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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

HUAWEI
1 Calibration report “Probe EX3DV4”
Jl‘ll_,"II'lIIH_
Toeffs BemaEtsi-ate  TNIE( S2=08A
Teleeommumication Metrology Center af MITT o :ﬁ“’{f -
I el S DR LA R P
E-rmail: Infinigememicnm T b, TS
Client  Hauwei = Certifieate No: EX3-3736_Novl
Objecs EXIDVA - $N: 7736, . i
CHibrmioa Iee D TMEXZOGE == = ey
Calibtiom dage; Keavembier 16, 0710 . [ <TG
Corditinn of the calibrisd iem In Teterance -

Thix ealibwation Cenificae  documenrs e eraceshility. 10 nadonal smadards,  which reallze the physical wnite of
memirrmentsd S]] The messiirermients aid the uhcenaimies with eonfidlence probability ere ghven on the following pages onil
wro parrf of the corfiflears.

Al calibrations hove been conducied in the ¢losed labormory facility: enviromment temperanare23 +31C  and omidiiy<70%a

Calibation Equipment used (M&ETE cotical for enlibration)

Primary Standacds =] Cal Dot Calibrated by, Cortificaie No.) Scheduled Callbeation
Powsi Mel=i NREVD 102083 1-Bap-10 (TG, Mo JZ1H4T) m-'“
Powesi sensdr NREV-IS 100542 11-5ap-10 [TMD_No. JI“M Sap-1
Refarance Probe EX30V4 | SN 3631 13-Dac.09 (TMG, Np EX3-3631_Dectf) Dee-10
[AEZ N T F1-Poan-0G [TRC, Nﬂm&ﬁ‘_ﬂh‘-ﬂﬂi New-10
FF genstaior Ed4.360 MMyas0EzETd 15-Jur-10 [TWC. Mo, JE10-302) Jun-11
Netwoek Analvzer S7S3E US38433212  DA-AU-10 (TMIC, Mo 2 10-056) Aug-11
Name

Calilsrated by: Caiting

Reviewed by: ,mm

Appraved by M

lasered: thﬁlﬁiiﬂiﬂ
Thin ealibrmtion cortificale shall not be reprodisced except in full without written approval af the kaboratoly.

Cerfificale Mo: EX3-3736_Tsond 1k Page 1 of 9
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Add: Mo 51 Hoaymanbed Ened, Haidies Diemict Baijime, 100191, Chiny
Tal: +85-1 052303 ZEE-2002 Fax- +86-10-51304753

E-peil: Indn{@emote com Hsp:''arerw. smnciie. com
Closzary:
NOBRMxve sensitmaty m free space
Conf sensitivity in TSL / WORMxy.z
DCP diode compression point
Polanzation 4 i rotzhon aroumd probe axas
Polanzation H yotation avound an axs that 15 m the plane normal to probe st

measurement center’), 1e. 9 = 15 noomal to probe zmas

Calibration 1z Perforned According to the Following Standards:

a) IEEE Sad 1328-2003, “IEEE Fecommended Practice for Determuming the Peak Spatial-Averaged
Specific Absoption Rate I:'SAZR;} in the Human Head from Wireless Commumications Devices:
Mezsuremeant Techmques", December 2003

b} IEC £22010-1, “Procedure to mezsure the Spectfic Absorphion Fate (3AR) For hand-held devces
used m close procomuty to the ear (frequency range of 3000Hz to 3GH=)", Feltruary 2005

Method: Appled and Interpretation of Parameters:

s NOBEMx vz Assecced for E-feld polanzaton 8 =0 (f=9000MHz m TEM-cell; £ 1800MH=:
wavegmde). NORMx v > are onby intermediate vales, 1.e.. the meartainhes of NOBEMx vz doas
not effect the  E- -field wncestainty inside TSL (see balow ComeF).

& NOREM(fxv.z=NOEM=z v.z* frequency response (see Frequency Response Chart). Thes
hneanzation 15 mplemented m DASYY sofiware versions later than 4.2, The uncertamiy of the
frequency response 15 mehided m the stated uncertamty of ComcE.

e  DCPx vz DCP are mmenical lineanzation parametsrs assessed based on the data of power
sweep (no uncertznty requred). DCP does not depend on frequency nor media.

# ComF and Boundary Effect Parameters: Assessed m flat phantom wsing E-field (or Temperature
Transfer Standad for £ 3000 Hz) and mside wavegumde uang analytical field dishibutions
based on power measwrements for £ =800z, The same setups are used for assessment of the
parameters apphied for boundzry conpensation (zlpha depth) of wiiuch typical wnecertamty
vahed are mven Thesa parameters mElE.EdeAST#ﬂﬂwamtum'epmbeamm
close to the boundaay. The sensutmty 1 TSL comresponds to NOFMx v z* ConnT whereby the
mmceTiamiy comesponds to that given for Com®. A frequency dependent ConvF 15 used m
DASY version 4.4 and higher which allows extending the validity from = 500MHz to+ 100z

=  Sphencal 1sotopy (3D deviztion from 1sotropy): m a field of lowr gradients realized using a flat
phantom exposed by 2 patch anferma

& Sencor Offzet: The sensor offset comesponds to the offset of virual measurement conter from
the probe op {on probe ==xs). Mo tolerance requred.

Centificate Na: EX3-3738 MNavld Pape 2of?
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +86-10-52304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

DASY — Parameters of Probe: EX3DV4 SN:3736

Sensitivity in Free Space® Diode Compression®
NomX 047+101% u V/(Vim)' DCP X 2mV
NomY 044+10.1% u ViV /m)* DCPY  9imV
NormmZ 052+10.1% u Vi(Vim)* DCPZ P2mV

Sensitivity m Tissue Simulating Liquid (Conversion Factors)

Please see Page 8

Boundary Effect

TSL 900MH= Typical SAR gradient: 5% per mm
Sensor Center to Phantom Surface Distance 20mm 3.0mm
SARbe[¥a] Without Correction Algonthm B3 40
SARbe[:] With Comection Algonthm 0.3 0.1

TSL 1750MHz  Typical SAR gradient. 10% per mm
Sensor Center to Phantom Surface Distance 20mm 3.0mm
SARbe[%] Without Correction Algonthm 713 33
SARbe[%] With Comrection Algorithm 02 0.1

Sensor Offset
Probe Tip to Sensor Center 1.0 mm

The reported uncertamty of measurement is stated as the standard uncertainty of
Measurement multiphied by the coverage factor k=2 which for a normal distnbution
Corresponds to a coverage probability of approximately 95%.

* The uncertamties of Norm™. Y.Z do not affect the E*-field uncertamty mside TSL (see Page 5).
B Mumerical Ineanzation parameter: imeertainty not required

Cenificate Ho: EXN3-3734 Mavld Pape 30f@

As 0f 2010-12-28 Page 5 of 43
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +36-10-51304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

Frequency Response of E-Field

S
# 1.5
s
313
[ ]
g 12
5

L1
S S—
i 1 ?"f . J — — | = —— —
209
?:,‘ 0s
ZoT
¥
A

03

0 300 1000 1300 2000 2300 3000
f [MHz)
—a— TEM C=ll —B— Farmpr de

Uncertainty of Frequency Response of E-field: +5.0% (k=1)

Cenificate Ho: EXN3-3734 Mavld Papz 40f @
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +36-10-51304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

Receiving Pattern (d), 0 =0°
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Uncertainty of Axial Isotropy Assessment: +0.5% (E=1)

Cenificate Ho: EXN3-3734 Mavld Page 5of @
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +86-10-52304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

Dyvnamic Range f{5ARpead)
(Waveguide: WG, £= 1750 MHz)
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Uncertainty of Linearity Assessment: £0.5% (k=1)

Certificate No: EX3-1736_Novld Dage 6.of 9

As 0f 2010-12-28 Page 8 of 43



Huawei Technologies Co.,Ltd.

Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +36-10-51304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

Conversion Factor Assessment
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Cenificate Ho: EXN3-3734 Mavld Pape Tof @
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

Add Mo 52 Huayuanbei Boad. Haidian Dismict Bedjing. 100191, China

Tel: +86-10-62303288-2042

E-mail: InfodTemcite com

Fax: +86-10-62304793

Hitp'www emcite com

Freq | Frequency E o E o Sensitivity X sensor Sensitivity ¥ sensor Sensitivity Z sensor Uncertainty
[MHz] Range target | [S/m] | used | used | ConvF Alpha Depth ConvF Alpha Depth ConvF Alpha Depth k=2
5% | £5%
Probe Conversion Factors: Head Tissue Liquid
850 | £50/=100 | 41.5 09 43 0.88 826 026 1.74 .51 0.62 1.09 897 0.64 1.06 +11%
500 |+50/+100 | 415 | D97 | 426 | 0.94 5.08 D.36 1.47 5.33 0.81 1 9.82 D.39 1.35 *11%
1750 | +50/+100 | 4D08 | 137 | 39.7 | 1.35 B.34 0.2 2.55 B.45 028 145 B.84 021 1.67 +11%
1900 | £50/+£100 | 40 14 | 405 | 1.35 761 0.09 419 7.76 0.1 379 8.09 0.1 3.66 +11%
2000 | +50/+100 | 40 14 | 402 | 1.45 B6.56 D.12 3.58 B.73 0.1 3.18 7.04 0.13 212 *11%
2450 | £50/+100 | 392 1.8 399 | 1.87 B.07 0.13 3.92 8.22 0.15 432 B.62 0.18 ist +11%
2600 |+50/+100 | 39 196 | 387 | 2.05 B.O1 0.13 329 B.13 0.14 282 B.44 0.09 4.43 +11%
Probe Conversion Factors: Body Tissue Liquid
850 | +£50/+100 | 552 0897 | 548 | 0.96 B.79 027 1.74 8.99 033 152 947 0.34 1.44 +11%
900 | +£50/+100 55 1.05 | 542 | 1.02 B.73 0.62 11 B.89 0.38 1.38 9.36 0.47 1.24 +11%
1750 | £50/+100 | 534 149 | 53.7 15 TT4 0.0v 174 787 0.06 5.55 8.26 D12 324 +11%
1900 | £50/+100 | 53.3 | 1.52 | 528 | 1.54 B6.81 D.16 3.22 6.96 0.16 323 3 0.17 3.04 *11%
2000 | +50/+100 | 53.3 1.52 | 53.6 | 1.58 6.11 0.31 1.37 6.28 0.85 0.a7 B6.54 0.25 1.51 +11%
2450 | 507100 | 527 185 | 5189 | 185 T23 014 6.05 7.3 0.16 563 7.98 0.15 585 +11%
2600 | £50/+1D0 | 525 | 2.16 | 51.9 | 2.26 7.38 0.31 223 748 028 2.68 792 D25 277 *11%
ertificate No: EX3-3736_Nov10 Pagesofe

As of 2010-12-28
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

Add: Mo 31 Huxyvoanbed Foad, Haidiss Dismict, Baijeg, 100191, Chony
Tal: +35-10-52303 2882082 Fax- +86-10-52304783
E-pil: Indni@emoie. com Hzp:/'arerw amciis. com

Deviation from Isotropy
Error(d,0), f=200 MHz
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Uncertainty of Spherical Isotropy Assessment: +2.5% (k=1)

Certificate No: EX3-1736_Novld Dage 0 of 9

As of 2010-12-28
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 T A

2 Calibration report “1900 MHz System validation dipole

FE=LmEETERL TME oy

. —= : A o .
Felecommunication Metrology Center of MI1 L CNAS LD442
Client Huawei Certificate No: D1900V2-54091_May09

CALIBRATION CERTIFICATE

Ohject EXO0IN2 - SN: Sd0g]

Calibration Procedura(z)

ThC-XE-01-027
Calibration procedure for di pole validation kits

Calibrarion date; Wlay 28, 200%

Conditipn of the calibrated item InTolerance

This calibration Ceriificate documents the traceability o national standards, which realize the physical uniis of
measuremenia(SIh The measarenients and the uncertainties with confidence probability are: given on the

following pages and are part of the certificate,

Allalibrations have been condugted in the closed laboratory feility: environment temperatise22+ 3 and
hinidity=70%%.

Calibration Equipment used (METE crtical for calilivation)

| Primary Sandands =] Cal Date{Calibrated by, Carfificaie No.) Seheduled Calibration
Power Mater  NREVD 0253 T9=Jun=-08 { TMIC, NoJZ08-248) Jun-0%
Powersensor  WRY-ZS 100333 19-Jan-08 { THC, Mo, JELOE-248) Jun-(9
Reference Probe ESIDVI | SN 3149 08-Dec-0B(SPEAT NocES3<3149 Dec(s) Dig-(9
DAES S T771 21=Mov-DREPEAG No.DAESTT Nevld)  Mow-09
RF generator  Fd438C MAYASOR2ETY [ B-Jun-08{ TMC, Mo JZ08-302) Jun-9
Metwork Analyzer #733E | US38433212 3-Ang=08{ TMC, NoJF08-056) Aug-00
MNamie Function Signature
Ciired Lin Hae SAR Test Engineer qﬁ'ﬁ#’;
Reviewed by: et 3
4 i Dianyuan SAR: Project Lender __n%%
iz ’
Approved by: I Bingsong Deputy Directar of the faboratary ;-"'?. s
lesued: May 28, 2009
Thiz calibrtion cerificate shall not be reproduced except in fill without written approval ol the laboratory,

Cemilicate No: DIS0V2:5d091 May(o Page §of ?

As 0f2010-12-28 Page 12 of 43
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Glossary:

TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.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 300MHz to 3GHz)”, 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) DASY 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.

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

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

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

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

Certificate No: D1900V2-5d091 May(9 Page 2 of 7

As 0f2010-12-28 Page 13 of 43
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

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

DASY Version DASYS5 V3.0
Extrapolation Advanced Extrapolation

Phantom 2mm Oval Phantom ELI4

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 400 1.40 mho/m
Measured Head TSL parameters (220+x02)°C 403+6% 1.39mho/m = 6 %
Head TSL temperature during test (221x02)°C — —
SAR result with Head TSL
SAR averaged over 1 ci” (1 g) of Head TSL Condition
SAR measured 250 mW input power 960mW /g
SAR normalized normalized to TW 3BAmW /g
SAR for nominal Head TSL parameters ' normalized to TW 38.7TmW /g £17.0 % (k=2)
SAR averaged over 10 c7m° (10 g) of Head TSL Condition
SAR measured 250 mW input power 510mW /g
SAR normalized normalized to 1W 204 mW /g
SAR for nominal Head TSL parameters normalized to 1W 20.5 mW /g £ 16.5 % (k=2)

! Correction to nominal TSL parameters according to d), chapter “SAR Sensitivities”

Certificate No: D1900V2-5d091 May09 Page3of 7

As 0f2010-12-28 Page 14 of 43
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 83.3 1.52 mho/m
Measured Body TSL parameters (220+x02)°C 530+6% 1.55mho/m £ 6 %
Body TSL temperature during test (219+x02)°C — —

SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 101 mW /g
SAR normalized normalized to 1W 404 mWV /g

2

SAR for nominal Body TSL parameters

normalized to 1TW

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

SAR averaged over 10 ¢1° (10 g) of Body TSL Condition
SAR measured 250 mW input power 52TmW /g
SAR normalized normalized to 1W 211 mW g

SAR for nominal Body TSL parameters 2

normalized to 1TW

20.9 mW /g  16.5 % (k=2)

* Correction to nominal TSL parameters according to d), chapter “SAR Sensitivities”

Certificate No: D1900V2-5d091 May(09

Page 4 of 7

As of 2010-12-28
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4719 -75jQ

Return Loss -28.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4530 -82jQ

Return Loss - 20.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 2351 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected
to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

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

Certificate No: D1900V2-5d091 May09 Page50f7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

H

5

DASYS5 Validation Report for Head TSL

Date/Time: 2009-5-28 9:41:29
Test Laboratory: TMC, Beijing, China

DUT: Dipole 1900 MHz: Type: D1900V2:; Serial: SN: 5d091

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

Medium: Head 1900MHz

Medium parameters used: = 1900 MHz; ¢ = 1.39 mho/m: & = 40.3: p = 1000 kg/m’
Phantom section: Flat Section

DASYS Configuration:
® Probe: ES3DV3 - SN3149; ConvF(5.03, 3.03, 5.03); Calibrated: 08.12.08
® Electronics: DAE4 Sn771; Calibration: 21.11.08
® Fhantom: 2mm Oval Phantom ELI4; Type: QDOVAOOIBB
® Measurement SW: DASYS, V5.0 Build 119.9; Postprocessing SW: SEMCAD, V132 Build 87

Pin=250mW: d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=bmm, dy=btmm, dz=bmm

Reference Value = 54.8 V/m: Power Drift = -0.187 dB
Peak SAR (extrapolated) = 17.4 W/kg

SAR(1 g) = 9.6 mW/g; SAR(10 g) = 5.1 mW/g

Maximum value of SAR (measured) = 10.8 mW/g

dB
0.000

-2.24

-4.48

-6.72

-8.96

-11.2

0 dB = 10.8mW/g

Certificate No: D1900V2-5d091 May09 Page 6 of 7

As of 2010-12-28 Page 17 of 43
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

DASYS5 Validation Report for Body TSL

Date/Time: 2009-5-28 13:17:45
Test Laboratory: TMC, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: SN: 5d091

Communication System: CW Frequency: 1900 MHz Duty Cycle: 1:1
Medium: Body 1900MHz

Medium parameters used: = 1900 MHz: ¢ = 1.55 mho/m; &, = 53: p = 1000 kg/m’
Phantom section: Flat Section

DASY5 Configuration:
® Probe: ES3DV3 - SN3149; ConvF (4. 68, 4.68, 4.68); Calibrated: 08.12.08
® Electronics: DAE4 Sn771: Calibration: 21.11.08
® Fhantom: 2mm Oval Phantom ELI4: Type: QDOVAOOIBB
® Measurement SW: DASYS, V3.0 Build 119.9; Postprocessing SW: SEMCAD, V13.2 Buld 87

Pin=250mW: d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=bmm, dy=bmm, dz=bmm

Reference Value = 54.0 V/m: Power Drift = —0.084 dB
Peak SAR (extrapolated) = 19.5 W/kg

SAR(1 g) = 10.1 mW/g; SAR(10 g) = 5.27 nW/g
Maximum value of SAR (measured) = 11.9 mW/g

dB
0.000

-2.14

-4.28

-6.42

-8.56

-10.7

0 dB = 11.9mW/g

Certificate No: D1900V2-5d091 May(9 Page 7of 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

HUAWEI

3 Calibration report “1800 MHz System validation dipole”

3 IR I':ﬁ-_.
““@-”‘5:

- TIMEY >

Teleummmmanicaton Meirrngy Center of S

#
LT CNAS LO442

Dlsjesct [IROUVE - BN: 24067
Caliheadion difa: Pl I, W0
Conglition of the calihraied em Tii Tolérinee -

This ealibratios Cenificate doocumenis the tmeeakility (o notionnl sandonts. which realize the phiysical mmits of
messurements{ SIh The mesarements and the uncesainties with confidence probability &e given on e
lallesing pages and ste part ol ihe oertlficae.

All cafibrations have been conducied in (he clossd Bborsiory Bacility: ervamonmenl lemperaium {21 +5T ol
hunzidiey =<7

Calihradion Brpaipment used (A& TT crizical for calshraiian]

iy Standuds 163 # Cal DutefCalibrated by, Cenificnte M) Schedules Calibration
o Mtz MRVD 101253 15 im0 CTAAC, M REOR- 248 fum=(E
Power seemor WREVES 1S 1% JunelE {THIC, Mo LENE-TLH) Jime[9
Refendnce Prabe: ESIDWI | SN 1149 (- Dhec-DESPEAG, No EE3-3149 DeciE) Dheg-04
PAEA s T1-Mow-OBISPEAG Na.DAES7TI_Nowil)  Nov-a9
RF generammr - E443R0C Y ASOIRTY  BE-Jun-O8{ TAMC, Mo FEIE-303) Jum-Hl
Teetwnrk Apalveer  S731E | USIS43INT 00-Aup-080 THIC, Mo JE0H-0546]) Apip-ir

ame Function Signature
i iy Lin Haa SAR Test Enginees -
Reviewsd by: O Dasyian SAR Project Lewber =Ty
Agproved by, Lis Bingaoreg Dhepaty Dircetor of the lsharniory i w

Tssuid: Miy I7, 2009
Thils enlibration eeniflcan: shall nod be reprosnesd exeept m el withsout writen approval of the bormingy

Certificae Mo DIEMY 224137 Ma0d fage | ol ?
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

HUAWEI
Closzary:
TSL tissue simmilating Hogoid
ComE sepsitivifty im TSL / WOBRM= vz
A nmot applicable or not measured

Calibration is Performed According to the Following Standards:

8} IEEE 5id 1528-2003, “IEEE Feconunendsd Practice for Determining the Pesk Spatsl-Averaged
SpeciSc Absorption Bate (SAR) in the Humsn Head fom Wireless Commmnicatons Devices:
Messumement Techmiques™, Decembar 2003

b) IEC §2208-1, “Procedure to measure the Specific Absorption Fate (SAFR) For hand-hald devices
wsed m close prozimity o the ear (frequency ranse of 3000H=z o 3GH=)", Fabmary 3005

) Federal Commmmications Commission Cifice of Enmineering & Technology (FCC OET).
“Envalunting Compliance with FOC (uddelines for Huoman Exposure to Badiofrequency
Elecmomammetic Fields; Addifional Information for Evaluatne Conmpliance of Bobile and
Portakls Dhevices with FCOC Limits for Human Expoaure to Badiofrequency Emizzions™,
Supplemens C {Edigon 01-01) to Bulletn 5

Additional Dormmentanon:
d) DASY System Handbook

Alethods Applied and Interpretation of Parameters:

«  Meanurement Condifions: Further details are available fom the Validston Feport at the end of
the certificare. All fismres stated m the cernficate are valid at the frequency indicated.

= Anfenms Paramesers with TSL: The dipole is mounted with the spacer to position its feed point
exactly below the cenfer markone of the flat phantom secion with the arms onentad paralle] to

« Feed Point Impedance and Bemm Loss: These parameters ars messured with the dipole
positioned under the liqud Sled phenfom. The onpedance stated is ansfomed from te
measurement af the SMA conmector to the feed point. The Petuom Loss enswures low refl ected

power. Mo uncemainty required.

»  Elecmical Delawv: Coe-way delay between the SMA connector and the aufenns feed point. Mo

» SAR mesoured: SAF measured at the stated anfenns imput powsr.

» SAR ponmalized: SAR as measured nommslized to an input power of 1 W oat the anfenmna
CODIECIOT.

» SAR for popuinsl TSL paramesers: The measured TSL parameters ane nsed to calonlate the
nominsl SAR rasult

Certificate Moc D1800WI-1G157 Moy Pazzaofy
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Measurement Conditions

DASY system conflouration, a5 far a5 nof glven on page 1.

DASY Verzon DASYS Wig

Exmrapslation Adbenced Ex=apclation

Pl rom e Chend Proantoem FT M

Diztnmce Thpole Cemter - TSL 0 mm with Spacer

Leomn Sram Fezelubos du, dy, dz =5 mm

Freqeencr 1800 MHZ 2 1 MHz
Head TSL parameters

The fiolicwing parametsrs and caloulations were spolied.
Tampsrature Permittivity Conductivity

Homina Haad TSL paramatorns ol A 1.0 mha'm

Meazurad Head TSL paramstsrs 220 +02)"C 405 % 1.35mhoim £ 6 %

Head TSL tempsraiuns during teai [225+02)°C = —_
S5AR result with Head TSL

BAR averaged cver 1 ' (1 g} of Head TEL Congltion

SAR measired 250 MW Input powes 923 MmN g

SAR nomalized remaized o 1w 5. 9miN /g

SAR for nominal Head TEL parameiers '

romaized o 1W

37.5 mWig = 17.0 % (=2}

BAR averaged cver 10 O (10 g} of Head T2L Condltion
SAR measred 250 mW Input powes £50mW g
DAR nommalized reamnaiized o T Hamif g

SAR for nomingl Head TEL parameiers |

romaized o 1W

19.3 mW iy = 16.5 % (k=2)

Comrecion ko pomics TEL pammetars accondng bo d], chapi=r *BAR S=nshvibies”

Certificate Moc D1B00V2-24157 May(d

Pagzaafy

As of 2010-12-28
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Body TSL parameters

Tempsaature Permittivity Conductvity
Hominal Body TSL paramsters 20 533 1.52 mhoim
Maasurad Body TSL paramatars Z20£02)"C B33 £6% lABmhom 5 %
Body TSL temperaturs during test 224+ 02)°C — —_

SAR result with Body TSL
BAR averaged owerd1 ¢’ (1 g} of Body TEL Conaoliion
SAR measured 250 rW Inpeut powes 960 M /g
SAR nomalizad riomnalized o 1W 3.4 min g
SAR for nominal Body TSL parameters © nomaltzed fo TW 39.2 miW Ig = 17.0 % (k=3}
BAR averaged ower 10 CW (10 g} of Body TEL Conoliion
GAR measured 250 mW Input power 513 miN /g
SAR nomalizad romalized o 1W H.5miN g
SAR for nomina! Body TEL parameiers * miomalized o 1w 20,7 mi g = 18.5 % (k=2

The foiiowing parameters and calkuiations wers apoled.

Correcion o nomical TEL pammatars acconkng o di, Chapter “SAR Sensthibies”

Cartifiracs Moo D1800A2-2d157 May(H

Pagzaofs

As of 2010-12-28
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

Appendix

Antenna Parameters with Head TSL

impedance, Tansfommead o feesd poimt 2550 +42 |0
b LoEs - Z520E

Antenna Parameters with Body TSL

Impedance, iransfomed o feed point 4570 740

REm Lpes -2 1B

General Antenna Parameters and Design

Sectrical Delay [one drection) 1824 ns

After ong = wse with 100W madiated power, onfy a siighg warming of the dpole near the T=edpeini can be measuns3

The dipole Is made of standard semingld coaxa cabie. The center conductor of the feeding line is drectly conneciad
10 the second arm of the dpole. The anenna Is hesetor short-ciroulied for DC-Signals.

N0 excessive Tonse MUt be appiled 0 the dpoie amms, tecame‘:wmgmterﬁurmmnem-:l connections near
e faadpoltt may be i

Certificate Moo DI1BOIW2-24157 Myl Pagzsafy
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

DASYS Validation Report for Head TSL

Date/Time: 2009-3-27 9:03:32
Test Laboratory: TMC, Beijing, China

DUT: Dipole 1800 MHz: Type: D1BOOVZ: Seriml: 5M: 24157

Comminicatian System: OF Fregoency: 1BOD MHz Dhaty Cycle: 1:1
Medium: Bead 1900H-
Medinm parameters used: f= 1800 MHz: ¢ = 1.35 mho'm. £, =40.6; p= 1000 kz'm’

Fhantom zection: Flat Section

DASYS Confipuratiaon:
® Probe: ES3INI - SN3149; Conwf (518, 5,18 5.14); Caliboeted: 051108
Elecmonics: DAES 5n77]; Calietion: 21.11.08
Fhantom: Imm Chal Phamem FIT4; Type: QDOVASOI B
ooy srrreenant ST DASYS, V30 Build 119 %, Postprocessing 5TW; SEMICAT, V13,2 Build §7

Pin=250m¥: d=10mm/Zcom Sean (7xTx7)/Cube O:

Mam—prament u:r:n'.: d.t:fm. d,:-‘:flnn. d==5mm
Eeference Value = 62.9 Vim; Power Drxft — {1 035 4B
Fealk SAR {extrapolated) = 16. 2 Wike
SAR(1 g) = 9.23 of/g: SAR(10 g) = 4.9 o/
Maximm value of SAR (measured) = 10,4 o¥/m
di ]
0.mmn

224

-4, 41

.72

.96

-11.2
0 d6 = 10 4=W/

Cartificate No- D1800VI-2d157 May(d e
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 -

DASYS Validation Report for Body TSL

Date/Time: 2009-5-27 12-58-30
Test Leberateory: THMC, Beijing, China

DUT: Dipele 1800 MHz; Type: D18500VZ; Seriaml: SN: 24157

Commmication Svstem: CW Freguency: 1800 MHz Duty Cyele:; 1:1

Medium: Body 1900MHZ

Meadium parameters used: £= 1800 MHz: ¢ = 1.46 mho/m: 5, = 53.3: p= 1000 kg/'m’
Phertom section: Flet Section

DASYS Configurstion:
® Probe: ES3ING - EN3149; ComF (4 97, 497, 4.97); Caliberated: (81208
® Elecmomics: DAE4 5n771; Calibreton: 21.11 08
® Fhantom: 2o Oval Phantom E1T4; Type QDOVAMIER
®  Measmement ST DASYS, V3.0 Build 1199; Posiprocessme SW: SEMCAD. V13 1 Baild 27

Pin=250=W;: d=10mm/Toom Scan {7xTx7),/Cube 0

Megsurement grid: dxz=0mm. dy=5mm, dz=5mm

Reference Value = 49.4 ¥/m; Power Drift = —0.130 4B
Peak ZAR (extrspolated) = 17.0 W/'kg

SAR(l g) = 9.6 o¥/g; SAR{10 g) = 5.12 oW/

Maximm wvalue of SAR (measured) = 10.3 oW/&

L5}
0.0

-4.28

-4

-1
0 d& = 10. 8of/g

Cerificate MNo: D1S00V2-2d157 Myl Pape 10f 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

HUAWEI

4 Calibration report “835 MHz System validation dipole”

-
et TV 12
Telecommiinication Metology Center of MIT sﬁ:":.rm\\-\#

~ it
Client Huawei Certificate No: D835VE4albs Mafil§AS L0442

(hject 3835V - SN: 4d095

Calibration Procedure(s
alibration Procedure(s) TMC-XZ-01-027

Calibration procedure for dipoke validation kits

Calibration date: May 25, 2009

Condition of the calibrated itlem In Tolerance
This ealibration Certificare documents the tmeeahility to nationsl standards, which realize the physical units of
measurements{ 51}, The measurements and the uncertainties with confidence probability are given on the

following pagas und are part of the certificate.

All calibrations have been eandiocted in the closed laboratory facility: environment [emperafurez2 3T and
humidity=<70%%,

Calibrition Equipment used {M&TE critical for calibration)

Primary Standards | 1D & Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meler  NRVD 101253 | 9=Tun-08 (TMC, No 1708-248) Jun-0%9
Power sensor WRV-ZS | 100333 [ 9-Jun-08 (TMC, No, JZ08-248) Juin-09
Reference Probe  ES3DVI | SN 3140 (18-Dec-O0RSPEAG Mo.ES3-3149_Dec08) Dic-09
DAE4 S T71 21=-Nov-08{SPEAG, No.DAEA-T7] NovlE)  Now-(19
RF penerator  E4438C MY45092870  18-Jun-08(TMC, No.JZ0B8-302) Jun-09
Metwork Analyzer 8733E | US3E433212  03-Aup-08(TMC, NoJZ08-036) Acdig-09
Mame Funetion Signature
i Lin Hao SAR Test Engineer rﬁﬁ—#{ ,
Reviewed b: . .
: i Diany
i Dianyuan SAR Project Leader éﬁ“%
> i i
Approved by Lu Bingsong Deputy Birector of the laboratory If."-z Pl I";
J

Tssued: May 25, 2009
This ealibration certificate shall not be reproduced except in full without writien approval of the laboratory.

Certificate Mo: DEISV2-44085 May(9 Page 1 of 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 T A
CGlossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NOEM=y.z
/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2003, “IEEE Fecommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Commumications Devices:
Measurement Techniques”, December 2003

b) IEC 52209-1, “Procedure to measure the Specific Absorption Eate (SAFR) For hand-held devices
wsed in close proximity to the ear (frequency range of 3000MHz to 3GHz)", February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCU Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Posrtable Devices with FOC Limits for Human Exposwe to Radiofrequency Emissions™,
Supplement C (Edition 01-01) to Bulletin 63

Additional Documentation:
d) DASY System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Conditions: Further details are available from the Validation Feport at the end of
the certificate. All figures stated in the certificate are vahid at the frequency indicated.

*  Antenna Parameters with TSL: The dipole 15 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 Iinpedance and Beturn Loss: These parameters are measured with the dipole
posttioned under the liguid filled phantom. The impedance stated 15 transformed from the
measurement at the SMA connector to the feed point. The Feturn Loss ensures low reflected
power. No uncertainty sequired.

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

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

 SAFR for nonunal TSL parameters: The measured TSL parameters are used to calenlate the
nominal SAR result.

Cernficate Mo DEISV 244005 Wlaw(0 Pagze 2 of 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Measurement Conditions
DALY system configuration, as far as not given on page 1

DASY Version DASTS Va0
Extrapolation Advanced Extrapolation
Phantom 2 Oval Phantom ELT4
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Fesolution dx, dy, dz = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 41.5 0.80 mhofm
Measured Head TSL parameters (220£0.2)"C 405 £ 6 % 0.88mhoim £ & %
Head TESL temperature during test (22502 °C - -
SAR result with Head TSL
SAR averaged over 1 ¢’ {1 g) of Head TSL Condition
ZAR measurad 250 mW input power 228 mWig
ZAR normalized normalized to 1W 918 mW /g
SAR for nominal Head TSL parameters ! normalized to 1W .45 mW ig £ 17.0 % [k=2)
SAR averaged over 10 ¢ (10 g) of Head TSL Condition
SAR measurad 280 mW input power 1.50mW i g
SAR normalized normalized to 1W GO00mW/ig
SAR for nominal Head TSL parameters ! normalized to 1W 528 mWig £ 16.5 % [k=2)

Lo

Caorrection to nominal TEL parameters according to d), chapter "SAR Sensitivities”

Cartificats No: DEIFV2-4409%5 Bianw(0 Pagze 3 of 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Body TSL parameters

The following parameters and calculations were applisd.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 2202 55.0 1.05 mho'm
Measured Body TSL parameters (220 +£0.2)°C 2.5 £ 6% 1.00mhom £ G %
Body TSL temperature during test (224 £0.2)°C - -
SAR result with Body TSL
SAR averaged over 1 &M 4 {1 g) of Body TSL Condition
SAR measured 250 mW input power 248 mWig
SAR normalized normalized to 1W 988 mW/g
SAR for nominal Body TSL parameiers z normalized to 1W 9.96 mW ig £ 17.0 % [k=2)
SAR averaged over 10 cini® (10 g) of Body TSL Condition
SAR measured 250 mW input power 1T8Z2mWig
SAR normalized normalized to TW G4z mW/g
SAR for nominal Body TSL parameiers : normalized to 1W B.45 mW g £ 16.5 % [k=2)

* Cormection to nominal TSL parameters according io d), chapter “SAR Sansifivities”

Certficate No: DEIFV 244055 MWaw(0 Paze 40f7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2 Sl Mt

Appendix

Antenna Parameters with Head TSL

Impedance, transformead to feed point 4040 -15j0

Return Loss - A0.2d8

Antenna Parameters with Body TSL

Impedance, transformead to feed point 4740 -18j0

Return Loss - 28.5d8

General Antenna Parameters and Design

Electrical Delay (one direction) 2058 ns

After long f2rm use with 100W radiated powsr, only a shght warming of the dipole near the feedpoint can ke measured.

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is dirsctly connected
to the second arm of the dipele. The antenna is therefore short-circuited for DC-signals.

Mo expessive force must be applied to the dipole arms, because they might bend or the seldered connections near
the feedpoint may be damaged.

Carfificats No: DEIFV2-4d055 Bhlaw(9 Page 5o0f 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

H

5

DASYS Validation Report for Head TSL

Date/Time; 2009-5-25 9:23:47
Test Laboratory: TMC, Beijing, China

DUT: Dipole 835 MHz; Type: DB35VZ; Serial: SN: 44085

Communication Svstem: CW Freguency: 835 MHz Duty Cycle: 1:1

KMedium: Head 200MH=z

Medinm parameters nsed: £= 835 MHz: o= 0876 mho'm; & =40.35; p= 1000 I:g-"m‘l
FPhantom section: Flat Section

DASYS Configuration:

Frobe: ES3DV3 - SW3149; ConvF(E. 36, &.58, 6.36); Calibrated: 08.12.03
Electronics: DAES 50771 ; Calibration: 21.11.08

Fhantom: 2mun Oval Phantom ELI4; Tyvpe: QDOVAIDIBES

MMeasuremeant SW: DASYS, V5.0 Build 112.9; Postpracessing SW: SEMCAD, V132 Build £7

Pin=250mW; d=15mm/Zcom Scan (Tzx7xT)/Cube 0:

Keazurement grid: dx=5mm, dy=2mm, dz=3mm

Reference Value = 535.1 V/m; Power Drift = -0. 127 dB
Peak SAR (extrapolated) = 3.31 W'kg

SAR(1l g} = 2.29 oW/g; SAR(10 g) = 1.50 mW/g
Maximum value of SAR (measured) = 2.48 of/g

db
.00

-2.08

fi.24

B.32

-10.4
0 dB = 2. 48mW/ ¢

Carnificate MNo: DEIFV2-24095 Wiaw(o Page 6of7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

DASYS Validation Report for Body TSL

Date/Time: 2008-3-25 13:20:11
Test Laboratory: TMC, Beijing, China

DUT: Dipole 835 MHz; Type: DB35VZ: Serial: SN: 44095

Communication svstem: CW Freguency: 835 MHz Duty Cycle: 1:1
Kedium: Body S00MHz

Medium parameters used: £= 835 MHz: o = 1 mho/m; er=32.5; p= 1000 ch,-‘m3
Phantom section: Flat Section

DASYS Configuration:
# Probe: ESIDVE - BN3149; ConvF (6. 22, &.22, & 22); Calibrated: 08.12.08
® FElectronics: DAE4 5n771; Calibration: 21.11.08
® Phantom: 2oun Owval Phantom ELTE; Type: QDOVAONOIEER
®  Dleasurement ST DASYS V5.0 Build 119.9; Postprocessing SW: SERMCAD, V13.2 Build £7

Pin=250mW: d=15mm/Zoom Scan (Tx7xT)/Cuke 0:

Keasurement grid: dx=5mm, dy=imm, dz=>mm

Reference Value = 42,2 V/m; Power Drift = -0.0:38 48
Peak SAR (extrapolated) = 3.70 W/'ke

SAR(1 g) = 2.49 oW/g; SAR(10 g) = 1.62 oW/g
Mazimum value of SAR (measured) = 2.70 of/g

dB
.00

-2.08

-

-A.16
£.24 /

i

-10.4

0 dB = 2. T8uW,'g

Certiflcate Mo: D835V 2-4d0%5 Maw(9 Page Tof7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)023122010-2

5 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Pariner

Enginearing AG
Tiisghdusgiraass 43, 8004 Tusieh, Swilnarised

Sehwaltsimche Kalibiiaid s
Sarvice sulnss ' dlESamegs
Sereirsa avizrern ol tnmbery
Ewias albration Gervce

Accradted by the Swse Accesdtabon Service {SAS] Acporecmnon o SCS 108

The Swiss Acoediiation Service is oni af 1hi sigrassrjes (o tha E&
Muinistarad Agraamant for thio recogriiass of calibrasian carilll caes

crant  Huawel [Auden) Cariificaly Ma: DAES-851 Jun1d

CALIBRATION CERTIFICATE

Ciojoc DAE4 - 50000 D04 BJ - SMBE1

Calftraiion prceduiaisl QA CAL-06 w21

Caiorahon dam June 30, 2010

Cstimbeon Egurprment used (METE oefical for pabbmon)

Pinmy Mot (X B Tlme [CiaiHicaom Hoy
Eeghiey ishreesior Type 2001 SN R HETE VD=0 NGz S065|
Eacondary Stoncarnms | e Chias Dada fin Fouka)
Cabdnaied Bow Wi SE UME 606 &R 10604 0F-dun- 15 {in fouse checkl)
Mt Fungtice
Calimied Iy Dl rijiis Siefan Teohizian
Ao Ly Firt Bliwmha® HED Diecioe

Thas cabbmbon corblcaie seill d e mirociucsd sacapt i hil sthosl sen sppmmal of the Isbombong

Comficale Mo: ODAE4.851_Jun10 Fage 14l 5

Calibration procadurs for the dala acquisition elecironics [DAE)

Ths eairaticn certtbeate docanemes e Y b rpieT tmrcis, wiuch resliee the physies s of measaremerss |59
The messw sl e pnceErsnies wih confoence probateily am given on ihe ioBmsng pages andg ore part o e cartrcs

All estitmiens hwee b canhisisd m e cossd siprory tacildy: ermamoomem Emperaiume (22 = 500 aad fumeaty « 705

_ Sopdusd Dalhomion
Bct-100

Soraulid Chick

T henss Ghede - 11

Sl

o
A F{& Lt

| Jung 3%, 2010

As of 2010-12-28
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Glossary

CAE data acquezition elecironics

Connector angle  information used in DASY systam to align probe sensor X 1o tha robaot
coordinala systam.

Methods Applied and Interpretation of Paramaeters
» DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
companson with a calibraled instrument raceable 1o national standards. Tha ligura given
corresponds to the full scale range of the voltmeter in the respoctive range

+  Corhectar angle: The anghe of tha connector is assassed measunng he angls
mechanically by a tool inserted. Uncartamnty is not requined.

# The following parameters as documantad in the Appandic contain technical information as a
rasult from the perormance lest and raguire no uncertainty,

¢ DC Voltage Measurermnent Linganty: Verification af the Linearity a1 +10% and -10%% ol
[he nominal calibraton vollage. Influence of offssl vollage s included in this
measurameant,

e Comman mode sensitivily: Influanice of a positive or negative commeon made valtage on
the differeniial measurement.

*  Channel separation: Influence of a voltage on the neighbor channels not subject to an
input valtage.

s AQD Comverfer Values with inpufs shoned! Valuas on the intemal AD convarter
corresponding o zar input valtage

s nput Offzel Measurement Culpul voltage and stalistical resulls over a large number of
zero voflage measurements,

s (nout Offsed Current: Typical value for information; Maxemum channel nput offset
current, not considering the input resistance.

¢ Inpuf resisfance: DAE input resistance al the connector, during internal auto-zaroing
and duriing meaasuramant.

* Low Baftery Alarm Volfage: Typical value for information. Below this voltage, a battary
alarm signal is genarated.

+«  Power consumption: Typecal value for information. Supply currenis in varous aparating
B0 e
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Camhcate No DAE4-51 Amil

DC Voltage Measurament

AT - Corverter Rasolution ramanal

High Aangao:
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1LEH -
1L5A =
DALY measursment paramatans: Auip fam Time 3 sec Measwsing ima: 3 sac

(58] ||,'||I
ainy

Ul renga = 10K]
Tl igniga = S .

+JCEF mY
£5my

Caliralicn Factors

¥

¥

High Range 05 479 £ 0,1% (k=21 | 405465 + 0.1% (k=2} | 406.001 +0.1% (k=2}
Low Fange 308352 £ 0.7% (a2 | 200105 4 0.7% [Ka2) | 209705 1 0.7% (kaZ}
Connector Angle

| Connector Angle to b used in ASY systam
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Appendix
1. DC Voltage Linearity
High Range Reading (u¥) | Difference {av) Error (%)
Channel X + It 1898853 -1.J66 -0l
Channs| X & Input 20000 87 57 Q.00
Channel X = Imput 15057 .42 1.98 <t
Channe| ¥ + Inpud 190995 .6 -2 <00
Channal ¥ + Inpud 19935 .89 -1 <001
Channel Y Irpd 2000015 0as 0.0
Channel + Inpud 2000055 .33 0.m0
Channel I + Irpeiid 1629820 280 <30
Channed Z = Impaut +18950. 76 LGB 0.Co
Low Rangn Amading (v} Differanca (V) Errar [%)
Channed X + Ik 188363 1.7} <0.08
Channed X + Inpat 184, B0 4D 40.20
Channed X = Impait -188. 98 4118 008
Channed ¥ + lispait 20000 0.68 0.4
T:h-mll Y + Ingpat IBEI.I:HI_ I .1-!.'_-IE- -0.44
Channal ¥ = Insput -0 a7 .77 038
Channel Z + Input 20081 0.0s 0.00
Channel £ + Ingpt 158,70 1.20 I1,EL]
Channel - it 201,13 -1.13 0.a7
2. Common mode sensitivity
DASY measurement paramaters: Aus Zero Time: 3 ssc; Measuring i 3 sec
Common mods High Range Low Range=
Input Yoltage (mV}) Average Reading (uV) Average Resding (L)
Channed X 00 a.62 768
- 200 -5.98 438
Channel ¥ 200 T2 -5.68
- 200 G.69 BST
Channed Z 20 11.38 11.28
- 200 10083 -11.84

3. Channel separation
DASY massuramant parameless: Auta Zere Tima: 3 sa0; Measuring lime: 3 sec

input Voltage {mV] | Channel X (iV) | Channel ¥ (uV) | Channal 2 V)
Channet X 200 . 150 162
Channes ¥ 200 2,048 : 551
Channel Z 200 1,48 047
Cartificate Mo DAE4-851 _hunid Page 4 af &
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4, AD-Converter Values with Inputs shorted

DASY maasuramani passrneiers: Auto Zare Tima: 3 seo; Measunng fme: 2 sao

High Rangs (LSE) Low Range (L58)
Channel X 15407 13507
Channel ¥ 18002 15001
Channel 2 15627 15312

5. Input Offset Measurement
[ASY maasurement paramatars: Auin fam Time: 3 sec; Maasuning fme: 3 sac

g .

Average (u¥) | min Offset (v} | max. Omeet vy | ::I'""‘"
Channal X 016 231 204 076
Cnannal ¥ 091 200 o038 062
Channal 2 08 222 0,58 0.56

6. Input Offset Current
Momiral Inpis ciicutng ollzal curment on all channeks: <2514

7. Input Resistance

Zerodmg (MO6m) Measuring (MOhm)
Channel ¥ 010 BO07
Channgl ¥ 2000 i

| Channel Z OO0 1983

B. Low Battery Alarm Voltage (vartiad dusing pre tes)

Typicol values Alarm Lowvel (VDC)

Supply [+ Vo) +7.8

Suppty [- Vo) 1B

8. Power Consumplion {veriiod durirg pre fesd)

Typécal values Swritched off (m&) | Stand by |(ma) Transmitting [ma)
Supply [+ Vac) +00 -5 +14
Supgly {- Vor) =10 B I

Cadilicario Mo DAES-ES1 Junid Feaga 54l 5
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6 Application Note System Performance Check

6.1.1.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and operator
errors can be detected and corrected. It is recommended that the system performance check is performed prior to
any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on the proper
functioning of many components and the correct settings of many parameters. Faulty results due to drift, failures or
incorrect parameters might not be recognized, since they often look similar in distribution to the correct ones. The
Dosimetric Assessment System DASYS incorporates a system performance check procedure to test the proper
functioning of the system. The system performance check uses normal SAR measurements in a simplified setup
(the flat section of the SAM Twin Phantom) with a well characterized source (a matched dipole at a specified
distance). This setup was selected to give a high sensitivity to all parameters that might fail or vary over time (e.g.,
probe, liquid parameters, and software settings) and a low sensitivity to external effects inherent in the system (e.g.,
positioning uncertainty of the device holder). The system performance check does not replace the calibration of the
components. The accuracy of the system performance check is not sufficient for calibration purposes. It is possible
to calculate the field quite accurately in this simple setup; however, due to the open field situation some factors
(e.g., laboratory reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer
calibration methods, using either temperature probes or calibrated E-field probes. The system performance check
also does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions (e.g.,
spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the results of
which are used for an error estimation of the system. The system performance check will indicate situations where
the system uncertainty is exceeded due to drift or failure.

6.1.1.2 System Performance check procedure
Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be entered in
the software. If the measured values differ from targeted values in the dipole document, the liquid composition
should be adjusted. If the validation is performed with slightly different (measured) liquid parameters, the expected
SAR will also be different. See the application note about SAR sensitivities for an estimate of possible SAR
deviations. Note that the liquid parameters are temperature dependent with approximately — 0.5% decrease in
permitivity and + 1% increase in conductivity for a temperature decrease of 1° C. The dipole must be placed
beneath the flat phantom section of the Generic Twin Phantom with the correct distance holder in place. The
distance holder should touch the phantom surface with a light pressure at the reference marking (little hole) and be
oriented parallel to the long side of the phantom. Accurate positioning is not necessary, since the system will search
for the peak SAR location, except that the dipole arms should be parallel to the surface. The device holder for
mobile phones can be left in place but should be rotated away from the dipole. The forward power into the dipole at
the dipole SMA connector should be determined as accurately as possible. See section 4 for a description of the
recommended setup to measure the dipole input power. The actual dipole input power level can be between 20mW
and several watts. The result can later be normalized to any power level. It is strongly recommended to note the
actually used power level in the ,,comment“-window of the measurement file; otherwise you loose this crucial
information for later reference.

System Performance Check

The DASYS installation includes predefined files with recommended procedures for measurements and validation.
They are read-only document files and destined as fully defined but unmeasured masks, so you must save the
finished validation under a different name. The validation document requires the Generic Twin Phantom, so this
phantom must be properly installed in your system. (You can create your own measurement procedures by opening
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a new document or editing an existing document file). Before you start the validation, you just have to tell the
system with which components (probe, medium, and device) you are performing the validation; the system will
take care of all parameters. After the validation, which will take about 20 minutes, the results of each task are
displayed in the document window. Selecting all measured tasks and opening the predefined “validation” graphic
format displays all necessary information for validation. A description of the different measurement tasks in the
predefined document is given below, together with the information that can be deduced from their results:

e The ,reference” and ,,drift“ measurements are located at the beginning and end of the batch process. They
measure the field drift at one single point in the liquid over the complete procedure. The indicated drift is
mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation should be
repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift results in the
DASYS system below + 0.02 dB.

e The ,surface check” measurement tests the optical surface detection system of the DASYS system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the results.
The output gives the detecting heights of both systems, the difference between the two systems and the
standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to separation of the
sugar-water mixture gives poor repeatability (above = 0.1mm). In that case it is better to abort the validation
and stir the liquid. The difference between the optical surface detection and the actual surface depends on the
probe and is specified with each probe. (It does not depend on the surface reflectivity or the probe angle to the
surface within = 30°.) However, varying breaking indices of different liquid compositions might also influence
the distance. If the indicated difference varies from the actual setting, the probe parameter ,,optical surface
distance® should be changed in the probe settings (see manual). For more information see the application note
about SAR evaluation.

e The ,area scan* measures the SAR above the dipole on a parallel plane to the surface. It is used to locate the
approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses large grid spacing
for faster measurement; due to the symmetric field the peak detection is reliable. If a finer graphic is desired,
the grid spacing can be reduced. Grid spacing and orientation have no influence on the SAR result.

The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
»area scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged between
the two cubes and normalized to 1W dipole input power give the reference data for comparisons. The next section
analyzes the expected uncertainties of these values. Section 6 describes some additional checks for further
information or troubleshooting.

6.1.1.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on the
actual equipment and setup at the user location and need to be either assessed or verified on-site by the end user of
the DASYS system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of that.

the liquid parameter assessment give the targeted values from the dipole document. All errors are given in percent
of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR value of a dipole
source as given in the P1528 standard is given. This uncertainty is smaller than the expected uncertainty for mobile
phone measurements due to the simplified setup and the symmetric field distribution.

Error Sources Uncertainty | Probability | Divi- | ¢; G Standard Standard V2 O Vg

Value Distribution | sor 1g | 10g Uncelrtainty Unc%tainty

g 2

Measurement System
Probe calibration +5.9% Normal 1 1 1 +5.9% +5.9% o0
Axial isotropy +4.7% Rectangular | 3 1 1 +2.7% +2.7% o0
Hemispherical isotropy +9.6% Rectangular | V3 | 0.7 | 0.7 +0.0% +0.0% o0
Boundary effects +1.0% Rectangular | 3 1 1 +0.6% +0.6% o0
Probe linearity +4.7% Rectangular | 3 1 1 +2.7% +2.7% o0
System detection limits +1.0% | Rectangular | 3 1 1 +0.6% +0.6% o0
Readout electronics +0.3% Normal 1 1 1 +0.3% +0.3% o0
Response time +0.0% Rectangular 3 1 1 +0.0% +0.0% o0
Integration time +0.0% Rectangular 3 1 1 +0.0% +0.0% o0
RF ambient conditions +1.0% Rectangular 3 1 1 +0.6% +0.6% o0
Probe positioner +0.4% Rectangular 3 1 1 +0.2% +0.2% o0
Probe positioning +£29% | Rectangular | 3 1 1 +1.7% +1.7% )
Max. SAR evaluation +1.0% Rectangular | 3 1 1 +0.6% +0.6% o
Dipole
Deviation of experimental +5.5% | Rectangular | 3 1 1 +3.2% +3.2% )
dipole
Dipole axis to liquid distance +2.0% Rectangular | 1 1 1 +1.2% +1.2% e
Power drift +4.7% | Rectangular | 3 1 1 +2.7% +£2.7% ©
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular | 3 1 1 +2.3% +2.3% )
Liquid conductivity (target) +5.0% Rectangular | V3 | 0.64 | 0.43 +1.8% +1.2% )
Liquid conductivity (meas.) +2.5% Normal 1 0.64 | 0.43 +1.6% +1.1% o0
Liquid permittivity (target) +5.0% Rectangular | V3 | 0.6 | 0.49 +1.7% +1.4% o0
Liquid permittivity (meas.) +2.5% Normal 1 0.6 | 0.49 +1.5% +1.2% o0
Combined Uncertainty +9.5% +9.2%
Expanded Std. Uncertainty +18.9% +18.4%
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the variations in
the DASYS measurement system, provided that the same power reading setup is used for all validations. The
repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability | Divi- | c; G Standard Standard viZ or
Value Distribution | sor 1g | 10g Uncertainty | Uncertainty | Ve
Measurement System
Probe calibration +1.8% Normal 1 1 1 +1.8% +1.8% 0
Axial isotropy +4.7% | Rectangular | 3 1 1 0 0 0
Hemispherical isotropy +9.6% Rectangular 3 1 1 0 0 0
Boundary effects +1.0% Rectangular 3 1 1 0 0 0
Probe linearity +4.7% Rectangular 3 1 1 0 0 0
System detection limits +1.0% | Rectangular | 3 1 1 0 0 0
Readout electronics +0.3% Normal 1 1 1 0 0 0
Response time +0.0% | Rectangular | 3 1 1 0 0 el
Integration time +0.0% | Rectangular | 3 1 1 0 0 el
RF ambient conditions +0.0% Rectangular | 3 1 1 0 0 0
Probe positioner +0.4% | Rectangular | 3 1 1 +0.2% +0.2% el
Probe positioning +£29% | Rectangular | 3 1 1 +1.7% +1.7% el
Max. SAR evaluation +1.0% Rectangular | 3 1 1 0 0 0
Dipole
Deviation of experimental +5.5% Rectangular | 3 1 1 0 0 0
dipole
Dipole axis to liquid +2.0% Rectangular | 3 1 1 +1.2% +1.2% 0
distance
Input power and power drift +4.7% Rectangular | 3 1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% | Rectangular | 3 1 1 +23% +23% 0
Liquid conductivity (target) +5.0% |Rectangular | V3 | 0.64 | 0.43 +1.8% +1.2% 0
Liquid conductivity (meas.) +2.5% Rectangular | 1 0.64 | 0.43 + 1.6% +1.1% o
Liquid permittivity (target) +5.0% Rectangular V3 | 0.6 | 0.49 + 1.7% +1.4% 0
Liquid permittivity (meas.) +2.5% Rectangular | 1 0.6 | 0.49 + 1.5% +1.2% o
Combined Uncertainty +5.6% +5.1% 0
Expanded Std. Uncertainty +11.2% +10.3%

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system failures
or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high repeatability
deviations. The repeatability gives an indication that the system operates within its initial specifications. Excessive
drift, system failure and operator errors are easily detected.
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6.1.1.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the expected
deviation in inter-laboratory comparisons. The values in Section 2 for a typical and a sophisticated setup are just
average values. Refer to the manual of the power meter and the detector head for the evaluation of the uncertainty
in your system. The uncertainty also depends on the source matching and the general setup. Below follows the
description of a recommended setup and procedures to increase the accuracy of the power reading:

dir.
. 3dB v
Signal Low cable
Generator b Pass 1 —‘ : } @

Att3
Att2 L

® ——(w) (n2)

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) measures the forward power at the location of the
validation dipole connector. The signal generator is adjusted for the desired forward power at the dipole connector
and the power meter PM2 is read at that level. After connecting the cable to the dipole, the signal generator is
readjusted for the same reading at power meter PM2. If the signal generator does not allow a setting in 0.01dB
steps, the remaining difference at PM2 must be noted and considered in the normalization of the validation results.
The requirements for the components are:

e The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole should be
above 10mW to avoid the influence of measurement noise. If the signal generator can deliver 15dBm or more,
an amplifier is not necessary. Some high power amplifiers should not be operated at a level far below their
maximum output power level (e.g. a 100W power amplifier operated at 250mW output can be quite noisy). An
attenuator between the signal generator and amplifier is recommended to protect the amplifier input.

e The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For most
amplifiers in normal operation the filter is not necessary.

e The attenuator after the amplifier improves the source matching and the accuracy of the power head. (See
power meter manual.) It can also be used also to make the amplifier operate at its optimal output level for noise
and stability. In a setup without directional coupler, this attenuator should be at least 10dB.

e The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the signal
generator output for constant forward power. A medium quality coupler is sufficient because the loads (dipole
and power head) are well matched. (If the setup is used for reflective loads, a high quality coupler with respect
to directivity and output matching is necessary to avoid additional errors.)

e The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy has no
impact on the power setting. Calibration is not required.

e The cable between the coupler and dipole must be of high quality, without large attenuation and phase changes
when it is moved. Otherwise, the power meter head PM1 should be brought to the location of the dipole for
measuring.

e The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (*10dB) improves the accuracy of the power reading. (Some higher power
heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the frequency used
must be known; many attenuators are up to 0.2dB off from the specified value.
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e Use the same power level for the power setup with power meter PM1 as for the actual measurement to avoid
linearity and range switching errors in the power meter PM2. If the validation is performed at various power
levels, do the power setting procedure at each level.

e The dipole must be connected directly to the cable at location “X”. If the power meter has a different connector
system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and calibrate the attenuator
with the coupler.

e Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

6.1.1.5 Laboratory reflections

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-field.
The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field around the
dipole depends on the currents and therefore on the feedpoint impedance. The feedpoint impedance of the dipole is
mainly determined from the proximity of the absorbing phantom, but reflections in the laboratory can change the
impedance slightly. A 1% increase in the real part of the feedpoint impedance will produce approximately a 1%
decrease in the SAR for the same forward power. The possible influence of laboratory reflections should be
investigated during installation. The validation setup is suitable for this check, since the validation is sensitive to
laboratory reflections. The same tests can be performed with a mobile phone, but most phones are less sensitive to
reflections due to the shorter distance to the phantom. The fastest way to check for reflection effects is to position
the probe in the phantom above the feedpoint and start a continuous field measurement in the DASYS multimeter
window. Placing absorbers in front of possible reflectors (e.g. on the ground near the dipole or in front of a metallic
robot socket) will reveal their influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is
probably sufficient, as the influence of the reflections is small anyway. If you place the absorber too near the dipole,
the absorber itself will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to
monitor the dipole impedance with a network analyzer for reflection effects. The network analyzer must be
calibrated at the SMA connector and the electrical delay (two times the forward delay in the dipole document) must
be set in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference data in
the dipole document are produced in a low reflection environment.

6.1.1.6 Additional system checks

While the validation gives a good check of the DASY5 system components, it does not include all parameters
necessary for real phone measurements (e.g. device modulation or device positioning). For system validation
(repeatability) or comparisons between laboratories a reference device can be useful. This can be any mobile phone
with a stable output power (preferably a device whose output power can be set through the keyboard). For
comparisons, the same device should be sent around, since the SAR variations between samples can be large.
Several measurement possibilities in the DASY software allow additional tests of the performance of the DASY
system and components. These tests can be useful to localize component failures:

e The validation can be performed at different power levels to check the noise level or the correct compensation
of the diode compression in the probe.

e Ifapulsed signal with high peak power levels is fed to the dipole, the performance of the diode compression
compensation can be tested. The correct crest factor parameter in the DASY software must be set (see manual).
The system should give the same SAR output for the same averaged input power.
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