APPENDIX F

Probe Calibration
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CALIBRATION CERTIFICATE I
Object EX3DV4 - SN:3520
Calibration procedure(s) QA CAL-01 .\fﬂ'. QA CAL—14.\I’3. QA GAL-E&\M. QA CAL-25.v4

Calibration procedure for dosimetric E-field probes

Calibration date February 21, 2012

This calibration certificale documents the lraceabilily 1o national standards, which realize the physical units of measurements (S1)
The measurements and the uncerainties with confidence probability are given an the following pages and are part of the cedificate.

All cafibrations have baen canductad in tha closed labaratory facility: environment lemperature (22 £ 3)°C and humidity = T0%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D Cal Date (Cedificate No.) Scheduled Calibration

Power meler E24198 GB41293874 31-Mar-11 (No. 217-01372) Apr-12

Powar sensor E4412A MY 41428087 31-Mar-11 (No, 217-01372) Apr-12

Raferance 3 dB Attenualor SN 55054 (3c)  29-Mar-11 (No. 217-01389) Apr-12

Reference 20 dB Attenualor SM; 55086 (20b) 29-Mar-11 (Mo, 217-01367) Apr-12

Raferance 30 dB Attenuaior SH: 55129 (30b) 20-Mar-11 (No. 217-01370) Apr-12

Raferance Prabe ES3DV2 SN: 3013 23-Dac-11 (No. E53-3013_Dec11) Dac-12

DAE4 SN: 654 FMay-11 (No. DAE4-654 May11) May-12

Secondary Standards o Check Data {in housa) Scheduled Chack

RF generalor HP 88480 US3842001700 A-Awg-99 (in house check Apr-11) In house chock. Apr-13

Matwark Analyzer HP B753E LIS37380585 18-0ct-01 (in housa check Oci-11) In house check: Oct-12
Mame Function Signature

Callbrated by: Jatan Kastratl Laboratary Technician N
Approved by: Katja Pokovic Technical Manager l“ M

Issued: Febniary 21, 2012

This calibration cerificate shall not be reproduced except in full without wiitten approval of the laboratory.
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Schweizerischer Kalibrierdienst

Calibration Laboratory of ﬁ%?

Schmid & Partner _:‘ :"‘. Service sulsse d'détalonnage
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Zeughausstrasse 43, 004 Zurich, Switzerland ! aﬂaﬁ““ Swiss Calibration Service

Accradited by the Swiss Accraditation Senvica (SAS) Accreditation No.: SCS 108

The Swiss Accraditation Service |5 one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sansitivity in TSL / NORMx, v,z

DCP diode compression point

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

A B C modulation dependant linearization parameters

Polarization o o rotation around probe axis

Polarization & 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

ie., % =0is normal to probe axis

Calibration is Performed According to the Following Standards:

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

b) |EC B2209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

* NORMx.y.z: Assessed for E-field polarization 4=0(f <900 MHz in TEM-cell; f > 1800 MHz: R22 wauegunde}
NORMx,y,z are only intermediale values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

s NORM(flx. v,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,

s  DCPx,y z: DCP are numerncal lineanzalion parameters assessed based on the data of power sweep with CW
signal (no uncertainty requirad). DCP does not depend on frequency nor media.

+ PAR: PAR is the Peak to Avarage Ralio that is not calibrated bul determined based on the signal
characteristics

s Axyz Bryz Cxyz VRxyz A B C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximurm calibration range expressed in RMS voltage across the diode.

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

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

+  Sensor Offsel: The sensor offset corresponds to the offset of vidual measurement center from the probe fip
{on probe axis). Mo tolerance required.
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EX3DV4 — SN:3520 February 21, 2012

Probe EX3DV4

SN:3520

Manufactured: March 8, 2004
Calibrated: February 21, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DVa- SN:3520

February 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3520

Basic Calibration Parameters

Sensor X Sensor ¥ Sensor Z Unec (k=2)
Norm {pwgwmﬁ‘ 0.76 0.65 0.65 +10.1 %
DCP (mV) 100.8 99.9 1021
Modulation Calibration Parameters
uio Communication System Name PAR A B c VR Unc"
dB dB dB mV (k=2)
10000 cwW 0.00 X 0.00 0.00 1.00 112.0 +3.0 %
1 Y| 000 [ ooo | too [1342 ] ]
o 0.00 0.00 1.00 105.9

The reported uncertainty of measurement is slated 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 uncerainties of NomX, ¥, Z do not affect the E*-field unceralnty Inside TSL (ses Pages 5 and 6).
" Numerical inarization paramelar uncanainty not required

¥ Uncerainty is determined using the max, deviation from linear respansa applying rectangular distibution and is expressed for the square of the

fiekd value.

Certificala Mo: EX3-3520_Feb12
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EX3DV4— 5N:3520 February 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3520

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unet.

f (MHz)© Permittivity " (Sim)F ConvF X | ConvFY | ConvFZ | Alpha {mm) (k=2)
850 41.5 0.82 8.62 8.62 9.62 0.28 0.85 +12.0 %
1750 40.1 1.37 8.80 8.80 8.80 0.31 0.87 +12.0%
1900 40.0 1.40 8.54 8.54 8.54 0.66 0.61 £12.0%
2450 39.2 1.80 743 | 743 | 743 | 032 | 091 | £120%
5200 36.0 4.66 4.91 4.91 4.91 0.35 1.80 £13.1%
5300 35.8 4.76 4.72 4.72 4.72 0.30 1.80 +13.1 %
5500 35.6 4.98 4.52 4.52 4.52 0.40 1.80 £13.1 %
5600 35.5 5.07 4.46 4.46 4.46 0.35 1.80 2131 %
5800 35.3 5.27 4.28 4.28 4.28 0.40 1.80 +134 %

© Fraquancy validity of + 100 MHz only applies for DASY vd.4 and higher (see Pags 2), alsa It is rastrictad to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band,

" At frequencias balow 3 GHz, tha validity of tissue parametars (= and o) can ba ralaxed to + 10% if liquid compensation formula is appllad to
measured SAR values. Al frequencies above 3 GHz, the validity of issue parameters (¢ and o) i restricted (o £ 5%, The uncerdainty is the RSS of
the ConvF uncedainty for indicated largel issue parameters.

Certificate No: EX3-3520_Feb12 Page 5 of 11



EX30V4- SN:3520 February 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3520

Calibration Parameter Determined in Body Tissue Simulating Media

Ralative Conductivity Depth Unct.
f(MHz)® | Permittivity" (sim)F ConvF ¥ | ConvFY | ConvFZ | Alpha | (mm) (k=2)

850 55.2 0.99 9.12 972 | 972 0.32 0.92 +12.0 %
1750 53.4 1.49 8.78 8.78 8.78 0.29 1.13 +12.0 %
1900 53.3 1.52 8.19 8.19 8.18 0.21 1.22 +12.0% |
2450 52.7 1.85 745 | 7.45 7.45 0.80 0.50 +12.0 %
5200 49.0 5.30 3.90 3.90 3.90 0.50 1.90 £13.1%
5300 48.9 5.42 3.64 3.64 3.64 0.55 190 | +13.1% |
5500 48.6 5.65 3.38 3.38 3.38 0.55 1.90 +13.1%
5600 48.5 5.77 3.27 3.27 3.27 0.55 1.80 +13.1%
5800 48.2 6.00 3.50 3.50 350 | 0.60 1.90 +13.1%

© Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), elsa it is restricted to + 50 MHz. Tha uncertainty is the RSS
of the ComvF uncertainty at calibration fregquency and the uncerainty for the indicated frequency band.

"M frequancies betow 3 GHz, the validity of tissue parameters (& and o) can ba ralaxed to £ 10% if liquid compensation formula is applied o
measured SAR values. At frequencies abave 3 GHz, he validily of lissue parameters (o and o) is restricted to £ 6%, The uncertainly is the R3S of
the ConvF uncertainty for indicated target tissue paramelers.
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EX3DV4- SN:3520 February 21, 2012

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

Cerlificate No: EX3-3520_Feb12 Page 7 of 11



EX3DV4— SN:3520 February 21, 2012
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

IOE'TFIH:

Certificate No: EX3-3520_Feb12

Page 8of 11



EX3DVa— SN:3520 February 21, 2012

Dynamic Range f(SAR}eaq)
(TEM cell , f = 900 MHz)

Input Signal [uv]

SAR [mWem3]
o] o] Lo |
X A not com) Y com
[] *
¥ not compensated Z compensated Z not compensated

)
L
SAR [mWiemad]
[®] 4 !
X compensated X not compensated Y compensated
L] o] ]
¥ not compensated Z compensated Z nol compensated

Uncertainty of Linearity Assessment: + 0.6% (k=2)
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EX30V4- SN.3520 February 21, 2012

Conversion Factor Assessment

= B50 MHz WGLS RS (H_convF) f = 1800 MHz WGLS R22 (H_convF)

ol
a0 "‘. T
A\ |
- e = oo
im 5 :
£ £
| 1
10 I
as bt |

n“'-"l m ] = 40 . =0 w n;l } m . .'h .-'U. - .-'-'#. a :G. a Td. - -".)

 fmmi) & [re]
5] 1| i) ]
arahte e L TN e AEa et
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DVa- SN:3520

February 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3520

Other Probe Parameters

Sensor Arrangement Triangular |
Connectar Angle (") Mot applicable
Mechanical Surface Deteclion Mode enabled
Optical Surface Detection Made disabled
Prabe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length g mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measuremeant Distance from Surface 2mm

Certificate No: EX3-3520_Feb12 Page 11 of 11



APPENDIX G
Calibration of The Validation Dipole



Calibration Laboratory of T,

. Sl Sehweizerischer Kalibrierdienst
Schmid & Partner S Service suisse détalonnage
Engineering AG s Servigio svizzers di aratura
Zeughausstrasse 43, BOD4 Zurich, Switzertand L Swiss Callbration Sarvice

Accredted by the Swiss Accroditasion Servico (545)
The Swiss Accredilation Service |s one of the signatories to the EA
Multitaberad Agreement for the recognition of calibration certificates

Chent Samsung (Dymstec) Cartificate No: DB3SV2-4d111_Nov11
|'CALI BRATION CERTIFICATE I
Chjact D835Y2 - SN: 4d111
Calibration procauneis] oA CAL-05.vB
Calibration procedure for dipole validation kits above 700 MHz

Calinration dain

Movember 18, 2011

Calibramon Equipmeant used (MATE critical lor calbraticn]

This calibrabon cemfcate gocumants tha racaability b nationel stardarnss. which realize the physical units of measuremen|s {51}
Tha measwsments and the uncarsinias with confidanca probatilty are givan on the iallowing pages and ane part of the cortificaln

Al cal@rations hava been conducted in e ciosed labaralosy faciity: eavironmenl lemperalune (22 + 3)°C and bumidity < 70%.

Primary Standards D # Cail Date [Cenficate Mo | Scheduled Calibragion |

Pawear maiesr EPRM-4820 (SHATARATOL G5-0ct-11 (Mo, 217-01451) Oeg-13

Pawer sen=sar HP B4814 UEITZaETEA 05-Cict-11 (Mo, 217-01451) Oe-12

Aeferance 20 dB Asruaior S BOBE [20g) 2Mar-11 (Mo, 217-01368) Apr-12

Type-Al mismaich combination S B0aT 2 | DB32T 2hMar11 (Mo, 21701371 Apr-12

Aefarance Proba ES30YA S 2205 #Apr=11 [No, ES3-3205_Apr1 1) Bpr-12

DAE4 SH B Od-dul-11 Mo, DAES-601_Jul11) Jul-12

Secandary Standards 10 & — .I:ha'f.l'; UﬁB.I:EI;H s ] Schaduled Chech

Prrwer sansor HF 84814 MY 41082317 18-Dcl-02 (in housa chack Oo-11) in house check; 0113

FF genarator A&S SMT-06 | 100006 04-Aug-99 {in house check Oc-11) in house check; Oci-13

Maiwork Analypar HP B7E3E | LIS3F3005485 S4206 18-0-01 [in house chack Oct-11) Imi hipaise check: Oci-12
Mama Function Signalire

Caflbrated by Dimce leay Labosmiory Technician @ m

Approved by Kafia Pokavio Tachnizal Manager

lssuedt Mavemnbear 18, 2011

Tl'lﬂ- caliration cerilicale shall nof be rmproduced excapt in full without wiittan approsal of the labarahong
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Calibration Laboratory of A,

: Fa el Y g Schweizerischer Kallbrierdienst
achmid & Partner e C Service suisse d'étalonnoge
Enginearing AG g g Servizio svizzero di taratura
Zeughaussirasss 43, 8004 Zurich, Switzeriand i""-.-":;?'-. e S  gwiss Calibration Service
A
Accredited by the Swiss Accrediation Servios (SAS) Accreditation No.: SCS 108

The Bwiss Accrediiation Service is one of the signatories io the EA
Multilateral Agreement for the recognition of calibration cerlificaies

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / NORM x,v.z
N/A, not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
« Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the cerificate 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 onented
parallel to the body axis.

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

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

« S5AR 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.

Cerficate No: DBISV2-4d111_Nowvii Page 2 of B



Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

DASY Version DASYS VEZ B2
Extrapolation Advanced Extrapolation
Phantam Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Freguency B35 MHz = 1 MHz
Head TSL parameters
The iolfowing parameters and calculations werne applied,
Temperalure Parmittivity Conductivity
Mominal Head TSL parameters 2202 41,5 0,80 mha'm
Measuned Head TSL parameiars (22002} °C 414=26% 0,50 mho/m £ 6 %%
Head TSL temperature change during test = 0.5"C ——
SAR result with Head TSL
SAR avaraged over 1 cm” (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 23EmMW /g
BAR for nominal Head TSL parameters nomalized to 1W 9.43 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL pondilicn
SAR measured 250 mW input power 1.85mW /g
SAR for nominal Head TSL parametears normalized fo 1W 6.20 mW /g + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivily Conductivity
Mominal Body TSL parameters 220°C 65,2 0.97 mho'm
Measured Body TSL paramoltors 1220 +0.2) °C Bli=6% 0,89 mha'm =6 %
Body TEL temperature change during test < 057G -
SAR result with Body TSL
SAR averaged over 1 em® {1 g of Body TSL Condition
S8R measurad 250 mW input power 244 mW /g

SAR for mominal Body TSL parameaters nermalized o 1W B.54 mW / g = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL

condiion

SAR measured

250 mW inpul power

1.60 mW / g

SAR for nominal Body TSL perametars

normalized o 1%W

6.29 MW / g + 16.5 % (k=2)

Carificaia No: DEISV2-4d111_Naovid
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to fesed point B2.20-3.1 11
Retum Loss - 28.6 dB

Antenna Parameters with Body TSL

impedance, transformed 1o feed point 48,10 -47 0
Retun Loss - 25,6 dB

General Antenna Parameters and Design

Electrical Delay (ona direction) 1.383 ns

Altar lomg tarm use with 100W radiated powear, anly a slight warming of the dipofe near the fesdpoint can be measured.

The dipole s made of standard semirigid coaxial cable, The center conduecior of the feading line is directly connacted 1o the
second amm of the dipole. The anlenna is therelone shor-circuited for DC-signals,

Mo excessive force must be applied 1o the dipole arms, because they might bend of the soldered connections near the
teedpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 26, 2010

Certilcale No: DEISVZ-4d111_MNowii Page 4 ol B



DASYS Validation Report for Head TSL

Date: 18.11.2001
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DEISVY; Serial: DEISV2 - SN: 4d111

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; a = (L9 mho/m; &, = 41.4: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3E - SNAIMNS: ConvFi6,07, 607, 6,07 Calibrated: 29,04, 2001 |
Sensor-Surface: Imm (Mechanical Surface Detection)

Electronics: DAE4 Sn6l 1 : Calibrated: (04.07.201 1

Phantom: Flat Phantom 4.9L; Type: QDODBOP49AA; Serial: 1001

»  DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7 ¥ Cube 0;
Measurement grid: dx=5mm, dy=3mm. dz=5mm

Eeference Value = 57200 Vim: Power Drift = (0.0057 dB

Peak SAR (extrapolated) = 3.474 Wikg

SARI] g) = 236 mW/g: SAR(10 g} = 1.55 mW/g

Maximum value of SAR (measured) = 2.755 mW/ig

dan
—

)

L i1}

0 dB = 2.760mW/yg

Cedtificate No: DEISV2-4d111_Mowi1 Page 5ol B



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

Drage: 18,101,201 1
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DEISV2; Serial: DEISV2 - SN: 4d111

Commumcation System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 5 = 0.99 mho/m: & = 53.3; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEEAIEC/ANSI CA3.19-2007)

DASYS2 Configuration:
¢ Probe: ES3DVY3 - SN3205: ConvF(6.02, 6,02, 6,02 % Calibrated: 29.04,201 1
o Sensor-Surface: 3mm {Mechanical Surface Detection)
o  Electronics: DAE4 Sn601; Calibrated: 04.07.2011
= Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

= DASYS5252.6.2(482) SEMCAD X 14.4.5(3634)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7 }/Cube 0:
Measurement grid: dx=3mm. dy=5mm. dz=3mm

Reference Value = 33.351 Vim: Power Drift = 0.009 dB

Peak SAR (extrapolated) = 3.538 W/kg

SAR(] g) = 2,44 mW/g; SAR(10 g) = L6 mW/g

Maximum value of SAR (measured) = 2821 mW/g

b

B3

i

0 dB = 2.820mW/g

Cardicate No: DE3SV2-4d111_MNowi 1 Page 7ol 8@



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Swilzerland

Schweizerischer Kalibrierdianst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accreditad by the Swiss Accreditation Servige (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

ciient ~ Samsung (Dymstec) Certificate No: D1900V2-5d023_Jan12

CALIBRATION CERTIFICATE |

Objeact Di1g00ve - SN 5d023

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

Calibration procedura(s)

Calibration date: January 26, 2012

This calibration cerlificate documents the traceability to national standasds, which realize the physical units of measurements (313,
The measurements and the uncerainties with confidence probability are given on tha following pages and are part of the certificale.

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

Calitrration Equipment used (M&TE critical for calibration)

This calibralion certificate shall not be reproduced except in full without writlen approval of the laboratary.

Primary Standards 10 # Cal Date (Cortificate No.) Scheduled Callbration

Powear meter EFM-4424 GBaTa80704 05-Oct-11 (Mo, 217-01451) Oet-12

Power sensor HP B481A LIS37202783 05-0¢1-11 (Mo. 217-01451) Qot-12

Refarence 20 dB Attenuator SN: 5086 (20g) 29-Mar-11 (No. 217-01368) Apr-12

Type-N mismaltch combination 5N: 5047.2 / DBA2T 29-Mar-11 (No. 217-01371) Apr-12

Raferance Probe ES30V3 BN 3208 30-Dec-11 (Mo, ES3-3205_Dacil) Dec-12

DAE4 SM: 01 O4-Jul-11 (No, DAE4-801_Jul11) Jul-12

Secondary Standards D& Chack Data (in house) Scheduled Check

Powar sansor HP B481A MY 41002317 18-0ct-02 (in house check Oat-11) In house check: Oct-13

RF generator R&S SMT-08 100005 04-Aug-88 (in house check Oot-11) In house check: Oct-13

Network Analyzer HP BT53E LI337300585 54206  18-Oct-01 (in housa check Oct-11) In house check: O¢l-12
MName Function Signature

Calibrated by: Dimce fliev Laboratory Tachnician @ M

Approved by: Katja Pokovic Technical Manager

lssued: January 28, 2012

Certificate No: D1800V2-5d023_Jan12
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurlch, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizlo svizzera di taratura
Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» 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.

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

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

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

Cerificate No: D19200V2-5d023_Jan12 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS V52.8.0

Extrapolation Advanced Extrapaolation

Phantom Madular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2)*C 40B8+6% 1.39 mho/m + 6 %

Head TSL temperature change during test <0.6°C - —_—
SAR result with Head TSL

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

SAR measured 250 mW input power 966mW/g

SAR for nominal Head TSL parameters normalized to TW 39.0 mW /g = 17.0 % (k=2)

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

5.07 mW / g

SAR measured 250 mW input power

normalized to 1W 20.4 mW /g £ 16.5 % (k=2)

SAR tor nominal Head TSL parameters

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0 £+ 0.2) °C h29+6% 1.52 mho/m = 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 em”® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.72mW /g
SAR for nominal Body TSL parameters normalized to 1W 38.8 mW /g +17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 510mW /g
SAR for nominal Body TSL parameters normalized to 1W 204 mW /g £16.5 % (k=2)

Certificate No: D1800V2-5d023_Jan12

Page 3of 8




Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.9 0+ 8.1 jo
Return Loss -21.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.3 {2 + B.2 ji2
Return Loss -20.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipole. The antenna is theretfare 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
teedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 28, 2008

Ceriificate Mo: D1900V2-5d023_Jan12 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 26.01.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 5d023

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: [ = 1900 MHz; o = 1.39 mho/m; &, = 40.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2011
¢ Sensor-Surface: 3mm (Mechanical Surlace Detection)
+ Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

« DASYS52 52.8.0(692): SEMCAD X 14.6.4(4989)

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

Reference Value = 96.841 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.2900

SAR(1 g) = 9.66 mW/g; SAR(10 g) = 5.07 mW/g

Maximum value of SAR (measured) = 11.991 mW/g

360

=“10.50

-10.00

0dB=11.990mW/g =21.58 dB mW/g

Certificate No: D1900V2-5d023_Jan12 Page 5ol B



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 26.01.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54023

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.52 mho/m: g, = 52.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
Probe: ES3DV3 - SN3205; ConvF(4.62, 4.62, 4.62); Calibrated; 30.12.2011
« Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 04,07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

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 = 94.052 V/m; Power Drift = -6.9e-005 dB

Peak SAR (extrapolated) = 17.0640

SAR(1 g) =9.72 mW/g; SAR(10 g) = 5.1 mW/g

Maximum value of SAR (measured) = 12.349 mW/g

-LE60

14,40

10,00

0dB = 12.350mW/g =21.83 dB mW/g

Cerlificate No: D1900V2-5d023_Jani2 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Accradiation Service (SAS)
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Service sulase d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificats No: D2450V2-807 Feb12

|' CALIBRATION CERTIFICATE |

Ohject

Calibraticn procedura{s)

Calibration date:

D2450V2 - SN: 807

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

February 23, 2012

Calibration Equipment used (MATE critical for calibration)

This calibration certificale documents the traceability to national standards, which raaliza the physical units of maasurameants (S1).
The measurements and the uncertalnties with confidence probability are given on the following pages and are part of the certificate.

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

Primary Standards o Cal Date {Certificata Mo.) Schaeduled Calibration

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

Power sansor HP 84814 537292783 05-0ct-11 (No. 217-01451) Oot-12

Reference 20 dB Attenuator SM: 5086 (20g) 29-Mar-11 (Mo. 217-01388) Apr-12

Typa-N mismatch combination SM: 5047.2 / 06327 25-Mar-11 (No. 217-01371) Apr-12

Referance Probe ESSDVA 8M: 3206 30-Dec-11 (Mo. ES3-3205_Deci1) Dec-12

DAE4 SM: 81 04-Jul-11 (No, DAE4-BD1_Jull1) Jul-12

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

Power sensor HP 8481 A MYa1082317 18-0ct-02 (in house check Oct-11) In house check: Oot-13

RF genaralor R&S SMT-06 100005 04-Aug-93 {in house chack Oct-11) In housa check: Oct-13

Metwork Analyzer HP B753E LIS37380586 54206 18-0ct-01 (in house check Oct-11) In housa check: Oct-12
Mame Function Signature

Calibrated by: Israe El-Naouq Laboratory Technician O :’/

Al Ci C mﬂ
Approved by Katja Pokovic Technical Manager

=iy 4

Issued: February 23, 2012

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

Certificate No: D2450V2-807_Feb12
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di laratura

S Swiss Calibration Service

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmant for the recognition of callbration 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 1528-20083, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

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

Additional Documentation:
d) DASY4/5 System Handbook

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

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.

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

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

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

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

Cerificate No: D2450V2-807_Feb12 Page 2of 8



Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.8.0
Extrapolation i 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
MNominal Head TSL parameters 22.0°C 392 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)°C 389 +6% 1.86 mha/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
SAR measured 250 mW input power 13.6mW /g

SAR for nominal Head TSL parameters

normalized to 1W

53.5 mW /g £ 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL

condition

SAR measured

250 mW inpul power

625 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C B2.7 1.95 mha/m
Measured Body TSL parameters (22.0+02)°C 523+6% 2.02 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 measurad 250 mW input power 12B8mW /g

SAR for nominal Body TSL parameters

normalized to 1W

50.3 MW / g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 595 mW /g
SAR for nominal Body TSL parameters normalized to 1W 23.6 MW /g = 16.5 % (k=2)

Certificate No: D2450V2-807_Feb12
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Appendix
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 53.30+1.1j0
Return Loss -29.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4960 +2E6j0Q
Return Loss -31.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.160 ns

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

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.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
teedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 02, 2006

Certificate MNo: D2450V2-807 Feb12 Paga 4 of 8



DASYS5 Validation Report for Head TSL

Date: 23.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 807

Communication System: CW: Frequency: 2450 MHz

Medium parameters used: [ = 2450 MHz: o = 1.86 mho/m; g, = 38.9; p = 1000 ke/m’
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: ES3DV3 - SN3205: ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.07.201 |
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001
« DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

Dipole Calibration for Head Tissue/Pin=25(0 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 100.1 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 28.6750

SAR(1 g) = 13.6 mW/g; SAR(10 g) = 6.25 mW/g

Maximum value of SAR (measured) = 17.500 mW/g

=&

10,40

15.60

-20.80

-8R0

0dB = 17.500mW/g = 24.86 dB mW/g

Certificate No: D2450V2-807_Febi2 Page 5of 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date; 23.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 807

Communication System: CW: Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; o = 2.02 mho/m; g = 52.3; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)
DASYS2 Configuration:
»  Probe: ES3DV3 - SN3205: ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011

o Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: (04.07.2011

Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA: Serial: 1002

DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

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 = 94.815 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 26.1870

SAR(1 g) = 12.8 mW/g; SAR(10 g) = 5.95 mW/g

Maximum value of SAR (measured) = 16.868 mW/g

14.40

-18.20

-24.00

0dB = 16.870mW/g = 24.54 dB mW/g

Cenrificate No: D2450V2-B07_Feb12 Page 7 of B



Impedance Measurement Plot for Body TSL

23 Feb 2042 09:52:27
CHI si4 4 UFs 2436310 260340 16951 pH 2 450,800 800 HHz
——

Hld

CHZ 511 B S dB/REF -28 21-31,547 dB 7 458,000 8RS MHz_

ca "“"'-:ﬂ.,_‘\\_q& e ——

Hld

START 2 290.000 000 HHx STOP 2 650.000 888 MHz

Ceificate No: D2450V2-807_Fabi12 Page 8ol B



Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Certificate No: D5GHzV2-1132_Juli12

[CALIBRATION CERTIFICATE |

Object D5GHzV2 - SN: 1132

Client Samsung (Dymstec)

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

Calibration procedure(s)

Calibration date:

July 02, 2012

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)

Approved by:

Katja Pokovic

Technical Manager

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

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 05-Oct-11 (No. 217-01451) Oct-12

Power sensor HP 8481A US37292783 05-Oct-11 (No. 217-01451) Oct-12

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.2 / 06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe EX3DV4 SN: 3503 30-Dec-11 (No. EX3-3503_Dec11) Dec-12

DAE4 SN: 901 05-Jun-12 (No. DAE4-901_Jun12) Jun-13

Secondary Standards ID # Check Date (in house) Scheduled Check

Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-98 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 S4206 18-Oct-01 (in house check Oct-11) In house check: Oct-12
Name Function Signature

Calibrated by: Israe EI-Naouq Laboratory Technician

OM éL—Ououn\

/Zié,

Issued: July 3, 2012

Certificate No: D5GHzV2-1132_Juli12
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) 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.

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.

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

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

« 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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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2)°C 348+6% 5.14 mho/m + 6 %
Head TSL temperature change during test <0.5°C - -
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 8.05mW /g

SAR for nominal Head TSL parameters

normalized to 1W

80.2 mW /g =19.9 % (k=2)

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

condition

SAR measured

100 mW input power

229 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

228 mW /g £ 19.5 % (k=2)
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Measurement Conditions

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

DASY Version DASY5 V52.8.1
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

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

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 35.6 6 % 4.53 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 8.17mW /g

SAR for nominal Head TSL parameters

normalized to 1W

81.5 mW /g = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

234mW /g

SAR for nominal Head TSL parameters

normalized to 1W

23.3 mW /g = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22,026 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 352+6% 4.82 mho/m +6 %
Head TSL temperature change during test <05°C mr
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 855mW /g

SAR for nominal Head TSL parameters

normalized to 1W

85.2mW /g =19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.44mW /g

SAR for nominal Head TSL parameters

normalized to 1W

24.3 mW /g = 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 (22.0x0.2)°C 47.0+6 % 5.37 mho/m £ 6 %
Body TSL temperature change during test <05°C - e
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 7.59mW /g

SAR for nominal Body TSL parameters

normalized to 1W

75.3 mW /g +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

212mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.0 mW /g £19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 46.5+6 % 5.76 mho/m £ 6 %
Body TSL temperature change during test <0.5°C - -—-
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 796 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

789 mW /g +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

221mW/g

SAR for nominal Body TSL parameters

normalized to 1W

21.9mW/g +19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46.0 + 6 % 6.16 mho/m + 6 %
Body TSL temperature change during test <05 °C - =
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 751 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

74.5 mW /g x19.9 % (k=2)

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

condition

SAR measured

100 mW input power

208mW /g

SAR for nominal Body TSL parameters

normalized to 1W

20.6 mW /g = 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 479Q-6.5jQ

Return Loss -23.1dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 529Q+1.2jQ

Return Loss -30.2dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 56.1Q-3.5jQ

Return Loss -23.5dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 482Q-3.1jQ

Return Loss -28.7dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 555Q+22iQ

Return Loss -25.0dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 58.0Q-3.1jQ

Return Loss -22.0dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.207 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 07, 2012
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DASYS5 Validation Report for Head TSL

Date: 02.07.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1132

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; ¢ = 4.53 mho/m; g, = 35.6; p = 1000 kg/m3 , Medium parameters
used: f = 5500 MHz; ¢ = 4.82 mho/m; g, = 35.2; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz;
6 = 5.14 mho/m; &, = 34.8; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 30.12.2011, ConvF(4.91, 4.91,
4.91); Calibrated: 30.12.2011, ConvF(4.81, 4.81, 4.81); Calibrated: 30.12.2011;

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

e Electronics: DAE4 Sn901; Calibrated: 05.06.2012

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
« DASY52 52.8.1(838); SEMCAD X 14.6.5(6469)

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 = 64.188 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 30.452 mW/g

SAR(1 g) = 8.17 mW/g; SAR(10 g) = 2.34 mW/g

Maximum value of SAR (measured) = 18.3 mW/g

Dipole Calibration for Head 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 = 64.310 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 34.144 mW/g

SAR(1 g) = 8.55 mW/g; SAR(10 g) = 2.44 mW/g

Maximum value of SAR (measured) = 19.9 mW/g

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 = 60.708 V/m; Power Drift = 0.10 dB

Peak SAR (extrapolated) = 33.989 mW/g

SAR(1 g) = 8.05 mW/g; SAR(10 g) = 2.29 mW/g

Maximum value of SAR (measured) = 19.2 mW/g
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Impedance Measurement Plot for Head TSL

2 Jul 2812 89:51:45
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DASY5 Validation Report for Body TSL

Date: 29.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1132

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; ¢ = 5.37 mho/m; &, = 47, p = 1000 l(g/m3 , Medium parameters
used: f = 5500 MHz; 6 = 5.76 mho/m; &, = 46.5; p = 1000 kg/m’ , Medium parameters used: f = 5800 MHz:
¢ = 6.16 mho/m; g, = 46; p = 1000 l(g/m3

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

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

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

e Electronics: DAE4 Sn901; Calibrated: 05.06.2012

e Phantom: Flat Phantom 5.0 (back); Type: QDO00OP50AA; Serial: 1002
e DASYS52 52.8.1(838); SEMCAD X 14.6.5(6469)

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 = 59.533 V/m; Power Dirift = -0.02 dB

Peak SAR (extrapolated) = 30.463 mW/g

SAR(1 g) = 7.59 mW/g; SAR(10 g) = 2.12 mW/g

Maximum value of SAR (measured) = 17.9 mW/g

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

Reference Value = 59.048 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.958 mW/g

SAR(1 g) =7.96 mW/g; SAR(10 g) = 2.21 mW/g

Maximum value of SAR (measured) = 19.2 mW/g

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

Reference Value = 55.647 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 35.523 mW/g

SAR(1 g) =7.51 mW/g; SAR(10 g) = 2.08 mW/g

Maximum value of SAR (measured) = 18.7 mW/g
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Impedance Measurement Plot for Body TSL
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