
CONFIDENCE INTERVAL) '
Report File No:  F690501/RF-SAR002218 Date of Issue :  2014-10-30




| SGS Korea Co., Ltd.

! 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
T : 83/138

i http://www.sgsgroup.kr Page :

Appendix C.1 Calibration certificate for Probe

Calibration Laboratory of L —

Schmid & Partner i{\:‘-‘{-”ﬁﬁ g Slmlu:::fl-;‘mmm
Engineering AG b= Servizia svizzero di taratur

Zoughausstrasse 43, 8008 Zurich, Switzortand ”Emn o 5 Sutee Catbinton Saiide

Accredbed by the Swiss Accrocitalion Service [SAS) Accroditation No.: SCS 108

The Swiss Accreditation Sorvice is one of the signatories to the EA
Multitateral Agresment for the recognition of calibration cartificates

cient  SGS (Dymstec) Coriificate No: EX3-3986_Mar14
CALIBRATION CERTIFICATE =
Object EX30V4 - SN:3986

Calibiation procedure(s) QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25v6

Calitwation procedure for dosimetric E-field probes

Calibrabion date: March 21, 2014

This calbration cerificatn documents (he tracsability to national standands, which ralize the physical units of messurements (S1)
The measurements and the uncerainties with confidance probability are given on the following pages and ano part of the cerificats.

All calibrations huve been conducied in (he closed laboratory facility: emircoment bemporstune (22 £ 3)°C and humidity < 70%

Catbration Equipmant used (METE dritical fior calibation)

Primary Slandants 3] Cal Datn [Cerlificate Mo ) Scheduisd Calibralicn
Powor mater E44188 GB4 1393874 Cd-Apr-13 (Na, 217-01733) Apr-14
Power sensor E441ZA Y4 1458087 Did-Agir-13 (Mo 217-01733) Agr-14
Rsterence 3 08 Aierualor | SN: 55054 [3¢) DA-Apr-13 (No._217-01737) Agr-14 ]
Redoronon 20 dB Afisnustor SN SEITT (20x) Det-Agwr-13 (Mo, HT-01735) Agr-14
Redorance 30 dB Afeauabor SM: 85139 [30b) H-Apr-13 [No. 217-01738) Agr-14
Rederance Probe ESIONG SH 3013 30-Dac-13 {No. E53-3013_Dec13) Doc-14
DAES 5H: 660 13-Dpc-13 (No. DAES-560_Dectd) Dac-14
Secondaey Sandarda 4] Check Dale [in housa) Schaduled Check
AF genedator HP BS4BC LS 3S4 U0 100 A-Aug-08 {in house check Apr-13] In hewse chack: Apr-18
Hatwork Analyzer HP BTS3E U537 390565 18-0cd-01 [in house check 0e1-13) In house check: Oct-14
Mam Function Signaturo
Calitrated by: Jetan Katrat Loboraiory Techmician [ C____M

Approved by, Katja Pokovic Technical Marage: W{}

lssuad: March 21, 2014

This calibraticn cartificata shall not be reproduced except in full without weilten approval of e (aboratony.
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Calibration Laboratory of N S Schweizerischer Kalibrierdienst

(

Schmid & Partner
Engineering AG

Service suisse d'étalonnage
Servizio svizzero di taratura

)

|

Zeughausstrasse 43, 8004 Zurich, Switzerland ?'/,, 4..-f|\\n\‘§ S 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

Multilateral Ag 1t for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A BCD modulation dependent linearization parameters

Polarization « rotation around probe axis

Polarization 8 $ rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0is 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
Technigues”, June 2013

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

Methods Applied and Interpretation of Parameters:
e NORMSx.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).

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

e Axy.z Bxyz Cxyz Dxyz VRxyz 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 nar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

o 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.

o  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.

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

Certificate No: EX3-3986_Mar14 Page 2 of 11

Report File No:  F690501/RF-SAR002218 Date of Issue : ~ 2014-10-30




SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371

http://www.sgsgroup.kr Page: 85/138

EX3DV4 ~ SN:3986 March 21, 2014

Probe EX3DV4

SN:3986

Manufactured: November 11, 2013
Calibrated: March 21, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3986 March 21, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uW/(V/im)5y* 0.53 0.53 0.49 +10.1 %
DCP (mV)" 96.5 99.2 103.3

Modulation Calibration Parameters

uID Communication System Name A B c D VR Unc"
dB dBVpV dB mV (k=2)
0 cw x 0.0 0.0 1.0 0.00 147.4 +3.8 %
Y | 00 0.0 1.0 147.9 1]
Z 0.0 0.0 1.0 141.5

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 95%.

* The uncertainties of NormX,Y,Z do not affect the E*field uncertainty inside TSL (sea Pages 5 and 6).
8 1 g
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.
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EX3DV4- SN:3986 March 21, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

| f(MHz)® | Permittivity" {stm)* ConvF X_| ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 41.5 0.90 10.24 10.24 10.24 0.31 1.03 +12.0%
900 41.5 0.97 10.05 10.05 10.05 0.49 0.78 +12.0 %
1750 401 1.37 8.66 8.66 B8.66 0.36 0.88 +12.0 %
1900 40.0 1.40 8.45 8.45 8.45 0.53 0.73 +£12.0 %
2450 39.2 1.80 7.66 7.66 7.66 049 0.71 £12.0%
5200 36.0 4.66 5.15 5.15 5.15 0.40 1.80 +131%
5300 359 4.76 4.88 4.88 4.88 0.40 1.80 +131%
5500 35.6 4.96 5.02 5.02 5.02 0.40 1.80 +13.1%
5600 35.5 5.07 4.81 481 4,81 0.40 1.80 £13.1 %
5800 35.3 5.27 4.70 4.70 4.70 0.45 1.80 +13.1 %

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RS5
of the ConvF uncertainty at calibration frequency and the uncaertainty for the Indicated frequency band,

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

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% far 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:3986 March 21, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Calibration Parameter Determined in Body Tissue Simulating Media

Rel Cor ity Depth & Unct.

F(MHz)C | Permittivity" (s/m)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 10.26 10.26 10.26 0.28 1.17 £12.0 %
1750 53.4 1.49 8.27 8.27 8.27 0.41 0.83 +12.0 %
1900 53.3 1.52 7.99 7.99 7.99 0.29 1.07 +12.0%
2450 52.7 1.95 7.60 7.60 7.60 0.80 0.58 +12.0%
5200 49.0 5.30 4.83 4.83 4,83 0.40 1.90 £131%
5300 48.9 5.42 4.49 4.49 4.49 0.45 1.90 +13.1%
5500 48.6 5.65 4.25 4.25 4.25 0.50 1.90 £13.1%
5600 485 577 3.99 3.99 3.99 0.50 1.90 +13.1 %
5800 48.2 6.00 4.18 4.18 4.18 0.50 1.90 +131%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), eise it is restricted to = 50 MHz. The uncertainty s 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 lissue parameters (s 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 &) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target lissue parameters,

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX30V4- SN:3985 March 21, 2014
Frequency Response of E-Field
(TEM-Celi:ifi110 EXX, Waveguide: R22)
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Uncaertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30W4- SN:3086 March 21, 2014
Receiving Pattern (¢), 9 = 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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EX3DVi- SN:3966 March 21, 2014
Dynamic Range f(SARpead)
(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30Va- SN:3986 March 21, 2014

Conversion Factor Assessment

= 835 MHZWGLS RS (H_convF) = 1750 MHz,WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
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Uncertainty of Spherical Isotropy Assassment: £ 2.6% (k=2)
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EX3DV4- SN:3986 March 21, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -48.4
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 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Paint 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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Appendix C.2 Calibration certificate for DAE

Calibration Laboratory of
Schmid & Partner

Engineering AG
feughaussirasse 41, BO0S Turich, Switreriand

Schweizerischer Kalibrierdienst

Service suisse d'étalonnoge
Servizio svizzero dl taraturs

Swiss Calibration %

Accrodited by the Swiss Accreditation Service (SAS) Acoreditation Ne.: SCS 108 %B\

Tha Swiss Accreditation Service is one of the signatories to tha EA
Multilateral Agreement for the recognition of calibration certificates

oL U1
cient  SGS (Dymstec) Centificate No: DAE4-1430_Mar14
|Dbiucr DAE4 - SD 000 DO4 BM - SN: 1430
| Caditration procedure(s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)
Calibeation dosec March 24, 2014
1

Thes caldration carificalo documents 1 trncanbility 1o rabonal standards, which roafoo tho physical units of measyuremants (S

The st 5 and tha unces with confidonca probabilty are given on the lollowing pages and are par of the cerificals,

Al ealibrations have beon conduched in the closad laboralony faciity: emvironment iemparabure (22 = 3)°C and humsdity < T0%

Calibralion Equpment used (MATE critical or calibration)

Primusy Stindards | o Cal Date (Cortificate Mo.) Schadubsd Calibralan

Kenthiay Mullimetar Typas 2001 [ sh: caroera 00013 (Mo 13578) Oci-1a

Secondary Standards [iow Check Date (in housa) _Schodyled Check

Auto DAE Calibration Uinit SE LUWS 053 AA 1001 O7-Jan-14 [in housa check) In housa chsck: Jan-15

Calitraior Box V2.1 SE LIMS DO& AA 1002  O7-Jan-14 (n house check) In housa check: Jan-15

Nama Function Signature
Calirated by Daminigua Sietfan Teachnician # w
Approved by Fin Bombholt Deputy Technical Manages L ‘@
ey |
|ssuad: March 25, 2014

| This calibration certificate shall nol be reproduced except i full withcut writien approval of the laboriony
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Calibration Laboratory of g,

S Schweizerischer Kallbrierdienst
5 EnnTA S
Schmid & Partner e =z C Service suisse d'étalonnage
Engineering AG L~ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s Z?:C\\ N S swiss Calibration Service
b JIIII\" w
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

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

¢ The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

e Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

* Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

e Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

o Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

° Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

° Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

»  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, fullrange = -100...4300 mV
Low Range: 1LSB = 81nv , fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y Z
High Range 408.950 £ 0.02% (k=2) | 404.143 + 0.02% (k=2) | 403.973 + 0.02% (k=2)
Low Range 3.97294 + 1.50% (k=2) | 3.99734 + 1.50% (k=2) | 4.00643 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 2540°+1°
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199995.26 -0.92 -0.00
Channel X + Input 20003.82 3.11 0.02
Channel X - Input -19999.17 1.44 -0.01
Channel Y + Input 199994.65 -1.91 -0.00
Channel Y + Input 19999.91 -0.83 -0.00
Channel Y - Input -20001.83 -1.16 0.01
Channel 2 + Input 199994.72 -1.73 -0.00
Channel Z + Input 20001.46 0.71 0.00
Channel Z - Input -20000.90 -0.27 0.00
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2001.18 0.31 0.02
Channel X + Input 201.88 0,59 0.29
Channel X - Input -197.92 0.76 -0.38
Channel Y + Input 2000.80 -0.09 -0.00
Channel Y + Input 198.76 -2.42 -1.20
Channel Y = Input -199.79 -1.20 0.60
Channel Z + Input 2000.76 -0.07 -0.00
Channel Z + Input 200.49 -0.54 -0.27
Channel Z - Input -199.64 -0.83 0.42
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 2.92 1.46
- 200 -0.09 -1.62
Channel Y 200 -20.26 -21.22
- 200 19.18 18.82
Channel Z 200 -17.60 -17.79
- 200 16.06 16.42
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 . 0.93 -3.25
Channel Y 200 8.25 - 3.38
Channel Z 200 10.056 5.15 -
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; M rring time: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 16008 15788
Channel Y 16252 15331
Channel Z 15839 16937
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10MQ
Average (WV) | min. Offset (uV) | max. Offset (uv) | S [{’::;""““
Channel X 0.38 -0.47 1.25 0.32
Channel Y -2.53 -3.25 -1.50 0.31
Channel Z -1.18 -2.35 -0.28 0.41
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vece) -76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
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Appendix C.3 Calibration certificate for Dipole

Calibration Laboratory of SN
Schmid & Partner S

Engineering AG %

Zeughaussirasse 43, 8004 Zurich, Switzerland

Aocrodited by ho Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Mubtilateral Agreement for the recognition of calibration cenificates

Client SGS (Dymstec)

Accreditation No.: SCS 108

] Schwelzorischer Kalibrierdienst
Service suisse d'étalonnage

c
Servizio svizzero di taratura
Bwiss Calibration Service

F1%

Ca

Cartificate No: DB3SV2-490_Mayi4 so4 & &

CALIBRATION CERTIFICATE

Object DB3sV2 - SN: 490

Calibration precedunis) QA CAL-05.v0

Caliteation dase May 16, 2014

| Calibraton Equipment used (METE critical for calibration)

Calibration procedure for dipole validation kits above 700 MHz

Thes calibrabion certdlicate documents the traceability to national standards, which realize the physical unds of measurements (S1)
The measuremends and the uncestainies with confidents probability are gheim on the following pages and are part of the cenificate

All cafibrafions have been conducted in the ciosed laborabery laciiity; emvironmaent fempomture (22 « 3)°C and humidity < 70%.

Mame Funciion
Calibrated by: Claudio Loublar Laboratory Technician
Approved by Kalg Pokovic Technical Manager
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Naetwork Analyres HP B753E | USITIn)SES S42068 18-Det-01 (in howsa chack Ocl-13} In hause checkc Oct-14

Issund; May 20, 2014

This calitwalion carificals shall not be reproduced excepl in 1ull withoul wiitien approval of the laboratony.
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Calibration.Laboratory of \.a:;:'}'_'_,'_'ﬂw,,
Schmid & Partner =

Engineering AG

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura

i

Zoughausstrasse 43, 8004 Zurich, Switzerland ﬁﬁ& Swiss Callbration Service
Aelyiliala®
Accrocited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

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 Technigues”, 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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncertainty required.

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

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

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

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

DASY system configuration, as far as not given on page 1.

DASY Version DASYS5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorm
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 parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0+02)°C 402 +68% 0.94 mho/m £ 6 %
Head TSL temperature change during test <05°C e R
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.36 W/kg
SAR for nominal Head TSL parameters normalized to 1W 9.07 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.52 W/kg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+£02) °C 56.6 +6 % 1.02 mho/m £ 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.45 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

9.49 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.59 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.20 W/kg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 50.80-29|0Q
Return Loss -30.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4530Q-50jQ

Return Loss -22.9dB

General Antenna Parameters and Design

I Electrical Delay (one direction) l 1.392 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 May 19, 2003
Certificate No: DB35V2-490_May14 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 16.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 490

Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: [ = 835 MHz; o = 0.94 S/m; & = 40.2; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:
«  Probe: ES3DV3 - SN3205; ConvFi(6.22, 6.22, 6.22); Calibrated: 30.12.2013;
«  Sensor-Surface:; 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom; Flat Phantom 4.9L; Type: QDOIOP49AA; Serial: 100]

» DASY52 52.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=153mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 56.09 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.57 Wikg

SAR(1 g) = 2.36 W/kg; SAR(10 g) = 1.52 W/kg

Maximum value of SAR (measured) = 2.78 Wikg

-3.00

-6.00

-9.00

-12.00

-15.00

0dB =278 w.l"kg =444 dBWIkg
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Impedance Measurement Plot for Head TSL

16 Hay 2014 12:36129
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DASYS Validation Report for Body TSL

Date: 15.05.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 490

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

Medium parameters used: f = 835 MHz; o = 1.02 5/m; & = 56.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMEC/ANSI C63.19-2011)

DASY352 Configuration:

.

-

Probe: ES3DV3 - SN3205; ConvF(6.09, 6.09, 6.09); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 55.12 Vim; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 3.64 Wikg

SAR(1 g) = 2.45 W/kg: SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 2.87 Wikg

0

2.4m

-am

120

4,50

200

0dB =287 Wikg =458 dBW/kg
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Impedance Measurement Plot for Body TSL

15 May 2044 12:17:40
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Calibration Laboratory of S,

Schmid & Partner ;Ia\m

Engineering AG >
Zeughausstrasse 43, 8004 Zurich, Switzerland IR

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

S
C
S

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

Coertificate No: D1900V2-5d033_May14 Page 2 of 8

Report File No:  F690501/RF-SAR002218 Date of Issue :  2014-10-30




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371

http://www.sgsgroup.kr Page: 109/138
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0 £0.2) °C 39.3+6% 1.37 mho/m £ 6 %
Head TSL temperature change during test <05°C T ==
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.99 W/kg
SAR for nominal Head TSL parameters normalized to 1W 40.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5.24 W/kg
SAR for nominal Head TSL parameters normalized to 1W 21.1 W/kg + 16.5 % (k=2)
Body TSL parameters
The following parameters and caleulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 533 1.52 mho/m
Measured Body TSL parameters (22.0+0.2) °C 525+6% 1.50 mho/m =+ 6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.32 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.3 W/kg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 519Q+15jQ
Return Loss -326dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780 +19j0
Return Loss -30.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.204 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 shon-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 March 17, 2003
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DASY5 Validation Report for Head TSL

Date: 19.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033

Communication System: UID 0 - CW;, Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; o = 1.37 S/m; & = 39.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Confliguration:
« Probe: ESIDVE - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30.04,2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOMIPS0AA; Seral: 1001
= DASYS52 52.8.8(1222); SEMCAD X 14.6.10{7331)

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

Reference Value = 98.44 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.3 Wikg

SAR(1 g) = 9.99 W/kg: SAR(10 g) = 5.24 W/kg

Maximum value of SAR (measured) = 12.6 Wikg

I 0
-3.80

-71.60
-11.40

-15.20

-19.00

0 dB = 12.6 Wikg = 11.00 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; o = 1.5 §/m; & = 52.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

-

Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Seral: 1002
DASYS2 52.8.8(1222), SEMCAD X 14.6.10(7331)

Date: 16.05.2014

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 = 95.47 Vim:; Power Drift = 0,02 dB
Peak SAR (extrapolated) = 17.5 Wikg

SAR(1

g) = 1.1 Wikg; SAR(10 g) = 5.32 Wikg

Maximum value of SAR (measured) = 12.6 Wikg

by
138
L
“o.ar
ELT
RIS 1
0dB =126 W/kg = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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EFLEE]
Accreditod by the Swiss Accroditation Service (SAS) Acereditation Mo.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration cerificales %&
cien  SGS (Dymstec) Certificats ho: D2450V2-734_May1d— ",
CALIBRATION CERTIFICATE
—_— ————— —
Objact D2450V2 - SN: 734
Calibealion procedurs(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibration dabe: May 20, 2014

Calbration Equipment used (MATE critical lof calitsation])

Thés calibration canificala documents th trceabilily 1o national standards, which realize the physical units of moasuremans (5i).
The measurements and tha unceraintios with confidance probatsity are ghvan on tho following pages and ane part of the cenificate

Al cafibeations have been conducied in the cosed laboriory tacilty:. emwionment temperature (22 = 3)°C and hurmiddy < 70%.

Primary Standards I o Cal Date (Corntficats Mo ) Schoduled Callbration

Powar motor EPM-442A GHITABOTON 09-0c1-13 (Mo, 217-01827) Dict-14

Powar sensor HP 84814 US3720R2783 08-0c1-13 (Mo, 217-01827) Oict-14

Power sansor HP B481A MY4106ET 06-0c1-13 (Mo 217-01828) Dcl-14

Raferance 20 dB Attenuaior SN: 5058 (206} 03-Apr-14 (Mo 217-01918) Apt-15

Typa-M mismatch combination SN; S047.2 [ DEIZT 03-Apr-14 (Mo, 217-01921) Apr-15

Referance Proba ES30V3 SN 3205 30-Dec-13 (No. ES3-3205_Dectd} Dec-14

DAE4 | SM: 801 3-Ape-14 (Mo, DAEA-601_Apri4) Apr-15

Secondary Slandards (o] Chock Dabe (0 hausa) Schedulod Check

AF ganaralor RAS SMT-06 100005 04-Aurg-89 (in house chack Oct-13) In house check: Oct-16

Mabwork Analyzer HP B753E USITIO0RES S4208  18-Oct-01 (in house check Oct-13) In howse check: Oct-14

Mame Function .I!lwqill

Castwatad by Claudia Loubler Laboratory Tachnician K'Lé
P

Approved by, Halfa Pokavic Technical Managar :

This calibration cediticate shall not be reproduced sxcept in full without wiitten approval of the laboratory

Isswed: May 21, 2014
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Calibfation Laboraiory of SQ‘\‘&?’?Z [ Schweizerischer Kalibrierdienst
Schmid & Partner i‘% c Service suisse d'étalonnage
Engineering AG g =i Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland f«/,’ ;ﬁ\‘.\? S Swiss Calibration Service
N
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag t for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

o 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.

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

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

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

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

Certificate No: D2450V2-734_May14 Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
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 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0 +0.2) °C 3BE5+6% 1.83 mho/m £ 6 %
Head TSL temperature change during test <0.5°C —=-
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAH measured 250 mW input power 13.2 Wikg
SAR for nominal Head TSL parameters normalized to 1W 52.2 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 6.11 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.3 W/kg + 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 508 +6 % 2.03 mho/m 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 Wikg
SAR for nominal Body TSL parameters normalized to 1W 49.8 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.90 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.2 W/kg + 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 53304420
Return Loss -25.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.1 Q2 +5.2jQ

Return Loss -25.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.152 ns J

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 May 07, 2003
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DASYS Validation Report for Head TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 73

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = .83 S8/m; & = 38.5; p = 1000 kgjrn'"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANS] C63.19-2011)

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
+ Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)
Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 101.3 V/m; Power Drift = 0.05 dB
Peak SAR (extrapolated) = 27.4 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.11 W/kg
Maximum value of SAR (measured) = 17.4 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB = 17.4 Wikg = 12.41 dBW/ke
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 2.03 S/m; & = 50.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)

DASY 52 Configuration:
« Probe: ES3DV3 - SN3205; ConvFi(4.35, 4.35, 4.35); Calibrated: 30.12.2013;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 {(back); Type: QDODOPS0AA; Serial: 1002
« DASYS2528.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 94.69 V/m; Power Drifi = 0.00 dB

Peak SAR (extrapolated) = 27.0 Wikg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.9 W/kg

Maximum value of SAR (measured) = 17.1 Wikg

-4.80
-9.60
-14.40
-19.20

-24.00

0dB = 17.1 Wikg = 12.33 dBW/kg
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Impedance Measurement Plot for Body TSL
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|CALIBHA‘I10N CERTIFICATE

Object

Calibration dale:

Calibration procodur{s)

DsGHzV2 - SN: 1130

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

May 22, 2014

Caliwation Equipment used (MATE critical for calibration)

This calibration cerificate documants the tracaability to nabonal siandards, which rmalize the physical unils of measurments (S1)
The measuremants and the uncertainties with confidence probability ane ghen on the follewing pages and are part of the cenificale

Adl calibrations have been conducted in the closed labamatony Fucilty: anvieonmend temparatune (32 & 3°C and humidly < 70%.

=)

This calibvation corlificate shall not ba reproduced except in full without written apgproval of the labaratary,

Primary Standmnds o= Cal Date (Cemilicate No.) Scheduled Calibralion
Powar mstor EPM-4424 GBIT480704 09-0ci-13 (Mo, 217-01827) Oet-14
Powar sansor HP 84814 LS37 262783 09-0c-13 (No. 217-01827) Oct-14
Power sansor HP B4B1A MY 41082317 09-0ct-13 (Mo, 17-01828) Oet-14
Raferance 20 9B Attonuatar SN: 5058 [20k) 03-Apr-14 (No. 217-01918) Ape-15
Tiypa-N mismatch combination SN: 50472 / DEAZT O3-Apr-14 (Mo, 217-01821) Apr-15
Raference Prabe EX30V4 SN: 3503 30-Doc-13 (Mo, EX3-3503_Dectd) Dec-14
DAE4 Sh: B 30-Apr-14 (Mo. DAE4-601_Aprid) Agr-15
Secondary Siandards Dw Chieck Diatn {in housa) Scheduled Check
RF ganaralor RS SMT-D6 100005 04-Aug-29 (in housa check Dct-13) In house chack: Oct-18
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S swiss Calibration Service

Accredited by the Swiss Accredilation 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) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

c) |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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Madular 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
5300 MHz =1 MHz
Frequency 5500 MHz + 1 MHz
5600 MHz £ 1 MHz
5800 MHz +1 MHz

Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m

Measured Head TSL parameters (22.0+0.2)°C 355+6% 4.55 mho/m £ 6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 7.97 W/kg

SAR for nominal Head TSL parameters normalized to 1W 79.4 W/kg + 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.27 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.6 W/kg = 19.5 % (k=2)
Certificate No: D5GHzV2-1130_May14 Page 3 of 16
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Head TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 35.9 4.76 mho/m

Measured Head TSL parameters (22.0+0.2)°C 354+6% 4,66 mho/m + 6 %

Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power 8.50 Wikg

SAR for nominal Head TSL parameters normalized to 1W 84.7 W/ kg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.44 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.3 Wikg + 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 356 4.96 mha/m

Measured Head TSL parameters (22.0+0.2)°C 35.1+6% 4.86 mho/m +6 %

Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power 8.61 Wikg

SAR for nominal Head TSL parameters normalized to 1W 85.8 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.46 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.5 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 3565 5.07 mho/m

Measured Head TSL parameters (22.0+0.2) °C 350+6% 4.96 mho/m + 6 %

Head TSL temperature change during test <0.5°C e
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 mW input power 8.59 Wikg

SAR for nominal Head TSL parameters normalized to 1W 85.6 W/kg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.44 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.3 Wikg + 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 353 5.27 mho/m
Measured Head TSL parameters (220+0.2) °C 347 +6% 5.18 mho/m £ 6 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.13 W/kg

SAR for nominal Head TSL parameters

normalized to TW

81.0 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.31 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.0 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m

Measured Body TSL parameters (22.0+0.2) °C 47.0+6% 5.44 mho/m 6 %

Body TSL temperature change during test <05°C - S
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 7.67 Wikg

SAR for nominal Body TSL parameters normalized to 1W 76.1 W/kg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.13 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.1 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0+0.2)*C 468 +6 % 559 mho/m+6 %
Body TSL temperature change during test <05°C - een
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.90 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

78.4 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.9 Wkg £ 19.5 % (k=2)
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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 46.5+6 % 5.85 mho/m + 6 %

Body TSL temperature change during test <05°C e e
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 8.24 W/kg

SAR for nominal Body TSL parameters normalized to 1TW 81.8 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.28 W/kg

SAR for nominal Body TSL parameters normalized to 1W 22.6 W/kg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.5 5.77 mho/m

Measured Body TSL parameters (22.0+0.2) °C 464 +6 % 5.98 mho/m +6 %

Body TSL temperature change during test <05°C a5
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 mW input power 8.36 W/kg

SAR for nominal Body TSL parameters normalized to 1W 83.0 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.31 Wikg

SAR for neminal Body TSL parameters normalized to 1W 22,9 W/kg = 19.5 % (k=2)
Certificate No: D5GHzV2-1130_May14 Page 7 of 16

Report File No:  F690501/RF-SAR002218 Date of Issue :  2014-10-30




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 130/138

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 46.0 £6 % 6.27 mho/m + 6 %

Body TSL temperature change during test <05°C s
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 7.82 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.6 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.16 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.4 W/kg = 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 51.20-98jQ

Return Loss -203dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 5210-42jQ

Return Loss -26.8dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 5250-43j0Q

Return Loss -26.3dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.70-38(Q

Retumn Loss -228dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 56.10Q-1.9)Q

Return Loss -24.4 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 557Q +6.8jQ

Return Loss -21.5dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5200 +33jQ

Return Loss -28.4dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 51602 +3.0jQ

Return Loss -294d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 503Q+75j0

Return Loss -226dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 491Q+62jQ

Return Loss -24.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.205 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 September 08, 2011
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DASY5 Validation Report for Head TSL
Date: 22.05.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN: 1130

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 4.55 S/m; & = 35.5; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz; 6 = 4.66 S/m; & = 35.4; p = 1000 kg/m® , Medium parameters used: f = 5500 MHz; 6 =
4.86 S/m; &, =35.1; p = 1000 kgﬁm3 » Medium parameters used: f= 5600 MHz; o =4.96 S/m; g, =35;p=
1000 kg!m“ » Medium parameters used: f = 5800 MHz; o = 5.18 S/m; & = 34.7; p = 1000 kg;‘m3

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2,5.2,5.2);
Calibrated: 30.12.2013, ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86);
Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2013:

e Sensor-Surface: 1,4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.04.2014

e Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA; Serial: 1001
» DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head 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 = 64.34 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.97 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.92 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 31.4 W/kg

SAR(1 g) = 8.5 W/kg; SAR(10 g) = 2.44 W/kg

Maximum value of SAR (measured) = 20.1 W/kg

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

Reference Value = 66.08 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) = 8.61 W/kg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 21.0 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 65.82 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.8 Wikg

SAR(1 g) = 8.59 W/kg; SAR(10 g) = 2.44 W/kg

Maximum value of SAR (measured) = 21.1 Wikg

Dipole Calibration for Head 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 = 63,19 Vim: Power Drilt = 0.04 dB

Peak SAR (extrapolated) = 33.3 Wikg

SAR(I g) = 8.13 Wikg; SAR(10 g) = 2.31 Wikg

dB

-6.00
-12.00
-18.00

-24.00

-30.00

0 dB =20.1 W/kg = 13.03 dBW/kg

Cenificate No: DSGHzV2-1130_May14 Page 12 of 16

Report File No:  F690501/RF-SAR002218 Date of Issue :  2014-10-30




| SGS Korea Co., Ltd.

; 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
I 135/ 138

i http://www.sgsgroup.kr Page :

Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 21.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN; 1130

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 5.44 S/m; g, = 47; p = 1000 kg,"m3 , Medium parameters used: f
= 5300 MHz; 6 = 5.59 S/m; g = 46.8; p = 1000 kg.fm" , Medium parameters used: f = 5500 MHz; 6 = 5.85
S/m; g =46.5; p= 1000 kg.r‘m3 ., Medium parameters used: f = 5600 MHz; ¢ = 5.98 S/m; & = 46.4; p = 1000
kg/m’ , Medium parameters used: [ = 5800 MHz; ¢ = 6.27 S/m; & = 46; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.76, 4.76,
4.76); Calibrated: 30.12.2013, ConvF(4.52, 4.52, 4.52); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3);
Calibrated: 30.12.2013, ConvF(4.47, 4.47, 4.47); Calibrated: 30.12.2013;

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

» Electronics: DAE4 Sn601; Calibrated: 30.04.2014

¢ Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0AA; Serial: 1002
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 59.37 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 7.67 W/kg; SAR(10 g) = 2.13 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.51 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 32.1 W/kg

SAR(1 g) =7.9 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

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 = 59.52 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.5 W/kg

SAR(1 g) = 8.24 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.8 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 59,41 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 37.1 W/ikg

SAR(1 g) = 8.36 Wikg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 20.2 Wikg

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

Reference Value = 56.24 ¥V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 36.6 Wikg

SAR(1 g) = 7.82 Wikg; SAR(10 g) = 2.16 W/kg
Maximum value of SAR (measured) = 19.2 Wikg

-6.00
-12.00
-18.00

-24.00

-30.00

0 dB = 19.2 Wikg = 12.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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