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Primary Standards 10 Cal Date (Cartificate No.) Schaduled Calibration
Power meler E44138 GE41293574 31-Mar-11 (No. 217-01372) Apr-12
Power sensor E44124 MY41458087 M-Mar-11 (No. 217-01372) Apr-12
Referenca 3 dB Atenuator SN: 55054 (3c) 29-Mar-11 (No. 217-01389) Apr-12
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Calibrated by: Jeton Kastrati Laboratory Technician L ﬂ/

Approved by: Katfa Pokovic Technical Manager ,‘m

Issued: May 23, 2011
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Glossary:

TSL tissue simulating liquid

NORMx.y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCcP diode compression point

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

A B C modulation dependent lineanzation parameters

Polarization o ip rotation around probe axis

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

i,8., 8 = 0 is 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
Technigues”, December 2003

b) |EC 62209-1, "Procedure to measure the Spedific 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:
« NORMyx,y,z: Assessad for E-field polarization & = 0 (f < 800 MHz in TEM-call; [ = 1800 MHz: R22 waveguide).
NORMz,y,z are only Intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the Efield
uncertainty inside TSL (see below ConvF).

s NORM(fix.y,z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software varsions later than 4.2. The uncartainty of the frequency response is included
in the stated uncertainty of ConvF.

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

« PAR'PAR is the Peak to Average Ralio that is not calibrated but determined based on the signal
characteristics

s Axy.z Bxy.z Cxy zare numerical linearization parameters in dB assessed based on the data of power
sweap for specific modulation signal. The parameters do not depend on frequency nor media.

« VR VR is the validity range of the calibration related to the average diode voltage or DAE voltage in my.

« 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 paramsters 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 carresponds
to NORMzx,y,z ™ ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

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

s Sensor Offsel: The sensor offset carresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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ET30DVE - SN: 1787 May 20, 2011

Probe ET3DV6

SN:1787

Manufactured:  May 28, 2003
Calibrated: May 20, 2011

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 system!)
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ET3CVE- SN:1787

May 20, 2011

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Basic Calibration Parameters

Sensor X Sensor Y SensorZ | Unc(k=2)
| Norm (uV/ S‘u_f{mllz}“ 1.56 1.79 2.08 +101% |
| DCP (mV) 99.8 100.5 95.9
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc-
dB dB dB mV (k=2)
10000 CwW D00 | ¥ | 000 0.00 1.00 1315 | *30%
= y | 000 0.00 1.00 105.0
z | ooo 0.00 1.00 114.9

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

probability of approximately 95%.

A The uncertainties of NormX, Y Z do not effect the E*-field uncartainty inslida TSL (see Pages § and §),

& Numerical linearizalion paramatar: uncertainty not regquired

E Uncertainty is daterminad using the max. dewviation from linear response applying rectangular distnbution and is expressed for the square of the

fald value.

Certificata No: ET3-1787 May11
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ETIDVE- SN:178T May 20, 2011

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.
f(MHz)® | Permittivity " {sim)* ConvFX | ConvFY | ConvFZ | Alpha | (mm) | k=2
750 41.9 0.89 6.71 6.71 8.71 0.71 1.91 +12.0 %
| 835 415 0.90 6.39 6.39 6.39 0.68 1.94 +12.0%
900 41.5 0.97 6.27 6.27 6.27 0.66 1.9 +12.0%
1450 405 1.20 _ 558 5.58 5.58 0.51 2.57 +12.0 %
1750 401 1.37 5.28 5.28 5.28 055 | 2.32 £120% |
1900 40.0 1.40 5.03 5.03 5.03 0.51 2.44 +12.0%
2000 40.0 1.40 5.01 5.01 5.01 0.55 224 +12.0%
| 2450 39.2 1.80 4.41 4.41 4.41 0.71 1.83 +12.0%

® Fraquency validity of £ 100 Mz only applies for DASY w4 4 and higher (see Paga 2), else itis restricted to + 50 MHz. The uncartainty is the R33
of the ConvF uncarainty at calibration frequency and the uncartainty for the indicatad frequency band,

F At fraquendies below 3 GHz, the validily of tissua parameters (n and @) can be refaxed to £ 10% if liquid compensation formula is applied to
measured SAR values, Al frequencies above 3 GHz, the validity of lssue paramaters (¢ and o) is restricted fo & 5%, The uncarainty is the RES of
the ConvF uncartainty for indicatad target lissuc paramatars.
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ETaDVE— SN.1787 May 20, 2011

DASY/EASY - Parameters of Probe: ET3DV6- SN:1787

Calibration Parameter Determined in Body Tissue Simulating Media

|__ = Relative E cundunﬁ;lty Depth thct.

f (MHz) Permittivity (S/m) ConvF X | ConvFY | ConvFZ | Alpha {(mm) (k=2)
750 55.5 0.96 6.35 6.35 6.35 0.76 1.83 +12.0%

| 835 55.2 0.97 6.22 6.22 6.22 0.67 2.02 +12.0% |
800 55.0 1.05 B.A17 6.17 6.17 0.72 1.87 +12.0% |
1450 54.0 1.30 535 | 65.35 5.35 0.57 235 | +12.0%
1750 53.4 1.49 4.74 4.74 474 0.56 2.86 £120%
1900 533 1.52 4.48 4.48 4.48 0.56 2.76 +12.0%

2000 53.3 1.52 4.50 4.50 4.50 0.60 2.47 +12.0 %
2450 52.7 1.95 3.96 386 3.96 0.99 1.18 +12.0% |

“ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else i is restrictad to £ 50 MHz. The uncertainty is the RSS
of the ConvF uncartainty at calibration fraquency and the uncartainty for the indicatad frequency band

F Al frequencies below 3 GHz, the validity of tissua parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR valuas. Al frequencies above 3 GHz, the validity of tissue paramaters (¢ and o) i resirictad to £ 5%. The uncarsinty 1s the R3S of
ths ConvE uncertainty for indicaled target tizsue parameters.
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ET3DVE— SN:1787 May 20, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ETADVE- SN:1787 May 20, 2011

Receiving Pattern (¢), 8 =0°

=600 MHz,TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2})
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ET3DVE— SN1TET

Input Signal [uV]

Dynamic Range f(SARnead)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

May 20, 2011
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ET3DVE— SN.1787

Conversion Factor Assessment

f = 1900 MHz,WGLS R22 (H_convF) { = 835 MHz,WGLS R9 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

May 20, 2011
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ET30VE- SN:1787

May 20, 2011

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (%) Mot apm
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm |
Probe Body Diameter 10 mm

?lp Length 10 mm
Tip Diameter 6.8 mm |
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip lo Sensor Y Calibration Point 2.7 mm

"Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm |

Ceriificate No: ET3-1787_May11 Page 11 of 11




—aron aa Calibration Certificate of DASY

Callbration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Sorvioe sulooe d'élalonnage
Servizio svizzero di taratura
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Accrodited by the Swiss Accraditation Service (SAS) Accroditation No.: SCS 108
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Multilateral Agreement for the recognition of calibration certificates

cient  Sporton CN (Auden) Centificate No: EX3-3697_Nov10
|CALIBRATION CERTIFICATE |
Object EX3DV4 - SN:3687

Calbrabion proceduce|s)

QA CAL-01.v6, QA CAL-23.v3 and QA CAL-25.v2
Calibration procedure for dosimetric E-field probes

Caltalion dale

November 23, 2010

THiS CANDIATON COMMNCAte COCUMENtS tho HACTADINY 10 NAUONS SIANKAIDS, WINLH reskze the physical units of measurements (51)
The measuraments and the uncertanties wih conbdence probability are grven on the followng pages and ate part of the certhcate

Al CORDIAUONS NAVE DOEN CONTUCIND I tho CIOS00 IADOAIoNY facility environment lemperaiure (22 & 3)°C and humaty « TO0%

Calbraton Equipment usad (M&TE cntical for cakibrabon)

Network Analyzer HP 8753F

Conificate No EX3-3697 Nov10

USITIN058S

18:0c1-01 (in house check Oc1-10)

This catdibnativn e ficaie sloall out Lae sepronfuied eacepn i foll witl ) willen apgs vval uf e laluraluy

Page 10of 11

Primaty Standards o Cal Date (Cortificate No ) Scheduled Casbration
Power meter E44108 GHa1200874 1-Apr-10 (No. 21701136 Apr-11

Puwer sensn E4412A MY 14852TT teAm-10 (No 217-011290) A1t

Power sonsor E4412A MY4 1498087 1-Apr-10 (No 217.01138) Apr1)

Reference 3 dB Attenuator 8N 85054 (3¢) 30:-Mar-10 (No 21701159 Mar-11

Roferenca 20 ol Attonuator SN S5066 (200) 30 Mar 10 (Ne. 21701181 Mar 11

Referance 30 aB Attenuator SN 55129 (30p) 30-Mar-10 (No 217-01160) Mae-11

Reference Probe ES30V2 SN 3013 30-Dec-09 (No. ES3-3013_Decd) Dec-10

[IAF4 5N B80 20:Ape10 (Na DAEAEBD_Ape 1) A1

Socongary stanaarcs : o LNOCK Uate Uin nouse) SCneauiea Lnaecxk

RF generator HP 8648C US3642001700 A-Aug-90 (n house checx Oc1.09) In house check Oc-11

In house check Oct-11

Name Functon Signature
Catbrated by Jeton Kastrat Laboratory Technician q' W ‘
Approved by Katja Pokovic Technical Manager '

Issued. Novermber 23, 2010

SPORTON INTERNATIONAL INC.



.« Calibration Certificate of DASY

Calibration Laboratory of ‘.-:“"\‘Q;',"’_’;:‘ g  Schweizerischer Kalibriordienst
Schmid & Partner ——r] Sorvice suisso d'étalonnage
Engineering AG LN c Seivizio avizzero di tarstum
Zoughausstrasse 43, 8004 Zurich, Switzerland NG S Swiss Calibration Service
(24 llnltﬁ W
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accraditation Service i ane af tha signatories to tha FA
Multitateral Ag: t for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX,y.2 sensitivity in free space
Convl sensitivity in TGL / NORMx y x
DceP diode compression point
CF crest factor (Vduty_cycle) of the RF signal
ARC madulatinn depandent linsarizatinn paramatere
Polanzation ¢ o rotation around probe axis
Polanzation 4 rotation around an axis that (s In the plane normal to probe axis (at measurement center),

Le. B = 0is normal lo probe axis

Calibration is Performed According to the Following Standards:

n) |EEE Std 1528.2002 "IEEE Recommaendaed Practice for Datarmining the Peaak Spatial-Avaraged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues™, Ducembur 2003

b) |EC 62209-1, "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

Mothods Applied and Interpretation of Parameters:
NORMx y z Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz® R22 wavegunde)
NORMx y £ are only intermediate values, |.e,, the uncertainties of NORMx y z does not effect the E% feld
uncertainty inside TSL (see below ConvF),

o NORM(Dx.y.z = NORMx y.z * frequency_response (see Frequency Response Chart). This lineanzation Is
implemented in DASY4 software versions later than 4.2, The uncerainty of the frequency response is included
in the stated uncertainty of ConvF

o DCPx.y,z DCP are numerical lineanzation parameters assessed based on the data of power sweep with CW
sigral (no uncerlainty requiied). DCP does not depend on liegquency nun media,

o Axyz Bryz Cxyz VRxyz A B Care numerical lineanzaton parameters assessed based on the data of
power sweep for specific modulation signal, The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed In RMS voltage across the dioda.

«  LQonvF and Boundary Effect Parameters: Assessad in flat phantom uking E-field (or Temporature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements 10 1 > U0 MHz, 1he same setups are used tor assessment of the parameters apphied lor
boundary compensation (alpha. depth) of which typical uncerlainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx. y r * Convl wheraby the uncertainty corrasponds 1o that given for Convl A frequency dapendent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

o Sphencal isotropy (3D Jdeviation fronrisotropy). n a field of low gradients realized using a flat phantom
axposed by a patch antenna

«  Sensor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe lip
(o prube axis). No toleranoe requited,

Contificate No: EX3-3607 Nov10 Pagoe 2 of 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

Probe EX3DV4

SN:3697

Manufactured: April 22, 2009
Last calibrated: November 23, 2009
Recalibrated: November 23, 2010

Calibrated for DASY/EASY Systems

(Nate' non-compatible with DASY2 system!)

November 23, 2010

SPORTON INTERNATIONAL INC.




e ’ Calibration Certificate of DASY

SPOATON LAR.

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Basic Calibration Parameters

Sansor X | Sensor Y | Sensor 2 Une (k=2)
Norm (uV/(V/m)*Y* 0.42 0.45 047 |+101%
DCP (mv)” 923 g94.5 94.0

Modulation Calibration Parameters

v Communication System Name PAR A B C VK unc'
d8 | dBuV mv (k=2)
10000 CwW 000 X 0.00 0.00 100{ 1200 +34%
Y 0.00 000 100 1400
4 0.00 0.00 1.00] 1100

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

" The uncertanties of NoemX. Y 2 do not affect the F-Feld uncenainty inside TSL (sen Pages 5 and 8)
" Numurical heanzatcn paramete: urcertanty nol requiced
" Uncertninty in determined using the maienum deviabob froe kneat response soplying recatang.uior distnbution and is expressed for the squarn of the Reld value

Cerlilnale Ny EX33007 Nuv10 FPaye 4 uf 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) VAlumy‘LMir‘]k Permittivity Conductivity ConvF X  ConvFY  ConvF Z Alpha Dopth Unc (k=2)
835 +50/% 100 41.5 ¢ 5% 0980 £ 5% 867 867 867 an 062 £11.0%
900 250/2 100 415+ 5% 0.97 £ 5% a5 85 851 060 069 £110%
1750 £50/+£100 401 £ 5% 137 15% 747 747 747 038 081 +110%
1900 + 50/ 2100 400 £ 5% 140 £ 5% 133 7.39 739 068 059 +110%
2300 507+ 100 30.6 ¢ 6% 167 6% 7.08 708 706 056 066 £ 110%
2450 +£50/+ 100 302:5% 18025% 6.77 677 677 038 0.82 £ 11.0%
2600 +50/+100 380+ 5% 196+ 5% 672 672 672 024 112 £ 11 U%

Tho valoty Of = 100 MHZ ONty appies 101 DASY w4 4 ang hgner (soe Page 2| The uncortanty /s the ASS of the Comnmf uncertainty al caltration freguency

HOU T UNW LTy TOF 1he INGIoEiey Regueticy targ

Cendcate No CXMI087_Nov10 Mege G of 11
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e ’ Calibration Certificate of DASY

SPOATON LAG.

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity [MHz]"  Permittivity Conductivity ConvF X ConvF Y  ConvF Z Alpha  Dapth line (k=2)
835 £50/2100 562 + 5% 097 £ §% 865 865 865 0.58 071 + 11 0%
800 £ 5011100 55.0 £ 5% 1.05 + 54 8.54 8.54 854 040 086 =11.0%
1750 £50/¢100 534 2 5% 149 ¢ 5% 741 7.41 7.41 0.54 0.77 211.0%
1500 +50/2 100 533 +5% 1.52 £ 5% 726 726 7.26 o4 084 2110%
2300 £ 501/ 2100 52.8 ¢ 5% 1851 5% 713 713 713 027 089 ¢+ 110%
2450 + 50/ 2100 52.7 2 5% 195 ¢ 5% 7.02 702 702 0.45 076 £ 110%
2600 +50/2 100 52.5 & 5% 2.16 £ 5% 693 693 6903 032 102 £110%

The valiaty of ¢ 100 MMz ony apphes for DASY W 4 and higher (vse Page 7) The uncetainty is the RSS of the CondF wne Lty at Cadb ution frequinay

AT NG LGN 100 1he Indlcated freruee Wy bangd

ConUfiuuir N EXD-M007_ NOVIU Page 6of 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

CettinCate No. EX)- 007

Frequency response (narmalized)

Novio

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

0 500 1000 1600 2000 2500 3000
f (MHz)

e TUM —— 2

Uncertainty of MNrequency Reaponse of E-field: £ 6.3% (k=2)

Puga 7 of |
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697 November 23, 2010

Receiving Pattern (¢), 9 = 0°

f = 600 MHz, TEM ifi110EXX

f= 1800 MHz, WG R22
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Uncertainty of Axial Isotropy Assessmont: £ 0.5% (k=2)
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

Sensor Voltage [uV]

1E+05

1E+Da

November 23, 2010

Dynamic Range f(SAR,,q4)

(Waveguide R22, f = 1600 Miiz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3697 November 23, 2010

Conversion Factor Assessment

1 = 900 MHz, WGLS R9 (head) f = 1750 MHz, WGLS R22 (head)
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Deviation from Isotropy in HSL
Error (4, 8), { = 900 MHz
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Uncertainty of Spharical lsotropy Assessmont: £ 2.6% (k=2)
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EX3DV4 SN:3697 November 23, 2010

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Lenath Ymm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Galibration Point 1 mm
Probe Tip 0 Sensur ¥ Calibration Puint 1 1
Prote Tip to Sensor £ Calibration Point 1 mm
Recommended Measurement Distance from Gurface 2 mm
Curtifivate Nu, EX3-3097 Nuv10 Paye 110l 1)
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Callbration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Sorvioe sulooe d'élalonnage
Servizio svizzero di taratura

S swiss Calibration Service

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

Multilateral Agreement for the recognition of calibration certificates

cient  Sporton CN (Auden) Centificate No: EX3-3697_Nov10
|CALIBRATION CERTIFICATE |
Object EX3DV4 - SN:3687

Calbrabion proceduce|s)

QA CAL-01.v6, QA CAL-23.v3 and QA CAL-25.v2
Calibration procedure for dosimetric E-field probes

Caltalion dale

November 23, 2010

THiS CANDIATON COMMNCAte COCUMENtS tho HACTADINY 10 NAUONS SIANKAIDS, WINLH reskze the physical units of measurements (51)
The measuraments and the uncertanties wih conbdence probability are grven on the followng pages and ate part of the certhcate

Al CORDIAUONS NAVE DOEN CONTUCIND I tho CIOS00 IADOAIoNY facility environment lemperaiure (22 & 3)°C and humaty « TO0%

Calbraton Equipment usad (M&TE cntical for cakibrabon)

Network Analyzer HP 8753F

Conificate No EX3-3697 Nov10

USITIN058S

18:0c1-01 (in house check Oc1-10)

This catdibnativn e ficaie sloall out Lae sepronfuied eacepn i foll witl ) willen apgs vval uf e laluraluy

Page 10of 11

Primaty Standards o Cal Date (Cortificate No ) Scheduled Casbration
Power meter E44108 GHa1200874 1-Apr-10 (No. 21701136 Apr-11

Puwer sensn E4412A MY 14852TT teAm-10 (No 217-011290) A1t

Power sonsor E4412A MY4 1498087 1-Apr-10 (No 217.01138) Apr1)

Reference 3 dB Attenuator 8N 85054 (3¢) 30:-Mar-10 (No 21701159 Mar-11

Roferenca 20 ol Attonuator SN S5066 (200) 30 Mar 10 (Ne. 21701181 Mar 11

Referance 30 aB Attenuator SN 55129 (30p) 30-Mar-10 (No 217-01160) Mae-11

Reference Probe ES30V2 SN 3013 30-Dec-09 (No. ES3-3013_Decd) Dec-10

[IAF4 5N B80 20:Ape10 (Na DAEAEBD_Ape 1) A1

Socongary stanaarcs : o LNOCK Uate Uin nouse) SCneauiea Lnaecxk

RF generator HP 8648C US3642001700 A-Aug-90 (n house checx Oc1.09) In house check Oc-11

In house check Oct-11

Name Functon Signature
Catbrated by Jeton Kastrat Laboratory Technician q' W ‘
Approved by Katja Pokovic Technical Manager '

Issued. Novermber 23, 2010

SPORTON INTERNATIONAL INC.



.« Calibration Certificate of DASY

Calibration Laboratory of ‘.-:“"\‘Q;',"’_’;:‘ g  Schweizerischer Kalibriordienst
Schmid & Partner ——r] Sorvice suisso d'étalonnage
Engineering AG LN c Seivizio avizzero di tarstum
Zoughausstrasse 43, 8004 Zurich, Switzerland NG S Swiss Calibration Service
(24 llnltﬁ W
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accraditation Service i ane af tha signatories to tha FA
Multitateral Ag: t for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX,y.2 sensitivity in free space
Convl sensitivity in TGL / NORMx y x
DceP diode compression point
CF crest factor (Vduty_cycle) of the RF signal
ARC madulatinn depandent linsarizatinn paramatere
Polanzation ¢ o rotation around probe axis
Polanzation 4 rotation around an axis that (s In the plane normal to probe axis (at measurement center),

Le. B = 0is normal lo probe axis

Calibration is Performed According to the Following Standards:

n) |EEE Std 1528.2002 "IEEE Recommaendaed Practice for Datarmining the Peaak Spatial-Avaraged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues™, Ducembur 2003

b) |EC 62209-1, "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

Mothods Applied and Interpretation of Parameters:
NORMx y z Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz® R22 wavegunde)
NORMx y £ are only intermediate values, |.e,, the uncertainties of NORMx y z does not effect the E% feld
uncertainty inside TSL (see below ConvF),

o NORM(Dx.y.z = NORMx y.z * frequency_response (see Frequency Response Chart). This lineanzation Is
implemented in DASY4 software versions later than 4.2, The uncerainty of the frequency response is included
in the stated uncertainty of ConvF

o DCPx.y,z DCP are numerical lineanzation parameters assessed based on the data of power sweep with CW
sigral (no uncerlainty requiied). DCP does not depend on liegquency nun media,

o Axyz Bryz Cxyz VRxyz A B Care numerical lineanzaton parameters assessed based on the data of
power sweep for specific modulation signal, The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed In RMS voltage across the dioda.

«  LQonvF and Boundary Effect Parameters: Assessad in flat phantom uking E-field (or Temporature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements 10 1 > U0 MHz, 1he same setups are used tor assessment of the parameters apphied lor
boundary compensation (alpha. depth) of which typical uncerlainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx. y r * Convl wheraby the uncertainty corrasponds 1o that given for Convl A frequency dapendent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

o Sphencal isotropy (3D Jdeviation fronrisotropy). n a field of low gradients realized using a flat phantom
axposed by a patch antenna

«  Sensor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe lip
(o prube axis). No toleranoe requited,

Contificate No: EX3-3607 Nov10 Pagoe 2 of 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

Probe EX3DV4

SN:3697

Manufactured: April 22, 2009
Last calibrated: November 23, 2009
Recalibrated: November 23, 2010

Calibrated for DASY/EASY Systems

(Nate' non-compatible with DASY2 system!)

November 23, 2010

SPORTON INTERNATIONAL INC.




e ’ Calibration Certificate of DASY

SPOATON LAR.

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Basic Calibration Parameters

Sansor X | Sensor Y | Sensor 2 Une (k=2)
Norm (uV/(V/m)*Y* 0.42 0.45 047 |+101%
DCP (mv)” 923 g94.5 94.0

Modulation Calibration Parameters

v Communication System Name PAR A B C VK unc'
d8 | dBuV mv (k=2)
10000 CwW 000 X 0.00 0.00 100{ 1200 +34%
Y 0.00 000 100 1400
4 0.00 0.00 1.00] 1100

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

" The uncertanties of NoemX. Y 2 do not affect the F-Feld uncenainty inside TSL (sen Pages 5 and 8)
" Numurical heanzatcn paramete: urcertanty nol requiced
" Uncertninty in determined using the maienum deviabob froe kneat response soplying recatang.uior distnbution and is expressed for the squarn of the Reld value

Cerlilnale Ny EX33007 Nuv10 FPaye 4 uf 11

SPORTON INTERNATIONAL INC.



—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) VAlumy‘LMir‘]k Permittivity Conductivity ConvF X  ConvFY  ConvF Z Alpha Dopth Unc (k=2)
835 +50/% 100 41.5 ¢ 5% 0980 £ 5% 867 867 867 an 062 £11.0%
900 250/2 100 415+ 5% 0.97 £ 5% a5 85 851 060 069 £110%
1750 £50/+£100 401 £ 5% 137 15% 747 747 747 038 081 +110%
1900 + 50/ 2100 400 £ 5% 140 £ 5% 133 7.39 739 068 059 +110%
2300 507+ 100 30.6 ¢ 6% 167 6% 7.08 708 706 056 066 £ 110%
2450 +£50/+ 100 302:5% 18025% 6.77 677 677 038 0.82 £ 11.0%
2600 +50/+100 380+ 5% 196+ 5% 672 672 672 024 112 £ 11 U%

Tho valoty Of = 100 MHZ ONty appies 101 DASY w4 4 ang hgner (soe Page 2| The uncortanty /s the ASS of the Comnmf uncertainty al caltration freguency

HOU T UNW LTy TOF 1he INGIoEiey Regueticy targ

Cendcate No CXMI087_Nov10 Mege G of 11
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e ’ Calibration Certificate of DASY

SPOATON LAG.

EX3DV4 SN:3697 November 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity [MHz]"  Permittivity Conductivity ConvF X ConvF Y  ConvF Z Alpha  Dapth line (k=2)
835 £50/2100 562 + 5% 097 £ §% 865 865 865 0.58 071 + 11 0%
800 £ 5011100 55.0 £ 5% 1.05 + 54 8.54 8.54 854 040 086 =11.0%
1750 £50/¢100 534 2 5% 149 ¢ 5% 741 7.41 7.41 0.54 0.77 211.0%
1500 +50/2 100 533 +5% 1.52 £ 5% 726 726 7.26 o4 084 2110%
2300 £ 501/ 2100 52.8 ¢ 5% 1851 5% 713 713 713 027 089 ¢+ 110%
2450 + 50/ 2100 52.7 2 5% 195 ¢ 5% 7.02 702 702 0.45 076 £ 110%
2600 +50/2 100 52.5 & 5% 2.16 £ 5% 693 693 6903 032 102 £110%

The valiaty of ¢ 100 MMz ony apphes for DASY W 4 and higher (vse Page 7) The uncetainty is the RSS of the CondF wne Lty at Cadb ution frequinay

AT NG LGN 100 1he Indlcated freruee Wy bangd

ConUfiuuir N EXD-M007_ NOVIU Page 6of 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

CettinCate No. EX)- 007

Frequency response (narmalized)

Novio

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

0 500 1000 1600 2000 2500 3000
f (MHz)

e TUM —— 2

Uncertainty of MNrequency Reaponse of E-field: £ 6.3% (k=2)

Puga 7 of |

November 23, 2010
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697 November 23, 2010

Receiving Pattern (¢), 9 = 0°

f = 600 MHz, TEM ifi110EXX

f= 1800 MHz, WG R22

—p ) - — - L L]
10
06
06
"1)4 e A2
@50
_‘_,_c. i V00 MENE
=00 MWW
g’, y il ECO MM
WY
04 i 1000 W
0o = 2O00 M
ve
10
60 120 M.? 240 300
Kl

Uncertainty of Axial Isotropy Assessmont: £ 0.5% (k=2)

LAemnoato No: EX) 08T _NuviD Moge 8 of 11
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697

Sensor Voltage [uV]

1E+05

1E+Da

November 23, 2010

Dynamic Range f(SAR,,q4)

(Waveguide R22, f = 1600 Miiz)

F+02
1E+O1 /
1E+00
00001 00010 0 G100 01000 1 D000 10 0000 100 0000
SAR [mW/cm']
@ (ot companssted € compenaated
0o
080 o
E 020 P L]
e LA
~§ o L o 222 o
w ‘\
0.00 \
00

Cenrlifuaie Mo EXJI300T Nuv10

001 01 1 10

SAR[mW/cm’]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3697 November 23, 2010

Conversion Factor Assessment

1 = 900 MHz, WGLS R9 (head) f = 1750 MHz, WGLS R22 (head)
40 300
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Deviation from Isotropy in HSL
Error (4, 8), { = 900 MHz
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Uncertainty of Spharical lsotropy Assessmont: £ 2.6% (k=2)
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—aron aa Calibration Certificate of DASY

EX3DV4 SN:3697 November 23, 2010

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Lenath Ymm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Galibration Point 1 mm
Probe Tip 0 Sensur ¥ Calibration Puint 1 1
Prote Tip to Sensor £ Calibration Point 1 mm
Recommended Measurement Distance from Gurface 2 mm
Curtifivate Nu, EX3-3097 Nuv10 Paye 110l 1)

SPORTON INTERNATIONAL INC.



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zaughausstrasse 43, 8004 Zurich, Switzerland

Acorediled by the Swiss Accreditation Service (SA5)
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilateral Agreamant for the recognition of calibration certificates

Client

Sporton CN (Auden)

L

: Nﬂulur,h’

%

o >
L

;&\\,‘ﬂf- \ﬂ

Schweizerischar Kalibrigrdienst
Service sulsse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service

Crafibration procedura(s)

Calibration date:

Frmary Standards

Power meler E44198
FPower sensor FA412A
Fower sensar E44124
Reafarance 3 dB Atlenualor
Reference 20 dB Attenualor
Reference 30 dB Altenuator
Reference Probe ESIDV2
DAE4

Secondary Standards

EX3DV4 - SN:3697

QA CAL-01.v7; QA CAL-14.33,

Calibration procedure for dosimetric E-f

April 19, 2011 (Additional Conversion Factors) 1

Calibration Equipment used (METE crtical for calibwation)

oo

This calibration cerificate documents the traceability to national standards, winch realize the physical unite of measurements (S1).
The measurements and the uncartainties with confidence probabilily are given on the following pages and are part of the cenificate.

Al calibrations have been conducted in the closad labaratory facility; environment temperalure (22 £ 3)°C and humidity < 70%.

RF generator HP 86480
Metwork Analyzer HF ATS3E

Cahbrated by:

Approved by:

Cerificate Mo: EX3-3687 Apr11

1D # Cal Date (Cerificate No.) Scheduled Callbration
GB41283874 31-Mar-11 (Mo, 217-01372) Apr-12

MY41435277 31-Mar-11 (Mo, 217-01372) Apr-12

MY41428087 31-Mar-11 (Mo, 217-01372) Apr-12

SN 85054 (3c) 268.Mar-11 (No, 217-01368) Apr-12

SN 55086 (20h) 28-Mar-11 (Mo, 217-01367) Apr-12

S 55128 (30b) 28-Mar-11 (Me. 217-01370) Apr-12

SN 3013 28-Dec-10 (Mo, ES3-3013_Dec10) Dac-11

SM: G54 23-Apr-10 {No. DAE4-854_Apr10) Apr-11

D # Check Date (in housc) Schaduled Chack
LIS3642U01700 4-Aug-99 (in house check Ocl-09) In house check: Oct-11
US37380585 18-0ct-01 (in house check Cet-10) In house check: Oct-11
MHame Function Signalure

Katja Pokovie  Technical R e
HH:Bﬂli_ﬂ_ ! ' R&D mlm 3 r

This calibration certificate shall not be reproduced except in full without wrillen approval of the [aboratory

Issued: April 19, 2011
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Schweizerischer Kallbriardianst

Calibration Laboratory of S, s
C Service suisse d'étalonnage
S

Schmid & Partner S
Engineering AG w

= = Servizio svizzero di taratura
Zrughaussirasse 43, B004 Zurich, Switzerland % ’r‘-.fmw“ﬁ Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agraament for the recognition of calibration certificates
Glossary:
TSL tigsue simulating liguid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y z
DCP dicde compression point
CF crest factor (1/duty_cycle) of the RF signal
AB, C madulation dependent linearization parameters
Polarization ¢ q rotation around probe axis
Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (at measurement canler),

e, 9= 0isnormal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEF 5td 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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity lo the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
= NORMzx,y z: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegwde}
NORMzx,y,z are only intermediate values, i.¢., the uncertainties of NORMzx,y,z does not effect the E’-field
unceriainty inside TSL (see below ConvF).

= NORM(flx.y,z = NORMzx,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 ConvE.

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

e AxyzZ Bxyz Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS vellage across the diede.

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

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

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

Ceriificate No: EX3-368897_Apri1 Page 2of B



EX3DV4 SN:3697

Probe EX3DV4

SN:3697

Additional Conversion Factors

Manufactured: April 22, 2009
Last calibrated: November 23, 2010
Recalibrated: April 19, 2011

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Carificate MNo: EX3-3697 _April Fage 3 of &

April 19, 2011



EX3DV4 S5N:3697 April 19, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z |Une (k=2)
Norm (uV/I(Vim)*y* 0.42 0.45 047 |+101%
DCP (mw)° ) 82.3 94.5 84.0

Modulation Calibration Parameters

uiD Communication System Name PAR A B c VR Unc®
dB dBuV mV (k=2)
10000 cw 0.00] X 0.00 0.00 1.00] 1200 +3.4%
Y 0.00 0.00 1.00] 140.0
Z 0.00 0.00 1.000 1100

The reported uncertainty of measurement is slated as the standard uncertainty of measurement n{uiﬁp!ied
by the coverage factor k=2, which for a normal distribution corresponds to a coverage probability of
approximately 95%.

* The uncertginties of Norm,Y.Z do not affect the E-field uncarainty inside TSL (see Pages 5 and B),
" Wumerical linearization parametar: uncertainty nat required
® Uncertainty & determinged using the maximum devigtion from linear raspanse applying recatangular distinbubion and is expressed for the square of the fiskd valua.

Certificate No: EX3-3897_Apri1 Page 4 of 8




EX3DV4 SN:3697 April 19, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [MHz]°  Parmittivity Conductivity ConvF X ConvFY  ConvF 2 Alpha  Depth Unc (k=2)
750 £50/£100 41.9 £ 5% 0.89 £ 5% 9.18 9.16 916 0.76 062 £11.0%
1450 =50/+100 40.5 £ 5% 1.20 £ 5% 9.40 5.40 2.40 075 0.79 +£11.0%
2000 + 50/ +100 40.0 £ 5% 1.40 £ 5% 7.69 7.69 T.69 0.58 0.77 £11.0%
3500 +50/+£100 AT9+£5% 291£5% 6.75 8.75 B.75 0.22 1.78 £13.1%
5200 + 50/ +£100 36.0 £5% 466 £5% 4.80 480 4.80 0.42 1.80 £13.1%
5500 +650/+£100 A56x5% 4.06 £5% 4.35 4.35 4.135 0.45 1.80 £13.1%
5600 t 207+ 100 J5.5+5% 507 £5% 3.97 3.97 3.97 0.50 1.B0 £13.1%
2800 +50/+100 353 +5% 527+ 5% 4.07 4.07 4.07 0.50 1.80 +13.1%

€ The validity of £ 100 MHz only applies lor DAY wd 4 amd higher (see Page 2), The uncertainty is the RSS of the ComvF uncartainty at calibration frequency

and the uncertainty for the indicated frequency band

Certificate Mo: EX3-3607_Aprii Page 5 of B
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Calibration Laboratory of S, B
Schmid & Partner a2 Service suisse d'élalonnage
Engineering AG = SBervizio svizzero di taratura
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Zeughausstrasse 43, 8004 Zurich, Switzerland

4

Swiss Calibration Service

Accredited by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilateral Agreamant for the recognition of calibration certificatas

client ~ Sporton CN (Auden)
CALIBRATIO

Object EX3DV4 - SN:3697
Calibration procedurals) QA GﬁuL—ﬂ‘L\f?, Qﬁ. CAL- 14.‘!3
Calibration pmmaui*ﬁ ﬁal'dﬁﬁlm

Calibration dale,

April 19, 2011 (Additional Conversion Factors) |

This calibration cerificate documents the traceability to nabonal standards, which realize the physical units of measurements (S1).
The measuramants and the uncerainties with confdence probahility are given an the following pages and ere part of the cerhificala,

All calibrations have baan conducted in the closed laboratory facilily. ervionment temperature (22 & 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 10 # Cal Date (Certificate Mo ) Scheduled Calibration
Power meter E44158 GB41293874 31-Mar-11 (Mo, 217-01372) Apr-12
Power sensor E44124 MY4149527T 31-Mar-11 (Mo, 217-01372) Apr-12
Power sansor C44 124 MY4 1498087 31-Mar-11 (Na 217-01372) Apr-12
Reference 3 dB Attenuator SN 55054 (3c) 28-Mar-11 {No. 217-01369) Apr-12
Reference 20 dB Allenualor SM: 55086 (20k) 28-Mar-11 {No. 217-01387) Apr-12
Heference 30 dB Attenuator SN: 55129 {30k} 29-Mar-11 {No. 217-01370) Apr-12 |
Referance Probe ES30DVE2 EM: 3013 29-Dirc-10 (No. ES3-3013_Dec10) Dac-11 |
DAEA oM. 854 23-Apr-10 (Mo, DAE4-654_Apr10) Apr-11
Secondary Standards 10 & Check Date (in house) Scheduled Chack
RF genarator HP BG48C US3542U01700 &-Aug-99 (in house check Cot-08) In house check: Oct-11
Metwork Analyzer HP 8T53E US37390585 18-0ct-01 (in house check Oct-10) In housa check: Oct-11
Marm: Function
Calibratad by: Katja Pokovic . Technical Managér
Approved by: Fin Bomholt RHJDIFI:Q:I‘
Issued. Apnl 19, 2011
Thie calibration certificate shall nol be reproduced cxcept in full without written approval of the laboratory. -

Certificate No: EX3-3697_Apr11
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Calibration Laboratory of p‘{__‘_;/

Schweirerischer Kalibrierdienst

o+,
Schmid & Parlner ﬁ Service suisse d'étalonnage
Enaineering AG z X Servizio svizzero di taratura
Zeughugusstrassa ?3. 8004 Zurich, Switzerland c@,ﬁf Swisse Calibration Service
Aceredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx vz sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF zignal
AB,C modulation dependent linearization parameters
Polarization ¢ g rotation around probe axis
Polarization 5 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
lechnigques”, 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 & = 0 (f < 900 MHz in TEM-call; f > 1800 MHz: R22 waveguide).

NORMx.y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the E*-field
uncertainty inside TSL (see below ConvF).

=  NORM(fx, 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.

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

«  Axyz Bxyz Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of

power sweep [or specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

= ConvF and Boundary Effect Parameters: Assessed in flal 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 > B0O0 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMzx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

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

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

Certificate No: EX3-3697_Apr11 Page 2 of 8



EX3DV4 SN:3697

Probe EX3DV4

SN:3697

Additional Conversion Factors

Manufactured: April 22, 2009
Last calibrated: November 23, 2010
Recalibrated: April 19, 2011

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 system!)

Certificate No: EX3-3697_Apr11 Page 3ol 8
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EX3DV4 SN:3697

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Basic Calibration Parameters

April 19, 2011

Sensor X | SensorY | Sensor Z IIJm: {(k=2)
Norm (u\V/(V/m)*)* 0.42 0.45 0.47 | 410.1%
DCP (mw)° 92.3 84.5 94.0
Modulation Calibration Parameters
wo Communication System Name PAR A B c VR Unc®
dB dBuV mV (k=2)
10000 cwW oool X 0.00 0.00 1.00] 1200 | £34%
¥ 0.00 0.00 1.00] 140.0
i 0.00 0.00 1.00] 1100

The reported uncertainty of measurement is stated as the standard uncertainty of measureme;t multiplied
by the coverage factor k=2, which for a normal distribution corresponds to a coverage probability of

approximately 95%.

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

® Mumerical linearization parameler. uncertainty not required

" Uncertainty is datarmined using the mamum deviation from lineer respense applying recatangular distrbubon and is expressed for the square of the field value

Certificate No: EX3-3697_Aprit

Page 4 of &




EX3DV4 SN:3697 April 19, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [MHz]°  Parmittivity Conductivity ConvFX ConvFY  ConvF Z Alpha  Depth Unc (k=2)
750 +50/+100 41.9+5% 0.89 £ 5% B.16 9.18 9.16 0.76 062 +11.0%
1450 +50/+100 40.5%5% 1.20 £ 5% 8.40 9.40 9.40 0.75 0.78 £11.0%
2000 + 50/ £ 100 40.0 £ 5% 1.40 + 5% 7.69 7.69 7.69 0.58 0.77 £11.0%
3500 £ 50/ £100 27.9+ 5% 281 +5% B.75 8.75 6.75 0.22 178 £13.1%
5200 +50/£100 36.0 £ 5% 4.66 & 5% 4.80 4.80 4.80 0.42 1.80 £13.1%
5500 =50/ + 100 35.6 + 5% 4.96 & 5% 4.35 4.35 4.35 0.45 1.80 +13.1%
5600 £ 507+ 100 35.5 + 5% 5.07 £ 5% 397 3.97 a7 0.50 1.80 £13.1%
5800 £50/ %100 35.3 £ 5% 527 & 5% 4.07 4.07 4.07 0.50 180 £131%

 Thie validily of + 100 MHz only applies for DASY v4.4 and higher (see Page Z), The uncertainty is the RSS of the ConvF uncormnty al calibration frequency

amd the uncedainty for the indicated frequancy band

Cerificate No; EX3-3887_Aprii Page 5 of 8



EX3DV4 SN:3697 April 19, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHz]" Pormittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Une (k=2)
780 £50/+£100 55.5 + 5% 0.96 + 5% 8.81 8.8 B.81 0.57 071 +11.0%
1450 £ 50 /£ 100 54.0 = 5% 1.30 £ 5% 841 8.41 841 0.80 0.68 +11.0%
2000 + 50/ +100 53.2£5% 1.52 £ 5% T.48 7.48 7.48 0.50 084 £11.0%
3500 +50/+ 100 51.3+5% 331+£5% 5.85 5.85 5.85 0.20 1.95 +13.1%
5200 + 50 / + 100 49.0 £ 5% 520 £5% 3.87 3.97 3.97 0.53 1.90 £13.1%
5500 £50/+ 100 486 + 5% 565+ 5% 3.44 344 3.44 0.60 180 £13.1%
5600 4+ 50/ £ 100 48.5 £ 5% 577 £5% 3.25 3.25 3.25 0.65 1.90 £13.1%
5800 +£50/+100 482 £ 5% G6.00 £ 5% 388 3.66 3.66 0.60 190 £131%

£ The validity of 2 100 MHz only applies loe DASY w44 and higher {see Page 2). The uncerainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicaled Tegquaency biand

Cerificate Mo- EX3-3687 Apri1 PageBof 8



EX3DV4 SN:3697 April 19, 2011

Conversion Factor Assessment

f = 750 MHz, WGLS R9 (head) f = 5200 MHz, WGLS R58 (head)
4.0 1 — 7000 +
| N | | !
a5 600.0
30 |
500.0
225 \ 4 | e
= _ ; 4000
E 20 ' E
;1 g | | | | ;300&
2, e b =200.0
=1.0 -4 L | 15 200,
05 1 oy ! ® 100.0
0.0 ‘ : . | W- a0 .
0 10 20 30 40 50 60 o 5 10 15 20
z[mm] 2[mm]
—a— Ariyiest —o—Measuramants 1 | P e ]

Deviation from Isotropy in HSL
Error (¢, 8), f = 900 MHz

Error [dB]

B-1.00-0.80 ®W-0.20--0.60 I-ﬁ.ﬂﬂ—l;l.#u 040020 8 -0.20-0.00

OoOR-020 =moX-040 O0040-0060 BOG0-0.80 EOE0-1.00

Uncertainty of Spherical lsotropy Assessment: & 2.6% (k=2)

Cedificate No: EX3-3687_Aprii FPage 7of 8



EX3DV4 SN:3697

Other Probe Parameters

April 18, 2011

Sensor Arrangement Triangular
Connector Angle (") Mot applicable
Mechanical Surface Delection Mode enabled
Oplical Surface Detection Mode disabled
Prabe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5 mm
Frobe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Frobe Tip to Sensor Z Calibration Puin_t . 1 mm
Recommended Measuremenl Distancea from Surface 2 mm

Certificate Mo, EX3-3687_Apri1

Fage B of &




—aron caa Calibration Certificate of DASY

Calibration Laboratory of N
Schmid & Partner i =
Engineering AG i—,%

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

N
AN
LA

Accredited by the Swiss Acorecitation Sendce (SAS) Accraditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the rocognition of calibration certificates

cient  Sporton (Auden) Certificate No: EX3-3731_Sep10
CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3731

Calibration procedure(s) QA CAL-01.v6, QA CAL-14.v3, QA CAL-23.v3 and QA CAL-25.v2
Calibration procedure for dosimetric E-field probe :

Calibration date mm, 2010

This calbration certificate documents the traceability to national standards, which realize the physical unils of measurements (SI).
The measurements and the uncartainbies with canfidence probabilty are given on the following pages and are part of the cartificate

All calibrations have been conducted o the dosed laboratory faclity. enviranmant semparature (22 = 3)°C and humidity < 70%

Cafbraton Equpment used (METE cntical for calbration)

Pnmary Standards o# Cal Date (Cenificate No ) Scheduled Calibration

Power meter E44198 GB41263874 1-Apr-10 {No. 217.01136) Apr-11

Power sensor E44124 MY41495277 1-Apr-10 (No. 217-05136) Apr11

Pawer sansor E44 124 MY41458087 1-Apr-10 (No. 217-01138) Apr-11

Reference 3 dB Attenualor SN S5054 (3c) 30-Mar-10 (No. 217-01159) Mar-11

Reterence 20 4B Attenuatar SN: 550845 (20b) J0-Mar-10 (No 217-01161) Mar-11

Reference 30 dB Attenuator SN: 55129 (30b) 30-Mar-10 (No. 217-01160) Mar-11

Reference Probe ES30V2Z SN 3013 30-Dec-09 (No. ES3-3013_Dec08) Dec-10

DAE4 SN 660 20-Apr10 (No. DAE4-660_Apri10) Apr11

Secandary Standards o Check Date (in house) - Scheduled Check

RF generatar HP BS48C US3542U01700 4-Aug-99 (in house check Oct-08) In houss check Oct11

Network Analyzer HP 8753E US37350585 18-0Oct-01 {in house check Oct-04) In house check: Oct10 |
Name Function Signature

Coflvated by Kata Pokowic Technical Manager m

Approved by: Fin Bomholt RED Director

Issued Seplember 22, 2010

| This calioration cartificate shall not be reproduced except in full witnout wntien approval of the labaratory

Certiicate No: EX3-3731_Sep10 Page 10of 11

SPORTON INTERNATIONAL INC.



SPOATON LAR.

Calibration Certificate of DASY

Calibration Laboratory of g“"@"u, Schwelzerischer Kalibrierdienst
Schmid & Partner % Saervice suisse ¢étalonnage
Engineering AG T Servizio svizzero di taratura
Zeoughausstrasse 43, 8004 Zurich, Switzerand %, /f;\‘\\‘,\e Swiss Callbration Service
LT A
Accredied by the Swiss Accrediation Senvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditstion Service is one of the signatorias to the EA
Multilateral Ags nt for the gnition of calibration certificates

Glossary:

TSL tissue simulating hquid

NORMx,y.z sensitivty in free space

ConvF sensilivity in TSL / NORMx,y,z

DCP dicde compression point

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

ABC modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 9 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a)

b)

Metho

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-heid devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

ds Applied and Interpretation of Parameters:

NORMx.y,2: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y.z are only intermediate values, |.e., the uncertainties of NORMx.y,z does not effect the E*-field
uncertainty inside TSL (see balow ConvF),

NORM(f)x,y,z = NORMx,y.z * frequency._response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF

DCPx,y.z° DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

Ax.y.z) Bx,y.z; Cx,y.z, VRx,y.z: A, B, C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode

ConvF and Boundary Effect Parameters: Assessed in fiat 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 apphied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity 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 + 50 MHz to + 100
MHz,

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

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

Certificate No: EX3-3731_Sep10 Page 2 of 11
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

Probe EX3DV4

SN:3731

Manufactured: October 19, 2009
Last calibrated: July 16, 2010
Repaired: September 8, 2010
Recalibrated: September 20, 2010

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-3731_Sep10 Page 3 of 11
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Basic Calibration Parameters

Sensor X| S Y | Sensor Z |Unc (k=2)
Norm (uV/(Vim)*Y* 0.51 053 056 |[=10.1%
DCP (mv)° 87.1 874 87.7

Modulation Calibration Parameters

uID Communication System Name PAR A B C VR Unc®
dB dBuV mV (k=2)
10000 cw 0.00 X 0.00 000 1.00f 300 + 1.5%
Y 0.00 0.00 1.00] 300
z 0.00 0.00 1.00f 300

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 uncanainties of NormX Y.Z da not affect the E-field uncerfainty inside TSL {see Pages 5 and 6)
* Numerical Inearzation perameter: uncananly not required
" Uncedainty is detamned using the maximum deviation from linesr response applyng recalanguiar dsinbuton and is expressed fr the square of the faid vale

Certificate No: EX3-3731_Sep10 Page 4 of 11

SPORTON INTERNATIONAL INC.




—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Calibration Parameter Determined in Head Tissue Simulating Media

f[MHz]  Validity [MHz)"  Permittivity  Conductivity ConvEX ConvEY ComvEZ Alpha _ Depth Unc (k=2)
835 £50/+100 4151 5% 0.90 + 5% 885 885 885 060 069 £11.0%
1900 + 5014100 40.0 £5% 1.40 + 5% 7.46 7.46 7.46 075 080 +11.0%
2300 +50/+100 395 2 5% 167 £ 5% 7.16 7.16 7.16 047 0.71 £11.0%
2600 +50/+100 39.0 £ 5% 1.96 + 5% 6868 688 6.88 0.31 0.95 +11.0%
3500 + 50/ + 100 37.9+5% 291 +5% 6.60 660 6.60 0.20 150 +13.1%
5200 +50/+100 36.0 = 5% 466 £ 5% 483 483 4.83 0.35 1.90 £13.1%
5300 +50/+100 350 % 5% 476 + 5% 446 4.45 445 0.38 190 +13.1%
5500 £50/ 4100 356 = 5% 4.96 % 5% 448 448 445 0.42 190 +13.1%
5600 +50/+100 35.5 = 5% 507 £ 5% 407 407 4.07 0.48 190 +13.1%
5800 +50/ 4100 353+ 5% 527 +5% 422 422 422 0.50 190 +13.1%

“ The vatidity of + 100 MHZ only applies for DASY vé 4 and higher (see Page 2) The uncertainty is the RSS af tha ConvF uncertanty at calivration frequency

and the uncertanty for the indicaled feguency band

Certificate No: £X3-3731_Sep10 Page 5of 11
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity [MHz]" Permittivity Conductivity ConvFX ConvFY ComwFZ Alpha Depth Unc (k=2)
835 +50/+100 552 25% 097 £5% 864 884 8.84 049 079 £11.0%
1900 +50/ 4100 533x5% 152 5% 713 7.13 713 0.65 066 =11.0%
2300 +50/+100 52.8 £ 5% 1.856£5% 712 7.12 712 0.37 0.88 £11.0%
2600 +50/+100 5252 5% 216 £ 5% 685 6.85 6.85 032 097 £11.0%
3500 +50/4100 51.3 5% 331£5% 6.02 602 6.02 0.30 143 £13.1%
5200 +50/+100 490 £ 5% 530 £ 5% 387 387 387 0.60 195 £13.1%
5300 +50/ 1100 48.9 £ 5% 542 5% 363 3.63 3863 080 195 +13.1%
5500 +50/2100 486 £ 5% 565+ 5% 344 3.44 344 0.63 195 £13.1%
5600 +50/£100 48.5 £ 5% 577 £5% 320 3.20 320 065 195 +13.1%
5800 t50/2100 48.2 +5% 6.00 £ 5% 3.55 3.55 355 060 195 £13.1%

" The validity of = 100 MHz anly appiies for DASY w4 4 and higher (see Page 2) The uncanainty s e RSS of the Comd® uncanainty at caltraton fraguency

and the uncertainty for the ndicated frequency band

Certificate No: EX3-3731_Sep10 Page6of 11
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731

Frequency response (normalized)

09

03

07

06

05

Certificate No: EX3-3731_Sep10

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

0 500 1000 15800 2000 2500
f MHz)

-@-TEM —~o—-R22

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Page 7 of 11

September 20, 2010
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

Receiving Pattern (¢), 9 = 0°

f =600 MHz, TEM ifi110EXX f=1800 MHz, WG R22

——) @Y —-@-Z —0—Tot —0—X —e—Y —9-Z ~O-To
10
08
08
=04 0 30 Wz
Q02 —8— 100 MH:
200 boug o B-S--OAR soo-8 00 MHz
E_oz =9 800 MHz
04 —— 1800 Mz
06 | =t 2500 Mz
08 I
-10
0 €0 120 180 240 300
1
Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
Certificate No. EX3-3731_Sep10 Page dof 11
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—aron caa Calibration Certificate of DASY

EX3DV4 SN:3731

1LE+OB

1.E+05

¢

E+03

Input S&gnal V]

1.E+02

1.E+1

1.E<00

0.0001

Certificate No: EX3-3731_Sep10

Dynamic Range f(SAR;..4)
(Waveguide R22, f = 1800 MHz)

0.001 0.01 0.1 1 10 100
SAR (mWIcm’]

—@—nct compensated - compensated

®o 000000

001 0

1 1 10 100
SAR [mWicm®]

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

Page 9 of 11

September 20, 2010
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SPOATON LAR.

Calibration Certificate of DASY

EX3DV4 SN:3731

Conversion Factor Assessment

September 20, 2010

0 10

{ = 835 MHz, WGLS R9 (head)

30
z[mm]

—@— Analytical —O—Maasursments

40 50 60
z[mm]

—&— Analytical

= 1900 MHz, WGLS R22 (head)

—O—Maaswurements

Certificate No: EX3-3731_Sep10

Deviation from Isotropy in HSL

Error (¢, 9), f = 900 MHz

.‘bb B :
E34444
Error [dB]

W00-080 B-OB0-0F0 W-060-040 W-040-020 W.020.000
Q000020 WMO2004 [040D60 BOR-080 WOA0-100

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Page 10 of 11
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SPOATON LAG.

Calibration Certificate of DASY

EX3DV4 SN:3T31

Other Probe Parameters

Septamber 20, 2010

Sensor Arrangernent Triangular
Connector Angle (%) Mot applicable
bMechanical Surface Detection Mode enabled]
Optical Surface Detection Mode disabled
Proba Owarall Length 33T mm
|Probe Body Diameter 10 mm
Tip Lengih 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Prabe Tip o Sensor Y Calibration Paint 1 mm
Prabe Tip to Sensor Z Calibration Paoint 1 mm
Recommended Measurament Distance from Surface 2 mm

Certificate No: EX3-3731_Sepi0
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