Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredites by the Swiss Accraditation Senvice (SAS)
mnmmuﬂnhmdhwwmn
MMMHMWMHHIWHM

Schwalzerischer Kalibrierdianat

. Service suisse d'etalonnage

Servizio svizrero di tarstura

- Swiss Callbration Service

mmmwnnﬂnm;mﬂmmmwmumm
Mmmmuﬁmmmmmmmwnmhmmmmmmmm_

Al calibranons Nave teen congucted In the closed lnboratory 1acity: emvdronment Inmperalure (22 2 3)°C and humidity < T0%.

Britraary Stargars ine Cal Diato (Cerubcaty No.) Schodulod Calibration
Powsr motor EFM 4428 GBITABITOA 06-0ct- 10 (No. 217-01266) Octe11

Fower sansor HF 84814 US3T282783 DE-Oet 10 [(No. 217-01268) Odl 11

Raferancs 20 0B Attenuator SN 5088 (20g) 30-Mar-10 (No. - 217-01158) Mar- 11

TypeN mismalch combination [ SN/S0AT2/08327  30-Mac10 (No 217:01162) Mar-11

Ruaturence Probe ESADVI SN G208 20-Age-10 (No. ESA-3205_Aprio) Apr11

DAE4 SN:801 10-Jun=10 (No. DAE4-801_Juri10) dure11

Secondary Sturduridy ine Check Daty {in house) Soheduled Check
Powsf sansor HP 84814 My41092317 18-Ce10Z (I howse check Oc-09) in housa chick: Oct-11
FAF gemeraior A&S SMT-06 OO0 A Aug-99 (im nouss chack Oct-D9) In' bl chock: Oct-1
Hatwork Analyzor HP 8753E US3TIO0505 54306 TE-Oct-0) IMWMW-WJ_ In howiss chaokc Ocl-11:
Calibratad by,

Approved by

Thes calibeation comificats shall not b TprOgacad axcent in full withiout witlan approvsl of ihe lsbormiory.
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Glossary:

TSL

ConvF

N/A

tissue simulating liquid
sensitivity in TSL / NORM x.y.z
not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

D)

IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specilic 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 detalls are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

Antenna Parameters witft 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 Retum Loss: These paramelers are measured with the dipole
positioned under the liquid tilled phantom. The impedance stated is transformed from the
measurement al 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 resul.

Cerificate No: D2450V2-817 Jani | Pége2 ol 9



Measurement Conditions

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

DASY Version DASYS V52.8
Extrapolation Advanced Extrapotation
FPhantom Maodular Flal Phantom 5.0
Distance Dipele Center - TSL 10 mm with Spaceat
Zoom Scan Resolution dy, dy, dz = 5mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculitions wate apphied.
Temperatura Permittivity Conductivity
Nominal Head TSL paramslers 220°C 202 1.80 mhafm
Messurad Head TSL parameters {220+02)'C 379:8% 1.74 mho/m = 6 %
Head TSL temperature durlng test (205 20.2)*C e =
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR maasured 250 mW inpur powar 1BEmW /g
SAR normalized normalized to 1W 544mW /g
SAR for nominal Head TSL parametars normalized o 1W 54.8 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g} of Head TSL condition
SAR measured 250 mW input power B.33mW /g
SAR narmallzed normalized to W 253mW/g
SAR for nominal Head TSL parameters normallzed to 1W 253 mW /g 2 16.5 % (k=2)

Cerificale No: D2450V2-817_Jan11
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Body TSL parameters

The tollowing parameters and calculations were applied.

g Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 6527 1,895 mha/m
Measured Body TSL parameters (220=02)°C 525:6% 1.86 mho/m + 6%
Body TSL temperature during test (208=02)°C e

SAR result with Body TSL

SAR averaged over 1 cm” (1 g) of Body TSL Caondition
SAR meas:irsd 250 mW input power 133mW /g
SAR normallzed normalized 1o 1W 532mW/g
SAR lor nominal Body TSL paramaters normalized fo 1W 529 mW /g = 17.0 % (k=2)
SAR sveraged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input powst B15mW /g
SAR nonmalized nommalized 1o 1W 246mWig

| SAR for nominal Body TSL parameters normalized to 1W 245 mW /g = 16.5 % (k=2)

Certificate No: D2450V2-817_Jan11
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Appendix
Antenna Parameters with Head TSL

Impasctancs, rangformad to fead poin! 53561+ 34j2
Retumn Loss -26.6dB

Antenna Parameters with Body TSL

impedance, transtormed o feed point 480101+ 550
Return Loss -250dB

General Antenna Parameters and Design

Electrical Delay (one dirsction) 1.158 ns

Aftor lang term use with 100W mdiated power, only o slight warmming of the dipole near the feedpoint can be measured.

The dipole 18 made of standard semingid coaxial cable. The center conductor of the feeding line is directly conneclad 1o the
second amm of tha dipola. The anlenna s Iheralore short-gircuited lor DC-signals

No sxcessive lorce must be applied to the dipole arms, becaluse they might bend or the solidered connections near the
leadpoint may be damadged.

Additional EUT Data
Manutactured by SPEAG
Manutactured on Octobar 23, 2007
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DASYS Validation Report for Head TSL

Date/Time: 24,01.2011 13:51:29
Test Laborntory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V 2; Serial: D2450V2 - SN:817

Communication System: CW: Frequency: 2450 MHz; Duy Cyele: 1:1

Mediuvm: HSL U112 BB

Medium parameters used: = 2450 MHz: & = 1,75 mba/m; £ = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS Conlhiguranion:
s Probe: ESADV3 - SN3205; ConvF(4.53, 4.53. 4.53); Calibrated; 30.04.2010
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn6i)1; Calibrated: 10.06.2010
¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Seriul: 1001
o Measurement SW: DASYS2, V52.6,1 Build (308)

« Postprocessing SW: SEMCAD X, V14.4.2 Build (2595)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)Zoom Scan (7x7x7) /Cube 0: Measurement

grid: dx=5Smm. dy=5mm. dz=5mm

Reference Value = 103.6 Vim: Power Drift =006 (B
Peak SAR (extrapolated) = 27.760 Wikg

SAR(] g) = 136 mW/g; SAR(1D g) = 6.33 mW/g
Maximum value of SAR (measured) = 17417 mW/g

-4,

e

/&0

0dB = 17.420mW/e
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Impedance Measurement Plot for Head TSL
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DASYS Valldation Report for Body TSL

Dare/Time: 26,01.2011 1420014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2450V2 - SN:817

Commumcation System: CW: Frequency: 2450 MHz: Duty Cycle: 1:1

Medium: MSL U2 BB

Mediom parameters used: (= 2450 MHz: o = 1.97 mho/m: g, = 52.7; p = 1000 kg/m’
Phontom section: Flar Seqtion

Measurement Stindard: DASY S (IEEENECIANST C63.19-2007)

DASYS Configuration:
=  Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31. 4.31 ) Calibrated: 30.04,2010
o  Sensor-Surface: 3mm (Mechamical Surface Detection)
+  Electronics: DAEA Sn601; Calibrated: 10.06.2010)
« Phantonm: Flat Phantom 5.0 (back): Type: QDOOOPSOAA: Serial: 1002
o  Mecasur¢ment SW: DASYS2, V52.6.] Build (408)

o Postprocessing SW!SEMCAD X, VI14.4.2 Build (2595)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 96,826 Vim: Power Drift = <0.06 dB

Peak SAR texirapadated) = 27.854 Wikg

SAR(L gi = 133 mW/g; SAR(10 g) =6.15 mW/g

Miximum value of SAR (measured) = 17.412 mW/g

1300

1760

Fr.nn

0dB = 17 410mW/g
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 41, 8004 Zurich, Switzerland

Accrediled by the Swiss Accreditation Sanvdcs (SAS)
The Swiss Accreditation Servica is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration cenificates

Calibration Equipment used (MATE critical for calibration)

e =
N
gyl

This cabbration certificale documents the raceability to nationsl standards, which realize ihe physical units of measurements (5i)
The measuremants and Ihe uncertambes with confidence probability are given on tha following pages and are pan of the cenificate

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

Schweizerischer Kalibrierdienst

Service suissa d'étalonnage
Servizio svizzero di taratura

Swiss Callbration Service

| This calibration cartificats shall not be reproduced except in full without written spproval of the laboratory.

Primary Standards ID# Cal Date (Cantificate No ) Scheduled Calibration
Pawer meter E44198 GB41293874 1-Apr-10 (No. 217-01136) Apr-11
Power sensor E44124 MY41485277 1-Apr-10 (No. 217-01136) Apr-11
Powsr sansor E44124 MY4 1488087 1-Apr-10 (No. 217-01136) Apr-11
Referenca 3 dB Aftenuator SN. S5054 (3c) 30-Mar-10 (No. 217-01159) Mar-11
Reference 20 dB Attenuator SN: 55086 (200) 30-Mar-10 (Mo, 217-01161) Mar-11
Reference 30 dB Attenuator SN: 55128 (30b) 30-Mar-10 (Mo 217-01160) Mar-11
Reference Probe ES3DVZ SN 3013 20-Dec-10 (No. ES3-3013_Dect0) Dec-11
DAE4 SN 88D 20-Apr-10 (No. DAE4-660 Apri0) Ape-11
Secondary Slandards iD# Chack Cats (in houss) Scheduled Check ‘
RF generator HP BE48C US3642U01700 4-Aug-89 (in house check Oct-09) in house check: Oct-11 '
Network Analyrer HP B753E US3T380585 18-0ct-01 (in house check Oct-10) in house check: Oct-11 ‘
Mamag Function
e o — il
Approved by:

Issued. January 20, 2011

Certificate No: EX3-3755_Jan11
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Calibration Laboratory of LU,

- SN s Schwelzerischer Kalibrierdienst
Schmid & Partner e G Service suisse détalonnage
Engineering AG Pt Servizio svizzero di taratura
Zsughausstrasse 43, 8004 Zurich, Switzerland E” ’-‘:"""\,‘ o S  Swiss Calibration Service
Fiaka®
Accredited by the Swiss Accreditation Senvice (SAS) Accreditation Ne.: SCS 108

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

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sensitivity in TSL / NORMx y .z

DCP diode compression point

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

A BC maodulation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polarization 8 4 rotation around an axis that is in the plane normal 1o probe axis (at measurement center),

i.e, B =0is normal o probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Sid 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) IEC 62209-1, “Procedure to measura 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

Heﬂml:ls Applied and Interpretation of Parameters:

NORMx,y.z: Assessed for E-field polarization 3 = 0 (f = 800 MHz in TEM-cell; f > 1800 MHz; R22 wa'lul'ﬂgulde:l
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does nol effect the E % field
uncertainty inside TSL (see below ConvF).

«  NORM{Nx y,z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions |ater than 4.2. The uncenainly 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.

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

= ConvF and Boundary Effect Paramefers. Assessed in fial phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fiald distributions based on power
measurements for f > BOO 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 lo the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ﬁomrF is used in DASY version 4.4 and higher which allows exiending the validity from £ 50 MHz to £ 100

Hz.

s Sphencal isotropy (30 deviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a patch antenna.

= Sensor Offsel: The sensor offsel corresponds 1o the offset of virlual measurement center from the probe tip
(on probe axis). No tolerance required.

Certificate No: EX3-3755_Jan11 Page 2 of 11



EX3DV4 SN:3755

Probe EX3DV4

ON:3755

Manufactured: March 16, 2010
Calibrated: January 20, 2011

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: EX3-3755_Jan11 Page 3 of 11
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EX3DV4 SN:3755 January 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Basic Calibration Parameters

Sensor X | Sensor ¥ | Sensor Z [unc (k=2)
Norm (uV/(Vim)*)* 0.49 0.47 050 |=10.1%
DCP (mv)* 99.9 99.1 101.3

Modulation Calibration Parameters

uliD Communication System Name PAR A B c VR Unc®
dB dBuV mv (k=2)
10000 CW 0.00 X 0.00 0.00 1.00f 1571 +24%
Y 0.00 0.00 1.00] 1478
Z 0.00 0.00 1.00{ 157.0

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

" The uncertainties of NormX. ¥.2 da not affect the E'-ield uncertminty insida TSL (see Pages 5§ and 5]
* Numencal [nearization parameter uncertaimty nol required
¥ Uncertainty rs determinad using the maximum dovation from ingar reiponse applying recatmnguiar distnbubon snd |3 expressad for the square of the held valus

Certificate No: EX3-3755_Jan11 Page 4 of 11




EX3DV4 SN:3755 January 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz) Validity [MHz]"  Parmittivity Conductivity ConvFX ConvFY ConvFZ Alpha  Depth Une (k=2)
835 + 50 /4 100 41.5+5% 0980 +5% 899 899 B.BS 0.64 068 £11.0%
1750 +50/+ 100 401 £5% 137 £5% 817 8.17 8.17 0.74 063 +11.0%
1900 +50/+100 400 +5% 1.40 £ 5% 7.84 7.B4 7.84 0.83 066 £11.0%
2000 +50/+100 40.0 £ 5% 1.40 £ 5% 7.78 7.78 7.78 0.45 079 £11.0%
2450 +50/+100 38.2+5% 1.80 % 5% .07 T7.07 7.07 0.30 1.02 £11.0%
5200 +50/+100 36.0 £5% 466 + 5% 4.54 4.64 4 64 0.40 180 £13.1%
5300 + 50 /£ 100 359+ 5% 476+ 5% 4.48 448 448 0.40 180 £13.1%
5500 +50/% 100 356+5% 49625% 4.48 448 446 0.45 1.80 +13.1%
5800 + 50/ £ 100 35.5 £ 5% 5.07 5% 415 415 415 0.50 180 +13.1%
5800 £50/+ 100 353 +5% 52715% 4.31 431 431 045 180 £13.1%

= Tha vakidity of £ 100 MHz only applies for DASY vé 4 and highe (see Page 2| The uncartainly is the RES of the ComE uncortainty st calibraton frequency

and tha uncadainty for the indecated fnsquency band

Centificate No. EX3-3755_Jan11 Page 5of 11



EX3DV4 SN:3755 January 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Calibration Parameter Determined in Body Tissue Simulating Media

{[MHz]  Validity (MHz]"  Permittivity  Conductivity ConvF X ConvFY  ConvF Z Alpha  Depth Unc (k=2
835 +50/4100 55.2 £ 5% 097 +5% 8.07 9.07 9.07 0.66 068 +11.0%
1750 +50/ 4100 534 + 5% 1.49 £ 5% 7.48 7.48 7.48 0.91 059 £11.0%
1900 +50/+ 100 53.3 £ 5% 152 5% 7.23 7.23 7.23 080 072 +11.0%
2000 +50/+ 100 53.3 5% 1.52 5% 7.31 7.31 7.31 058 074 +11.0%
2450 +50/+ 100 52,7 5% 1.95 £ 5% 7.06 7.08 7.06 058  O71 +11.0%
5200 +50/+ 100 49.0 5% 5.30 £ 5% 402 4.02 4.02 0.50 1.80 +13.1%
5300 +50/ %100 489 5% 542 £ 5% 3 86 386 3.86 0.50 1.80 £13.1%
5500 £50/ %100 48.6 £ 5% 565 + 5% 3.60 3.60 3.60 0.55 1.90 +13.1%
5600 £50/ % 100 48.5 1 5% 5.77 & 5% 3.26 3.26 3.26 0.65 1.90 £13.1%
5800 +50 /£ 100 48.2 £ 5% .00 £ 5% 378 3.78 3.78 0.60 1.80 £13.1%

"Tnnmwrnu1muﬂzmmrwmshunﬂhw¢uumzi The uncerainty is the RSS of the ConvF uncertainty at calibration frequency

and tha uncartainty for the indicated frequancy band
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EX3DV4 SN:3755 January 20, 2011

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

15
1.4
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Frequency response (normalized)
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. TE AL =R}

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4 SN:3755 January 20, 2011

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM ifi110EXX f= 1800 MHz, WG R22
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0 &0 120 1%!'? 240 00
L

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4 SN:3755

Sensor Voltage [juV]

Dynamic Range f(SAR;,..q4)
(TEM cell, f = 900 MHz)

1.E+08

1.E+05

1, E+04

1.E+03

1.E+02

1.E+01 -

1. E+00 : | |

0.001 0.01 0.1 1 10 100
SAR [mW/em’]

——X B Xcor —8—Y —S—Yowi —8—7 —8—7cor

0.001 0.04 01 1 10 100
SAR [mW/cm’]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3755

Conversion Factor Assessment

January 20, 2011

A0 ——

f =835 MHz, WGLS RS (head)

800

f = 5800 MHz, WGLS R58 (head)

Carntificate No: EX3-3755_Jan11

Deviation from Isotropy in HSL

Error (¢, 9), f = 900 MHz

Error [dB]

N-100-0,80 W-0 80060 W-050-040 W-040-020 B0 20000
B8000-020 W0.20-040 BEO040-060 WO60-080 WMOB0-1.00

Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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EX3DV4 SN:3755

Other Probe Parameters

January 20, 2011

Sensor Arrangement Triangular
Connector Angle (*) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diamater 10 mm
Tip Length 9 mm
Tip Diameler 2.5mm
Prabe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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