Huawei Technologies Co.,Ltd.

Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)005022011-2 -

Measurement Conditions

DASY EySEm configuration, 35 far 35 not ghven on page 1.

DASY Version DASYS vio
Extrapelation Advanced Ermapelation

Phaztom Tz Crvad Pamtom ELH

Distamce Dipede Cemter - TSL 10 mm with Spacer
Toom Scam Resclution dx, dy, dz = 5 mm

Frequency 1800 MHz 2 1 MHZ

Head TSL parameters
The foilowing parametars and calcuiations wers apoled.

Temparature Pammittivity Conductivity
Hominal Haad TSL parameters 220 °C 400 1.40 mha'm
Maasurad Head TSL paramsbers (220+02)"C 05 £6% 1.35mhodm £ 5 %
Head TSL tempsrature during teet 225+02)"C — —
SAR result with Head TSL
EAR averaged ower1 O [ gl of Head TEL Condition
SAR measured 250 MW Input power 9.23mi g
SAR nommalized nomalized o 1W FH.omw g
SAR for nominal Head TSL paramelers ' nomalized o 1W FT.3 M ig = 1720 % (k=2
BAR mvsraged cwer 18 O [0 g) of Head TEL Condition
SAR measured 250 MW Input power 490 MW g
SAR nommalized riomalized o 1W 19.6mil /g
SAR for nominal Head TSL parameters nomalized o 1W 139 mWW ig = 16.5 % (k=2)

Comrecion bo nominal TEL parameters socondng bo ), chapter *BAR Senstivities”

Certificate Moc D1800V2-2d157 May(® Page 3 of 7
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Calibration Data and Phantom Information to test report no.: SYBH(Z-SAR)005022011-2 H‘JAvEI
Body TSL parameters
The foiloaing parameders and calculations were apoled.
Tamparaturs Permitthty Conducthity
Hominal Body TSL parametsrs 20°C 533 1.52 mha'm
Measurad Body TSL paramstars (220+02)"C E33£6% 1. 46mhiodm £ 6 %
Body TSL temperaturs during test (224+02)"C — —
SAR result with Body TSL
BAR averaged ower 1 CFC (1 g} of Body THL Conaltion
SAR measured 250 MW Input power QED A g
SAR nommalzad momalzed o 1W JH4mnig
SAR for nominal Body TEL parameters. nomaltzed o 1W 39.2 MW Ig = 17.0 % (k=2)
BAR averaged cwer 10 ¢’ [10 g) of Body TEL Condltion
AR measured 250 mW Input power S543mig
SAR nomalizad nmaltzed o 1W 2.5mw g
SAR for nominal Body TEL parameters * nomaltzed o 1W 20.7 MW Ig = 185 % (k=2)

' Comrecion ko nominal TEL parameters socording o d), chapler “"SAR Senshvibes”

Certificate Moc D180002-24157_May(d
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Appendix

Antenna Parameters with Head TSL

Impedance, ransfomead o feed point 2550 #4.2|0
Refum Loss - 25208

Antenna Parameters with Body TSL

=
L

i
=4
=
i

Impedance, transfonmed o feed point 5.

H
B

REeum Loss

General Antenna Parameters and Design

Biectrical Delay jone direction] 168248

Aftar long t=mm use with 100W mdisted power, only a slight warming of the dipoles near the fesdpoint can be measuned

The dipoie 15 made of standand semingld coaxal cabie. The center conduchor of the fzeding line (s drectly conneciad
o the second amm of the dipdle. The amenna Is themedone short-cirouled for DC-signals.

i SxcaBsive Tose MUt be applied 10 the dipoie anms, bacauss Mey might band or Mie soidensd connections near
e feedpoint may be .

Certificate Noc D1800V2-2d157_ May(® Page s of 7
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DASYS Validation Report for Head TSL

Date,/Time: 20059-3-27 9:03:32
Tezt Laboratory: TMC, Beijing, China

DUT: Dipole 1800 MHz: Type: D1B0OWV2: Serial: SN: 24157

Commimmication Syetem: OW Freguency: 1B00 MHz [haty Crcle: 1:1

Medivm: Head 190AH:=

Medium parameters used: f= 1800 MHz; o =1.35 mho/m; £, =40.6; p = 1000 kg/'m’
Fhamtem section: Flat Section

DASYS Configuration:
® Probe: ES3DVS - SN3149; ComwF (518, 518 5 18): Calibrated: 08.12.08
BElecmanics: DAES 5n771; Calimation 21.11.08
Fhantom: o Chal Plomenm FITY; Typa: QDOVAO0IES
Meanmemant STF: DASYS, Vi Build 119 %, Peatprocasing 3TW: SEMCAD, V13.2 Build B7

Pin=250mW: d=10me/Tocom Scan (TxTxzT) /Cube 0O:

Meazurement grid: dx=Smm, dy=Smm, dz=Jmm

Reference Value = 62.9 V/m; Power Draf:t = 0. 083 4B
Paal: SAE |i=:|:tra,p|:h1a.te::'|] = 16. 2 Wke

SAR(1 g) = 9.23 of/g; SAR(10 g) = 4.9 oWk

Mazimm value of S8R (measured) = 10.4 oF /=

db
n.omm

-¢.24

-4, 4

6.7

.96

-11.2
0 dB = 10. 4of/ =

Certificate No: D1800V2-2d157 May(9 Pagecof 7
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DASYE Validation Report for Body TSL

Date/Time: 2003-5-27 12:58:30
Test Laboratery: TMC, Beijing, China

DUT: Dipele 1800 MHz; Type: D1BOOVZ; Serial: SN: 24157

Commmication System: CW Frequency: 1800 MHz Duty Cyele: 1:1
Medium: Body 1900MH=z
Meadium parameters used: f= 1800 MHz: 5= 1 46 mho/m: &, = 53.3; p= 1000 kz'm’

Phentom section: Flat Sectiom

DASYS Confimuration:

Frobe: ESIIVS - SN3149; ComeF(4.97, 4.97, 4.97); Calibrated: 0812.08
Elecmonics: DAE4 5n771; Calibration: 21.11 .08

Fhantom: Znom Owval Phamtom ELT4; Type: QDOVAMIER

Meanmameni SWE DASYS, V5.0 Build 1199; Postprocessing 5W: SEMCAD, V13 2 Buaild 57

Pin=2502W; d=10mm/Zcom Scan (TaTxT)/Cube 0:

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

Reference Value = 49.4 V/m; Power Drift = —0.130 4B
Peak SAR (extrapolated) = 17.0 W/ke

SAR(1 g} = 9.6 oF/g; SAR(10 g) = 5.13 o¥/k

Maximm value of 54R (measured) = 10.3 mi/E

dB
.00
-2.14
-4.28
b2

-B.56

-7
0 d& = 10. 5oW/g

Certficate Mo: D1B00V2-2d157_May (9 Page Taf7
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Telecommunication Metrology Center of MiT % /;\\ = i
I,/' \\\
. g Certificate No: D835V5 44005 MafiAS L0442
Client

CALIBRATION CERTIFICATE O

Object D835V2 - SN: 4d095

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

Calibration procedure for dipole validation Kits

Calibration date; May 25, 2009

Condition of the calibrated item In Tolerance
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(St). The measurements and the uncertainties with confidence probability are given on the |

following pages and are part of the certificate,

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

| Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 101253 19-Jun-08 (TMC. No JZ08-248) Jun-09
Power sensor NRV-Z§ | 100333 19-Jun-08 (TMC, No, JZ08-248) Jun-09
Reference Probe ES3DV3 | SN 3149 08-Dec-08(SPEAG No.ES3-3149_Dec08) Dec-09
DAEA4 SN 771 21-Nov-08(SPEAG No.DAE4-771_Nov8) Noy-09
RF generator E4438C MY45092879  18-Jun-08(TMC, No.JZ08-302) Jun-09
Network Analyzer 8753E | US38433212  03-Aug-08('T™MC, NoJZD8-056) Aug-09
Name Function Signature

Calibrated by: Lin Hao SAR Test Engineer fﬁﬁ-#{
Reviewed by:  PYany 3

(i Dianyuan SAR Project Leader Cérm_/

: o 3 {
Appraved by: Lu Bingsong Deputy Director of the laboratory 2 b J/‘;
y

Issued: May 25, 2009
This calibration certificate shall not be reproduced except in full without written approval of the laboratoty.

Certificate No: D835V2-44095_May(9 Page 1 of 7
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity m TSL / NOEMzx, vz
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Procedure to measure the Specific Absorption Eate [SAE) For hand-held devices
used in close proximity to the ear (frequency range of 3000Hz to 3GHz)", February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCOC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Postable Devices with FOU 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:

#  Measurement Conditions: Fusther 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 13 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 amis.

# Feed Point Impedance and Return 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 Fetun Loss ensures low reflected
power. No uncertainty required.

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

SAR measwed: 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.

« SAPR for nonunal TSL parameters: The measured TSL parameters are used to caleulate the
nominal SAR result.

Ceartificate MNo: DEIFV2-44085 Way00 Paze 2 of 7
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Measurement Conditions
DALY system configuration, as far as not given on page 1.

DASY Version DASYS Va0
Extrapoelation Advanced Extrapolation

Phantom 2 Owval Phantom ELT4

Distance Dipole Center - TSL 185 mm with Spacer
Zoom Scan Eesolution dx, dy, dz =& mm

Frequency 835 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220 °C 41.5 0.80 mhiodm
Measured Head TSL parameters (220£0.2)"C 40,5 £ 6 % 0.88mhoim £ & %

Head TSL temperature during test (225+02)°C -

SAR result with Head TSL

SAR averaged over 1 ¢’ (1 g) of Head TSL Condition

ZAR measured 250 mW input power 220mWig

SAR 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 i’ (10 g) of Head TSL Condition

SAR measured 250 mW input power 1.850mW g

SAR normalized normalized to 1W GO00mW /g

SAR for nominal Head TSL parameters ! normalized to 1W 538 mWig £ 16.5 % [k=2)

L~

Carrection to nominal TSL parameters according o d), chapter "SAR Sensitivites”

Certificate No: DEIFV2-44095 ManvDD Page 3 of 7
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Body TSL parameters

The following parameters and calculations wers applied.

Temperature Permittivity Conductivity

MNominal Body TSL parameters 220 °C 55.0 1.05 mhodm
Measured Body TSL parameters (220202 °C 2.5 £ 5% 1.00mhodm £ & %%
Body TSL temperature during test (224 +02)°C - -

SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
ZAR measurad 250 mW input power 249 mW i g
SAR normalized normalized to 1W S8 mW g

SAR for nominal Body TSL parameters :

normalized to TW

9.96 mW /g + 17.0 % (k=2

SAR averaged over 10 i (10 g) of Body TSL Condition
SAR measuraed 250 mW input power 1T82mW g
SAR normalized normalized to 1W G443 mWig

SAR for nominal Body TSL parameters 2

normalized o TW

5.45 mW ig + 16.5 % (k=2)

* Caorrection to nominal TSL parameters according 1o d), chapter “SA&R Sansitivities

Cartificats No: DEISV2-44095 Mar(0
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4040 -15j0

Return Loss - 30.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4740 -18j0

Return Loss - 28 .5d8

General Antenna Parameters and Design

Electrical Delay (one direction] 2058 ns

After long term use with 100W radiated power, only a shight warming of the dipole near the feedpoint can be measursd.

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

“o excessive force must be applied to the dipole arms, because they might bend or the seldered connsctions near
the feedpoint may be damaged.

Cartificate Mo DEISV2-44055 Daw(0 Paze 5o0f 7
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DASYS5 Validation Report for Head TSL

Date/Time: 2009-3-25 9:23:47
Test Laboratory: TMC, Beijing, China

DUT: Dipole B35 MHz; Type: DB835VZ,; Serial: SN: 44085

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

Medium: Head 200MHz

Medium parameters used: £= 835 MHz: o= 0876 mho'm; &r=4035; p= 1000 I:g-"mz'
Fhantom section: Flat Section

DASYS Configuration:

Probe: ES3DV3 - SW3149; ConvF(E. 36, &.38, 6. 56); Calibrated: 0B.12.08
Electromics: DAE4S 5771 Calibration: 21.11.08

Fhantom: 2non Owval Phantoon ELI4:; Type: QDOVAOOIBE

MMezsurement 5W: DASY S, V5.0 Build 112.9; Postprocessing SW: SEMCAD. V132 Buld 87

Pin=250mW; d=15mm/Zcom Scan (Tz7xT)/Cube 0:

Meazurement grid: dx=Smm, dy=5mm, dz=3mm

Reference Value = 35.1 V/m; Power Drift = -0. 127 dB
Peak SAR (extrapolated) = 3.31 W'k

SAR(1l g} = 2.29 oW/g; SAR(10 g) = 1.50 oW/g
Mazimum value of SAR (measured) = 2.43 of/g

db
.00

-2.08

. 24

832

-10.4

0 d8 = 2. 45oW/ ¢

Carnficate Mo: DEIFV 244095 Wian(9 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: D835VZ; Serial: SN: 44095

Communication Svstem: CW Freguencv: 835 MHz Duty Cwvcle: 1:1
Medium: Body 900MHz

Medmim parameters used: £= 835 MHz; o= 1 mho/'m; er=352.5; p= 1000 ch,-'m3
Phantom section: Flat Section

DASYS Configuration:
® Probe: ESIDV3E - 5N3149; ConwF (6. 22, &.22, 6. 22); Calibrated: 08.12.08
® FElectronics: DAE4 5n771; Calibration: 21.11 .08
® Phantom: 2o Owal Phantom ELT4; Type: QDOVAOOIER
®  Dleasurement ST DASYS V5.0 Build 119.9; Postprocessing SW: SERMCAD, V132 Build £7

Pin=250mW: d=15mm/Zoom Scan (Tx7x7)/Cube O:

Meazurement grid: dx=omm, dy=bmm, dz=5mm

Reference Value = 42. 2 V/m; Power Drift = -0.053 48
Peak SAR (extrapolated) = 3.70 W/'kg

SAR(1 g) = 2,49 mW/g: SAR(10 g) = 1.62 o¥/g
Maximum value of SAR (measured) = 2.70 of/g

dbB
f.omon

-2.06

-A.16

.24

.32

-10.4

0 dB = 2. T8uW/ g

Certificate Mo: D825V 2-4d0%5 NWaw(9 Page Tof7
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5 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausairasse 43, 8004 Zurich, Switzeriand

Accredied by the Swiss Acorociiation Sorvice {SAS)
The Swiss Accreditation Service is one of the signatories 10 the EA
Muttilateral Ag t fee the goition of calibration certificates

crent  Huawei (Auden)

Servipo svizero di taratur
Swiss Calibration Service

Accrecstasion No.: SCS 108

Certificate No: DAE4-851 Jun10

Schwwizerischer Kalibrierdisnst
Service suisee ¢ dinonnege

CALIBRATION CERTIFICATE

Ctpect DAE4 - SD 000 D04 BJ - SN: 851

Cafieation procodr(s) QA CAL-08.v21

Calration date: June 30, 2010

Calbraton Equipment used (METE crtical for cakbraton)

Primary Sandards D a Gt Dine (Canmifcata No)
Kefhiey Mutimets: Type 2001 SN: 081027 1-Oct-02 (No: 9066
Socondary Stancards |ID2 Check Dt (in nouse)
Calakr Bos V1.1 SE UMS 006 AB 1004 07-Jun-10 (in houss check )
Nurrw Funchon
Calbrated by Domingue Sieffan Tochncian
Apgroned try Fin Bommhot ALD Denclor

Calibration procedure for the data acquisition electronics (DAE)

Thes caftrabon cartibcate documents the traceats ity to nabions! standands, which realee the physical unts of measuresments (S
The measurements arnd the uncerainies wih conbdence probatety aro given on the folomng pages and are part of the certrdcate

All calbrstions have been ponducied in the closed lsbomiony taclty: envirorment bempearature (22 = 3)°C and fumicity < 70%,

__ Schedued Calbunon
Oct-10

Schoduod Chock

i house chece: un-11

Sigrnstum

e
v\ ’l?i_A LL-\.\{ )

lssuea: June 30, 2010

Thes Akboston Corthcate sl not be mproduced except i full mthout smen spproval of the Isbooatory

Camficate No: DAE4.851_Jin10 Page1al5
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HUAWEI

Calibration Laboratory of Schweizerischer Kalibeierdienst
Schmid & Partner Sarvice suisse ddtalonnage
Enginearing AG Servizio svizeero & truiurs
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Catibewtion Service
Accredied by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 108

The Swiss Acoreditation Service Is ane of the signatories %o the EA
Muitfateral Agreement for the recognition of callbrasion certiticates

Glossary

DAE data acquisition electronics

Connector angle  Informaticn used in DASY system to align probe sensor X 1o the robot
coordinate system.

Methods Applied and Interpretation of Parameters
e  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 assassed measunng the angle
mechanically by a toof inserted. Uncertainty is not required.

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

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

o Common mode sensitivily: Influerice 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.

o AD Converter Values with inputs shorted; Values on the intemal AD converer
corresponding to zero input voltage

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

o nput Offset Current: Typical value for information; Maximum channel input offse!
current, not considering the input resistance.

e Inpuf resistance: DAE input resistance at the connector, during internal auto-zeroing
and during measuramant.

« Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in various operating
modes,

Cenficare No. DAE4-851 Junt0 Pagu 2ol 5
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DC Voltage Measurement
AD - Corverter Resolution namsnal
High Aange: LS8 = R ful anga = <100, +300 mV
Low Ranga: ws8 = ainv b ranga = -1. +3mV
DASY measuwrement paramatars: Aute Zero Time: 3 sec, Measwring tima, 3 sac
Calibration Factors X Y Z
High Range 405,479 2 0.1% (k=2) | 405.4B5 £ 0.1% (k=2) | 406.001 £ 0.1% (k=2)
Low Range 3.08332 £ 0.7% (k«2) | 3.98105 £ 0.7% (k«2) | 3.99785 1 0.7% (k~2)
Connector Angle
I Connector Angle 10 ba used In DASY systam I 1020%*=1"
Camlicate No. DAE4-851 JuntD Paga3of 5
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (V) Error (%)
Channel X  + input 1898953 -1.66 -0.00
Channel X + Input 2000067 087 0.00
Channel X - Input -19997 42 1.98 ©0.01
Channel Y + Input 159905.6 0.02 .00
Channel Y + Input 1998989 -1.01 .01
Ghennel Y Input 20000.15 095 0.00
Channel 2 + Input 2000053 0.33 0.00
Channel Z + Input 19638 20 280 -0.01
Channel 2 ~ Input 1599976 .66 0.00
Low Range Reading (uV) Ditference (uV) Error (%)
Channed X + Input 1698 3 -1.71 0.08
Channel X + Input 189,60 0.40 -0.20
Channel X «Input -199.98 018 009
Channel Y + Input 20009 0.88 0.04
Channel Y + Input 159.04 .98 0.48
Channed ¥ - Input -200.87 077 0.38
Channel Z + Input 20001 0.04 0.00
Channel Z + Input 158,70 1,20 0,60
Channel Z - Input -201.13 -1.13 057
2. Common mode sensitivity
DASY measurement paramaters: Auto Zero Time: 3 sac; Measuring tima: 3 sec
Common mode High Range Low
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 a.62 769
- 200 .98 8.8
Channel Y 200 712 6,69
- 200 5.69 5.57
Channel Z 200 11.98 11.38
- 200 -13.83 -13.84
3. Channel separation
DASY maasuramant paramaters: Auto Zero Tima: 3 sac: Measurng tima : 3 6
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) | Channel Z {xV)
Channel X 200 - 1.50 -1.62
Channel ¥ 200 2,08 - 551
Channel Z 200 1.48 047 -
Cantificate No: DAE4-851_Jun10 Page 4 01 5
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zere Time: 3 sec; Measunng teme: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15407 13507
Channel ¥ 18082 15001
Channel Z 15827 16312

5. Input Offset Measurement

DASY measurement paramstars: Auto Zara Time: 3 sec. Maasunng time: 3 sac

Ingut 1M
Average (V) min. Offset (uV) | max. Offset (V) o (()ll.V)
Channal X 0.16 231 204 0.76
Channel Y E R 3,03 0.38 062
Channel Z -0.81 222 0.58 0.56
6. Input Offset Current
Nominal Input clrcuitry offsat current on all channels: <2514
7. Input Resistance
Zeroing (MOhm) Measuring (MOhm)
Channel X 0.1898 200.7
Channel Y 0.2000 2016
Channel Z 0.2000 1963
8. Low Battery Alarm Voltage (vardiad dusing pre test)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) 1.6
9. Power Consumption (verified during pre test)
Typical values Switched off (mA) | Stand by {mA) Transmitting (mA)
Supply (+ Vec) +0.0 +6 14
Supply (- Vec) -0.01 8 A
Cedificate No: DAE4-8S1 Jun1d Faga Sol 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 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.qg.,
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 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
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phantom must be properly installed in your system. (You can create your own measurement procedures by opening
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:

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
DASYS5 system below £0.02 dB.

The ,,surface check® measurement tests the optical surface detection system of the DASY5 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.

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 DASY5 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-| c; (o Standard Standard ViZ OF Vegt

Value Distribution | sor 19 | 10g Uncelrtainty Uncertainty

g 10g

Measurement System
Probe calibration +5.9% Normal 1 1 1 +5.9% +5.9% 0
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 | V3 | 1 1 +0.6% +0.6% e
Probe linearity +4.7% Rectangular | 3 1 1 +2.7% +2.7% 0
System detection limits +1.0% | Rectangular | V3 | 1 1 +0.6% +0.6% e
Readout electronics +0.3% Normal 1 1 1 +0.3% +0.3% 0
Response time +0.0% | Rectangular | V3 | 1 1 +0.0% +0.0% e
Integration time +0.0% | Rectangular | V3 | 1 1 +0.0% +0.0% e
RF ambient conditions +1.0% | Rectangular | V3 | 1 1 +0.6% +0.6% e
Probe positioner +0.4% Rectangular | V3 1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular | V3 1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular | V3 1 1 +0.6% +0.6% o0
Dipole
Deviation of experimental +5.5% Rectangular | 3 1 1 +3.2% +3.2% 0
dipole
Dipole axis to liquid distance +2.0% Rectangular | 1 1 1 +1.2% +1.2% 0
Power drift +4.7% Rectangular | V3 1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular | V3 1 1 +2.3% +2.3% o0
Liquid conductivity (target) +50% | Rectangular | V3 | 0.64 | 0.43 +1.8% +1.2% 0
Liquid conductivity (meas.) +2.5% Normal 1 ]064|043 +1.6% +1.1% 0
Liquid permittivity (target) +50% | Rectangular | V3 | 0.6 | 0.49 +1.7% +1.4% 0
Liquid permittivity (meas.) +2.5% Normal 1 0.6 | 0.49 +1.5% +1.2% 0
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 DASY5 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; Ci Standard Standard viZ or
Value Distribution | sor 19 | 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 o
Hemispherical isotropy +9.6% Rectangular | 3 1 1 0 0 o
Boundary effects +1.0% | Rectangular | V3 | 1 1 0 0 ©
Probe linearity +4.7% Rectangular | 3 1 1 0 0 o
System detection limits +1.0% Rectangular | V3 1 1 0 0 00
Readout electronics +0.3% Normal 1 1 1 0 0 0
Response time +0.0% Rectangular | V3 1 1 0 0 o0
Integration time +0.0% Rectangular | V3 1 1 0 0 o0
RF ambient conditions +0.0% Rectangular | V3 1 1 0 0 o0
Probe positioner +0.4% Rectangular | V3 1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular | V3 1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular | V3 1 1 0 0 o0
Dipole
Deviation of experimental +5.5% Rectangular | V3 1 1 0 0 00
dipole
Dipole axis to liquid +2.0% | Rectangular | V3 | 1 1 +1.2% +1.2% ©
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 | V3 | 1 1 +2.3% +2.3% ©
Liquid conductivity (target) +50% | Rectangular | V3 | 0.64 | 0.43 +1.8% +1.2% 0
Liquid conductivity (meas.) +25% | Rectangular| 1 | 0.64 | 0.43 +1.6% +1.1% 0
Liquid permittivity (target) +50% | 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% ¢
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 Pass L} — } } @
Att3
Att2 L
® @
Attl

&) —=
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:

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.

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.

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.

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.)

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.

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.

The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (20dB) 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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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.

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.

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 DASY5 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:

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.

If a pulsed 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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