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Calbation prooibdurcis)

Coortktion of B Salibrated itdm

This cabbeation certificata dociments the raceabiity 10 national standards, which realize tho physical units of measurements {31).
The maasureménts ard ihe vncarianiios with coflidends peobakeity Bre Given on thi following pages and ase part of the cerificate.

All calibeations have baen conducted in tha closed Laboratony tacikty: @nvironment tanperstun (22 = 3)°C and humidily < 70%.

Calirabon Equipmant iied (MATE critical for culibraton)

Siandards D& f Cal Diate (Catkvaied by, Cortificae Ko Schedued Catbation

Power meser EPR-42A GBITEBOTH 04-0ct-07 (Mo, 217-00735 Cor0e

Povwet sersos HP 84814 UISITZHETES 04-0c107 (Mo, 217-007386) Qot-08

Referancs 20 dB Alonuator SN: 5084 (20g) O7-AUg-0T (Mo 217-00718) Aug-0E

Type-M mismatch combination SN S04T.2 /06327 0B-AugOT (Ne. 217-00721) Ausgr0a

Raefaranco Probs ESADVE SN: 3025 2i-Apr-08 (Mo, 533025 _hpeds) Apr-0e3

CRES SH: &1 Tb-Mae-0f (Mo, DAEA-E0_Mandd) haar-Ceh

| Socondary Standands Dw Checi Data (in house) Schnedulied Chock
Paveer sensor HP 84814 M I0a23 T 180202 (in house chack Oct-0T) In hourge chisei: Oct-08
RF ganarator RAS SMT-0S NO000S AARgR (in house check 00T} in house check: Cet-d9
Nartwors Analyzer HP 8T53E LISI7A00505 S4208 18-0ct-01 [in house check Oct-07) In homse chesik: G104

Issuwed: May 32, 2008
This cakbration cenificalo shall not hwmtﬁh{ﬁmm“wammm.
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,2
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

o)

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

CEMNELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate
related to human exposure to glectromagnetic fields from mobile phones (300 MHz - 3
GHz), July 2001

Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
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:

Cadificate No: D1800W2-5d018_May08 Page 2af g

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 Farameters 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 uncerainty required.

Elecirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAHR 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.




Measurement Conditions

DASY system configuration, a8 far as nol given on page 1.

DASY Version DASYd wa7
Extrapoiation Advancad Exirapslation
Phantom Modular Flat Phaniom V5.0
Distance Dipole Center - TSL 10 rmm with Spacer
Zoom Scan Resoluticn o, dy, de =& mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parametars and calculations were applisd
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 0.0 1.40 mho'm
Measured Head TSL parameiers 220020 324 +6% 1.48 mihaim = & %
Head TSL temperature during test (21.4 £0.2)°C
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL condition
£AH measured 250 m\W inpul power 585 mW /g
SAR normalized rormalized 1o 1W 304 mil 7 g
SAR for nominal Head TSL paramaters " narmalized 1o 1W 383 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL Condition
ZAR measured 250 mWW inpul poawer 50T mW Fg
SAR normalized normalized to 195 20.3mW fg
$ARA for nominal Head TSL parameters ' normalized to 1W 20.0 mW / g = 16.5 % (k=2)

' Carrection to nominal TSL parameters according to d). chapter “SAR Senaitivities”

Certificate No: D1200W2-54018_May0d
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Body TSL parameters

The following parameters and calculations wers applied.

Temperalure Parmitlivity Conductlvity
Mominal Body TSL parametars 2209 B33 1.52 mham
Measured Body TSL parameters (22.0x02)°C 520=6% 1.54 mho'm £ 6 %
Body TSL temperature during test (223202 °C enen -

SAR result with Body TSL

SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR maasured 250 mW inpul power .80 mW g
SAR normalized normalized o 1W 38.4 mW /g

SAR for nominal Body TSL parameters *

narmalized to 1W

ITEMW /g = 17.0 % (k=2)

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

SAR measurad 250 mW inpul power 5.04 mW fg

SAR nonmalized nomalized o TW 202 mW fg

SAR for neminal Body TSL parameters * noemalized 1o 1W 19.9 mW / g = 16.5 % (k=2)

* Carrection to nominal TSL parametars according to d), chapter *SAR Sensilivities”
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Appendix
Antenna Parameters with Head TSL

Impedance, transiormed 1o feed point 5290+2200
Rieturn Loss - 29.0 dB

Antenna Parameters with Body TSL

Impedance, transformed to tead point 489 (r+ 230
Return Loss » 31.8 08

General Antenna Parameters and Design

[ Electrical Delay (one direction) 1.194n5 ]

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

The dipole is made of standard semirigid coaxial cable. Tha centar canductor of the leeding ling is directhy connectad o tha
second am of the dipole, The antenna s therelone short-circuited for DC-signals.
Mo excessive lorce must be applied to the dipole arms, because they might bend or the solderéd connections near the

teedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Kanufaciured on June 4, 2002

Codificata Mo: D1900V2-5d018_May08 Pago 5af 9




DASY4 Validation Report for Head TSL
Date/Time: 200052008 15:51:44

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d018

Communication System: CW; Frequency: 1900 MHz: Duty Cyele: 1:1
Medium: HSL U10 BR;

Medium parameters used: f = 1900 MHz; & = 1.46 mho/m; & = 39.4; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precizion Assesament)

DASY4 Configuration:
& Probe: ESI0DVE - SN3025: Cone4.9, 4.9, 4.90; Calibrwied: 28.04, 2008
*  Sepmor-Surface: Ldmm (Mechanical Sorface Detection)
#  Electronics: DAES Sn601: Calibrated: 14032008
#  Phaneom: Flal Phancos 5.0 (frost)s Type: QUOOOPS0AA

+  Measurement SW: DASYY, VAT Build 71 Postprocessing 3W: SEMCAD, VILE Buld 134

Pin = 250 mW; dip = 10 mm, scan at 3.4mm/Zoom Scan (dist=3.4mm, probe Odeg)
(7x7x7)WCube 0:

Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 92,1 Vim; Power Drift = 0.011 dB

Peak SAR (extrapolated) = 13.3 Wikg

SAR(I g) = 9.85 mW/g; SAR(10 g) = 5.07 mW/g

Maximum value of SAR (measured) = 11.9 mWig

dB
0.000

-4.00

-6.00

'1 21“

-16.0

NdB = | ].9mWig

Ceniticate Mo: D1S00V2-54018_May03 Page 6 of 9



Impedance Measurement Plot for Head TSL
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DASY4 Validation Report for Body TSL
D Time: 22.05.2008 12:29:54

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2Z - SN:5 d18

Communication System: CW: Frequency: 1900 MEz; Duty Cycle: 1:]

Medium: M3SL U10 BEB:

Medium parameters used: = 1900 MH: o= L.54 mho/m; g, =52; p= 1000 kg.l'rnj
Phantom section: Flar Section

Measurement Standard: DASYS (High Precision Asscssment)

DASY4 Conliguration:
#  Probe: ESADVE - SN3025; ConvF(4,5, 4.5, 4.5) Calibrated: 2804, 30018
s Sepsor-Surface: 3dmm (Mechonical Surface Detection)
»  Elocteonics: TAES Sné0]; Calibeated: [4.03. 2008
s Phantosm: Flar Phantem 5.0 (hazk); Type: QDUIPSOAA

s Meusurement SW: DASYd, V4.7 Build 71; Posiprocessing SW: SEMCAD, V1.8 Huild 184

Pin = 250 mW; d = 10 mm/Zoom Scan (Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 90.1 Vim; Power Drift = -0.011 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(L g) = 9.6 mW/g; SAR(10 g) = 5.04 mW/g

Maximum value of SAR (messured) = 11.7 mW/g

dB
0.0oo

-4.00

-fi.00

-12.0

-20.0

0dB = [ L.TmWig

Cortdicate Na: D1 300V2-58018_Mayds FageBofa



Impedance Measurement Plot for Body TSL
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Zeughausstrazse 43, 8004 Zurich, Switzarland
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Accreditation No.: SCS 108

Accredited by tha Swiss Accreditation Service (SAS)
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Multilateral Agreement for the recognition of calibration certificates

Cettificate No: ES3-3150_Jan09

Calibration procedure(s)

Galibration date: January 20,2009 |

Condition of the calibratad item

This callbration certificate documents the traceability to national standards, which realize the physical units of measurements (51).
The messurements and the uncaraintiss with eonfidence probability are given on the following pages and are part of the cerfificate.

All calibrations have baen conductad in the doesed laboratory facility, environment temparature (22 + 3)°C and humidity < 703,

Calibratizn Equipment used (METE critical for calibration)

Calibrated by:

Approved by,

Mame

S

Function

This calibration cerificate shall not be reproduced except in full without wiittan approval of the labaratary.

Primary Standards ID % Cal Date (Certificate Ma.) Scheduled Calibration

Pawar maler E44158 GB41283874 1-Apr-08 (Ma. 217-007&8) Apr-05

Power sensor E44124 MY 41495277 1-Apr-08 (No. 217-00788) Apr-0g

Powar sensor E44124 WY 41493087 1-Apr-08 {Mo. 217-00TEE) Apr-09

Reference 3 dB Attenuator SN: 85054 [3c) 1-Jul-08 (Mo, 217-00865) Jul-08 |

Reference 20 dB Allanuatsr SM: 55086 (20b) 31-Mar-0& (Mo, 217-00787) Apr-0% [
| Reference 30 dB Attenuator Sk 35128 (30b) 1-Jul-08 (Ma. 217-D0866) Jul-0%

Referance Probe ES30DVE SN 3013 Z-Jan-08 (Mo, ES3-3012_Jan02)} Jan-10

DAE4 SM: G660 %-Zep-08 (Mo, DAE4-650_Sepls) Sep-08

Secondary Slandards og Check Date (in house} Scheduled Check

RF ganarator HP BS480C US38420U01700 4-A09-95 {in house check Oct-07) In house check: Oct-05

Metwark Anzlyzer HP 8753E US3738058585 18-Cct-01 (in house check Cot-08) In house check: Oct-08

_Sig nature

Izsueed: January 20, 2009

Certificate Mo: ES3-3150_Jan09
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughaussirasse 43, 8004 Zurlch, Switzerland

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

Glossary:

TSL tissue simulating liguid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

Polarization o o rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal to probe axis (at

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

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

Methods Applied and Interpretation of Parameters:
o NORMzx,y,z: 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, i.e., the uncertainties of
NORMx,y,z does not effect the E*-field uncertainty inside TSL (see below ConvF).

s NORM(flx,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.

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

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds fo
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.

s Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a
flat phantom exposed 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: ES3-3150_Jan09 Page 2of 9



ES3DV3 SN:3150 January 20, 2009

Probe ES3DV3

SN:3150

Manufactured: June 12, 2007
Last calibrated: January 9, 2008
Recalibrated: January 20, 2009

Calibrated for DASY Systems

{Mote: non-compatible with DASY2 system!)

Certificate No: ES3-3150_Jan(49 Fage 3of &



ES3DV3 SN:3150 January 20, 2009

DASY - Parameters of Probe: ES3DV3 SN:3150

. . . 2 B
Sensitivity in Free Space‘e" Diode Compression
NormxX 1.25 +101%  pVI(V/m) DCP X 93 mv
NormY 1.26 £10.1%  pV/(Vim)? DCPY a5 mV
NormZ 125 £10.1%  pVI(V/im) DCP Z a4 m\V

“ Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Flease see Page B.

Boundary Effect

TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 3.0 mm 4.0 mm
SARL, [%] Without Correction Algorithm 949 6.5
SARL: [%] With Correction Algorithm 0.8 0.4
TSL 1810 MHz Typical SAR gradient: 10 % per mm
Senszor Center to Phantom Surface Distance 3.0mm 4.0 mm
SARY, [%a] Without Correction Algorithm 11.8 76
SARL: [%] With Correcticn Algorithm 0.8 0.5
Sensor Offset
Prabe Tip to Sensor Center 2.0 mm

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

* The uncertainties of MarmX,¥,Z do nat affect the E--field uncartainty inside TSL {see Page &),

B Mumerical lingarization parameter: uncerainty not required.

Certificate Mo: ES3-3150_Jan0s Page 4 of &



ES3DV3 SN:3150 January 20, 2009

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

Frequency response (normalized)
o
}

a 500 1000 1500 2000 2500
f [MHz]

2000

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

Certificate No: ES3-3150_Jan09 Page 6 of &



ES3DV3 SN:3150 January 20, 2009

Receiving Pattern (¢), 9 = 0°

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

| —o— 30 MHz
= | —m— 100 MHz
2 —o— 600 MHz
3 ¥ | —8— 1800 MHz
i | —i— 2500 MHz

-1.0 B I | [ 1
W} G 120 180 240 300

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

Certificate Mo: ES3-3150_Jan09 FPage Gof 9



ES3DV3 SN:3130 January 20, 2009

Dynamic Range f(SARpeaq)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ES3DV3 SN:3150 January 20, 2009

Conversion Factor Assessment

f = 900 MHz, WGLS R9 (head) 5 = 1810 MHz, WGLS R22 (head)
A e e e i e e, +—r————

b
&n

SAR[mWicm™] | W
2
(=]
SAR[mW/em’] I W

0 20 40 60 | 0 10 20 30 40
z[mm] : z[mm]

—&— Analylical —¢— Measurements 5 —0— Analytical ~—o— Measurements

f[MHz] Validity [MHz]®  TSL Permittivity Conductivity Alpha Depth  ConvF Uncertainty

450  +50/+100 Head 43.5:5% 0.87 5% 0.32 1408 .25 +13.3% (k=2)
900  +50/+100 Head 41.5£5% 0.97 5% 0.41 169 591 +11.0% (k=2)
1810 +50/+100 Head 40.0£5%  1.40 £5% 0.39 2.06 504 +11.0% (k=2)
2000 £50/+100 Head 40.0£5%  1.40+5% 0.28 295 488 = 11.0% (k=2)
2450  £50/+ 100 Head 39.2+5% 1.80+5% 0.36 244 450 = 11.0% (k=2)
450  +£50/+100 Body 56.7+5% 0.94£5% 0.24 123 675 *13.3% (k=2)
900  +£50/2 100 Body 55.0%5% 1.05+5% 098 1.09 591 *11.0% (k=2)
1810  £50/+ 100 Body 533+5% 1.52+5% 0.44 153 492 +11.0% (k=2)
2000 +£50/2 100 Body 533+5%  1.52+5% 035 178 477 +£11.0% (k=2)
2450  +£50/ 2+ 100 Body 527+5%  1.95+5% 064 130 423 +11.0% (k=2)

£ The validity of # 100 MHz only applies for DASY vd.4 and higher (see Page 2). The uncertainty is the R53
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

Certificate Mo ES3-3180_Jan0 Page 8 of 9



ES3DV3 SN:3150 January 20, 2009

Deviation from Isotropy in HSL
Error (¢, 3), f =900 MHz

Error [dB]

20
10 !

vl

|H-1.00-0.80 0-0.80-0.60 B-0.60-0.40 B-0.40-0.20 B-0.20-0.00 |
Q000020 B020-040 D040-060 B060030 HOE-1.00

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

Cerificate Moz ES3-2150_Jan08 Page 9ol 9
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