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1 Calibration report “Probe ES3DV3”
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CALIBRATION CERTIFICATE

Oibpesct

Colibration date;

Calibration Procadure{s)

aro part of the cerihice.

Condition of the caltbrated fem

ESIDWI - 5M; V16K

TMC-XZ-01-028
Calibranon procedure Tor dosimeiric E-field probes

[December 18, 2009

I Tolermnce

This calibrstion Cenifionle doouments  (he tmceability (o national sandards, which realize the physical wnits of
massurementacs ). The measarements wod the uneertainties with contidence probability we given on the fiollowing pages and

All calibrations hove been conducted in the closed Inboratory facility: environment temperature( 224 3T and homidigy=70%%

Culihration Eguipmunt msed (8% TH eritienl Tor callbration)

Primury Sandards SN, Cal Dt Calibrutend by, Certilicae No,) Schieduled Ciilibsration

Power Meter NRYD 101253 19=Jun=08 (THC, Mo JZ08-245) Jun-10

Povwer sensor - MREV=-Z35 1003335 19=Jun=08 [ THC, Mo, LA9-244) June= 160

Reference Probe  ESIDVI | SN 31449 .'."!l-.‘iﬂ;hl]'\l‘l!il'iiﬂl:L Mo ES1-1] 49 _seplis) S 140

A EA SN TTI | F=Nov=0WSPEAG No.DAL=TTI_Nowl¥)  Nowv=10

RF generator  E44380 MY 45092879 | T=Jun=08{ THC, Mo JL09-302) Jugi=110

MNetwork Analyzer BT53E | US38433212  29-Aug-(K TMC, No JEI9-056) Aug-10

Relerence Probe  T1%3 SN 303 19-Mar-IM SPEAG, Mo, T1-5031_Muor(ke) Pebiar 111

Mame Funietion Bignatung
el T Lin Hao SAR Test Engiticer L
Reviewed by O Dipnyumn SAR Muoject Lender _._._—.'h—.o,a’?_
Approved hy Lu Bingsong Eregeuty Drivecton of (e Inbooory E g ﬁ
lssuesd: Deécomber 21, 2004

Phis cullbrition cenifeate shiall not be reproduced excepd In Bl without written approval of the lsbortoty.

Centiflcate No; E53-1 16K Declo

Page | of
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2

RIZATCEC RIS REEa s GtV o | | o

lelecommunication Metrology Center of MILT

Akl W52 Huwyninnbel Bosd, Hildian Distriet, Bedjing, W0191, China
lel; # Bl 0y 2RI IHE-D00KD Fix; + W= [O=02304 93

el Tilodienmecle.cony I v rnidie. oo
Gilossary:
I'sl tasue simulating liguid
NORMx, y.# sensitlvity in free space
Conl gensitivity in TSL ) NORMS,y.2
I diede compression point
Polarization & i rotation around probe oxis
folurizntion & I rviation around an axis that is in the plane normal 1o probe axis(ol

mensurement center), i.e., =0 is normal w probe axis

Calibration is Ferfurmed Aecording to the Following Standards:
) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatinl-Averaged

Specifie Absorption Rote (SAR) In the Human Hend from Wireless Communications Devices:
Mensurement Technigques”™, December 2003

By IEC 62209-1, “Mrocedure o measure the Specific Absorplion Rate (5AR) For hand-held devices

used in close proximity to the ear (frequency mnge of 300Mz to 3GH2)", February 2005

Methads Applicd and Interpretution of Parameters;

Contificare Wo: ES3-3168_Diec( Poge 3 of ¥

NORMx, v 2: Assessed Tor E-field polarization 0 =0 {f=900MHz in TEM-cell; == TROOM
wiaveguide). NORMx vz are only intermediate values, i.e.. the uncertainties of NORMx, vz does
not effect the  £* -tield uncentamty inside 15L (see below Convk ).

NORM(Nx,ve = NORMy,v,2* lrequency response (see Fregquency Response Chart ), This
lincartzation is implemented in DASY4 software versions later than 4.2, The uncertainty of the
lrequency response I8 included in the stated uncertalnty of ConvF.

PP,y DOP are numerical linearization parsmeters assessed based on the data of power
sweep (no uncerlainty required), DCP does not depend on freguency nor medin

ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (o Temperature
Transfer Stndard for £ BOOMUT2) and inside wovegulde using analyvtical field distributions
bused on power mensurements [or [>800MHe. The same selups are used Tor assessment ol he
purmmeters applied for boundury compensation (alphadepth) of which typical uncertainty
valued are given, These parumeters sre used in DASYY software o improve probe accuiaey
elose o the boundary, The sensitivity in TSL corresponds 1o NORMx<,y,z® ConvF whereby the
uncertainty commesponds to that given for ConvF. A frequency dependent ConvF is used in
DDASY version 4.4 and higher which allows extending the validity from & S0MHz 1o 1 00MH 2,
Spherical isotropy (31 deviation rom isetropy): inon Geld of low grodienis realized using a flai
phantom exposed by a paich antenna.

Sensor Uflset: he sensor ollsel corresponds to the offsel of virtual mensurement center from
the probe tip {(on probe axis), Mo tolerance requined.
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Telecommumication Metrology Center of M1

Add: Mo, 52 Hasyuanbei Road, Haidian District, Beigimg, 100083, Chima
Tel: +86-10-62303288- 2082 Fax: +86-10-62304793
E-mail: Infoifemcite.com Hetpelhwww emeite.cam

DASY — Parameters of Probe: ES3DV3 SN:3618

Sensitivity in Free Space® Diode Compression”
NormX  1.04+101% & V/(V/m) DCPX  85mV
NormY  1.19410.1% & V/(V/my DCPY  88mV
NormZ  1.02%10.1% u V/A(V/m) DCPZ  83mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page 8

Boundary Effect

TSL 900MHz Typical SAR gradient: 5% per mm
Sensor Center to Phantom Surface Distance JOmm 4.0mm
SARbe[%] Without Correction Algorithm 38 1.6
SARbe[%] With Correction Algorithm 08 0.7

TSL 1810MHz  Typical SAR gradient: 10% per mm
Sensor Center to Phantom Surface Distance 30mm 4.0mm
SARbe[%] Without Correction Algorithm 6.8 36
SARDbe[%] With Correction Algorithm 0.4 0.2

Sensor Offset
Probe Tip to Sensor Center 2.0 mm

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

* The uncertainties of NormX.Y,Z do not affect the E’-field uncertainty inside TSL (see Page 8).
% Numerical linearization parameter: uncertainty not required

Certificate No: ES3-3168 Decl8 Page 3ol 8
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Dl fifs B b a2 T INIEY
leleopmmumication Metmrology Center of MILT

Ml Mo 52 Hunywaibsed Boocd, Haddian Ehsieicd, Beljing. VNS, China
Tiel: +8ivs DIb=2 X0 IHR-20K3 P o B =62 3060 793
E-mmnll: Indisinemciie. oo Hitgr /s gimetlte_com

Frequency Response of E-Field

1.5
o]
1] | i
[
i
m 1.4
.
2 l.a
5
@ 1.1 i.‘ 1
E 1 PN S S e s
(= |
wm
w0
l-' 1
o LA |
=
=T
er
o (1N
o LD

Lk, 5§

0 Gk 1 (W 1 B0 2000 Za00 I
r [MHz]
=i "|'HE Cin] 1 e Waw g fuds

Uncertainty of Frequency Response of E-field: =5.0% (k=2)

Certifionte No: ESI-1 168 Decta Mg 4 of B
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 T A

ol B mE - E L TR
lelecommunication Metrology Center of MIIT
A B AT Doy uinbed Rooud, Haldion Chisiried, ekl bng, 1000% ], € hinn

liel: + K= B=H2B0 I ZHAE- 208 s+ Bip= D=B2 304 T3
E-muil: Infiidemeite.com Huopehfwww emcite.com

Receiving Pattern (¢ ), 0 =0°
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Uncertainty of Axial Isotropy Assessment: +0.5% (k=2)

Certificare Mo: ES3-3168_Dec(9 Pape S of &
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DdeAfs Bk igdE s Eso T INIEY
d ] P
lelecommunication Metrology Center af MITT

Al M. 52 Husyumnbel Rowd, Hoidian Disisic, Beijme, 100191, Ching
Tel: «Rh=10-62 303 288-2083 Fax: +Ha= 1062304793
Femail: Infoaienscine. com Hitp:/ famaqw, emcite. com

Dynamic Range f(SAR}cqq)

(Waveguide: WGS, = 1800 MHz)
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Error [dB]
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SAR [mWicm’]

100

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

Cerificate Mo; ES3-31168 Dec9 Page 6 of &
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2

S

H50
S00
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HUAWEI
Dl fofs @it &b o T NS
] '.'||'| ammunteation & |L'rlll|1":."_‘. Clenter of NI
Adld Mo 22 Hunyuanbe) Rond, Hloddban Disteier, Beliing, VOHEL9T, Ching
lel: +H= 1062 2882083 P b= (=62 3104 793
E-rnad I Infodiemciie.com Hitpafwww. emeite.com
Conversion Factor Assessment
BOOMHE (W34} Head liguld 000 MHE 1D00NHz: (WGS) Head liguld TE00MH: |
W
24
%,
i
=== Ryt ol * Neowiressnls
MHz]  Validity[MHz]®  TSL_ Permittivity  Conductivity  Alpha_ Depth  ConvF_ Unceriainty
50 /100 Head 41.51+5% 0,00 £ 5%, 022 .37 .06  1L0% (k=2)
+50/£100 Head 41.515% 007 £5% 0.23 245 5906 H11.0% (k=2)
+50 /100 Head 40,0 £ 5% LA+ 5% 0.43 1.62 506 E11.0% (k=2)
+ 50 /= L0 Head 40,0 = 5% 1LAD £ 5%, 0,46 1.59 4.99 £ 11.0% (k=2)
4500/ iy Head 40,0 £ 5% LAl £ 5% 044 1.68 487 1LY (k=2)
50 /£100 Body 55.2+5% 097 +5% .34 1.84 597 £11.0% (k=2)
50 /100 Body 55.015% LOSE5% 0,48 1.42 536 EI1L.0% (k=1)
5074100 Body 533+5% .52+ 5% 43 1.75 488 £ 11.0% (k=2)
50 /100 Body 53315% L2 5% .44 1.77 462 E11.0% (k=2)
50 /100 Body 53.345% 1.52 £ 5% 41 1.68 4.53 T 11.0% (k=2)

20Hy

“The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), The uncertainiy
is the BSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated

frequency

haaml.

Certificole No: ES3-X168_Decno

Page Tol'd
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2

CfE B Rs T VIR

entor of MITT

mmunication Metrolog

Addd: o 32 Huanyisivhel Road, Hoddian Disrict, Belyng, VRH9E, Chinn
Ted: +Rfi= 1 (=H2INIIRE20K [RTERRE EE LR kT E el R
Bl Dofodd eameipo, com Hinpowwnlameiecom

Deviation from Isotropy
Errvor (&, 0), f=900 MHz

i}
{probe rotation) 0 -]
= ipolarzation rotation)

Uncertainty of Spherical Isotropy Assessment; £2.5% (k=2)

Certificate Moo ES3-3168 [Dee(s Pogee Kol

As 0f 2010-11-05 Page 10 of 35
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 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 ?
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 -

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
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 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
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 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
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2 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)018102010-2
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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
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2

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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3 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! SAR Project Lead
3 Dianyuwan ject Leader ﬂj"ﬁ"%
> 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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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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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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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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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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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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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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4 Calibration certificate of Data Acquisition Unit (DAE)

‘\1.'!'[”]"1!?

e TIVIEY ﬁﬁm
Telecommumicntion Metrology Center of MII ’4@ e

Al Mo 52 Huayouanbei Rood, Haidian District, Beijing. 100191, China

1"‘

]
CNAS L0442

lel: +B=-10-62303258-2083 Fax: +86-10-62304793
Eemail: lnfodemelic.som Hitpe www.emelte.com
Client Huawei Certificate No: DAE4-852_Dec09

CALIBRATION CERTIFICATE

Dhbject DAE4 - SN: 852

Calibration Procedure(s) TMC-XZ-01-029

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 18, 2009

Condition of the calibrated item In Tolerance

This calibration Certificate documents the traceability to notionnl standards, which realize the physical units of
measurements{S1). The measurements and the uncertainties with confidence probability are given on the following pages and
are part of the centificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature 22+ 3T and humidity=70%,

Calibration Equipment used (M&TE critical for calibration)

| Primary | i Jl}rl _ {'.:I IZh:h:t(l'_n_]_lpnued I:i_:r, C'-:rllln.ii.[l., Mo, )y Scheduled Calibration
Mu llm-cll:r MY4'\H4 1463 ]] Now-09 (TMC, No: I)I r..c"{H'IQ—:I 115} Now-110
DC POWER SUPPLY | MYA3001657 1 3-Nov-09 (TMC, No: J20R-29)) Mowv-10
663210
Secondary Standards | 1D # Check Date (in house) Scheduled Check

| Calibrmtor Box ! 19=Jun-0% {TMC, in house check) In house check Jun-10

Mame Function Signature

Calibruted by: Lin Hao SAR Test Engineer 1%-—#%
Reviewed by: i Dianyuan SAR Project Leader _ﬁgmz"? D
Approved by: Lu Bingsong Deputy Director of the laboratory 2, 12‘{;}7

Issued: December 18, 2009
This calibration certificate shall not be reproduced except in full without written approval of the laboratoty.

Certificate No: DAE4-852 Decl Page | of 5
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RraEe s TIVIEY

Ielecommunication '-E.-r.--l.r:_:y Center of Ml

Adidi Mo, 52 Huspuanbei Roasd, Haidian District, Beijing. 108191, China
Tel: +86-10-62303288-2083 Fax: +86-10-62304T93
E-mail: lnfosremeite.com Hupafwwweemaite.com

Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X to

the robot coordinate system.

Methods Applied and Interpretation of Parameters:

DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure
given corresponds to the full scale range of the voltmeter in the respective range.
Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

The following parameters contain technical information as a result from the
performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and
-10% of the nominal calibration voltage. Influence of offset voltage is included in
this measurement.

Common mode sensitivity: Influence of a positive or negative common mode
voltage on the differential measurement.

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

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage.

Input Offset Measurement: Output voltage and statistical results over a large
number of zero voltage measurements.

Certificate No: DAE4-852_Dec9 Page 2 of 5
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s el igE s o T INICY

Telecommunication Metrology Center of M1

Add: Mo, 52 Huayuanbei Road, Haddion District, Beijing, 100191, China
Teli +8o=10-6T I3 IRE-20E3 Fax: + 8= 1062304793
E-mail: Infiifemeite.com Hitpwww.emeite.com

DC Voltage Measurement
AID - Converter Resolution nominal
High Range: 1LSE = BluV, full range = =100...+300 mV
Low Range: 1LSB = 6inV, full range = Y 43NV
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring time: 3 sec

Calibration Factors X Y Fd

High Range 405044+ 0.1% (k=2) | 4052122 0.1% (k=2) | 404,015+ 0.1% (k=2)

Low Range 197589 + 0.7% (k=2) 396446 + 0.7% (k=2) 395610 £ 0.7% (k=2)
Connector Angle

Connector Angle fo be used in DASY system 159%+1°
Certificate No: DAE4-852_DecO% Page 3 of 5
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gl RSO T INIEY
Telecommunication Metrology Center of MIT
Add: Mo 32 Huayuanbel Road, Haddian District, Beijing, 100191, China
Tel: +B6-10-62303 2887083 Fax: +86-10-62304793
E-muail: |nfalemeiiecom Hitpafwww.emeite.com
Appendix
1. DC Voltage Linearity
High Range Input {1 V) Reading (V) Error (%)
Channel X + Input 200000 200000.1 0.00
Channel X + Input 20000 20002.83 0.01
Channel X = Input 20000 -20003.12 0.02
Channel ¥ +Input 200000 200000 0.00
Channel ¥ + Input 20000 20003.75 0.02
Channel ¥ =Input 20000 -20002 46 0.01
Channel Z + Input 200000 2000011 0.00
Channel 2 + Input 20000 20004.24 0.02
?h;nnelrl - Input 20000 -20003.2 0.02
Low Range Input { & V) Reading (1 V) Error (%)
| Channel X + Input 2000 1889.6 -0.02
Ghanna_i; + Input 200 199.87 -0.06
Channel X = Input 200 -200.55 0.28
Channel ¥ + Input 2000 19998 0.00
Channel ¥ + Input 200 189.48 -0.28
Channel ¥ - Input 200 -200.15 0.08
Channel Z + Input 2000 2000 0.00
Channel Z + Input 200 198,41 -0.30
ChannelZ  -Input 200 -200.98 0.49
2. Common mode sensitivity
DASY measurement parameters: Aulo Zero Time: 3 sec. Measunng time: 3 sec
Common made High Range Low Range
Input Voltage (mV) Average Reading (1 V) | Average Reading (1 V)
Channel X 200 340 345
- 200 -2.81 -3.19
Channel ¥ 200 018 -0.40
- 200 -0.80 -1.08
Channel Z 200 9.76 -10.02
- 200 7.85 829
Certificate No: DAE4-852_Dec09 Page 4 of 5
As 0f 2010-11-05 Page 28 of 35



Huawei Technologies Co

Ltd.

Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)018102010-2

T FifE BeimE s R T MY

Telecommunication Metrology Cente

rof MIIT

Add: No.52 Huayuanbei Road, Holdion District, Beijing. 100191, China

Tel: +86-10-62303288-2083
E-miil! [nloddemeite com

Fanc:

3. Channel separation

+RG- 106230793

Hitp:www emeite com

DASY measurement parameters; Aulo Zero Time: 3 sec, Measuring ime: 3 sec

Input Voltage (mV) | Channel X (1V) | Channel ¥ {#V) | Channel Z (1 V)
Channel X 20 00 | - 2.58 T 035
Channel ¥ 200 0.57 - 248
ﬂ_han nel Z 200 -1.81 0.20 -

4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X 16135 16440
Channel ¥ 15069 16205
Channel £ 15871 16030

5. Input Offset Measurement

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10M &2
Average (1 V) min. Offset (1 V) | max. Offset {1 V) | Std. Deviation{ & V)
Channel X 0.55 Bl -1.07 187 0.41 I
Channel ¥ -1.04 -1.83 -0.05 0.38
Channel Z 1.08 -0.10 1.91 0.38

0. Input Offset Current

MNeminal Input Circuitry offset current on all channels: <254

7. Input Resistance

Zeroing (MOhm) Measuring (MOhm)
Channel X 02000 201.2
Channel ¥ 0.2000 188.7
Channel Z 0.2000 200.5
Cerificate Mo: DAE4-852_DecOy Page Sof 5
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5 Application Note System Performance Check

5.1.1.1 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 DASYS5 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.

5.1.1.2 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 DASYS5 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

As 0f 2010-11-05 Page 30 of 35
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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.

5.1.1.3 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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5.1.1.4 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.

5.1.1.5 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.

5.1.1.6 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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