APPENDIX F

Probe Calibration
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Calibration Laboratory of

Schweizerischer Kalibrierdsenst

Schmid & Partner Service suisso dtalonnage
Engineering AG Servizio svizzoro di laratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accreded by the Swiss Accreditation Serace (SA5) Accreditation No: SCS 108

The Swiss Accreditation Service is ane of 1he signatories to the EA

Multilataral Ag for the recagnition of ¢ carificates

Glossary:

TSL tissue simulating liguid

NORMzx y .+ sensitivity in free space

ConvF sensilivity in TSL / NORMx,y,z

pce diode compression point

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

ABC maodulation dependent Ineanzalion parameters

Polanzation i rotation around probe axis

Polanzation «+ rotation around an axis that is in the plane normal to probe axis (al measurement center),

€., = 015 normal to probe axis

Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, "Procedure to measura the Specific Absorplion 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:
¢ NORM: y 2 Assessed for E-field polarization 4 = 0 (1 - 900 MHz n TEM-cell, { > 1800 MHz R22 waveguide)
NORMx.y.z are only intermediale values, i.e., the uncerainties of NORMx.y.z does nol effect the E'-field
uncertainty inside TSL (see bolow ConvF).

e NORM{Mxyz = NORMx y r * frequency_response (see Frequency Response Ghart). This linearization is
implemented in DASY4 software versions later than 4 2 The uncertainty of the frequency response is included
in the stated uncerainty of Conyf

¢ DCPxy 2 DCP are numerical inearizalion parameters assessed based on the data of power sweep with GW
signal (no uncerainty required). DCP does not depend on frequency nor media

o Axyrz Beyz Cryz VRxyz A B Care numerical inearizalion parameters assessed based on the dala of
power sweep for specific modulation signal. The paramelers do not depend on frequency nor media. VR (s (he
maximum calibralion range expressed in RMS voltage across the diode.

= ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperalure Transfer
Standard for f - 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for { > B00 MHz The same selups are used for assessment of the paramelers applied for
boundary compensation (alpha, deplh) of which typical uncertainty values are given These parametars are
used in DASY4 software lo improve probe accuracy close to the boundary. The sensitivity in TSL cormesponds
to NORMx y.2 * ConviF whereby the uncerainty corresponds Lo that given for ConvF . A frequency dependent
ConvF 15 used in DASY version 4 4 and higher which allows extending the validity from + 50 MHz to + 100
MHz

= Spherical isotropy (30 deviation from isotropy) in a field of low gradients realized using a flat phantom
exposed by a palch antenna

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

Certificale No ES3-3080_Jan1t Page 2 of 11



ES3DV3 SN:3080

Certificate M

Probe ES3DV3

SN:3080

Manufactured: March 14, 2005
Last calibrated: January 27, 2010
Recalibrated: January 26, 2011

Calibrated for DASY/EASY Systems

(Note non-compatible with DASY2 system!)

January 26, 2011



ES3DV3 SN:3080 January 26, 2011
DASY/EASY - Parameters of Probe: ES3DV3 SN:3080
Basic Calibration Parameters
Sensor X | Sensor Y | Sensor 2 llllnc (k=2) =
Norm (uVi(vim)")" 123 | 113 117 |2101%
DCP (mv)" 98.1 1008 101.3
Modulation Calibration Parameters
up Communication System Name PAR A B c VR Une'
- dB dBuV mv (k=2)
10000 cw 000 0 (0 000 1o0] 123 [ 319
0 00 000 1oo| 1407
000 000 00| 1483

approximately 95%

* The unostmitues. of NormX ¥ Z 0o not attect the £ fislg uncertaimly inside TSL (ses Pages 5 and B

® Numerical v ation paamste ur

ure

The reported unceriainty of measurement is staled as the standard unoenmy of measurement multiphed
by the coverage factor k=2 which for a normal distribution corresponds lo a coverage probability of

¥ Uncertainty i deter e using te manimin deaalon Hoe e response applying mcatangulin ditibsisn and (s saresse o (e sguan of he bek valie

Cetificate No. E53-3080_jan11
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ES3DV3 SN:3080 January 26, 2011

DASY/EASY - Parameters of Probe: ES3DV3 SN:3080

Calibration Parameter Determined in Head Tissue Simulating Media

1 [MH Walidity [MHz Permittivity Conductivity ConvF X ConvFY  ConwF Z _Mlpha  Depth Unc (k=2)
850 50/ 100 41515 062+ 5% 517 577 577 095 109 #1109
a00 & 50 /¢ 100 41 51 & 097+ 5% 570 570 570 069 108 +11.0%
1750 & 50 / ¢ 100 401 + 59 137 £ 5% 507 507 5.07 0.51 154 £110

1810 £ 50/ 100 400+ 5 140 ¢ 5% 492 492 492 064 141 £ 11 0%
1900 £ 50/ 100 400 1 5% 140 2 5% 487 487 487 064 137 £11 05

2450 £50/%100 392 s 5% 180 % 5% 434 434 434 047 180 £110%
2600 +50/+100 39.0 ¢ 5% 1.96 & 5% 424 424 424 063 153 ¢£110%

The vakdity of + 100 MHZ only apphes for DASY wd & ard baghar (see Page I) The uncedmniy s (e HES of e ComyF uncemainty a1 colteation regumcy

and the uncertanty foo e indcabed freguency band

Caficatle No ES3.3080 Jani1 Page Sof 11



ES3DV3 SN:3080 January 26, 2011

DASY/EASY - Parameters of Probe: ES3DV3 SN:3080

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MH Validity [MHz] Permitlivity Conductivity ConvF X ConvFY ConvFZ Alpha  Depth Ung (k=2)
850 £ 50 /+ 100 5525 098 ¢+ 5% 572 572 572 099 113 2110
1750 +50/+ 100 53415 149 2 5% 4 61 481 481 056 164 £ 11 0%
1800 + 50/ + 100 533+5 152 ¢ 5% 4 38 438 4 38 038 217 £ 1109
2450 t 50/ + 100 5274¢5 195¢ 5% 408 408 408 099 111 £ 11 0%

2600 +50/ %100 5251 5% 216 £ 5% 409 400 400 098 111 £11.0%
The valdity of £ 100 Mz only apples ke DASY ud 4 ara mgher (e Page 2) The uncarainty s the BES of i Coml b aitaiidy al calteraton reguency

and the uncarienty for e ndcated fraguesncy B

Certificate No £53.3080 Jan11 Page & of 11



ES3DV3 SN:3080 January 26, 2011

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

——-—0——-9—Q~-—.~—-_____.

Frequency response (normalized)
|
7

SO0 1000 1500 2000 2500 L0

f [MHz]

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

Cenificate No' ESI-3080 Jan1? Page 7ol 11



ES3DV3 SN:3080 January 26, 2011

Receiving Pattern (¢), 3 = 0°

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

‘_.D""D'_D_ﬂ"u_
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificate No ES3-3080_Jan11 Page B of 11



ES3DV3 SN:3080 January 26, 2011

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

Sensor Voltage [uV)

0001 1 01 1 ] 10
SAR [mWicm ]
X B Koo ==Y - ——7 ——7co

Error [dB]

SAR [mWicm']

Uncertainty of Linearity Assessment: + 0.6% (k=2

Certificate No: ES3- 3080 Jan1 Page 9ol 11



ES3DV3 SN:3080 January 26, 2011

Conversion Factor Assessment

f =900 MHz, WGLS RS (head) f= 1750 MHz, WGLS R22 (head)
a0 )
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=25 B
= £
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K] 000
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Deviation from Isotropy in HSL
Error (¢, 3), f = 900 MHz
|
F )
4 3
« 3
o
13
w
b
L] | G0 W 0600 a0 . o
o WO 20040 O04D0B0 B0 600 B) WO 501
Uncertainty of Spherical Isotropy Assessment: + 2 6% (k=2)
Centificate Mo ES3-3080 Jan11 Page 10 of 11



ES3DV3 SN:3080

Other Probe Parameters

January 26, 2011

Sensor Arrangement Trianguiar
Connector Angle () Mot applicable
Mechanical Surface Detection Mode enabled
Oplical Surface Detection Mode disabiled
Probe Overall Length 337 mm
Probe Body Diameater 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip lo Sensor X Calibration Point 2 mm
Probe Tip to Sensor ¥ Calibration Paint 2mm
Probe Tip to Sensor £ Calibration Point 2 mm
Recommended Measuremen! Distance from Surface 3 mm

Centificate Mo ES3 3080 Jan11 Page 1101 11



APPENDIX G

Calibration of The Validation Dipole



Calibration Laboratory of

Schmid & Pariner
Engineering AG

Zoughausstrasse 43, B004 Zurich, Switzerland

Accrodited by he Swiss Acaredilaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates

Cliant

Samsung (Dymstec)

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Sarvizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: D835V2-4d050_Feb11

E. TION GEHTIEM' i l

DB35V2 - SN: 4d050

Object

Calibration procodura(s)

Calibration date

Powar matar EPM-4424
Power sensor HF B4p 1A
Ralerence 20 9B Attenuatos
Typa-N mismaich combination
Releronca Probs ES30VA
DAE4

Secondary Standards
Power sensor HP BAR1A

RAF generator AAS SMT-06
Natwork Analyzer HP 7E3E

Calibrated by

Approved by

QA CAL-05.v8

Calibration prox

February 23, 2011

Calibration Equapment used (MATE catical for calibration)

10w

GRITA80704
USaAT2e2783

SN BOBG {204}

SN BO47.2 / DBAZT
SN: 3205

| 8N BOY

D@

MY&1092017
100005
LSATI00585 S4208

Mime

imeae lilay

Katja Pokovic

Centificate No: DBASV2.4d050 Feb11

wre for dipole validation kits

Cai Dato (Cortificate No )

06-O 217-01268)
06-0ct-10 (No. 217-01266)
30-Mar-10 (No. 217.01158)
30-Mar-10 (No. 217-01182)
30-Apr-10 (No. ES3-22056 Api10)
10-Jun-10 (No. DAE4-801 Jun10)

Check Dato (in house)

18-0¢1-02 (in house chock Oct-04)
4-Aug 8% (in house check Oct-00)
18-0et-01 (in howse check Ocl-10)

Funciian

Labtoratory Technician

Technical Manager

Page1ol8 (

This calibration cenificato documants 1Me Irad aabilily 1o national standards, which realize the physical units of measuremants (S1)
The measuremanis and the unceramties wih confidence probability are given on the following pagas and are part of the contificate

All calibrations have been conductod in the closed laboratory facility. environmant lemperature (22 + 3)°C and humidty < 70%

Scheduled Calibraton
0111
Oal-11
Mar-11
Mar-11
Apr i1

Scheduled Check

In houso chack: Oct-11
in house chock: Oat-11
In houso check: Oct-11

Issusd Febiuary 23, 2011

This: calibration comificaite shall not be reproduced axcepd in full without watton approval of the laboratony



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, B004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swins Callbration Service

Accredilad by the Swiss Accrodilalion Sorvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerfificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“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 al the stated antenna input power.

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

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

Certificate No: DBASV2 4d050_Feb11 Page 2 of 9



Measurement Conditions

DASY system configuration, as far as nol given on page 1 N =
DASY Version DASYS V52.6
Extrapolation o Advanced Extrapolation 7
Phantom Modular Flal Phantom V4.9
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, 0y, dz =5 mm B —|
Frequency 835 MHZ + 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity 1
Nominal Head TSL parameters 20°'C LER] 0.80 mho/m )
Measured Head TSL parameters (220+0.2)°C 411 26% 0.89 mha/m = 6 %
Head TSL temperature ﬂurinq test (21.7£02) 'C 4|
SAR result with Head TSL
SAR averaged over 1 em’ (1 g}_oi Head TSL Condition
SAR measured 250 mW inpul power 239 mW /g
SAR normalized normalized to 1W 9.56 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 155mW /g
SAR normalized normalized to 1W 620mwW /g

SAR for nominal Head TSL parameaters

normalized to 1W

——

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

Cenificale No: DB35VZ2-4d050 Fab11
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Body TSL parameters
The following parameters and calculalions were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220+02)"'C 542+6% 0.99 mho/m + 6 %
Body TSL temperature during test (21.5+02) 'C

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition B
SAR measurad 250 mW input power 255mWig
SAR normalized normalized to 1W 10.2mW i g

SAR for nominal Body TSL paramaters

normalized 1o 1W

10.0 mW /g £ 17.0 % (k=2)

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

condifion

SAR measured 260 mW input power 167 mW /g
SAR normalized normalized to 1W 668 MW /g
SAR for nominal Body TSL parametgrs nomalized o 1W 6.59 mW /g + 16.5 % (k=2)

Centificate No: DBISV2-4d050 Febi1

Page 4 ol 9




Appendix
Antenna Parameters with Head TSL

Impedance. franstormed to feed point 51940-2 1.Fu
Return Loss -31.1d8
Antenna Parameters with Body TSL
Impedance, transtormed to leed point o a7.6 u_- :t a4t
Retum Loss -258dB h
General Antenna Parameters and Design
| Etectrical Delay (one direction) 1388 ns

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

The dipole is made of standard semingid coaxial cable. The center conductor of the teeding line is directly connecled 1o the
secand arm of the dipole. The antenna is therefore short-circuited lor DC-signals
No excessive lorce must be applied o the dipole arms, because they might band or the soldered connactions naar the

feedpoint may be damaged.

Additional EUT Data

Manufaciured by

Manufactured on

SPEAG
August 16, 2006

Certificate No: DBA5V2-4d050 Feb11

Page 5 of 9



DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: D83V 2; Serial: DR35SV 2 -

RA5 MHz: Dury

Communication Svstem: CW: Freguency
Medium: HST00

Medium parameters used MHz2: a = 0.89 mho/n
Phantom section: Flat Sect
Measuremoent Standard: DASY S (IEEEAREC/ANSIChH )

DASYS Contiguratior

s  Probe: ES3IDVA - SNI2OS; ( VIFG.O3, 603, 603

s Sensor-Surface: Smm (Mechamical Surface Dete

o Llecoronics; DAL So6i: Calibrated: 100620010

e Phantom: Flar Phantom 490 Type: QDOOOP49A A

o Measurement SW: DASY S, VA32.6.1 Build (408

o Posiprocessing SW: SEMOCAD X, V14.4.2 Builg

I X 12,201
ShdEn
b1 LR
"W
Calibraned: 30004, 20010)
acral: 1D
L1

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probey/Zoom Scan (7x7x7) /Cube 02 Measuremen

grid: dx=5Smm. dyv=5mm. dz=5m

Reference Valu ST.544 Vi Power Drift =001 dB
Peak SAR (exi apelated) 15095 W/
SAR(] g)= 2.3 mW/g: SAR(10 g)

Maximum value of SAR (measure ), T84

1.55 mW/g
nW

= 00

b

a0

12.00

Conificate Nt BASVZ-4 Y Fab11 Paga |




Impedance Measurement Plot for Head TSL

EEL} s1i L wF ERS WL L - 238 U

a0

b
i

Pl b

d ]

CH2 LoG S dB/REF -28 9B

——

| —

1-31.432 b

2011 10109123

o W M

PHl Hard ers

i 0ie MHz

H3%.000 080 MHz

ETAET B35 000 DO MH:

Certiticate No: DB35V2-4d050 Febi1 Page 7 ol 9
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DASYS Validation Report for Body TSL

1
Test Laboratory: SPEAG, Zurich, Swaizerland
DUT: Dipole 835 MHz: Type: DEISY2: Serial: DEISY 2 - SN:4dOs0
Communigation System: CW Fregueney: 835 MHz2: Duty Oy
Medium: MSI UK
Medium parameters used: | = 835 MHz: o = 0,99 mhoin J 1N ko
Phantom section: Flin Section
Measurement Standard: DASY S (IEEENEC/ANST CO319-200
DASYS Conliguration

s Probe: ESIDV SNAX0S: ConvF(5.86. §.86. 5860 Calibrated: 30,04

e Sensor-Surfaee: dmom i Mechamical Surface Detection)

o Electronies: DAE4 Sn601: Calibrated: 10.06.2011

¢ Phantom al Pham L9 Type: QDONDOPAYAA: Serial: 1K)
o Measurement SW: DASYS2, V52.6.1 Build (408

¢ Postprocessing SW: SEMOAD X, VI4.4.2 Build (2595

Pin=250 mW /d=15mm. dist=3.0mm (ES-Probe )/Zoom Scan (7x7x7) /Cube O Measuren

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

Reference Value = 56,584 Vim: Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3. 780 W/k

SAR(I g) = .55 mW/g: SARIUID g) = 167 mW/g
Maximum value of SAR (measured ) YU71 mWie

(hdi3 = 2.970mW/e

Cortilicate No: DBASV2-4d050 Fi Page




Impedance Measurement Plot for Body TSL

23 Feb 2011 15154110

EHD 411 i E 1 47.%% 44047 4 = pf D O M

fvg
16 e

CHZ 511 LOG 5 dBESREF -20 4B 11-295 755 dB BN B0 GO HHE

Cor

A
16”

START EI%, 200 B0 MH: STOP | LA o (00 Mz

Certificate No: DBISV2-4d050_Feb11 Page 9 ol 9



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzariand

Schweizerischer Kalibrierdiens
Service sulsse d'élalonnage
Servizlo svizzero di tarafura
Swiss Calibration Service

Accreditod by tho Swiss Accrodiltation Service (SAS) Accreditation No.: SCS 108
The Swiss Accredilation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  Samsung (Dymstec) Bt e Certificate No: D1900V2-5d082_Feb11

Obtect

Calibration procedurs(s)

Calibration date

This calibration cerificate documants the iraceabsiity to national standards, which realize the physical units of measurements. (S1)
The ks and the unc with 6o probability are given on tha lollowing pages and are part of the certificate

Al calibrations havi baan conductad in thi closed laboratory facility: anvironment lemperature (22 + 3)°C and humidily < 70%

Calibration Equipmant used (M&TE critical for calibration)

Primary Standarnds D W Cal Date (Comficate No.) _ Scheduled Calibration
Powar mater EPM-4424 GB37480704 06-Oct-10 (No. 217-012668) Oet-11

Power sansor HP B4B1A US37202783 06-Oct-10 (No. 217-01266) Oet-11

Retarence 20 dB Atanuator SN: 5086 (20g) 30-Mar-10 (No. 217-01158) Mar-11

Typa-N mismatch combination SN: 5047.2 / 06327 30-Mar-10 (No. 217-01162) Mar-11

Relarence Probe ESI0VI SN: 3206 30-Apr-10 (No. ES3-3206_Apr10) Apr-11

DAE4 SN: 601 10-Jun-=10 (No. DAE4-B01_Jun10) Jun=11

Secondary Standards D # Check Date (in housa) Scheduled Check
Power sonaar HP B4814 MY#1082317 18-0ct-02 (in house check Oct-09) In hause check: Ogl-11
RF generator RES SMT-06 100006 4-Aug-99 (in house chack Oct-09) In houso chsck: Oct-11
Natwork Analyzar HF B753E US37390585 54206  18-Oct-01 (in house check Oct-10) In house chack: Oct-11

Signaturs

lssued: February 23, 2011

Calibrated by

| This calibration cortificate shall not be reproduced except in full without witten approval of the laboratory

Cartificale No: D1800V2-5d082 Febi11 Page 1019 Ok fa Lee



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, BO04 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'¢talonnage
Servirio svizzero di taratura
Swiss Calibration Service

Accroditad by tho Swiss Accroditation 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)

c)

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 centificate 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.
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Measurement Conditions

DASY system configuration, as far as nol given on page 1.
DASY Version DASYS V526
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 1900 MHz & 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+0.2) “C 39826% 1.41 mho/m = 6 %
Head TSL temperature during test (21.52£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 104mW /g
SAR normalized normalized to 1W MNEMW /g
SAR for nominal Head TSL paramelers normalized to 1W 41.4 mW /g £ 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 536 mwW /g
SAR normalized normalized to 1W 214mW /g

SAR for nominal Head TSL parameters

normalized to 1W

21.4 mW /g 2 16.5 % (k=2)
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Body TSL parameters

The following parameters and calculations were applied.

Temparature Permittivity Conductivity

Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220+02)"C 5286 % 1.55 mho/m 4 6 %
Body TSL temperature during test (21.5+£02)°C

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 103mWig
SAR normalized normalized 1o 1W AN2mwWig

SAR for nominal Body TSL parameters normalized 1o 1W 40.7 mW /g + 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured 250 mW input power 542 mW /g

SAR normalized normalized to 1W 217 mW i g

SAR for nominal Body TSL parameters

normalized 1o 1W

21.5 mW / g + 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50910+ 552

Return Loss - 25.1 dB

Antenna Parameters with Body TSL

Impadance. transformed 1o leed point 46.3 1 + 6.6 (1
Retumn Loss -221dB

General Antenna Parameters and Design

| Etectrical Delay ane direction) | 1.197 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 s directly connected 1o the
sacond arm of the dipole. The antenna is therafore short-circuited for DC-signals,

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

Additional EUT Data

Manufactured by SPEAG
Manutactured on June 28, 2006
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DASYS5 Validation Report for Head TSL

Date/Tume: 17.02.2000 11:20:22

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: D1900V2; Serial; D1900V2 - SN:5d082

Communication System: CW; Frequency: 1900 MHz; Duty Cyele: 1:1

Medium: HSL U112 BB

Medium parameters used: = 1900 MHz: o = 1.41 mho/m: & = 39.9; p = 1000 kg/m
Phantom section: Flat Section

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

DASYS Conhiguration
o Probe: ESIDV3 - SN1205; ConvF(5.09, 5.09, 5.09); Calibrated:; 30.04.2010
e Sensor-Surface: 3Imm (Mechanical Surface Detection)
o Electromes: DAE4 Sno01; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (front); Type: QDOUOPSOAA; Serial: 1001
o Measurement SW: DASYS2, V52.6 Build (401)

o 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=5mm, dy=5mm, dz=5mm

Reference Value = 99,802 V/im; Power Drift = -0.08 dB
Peak SAR (extrapolated) = 19,113 Wikg

SARI(L g) = 10.4 mW/g; SAR(10 g) = 5.36 mW/g
Maximum value of SAR (measured) = 12,931 mW/g

= 160
120
[T
1448

(VdB = 12.930mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date/ Time: 23.02.2001 10:31
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1990 MHz; Type: DIV 2; Serial: D1900V2 - SN:5d082

Communication System: CW; Frequency: 1900 MHz; Duty Cyele: 1:1

Medium: MSL L'12 BB

Medium parameters used: | 1900 MHz; & = 1.55 mho/m; g, = 52.9; p= KK} kg/m
Phantom section: Flat Section

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

DASYS Conliguration
¢ Probe: ES3IDV3 - SN3205: ConvF(4.59, 4.59, 4.59); Calibrated: 30.04.2010
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 10.06,2010
o Phantom: Flat Phantom 5.0 (hack); Type: QDOOOPSOAA; Serial: 1002
o Measurement SW: DASYS2, V52.6.1 Build (408)

o 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=5mm, dy=5mm, dz=5mm

Reference Value = 96,829 V/m: Power Drift = -0.05 dB

Peak SAR (extrapolated 17.729 W/kg

SAR(I g) = 10,3 mW/g: SAR(10 g) = 5.42 mW/g

Maximum value of SAR (measured) = 13.004 mW/g

0dB = 13.000mW/g
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Impedance Measurement Plot for Body TSL

23 Feb 2011 18:46:44
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Client

Object

Calibration procedure(s)

Calibration date:

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

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

Calibration Equipment used (M&TE critical for calibration)

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 B481A Us37292783 06-Oct-10 (No. 217-012686) 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 1D # Check Date (in house) Scheduled Check

Power sensor HP 8481A MY41092317 18-0ct-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

Calibrated by: Clau :

Approved by:

Issued: April 19, 2011

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

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

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

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

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

e 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.
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Measurement Conditions

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

DASY Version DASBYS V52.6.2
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 Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+02)°C 38.7+6% 1.72 mho/m + 6 %
Head TSL temperature during test (1.0 £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 137 mW /g
SAR normalized normalized to 1W 548mW/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 mwW input power 641 mW /g
SAR normalized normalized to 1W 25.8mW /g
SAR for nominal Head TSL parameters normalized to 1W 25.8 mW /g + 16.5 % (k=2)
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 50.6=6 % 1.91 mho/m =6 %
Body TSL temperature during test 21.5£0.2)°C - Hans

SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Caondition
SAR measured 250 mW input power 128 mwW /g
SAR normalized normalized to 1W 51.2mW/g

SAR for nominal Bedy TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 590mW /g
SAR normalized normalized to 1W 23.6mW /g

SAR for nominal Body TSL parameters

normalized to 1W

23.5mW /g £ 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.7Q-06j0Q
Return Loss -28.9de

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5080 +0.2jQ
Return Loss -41.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159ns

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.

Mo excessive force must be applied to the dipole arms, because 1hey might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 05, 2002
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DASY5 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; g, = 38.6; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS5 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
+ Phantom: Flat Phantom 5.0 (front); Type: QDO00P5S0AA; Serial: 1001
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 = 104.0 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.990 W/kg

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

-15.00

-20.00

-25.00

0dB =17.480mW/g
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Impedance Measurement Plot for Head TSL

18 Apr 2041 12:48:67
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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

Medium: MSL U12 BB

Medium parameters used: f = 2450 MHz; ¢ = 1.91 mho/m; &, = 50.6; p = 1000 kg/rn3
Phantom section: Flat Section

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

DASYS5 Configuration:
e Probe: ES3DV3 - SN32035; ConvF(4.31, 4.31, 4.31); Calibrated: 30.04.2010
e Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002
e Measurement SW: DASY352, 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

dB
[]

-13.23

-17.64

-22.05

0dB = 16.640mW/g

Certificate No: D2450V2-708_Apr11 Page 8 of 9



Impedance Measurement Plot for Body TSL

19 Apr 2011 10:09:34
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