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Calibralion data:
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Glossary:

TSL tissue simulating Bouid

NORM:x.y,z sensitivity in free space

ConvF sengitivity in TSL / NORMxy,z

DCP dicde comprassion poant

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

A B, C modulation dependent linearization parameters

Polarization ¢ ip rotation around probe axis

Palarization & & rotation around an axis that is in the plane nommal to probe axis (et measurament center),

e, & =0 s normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, “|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremeant
Tachnigues®, Detamber 2003

b) IEC 622091, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in dose
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

H!thl:ldl Applied and Interpretation of Parameters:
NORMz,y, z: Assessad for E-field polarization & = 0 {f < 800 MHz in TEM-call; f > 1800 MHz: R22 waugu-ua]
NORMx,y.z are only intermediate values, i.e., the uncerainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see balow CanvF),

» NORM{flxyz= ¥.Z * frequency._responss (see Fraquency Responsa Chart), This nearization is
implamented In DASY4 software versions later than 4.2, The uncartainty of the frequency response s Included
in the stated uncarainty of ConwF.

=  DCPy .z DCP are numerical linearization parameters assessad based on the data of power swaep with CW
signal (no uncartainty required). DCP doss not depand on freguency nor media,

= PAR;PAR is the Peak io Average Ratio that |s not callbrated but determined based an the signal
characianstics

s Az By 2, Cx .2 are numercal inearization parameters in dB assessed based on the data of power
sweep for specific modulation signal, The parameters do not depend on frequency nor medsa,

» VR VR is the validity range of the calibration relaled to the average diode voltage or DAE voltage in m.

s Com# and Boundary Effect Parameters: Assessed in flat phantom using E-field [or Temperaiure Transfer
Standard for [ = 800 MHz) and inside waveguide using anahiical field distributions based on power
measuramants for { > 800 MHZ. The same selups ane used for assessment of the parametars applied for
boundary compensation (alpha, depth) of which typical unceriainty values are given. These parameters are
used in DASY S software 1o improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to NORMx v,z * Convf whereby the uncertsinty comesponds fo that given for ConvfF. A fraguancy dapaddant
Conwf |8 weed in DASY version 4.4 and higher which allows extending the validity from + 50 MHZ to £ 100
MHz.

= Sphercsl lsolropy (30 dewviation from jsofropy): in a field of low gradients realized using a fial phantom
exposed by a patch anenna.

= Sansor Offsel: The sensor offsel corresponds to the offset of virtual measurement center from the probe tip
{on probe axls), Mo iolerance required,

Cartificate Mo EX3-3537_May11 Page 2 of 11



EX30W4 — SN:35IT May 24, 2011

Probe EX3DV4

SN:3537

Manufactured:  February 18, 2011
Calibrated: May 24, 2011

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 system|)
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EX3I0VE— SN:253T

bay 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3537

Basic Calibration Parameters
Sensor X Sensor Y Sengor £ Unc (k=2)
Morm {EViVim) 0.85 0.51 . 0.51 £101 %
_DCP {mVv)” 100.3 1.3 98.5 '
Modulation Calibration Parameters
uiD Communication Sysiem Name PAR A B c VR Une
= dB dB dB oV | e3)
10000 | CW = 000 | X | om0 0,00 1.00 1275 | £1B%
1 S ¥ | 000 0.00 1.00 1106
: 4 0,00 0.00 1.00 1178
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 o a coverage
probability of approximately 95%.

* The uncerainties of MomX,Y Z do nol sffect Bhe E™-fisld uncensinty inside TSL {ses Pages 5 and f)
:m_t-h_mmw uncariainty nob requined
Uncariainty is determned wusng the max. deviation from near response applying rectangular disinbaricn and is sxpresssd Tor (he scguare of s

figld valug.

Carificate Mo EX3-3537_May11
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EXaDVd— SM: 3537 May 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3537

Calibration Parameter Determined in Head Tissue Simulating Media

J.i!k}i,_&?a“ﬁmi' “ami" " | convex | ComeY | comrz | apha e ez
850 415 0,82 B8.61 8.61 .61 0.7a .61 £120%
1750 a1 1.37 T.18 7.18 T8 074 (.63 $120%
1800 40.0 1.40 ¥.00 T.00 T.00 0.78 081 £120%
2000 40.0 1.40 6.86 .96 6. 5 0.79 .59 £12.0%
2450 39.2 1.80 B.36 B8.38 .36 0,79 0.61 _+120%

£ Frequency validity of + 100 MHZ only appiies for DASY w4 and highar {see Page 23, else H is restricted to £ 50 MHE. The uncerainty is tha RSS
o the ConwF unoartainty &t cal bration frequancy and the unosrtainky for e ndicated fequency band,

F 4 frequancias belew 3 GHz, the validty of tssue pasmaters {zand &) can be relacsd (6 2 10% ¥ Bguid cempansation fommila is appled 1o
maasured SAR waiues, Al frequencies abave 3 GHE he validiy of #5550 pammalers {c and &) is resiricied to + 5%. The uncaftainty i the RSS of
e CiondE uncediainty Tor indicaled iangal issua paramaeton.

Carlificale Mo EX3-3537_May11 Page 5of 11



EX3DV4- SN:3B3T May 24, 211

DASY/EASY - Parameters of Probe: EX3DV4- SN:3537

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © h%' m?ﬁ e ConvF X | ConvF ¥ | ComvFZ | Alpha E Egi
B850 55.2 0.89 B.45 8.45 B.45 0.79 | 068 | +£120%
1750 53.4 1.49 7.24 7.24 7.24 679 | 070 | +120%
1900 53.3 1.52 7.04 7.04 7.04 079 | 067 | +120%
2450 52.7 1.95 6.58 6.58 B.58 079 | 065 | +120%

* Frequency validty of + 100 MHZ oniy appiies for DASY wd.4 and higher (ses Page 2), sles il s resincied to + B0 MHz, The uncartanty is the R5S
of thea Gorre uncartainty at calbration frequency and the uncerainty for he indicaiad frequancy bard.

* Al frequencies below 3 GHE, the validity of iissua parametars (o and ) can be relaxed 10 £ 10% ¥ liqukd compensation formula is spolied b
mensured SAR vakies. Al frequancies above 3 GHz, he valicity of Bssus paramalers {oand o) is resiriched io 2 5% Tha uncarainty is te RES of
the ConvF uncertainty for indicated |argal issua paramaters.

Certficata No: EX3-3537_May11 Page 6 of 11



EXA0Vd= SH-353T7 hday 24, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Freguency Response of E-field: £ B.3% (k=2)
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EX30Vd— Sh:353T May 24, 2011

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificals No; EX3-3537_May11 Page B of 11



EX30Vid— SN:353T My 24, 2011

Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)

Input Signal [uv]

Uncertainty of Linearity Assessment: & 0.6% (k=2)

Certificale Mo: EX3-3537_May11 Page 8 of 11



EX3Dva- SMN:3537 May 24, 3011

Conversion Factor Assessment

F= 1800 M-z WELS R22 (H_come) f = BEO MHz WELS RS (H_conwF)
-.E. m| K i Ib
% | |
8" 3
:li: ol i g Al “n.- 1 S - = 31 o
r':-u.l-' o ---E.:H #I:Il\.r- i rlil.!:I-l
Deviation from Isotropy in Liquid
Error (4§, 8), f =900 MHz

10 -08 -0& -D4 -02 00 0z 04 0.8 ne 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cortificain No: EX3-3537_May11 Pagsa 10 af 11



ExX30Vd- SN-3537

May 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3537

Other Probe Parameters
Sensor Arrangemsnt Triangular
Connecior Angle (7} Mot applicable
Mechanical Surface Detection Moda enabled
| Optical Surface Detection Mode disabled
| Probe Cwverall Length 337 mm
| Proba Body Diametar 10 mm
| Tip Length % mm
Tip Dinmater 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor £ Calibration Painl 1 mm
Recommended Measurement Distance from Surface 2 mm

Certificads Mo: EX3-3537_May11

Page 11 of 11




Calibration date:

This calibration ceriificate documenis the iraceability io national standards, which realize the physical units of measurements (Si).
The measurements and the unceriainties with confidenice probability are given on the following pages and are part of the certificate.

Ali calibrations have been conducied in the closed laboratory facility: environment ternperature (22 % 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

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

Power meter £44198 5B41293874 01-Apr-10 (No. 217-01136) Apr-11

Power sensor E4412A MY41495277 01-Apr-10 (No. 217-01136) Apr-11

Power sensor E4412A MY41488087 01-Apr-10 (No. 217-01136) Apr-11

Reference 3 dB Altenuator SN: 85054 (3¢) 30-Mar-10 (No. 217-01158) Mar-11

Reference 20 dB Attenuator SN: 85088 (20b) 30-Mar-10 (No. 217-01181) Mar-11

Reference 30 dB Attenuator SN: 85129 (30b) 30-Mar-10 (No. 217-011860) Mar-11

Reference Probe ES3DV2 SN: 3013 28-Dec-10 (No. ES3-3013_Decil) Dec-11

DAE4 SN: 654 23-Apr-10 (No. DAE4-854_Apri() Api-11

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

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753k U837390585 18-Oct-01 (in house check Oci-10) In house checl: Oct-11
Name Function Signature

Calibrated by: Jeton Kastrati " Laboratory Technician o

Approved by: Katja Pokovic Technical Manager

Issued: March 23, 2011

This calibration certificate shall not be reproduced except in full without written approval of the labeoratory.
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Methods Applied and Interpretation of Parameters
o NORMx vy z: Assessed for E-field polarization § = 0 {f < 900 MHz in TEM-celi; { > 1800 MHz: R22 wavegd o%~},
NORMzx,v,z are only intermediate values, i.e., the uncerizinties of NORMx, v,z does not affect the E2 field
uncertainty inside TSL (see below ConvF)

aa

e NORM{x v,z = NORMxy,z * frequency _response (see Frequency Rasponse Chart). This linearization
implemented in DASY4 software versions later than 4.2. The uncertainty of the freguency response is mduc@ed
in the stated uncertainty of ConvF,

e DCPxy,z DCP are numerical linearization parametars assessed based on the data of power sweep with CW
signal (no uncertainty required). DCF does not depend on frequency nor media

s PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
cha'ac%erls‘acs

@

Ax,v,2; 5x V.2, Cx,y,z are numerical linearization parameiers in

B assessed based on the daia of power
sweep for specific modulation signal. The parameters do | i

d
ot depend on freguency nor media.

@

n

VR VR is the validity range of the calibration relaled to the average dicde vollage or DAE voliage in mV.

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

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

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

Certificate No: EX3-3520 Mar11 Page 2 of 11
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10000 | CW 0.00 | x | o000 106 | 1077 | 22%
v | 0.0 100 | 1368
z | 000 100 | 1085

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 NormiX,Y,Z do not affect the E*-field unceriainty inside TSL (see Pages 5 and 6).

Numerical linearization parameter: uncertainty not reguired.
B Uncertainty is determined using the max. deviation from linear response apolying rectangular distribution and is sxprassed for the square of the
field value.

[

Certificate No: EX3-3520 Mar11 Page 4 of 11
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A compensated

Y not compensaied Z compensated

Uncertainty of Linearity Assessment: 2 0.6% (k=2)
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Uncertainty of Spherical isotropy Assessment
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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 PAr

Schmid & Partner e
Enginearing AG %

Zaughaussirasse 43, B0 Zurich, Switzoriand

5 Schweizerischer Kalibrisrdianst
Servioe suisse drdtalonnage
Servizio svizzero di taratura

S  swiss Calibration Service

Agcradibed by the Swass Accreditation Sendce [SAS) Accreditation Mo.: SCS 108

The Swiss Accreditation Servica s one of the signatories to the E&
Multilaternl Agreement for the recognition of calibralion cenificates

ciient  Samsung (Dymstec) Certiticate No: D1900V2-5d023_Jani2

|EALIBHA11GH CERTIFICATE |

Object D1900V2 - SN: 54023

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

Calibralion proceduns{s)

Calibraton dabs;

January 26, 2012

This calibrafion cariilicate dosuments. the traceatiidy o national standards, which realize the physical units of maasuremenis (S5,
The measuwemants and (he uncestanties with confidance probabiity ans ewan an the [alowing pagas and are part of the camilicate

All caibraticns have been conducted in the closed laborsiony teclity. ermdronmean lEmperature {22 = 3)°C and humidly < 705

Calibration Equipméant used (METE critical for calizration)

Primary Siandards iDs Cal Dt {Certificate Mo ) Schaduiled Calibrasion

Pawer moior EPM-4438, GB3TAB0TIY O5-Cigt11 (Mo, 217-01451)% Oct-12

Poweer sansor HP 4814 US3IT2a27Ea O8Ot 1 (Mo, 217-07451) Oet12

Relarence 20 dB Asanuator SN: GOBE (20a) 23-par-11 [N F17-01383) Apr12

Type-N mismaich combinatian Sh: 50472 ) DEIZT 29.Mar11 (Np. 21701371} Mpr-12

RFeferencs Frobe EZ30V3 SN: 3205 A0-Dec-11 (Mo, ES3-3205_Decit) Doo 13

DAES S 601 =i 11 (Mo, DAES-BD1_Jul11) Juik-12

Secardary Standands liow Chack Data {in housa) Scheduled Chack

Power sansor HP 84614 MY A2 T 18-0i-02 (0 housa check Ool-11) In harigs cheack: Oct-13

AF genersior ABS SMT-06 1005 04-ALg-99 [in house check Oct-11) In houge eheck: Ocl-13

Metwark Analyzes HF BTSIE LESATAR05E5 54206 18-0ci-07 (in house check Oct-11) In hosge check: Ocl-12
Mame Function Sigratum

Lialineaied by: Dimca lliay Labormicry Technician E}m

Approued by Hatja Pokonic Tachncal Managsr

e

Essued: January 26, 2012
Thiz calibralion cedificate shall not ba reproduced axcepl in Il withaut witten approval of the lebossong,

Cerlificale Me: D1900V2-54023_Jan12 Page 1 ol B O\ le o wiye— o



Calibration Laboratory of P

5 Schweizerischar Kalibrierdienst
Sarvice sulses d'élalonnage

Schmid & Partner S c
Engineering AG i%ﬁ Sarvirlo svizzero di tarstura
Iwghwﬂlruﬂl 43, 8004 Zurich, Switzerkand {-.-' ) ."-\“'P E Swiss Calibration Sarvice

Accredied by the Swiss Accrodéation Sarvica (SA5) Arccroditation Mo.: SCS 108
The Swiss Accredilation Service ks one of the signateries lo the EA
Multitateral Agreement {or the recognition of calibration certificaias

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

M/ not applicable or nol measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigques”, Decamber 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 avallable from the Validation Report at the end
of the certificate. All figures stated in the cenrtificate 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
measurament at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncerainty 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.

Cerificate No: Di1900WV2-54023_Jani2 Page 2ol 8



Measurement Conditions

DASY system configuration, as far as nat given on page 1,

DASY Version DASYS V52.8.0
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mim with Spacer
Zoom Scan Resolution dy. dy, dz2 =5 mam
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Parmittivity Conductivity
MNaminal Head TSL parameters 220 40.0 1.40 miha'm
Measured Head TSL parameters (22.0 20.2) *C 40.8+6% 1.39 mho/m + 6 %
Head TSL tempersture change during test <05"C
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 260 mW Input power B.66 mW /g

SAR for nominal Head TSL parameters

nomalized to 1W

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

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

SAR measured 250 mW Imput powar S.07 mW fg

SAR for nominal Head TSL paramaters narmalized to 1W 20.4 mW /g = 16.5 % (k=2)
Body TSL parameters

The fellowing parameters and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 22.0+C H3.3 1.52 mhovm

Measured Body TSL parameters (22.0 £ 0.2} °C 529 +6% 1,52 mho/m 26 %

Body TSL temperature change during test < 0.6 "0 e -
SAR result with Body TSL

SAR averaged over 1 cm’ {1 g) of Body TSL Condition

SAR measired 250 mW input power BTEmMWig

SAR for nominal Body TSL parameters noemalized o 1W 38.8mW /g £17.0 % (k=2)

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

S4H maasured

250 mW Input power

510 mW /g

SAR for nominal Body TSL parameters

mormalized to 1W

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

Cartificate No: 01 900W2-54023 Jani2
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Appendix
Antenna Parameters with Head TSL

Impadance, fransiormed 1o fead point 489 03+ B.1 )
Raturn Loss -21.7 dB

Antenna Parameters with Body TSL

Impedance, fransfarmed to feed point 45300 + B2 {)
Retum Loss -20.1 dB

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 maasured,

The dipole |s made of standard semirigid coaxial cabée. The cenier conductor of ihe leeding line is directly connecled fo the
second arm of the dipala. The antenna is therefore short-circuited for DC-signals, On some of the dipales, small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the posilion as explained In the
“Measurement Conditiens® paragraph. The SAR data are nol affected by this change, The overall dipole length is still
according o the Standard.

Mo excessive force must be appliad to the dipole arms, becaiss they might bend or the soldered connections near the
teadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 28, 2008

Certificate No: D1900V2-54023_Jan12 Paga 4 of 8




DASYS5 Validation Report for Head TSL

Date: 26.01.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D19V 2: Serial: DIY0OV2 - SN: 54023

Communication System:; CW; Frequency: 1900 MHz

Medium parameters used: = 1) MHz; a = 1.39 mho/m; g, = 40.%; p = 1000 l‘*-i:"""'l
Phantom section: Flal Section

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

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvF{5.01, 5.01, 5.01); Calibrated; 30.12.2011
o Sensor-Surface: Imm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 04.07.201 |
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

« DASYS2 52.8.0(692), SEMCAD X 14.6.4(49809)

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

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 mWig
Maximum value of SAR (measured) = 11.991 mWig

(11}
—

T

0 dB = 11.990mW/g = 2158 dB mW/g

Cortilicale Nao: D1900%2-5d023_Jan12 Pags 5ol B



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

Crate: 26.00.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 19040 MHz; Type: DIV 2; Serial: DIV 2 - SN: 54023

Communication System: CW; Frequency: |900 MHz

Medium parameters used: = 1900 MHz; o = 1.52 mho/m; & = 52.9; p = 1000 ke/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvF{4.62, 4.62, 4.62); Calibrated: 30.12.2011
= Sensor-Surface: Imm (Mechamical Surface Detection)
¢ Electromics: DAE4 Sn60 1 ; Calibrated: 04.07.2011
»  Phantom: Flat Phantom 5.0 (back); Type: QDOMOPS0AA: 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 gnd: dx=5mm, dy=5mm, dz=5mm

Reference Value = 94,052 V/m; Power Drift = -6.9e-005 dB

Peak SAR (extrapolated) = 17.0640

SAR(I g) = 9.72 mW/g: SAR(10 g) = 5.1 mW/g

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

'y}

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

Carticate No: 01 S00V2-53023_Jan12 Page 7 of B



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

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

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

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

Calibrated by:

Approved by:

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

Power meter EPM-442A GB37480704 06-Oct-10 (No. 217-01266) Oct-11

Power sensor HP 8481A US37292783 06-Oct-10 (No. 217-01266) Oct-11

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

Type-N mismatch combination SN: 5047.2 / 06327 29-Mar-11 (No. 217-01371) Apr-12

Reference Probe ES3DV3 SN: 3205 30-Apr-10 (No. ES3-3205_Apr10) Apr-11

DAE4 SN: 601 10-Jun-10 (No. DAE4-601_Jun10) Jun-11

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

Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-09) In house check: Oct-11

RF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 54206 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Name Function Signatre

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

Issued: April 19, 2011

Certificate No: D2450V2-708_Apri1
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Calibration Laboratory of o,

) N \\:// // S Schweizerischer Kalibrierdienst
Schmid & Partner ;m Service suisse d'étalonnage
Engineer ing AG N c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 44;7//:5\\“33 S Swiss Calibration Service
(73 T )
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)

b)

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

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

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.

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

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

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

Certificate No: D2450V2-708_Apr11 Page 2 of 9



Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 Vv52.6.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

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 Permitiivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2)°C 38.7+6 % 1.72 mho/m +6 %

Head TSL temperature during test (21.0 £0.2)°C
SAR result with Head TSL

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

SAR measured 250 mW input power 13.7mW /g

SAR normalized normalized to 1W 54.8mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.41mW/g
SAR normalized normalized to 1W 258 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Certificate No: D2450V2-708_Apri1
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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 50.6 +6 % 1.91 mho/m +6 %

Body TSL temperature during test (21.5+0.2)°C e
SAR result with Body TSL

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

SAR measured 250 mW input power 128mW/g

SAR normalized normalized to 1W 51.2mW/g

SAR for nominal Body TSL parameters normalized to 1W 51.2mW /g =17.0 % (k=2)

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

SAR measured 250 mW input power 590 mW /g

SAR normalized normalized to 1W 23.6mW/g

SAR for nominal Body TSL parameters normalized to 1W 23.5 mW /g = 16.5 % (k=2)

Certificate No: D2450V2-708_Apri11 Page 4 of 9



Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.7Q-0.6jQ
Return Loss -28.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 508Q+0.2jQ
Return Loss -41.3 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159 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.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 05, 2002

Certificate No: D2450V2-708_Apri1 Page 5 of 9



DASYS5 Validation Report for Head TSL

Date/Time: 18.04.2011 16:38:38
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:708

Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1

Medium: HSL U12 BB

Medium parameters used: f = 2450 MHz; ¢ = 1.74 mho/m; ¢, = 38.6; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.04.2010
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
e Measurement SW: DASY52, V52.6.2 Build (424)
e Postprocessing SW: SEMCAD X, V14.4.2 Build (2829)

Pin=250 mW, Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 104.0 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.990 W/kg

SAR(1 g) = 13.7 mW/g; SAR(10 g) = 6.41 mW/g
Maximum value of SAR (measured) = 17.479 mW/g

0dB = 17.480mW/g
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date/Time: 19.04.2011 14:18:20
Test Laboratory: SPEAG, Zurich, Switzerland
DUT:: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:708

Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1

Medivm: MSL U12 BB

Medium parameters used: f = 2450 MHz; 6 = 1.91 mho/m; ¢, = 50.6; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS5 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 30.04.2010
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
e Measurement SW: DASYS52, V52.6.2 Build (424)
e Postprocessing SW: SEMCAD X, V14.4.2 Build (2829)

Pin=250 mW, Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.461 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.027 W/kg

SAR(1 g) = 12.8 mW/g; SAR(10 g) = 5.9 mW/g

Maximum value of SAR (measured) = 16.639 mW/g ;

B

L -4.41

[ 1764

-22.05

0 dB = 16.640mW/g
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Impedance Measurement Plot for Body TSL
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