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APPENDIX 2 : Test instruments
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Equipment & calibration information
1. Equipment used
Control No. Instrument Manufacturer Model No Test Item | Calibration Date
* Interval(month)
MPM-01 Power Meter Agilent E4417A SAR 2005/11/09 * 12
MPSE-01 Power Sensor Agilent E9300B SAR 2005/11/28 * 12
MPSE-03 Power sensor Agilent E9327A SAR 2005/11/23 * 12
MNA-01 Network Analyzer Agilent/HP E8358A SAR 2006/02/10 * 36
MSG-01 Signal Generator Rohde & Schwarz SMR40 SAR 2006/01/05 * 12
MRFA-02 RF Amplifier OPHIR 5056F SAR 2005/05/20 * 12
MPB-03 Dosimetric Schmid&Partner Engineering AG EX3DV3 SAR 2005/04/12 * 12
E-Field Probe
MDAE-01 Data Acquisition Schmid&Partner Engineering AG DAE3 V1 SAR 2005/05/26 * 12
Electronics
MRBT-01 SAR measurement Schmid&Partner Engineering AG DASY4 SAR Pre Check
System
MAT-15 Attenuator(30dB) Agilent US40010300 |SAR 2005/12/16 * 12
MDA-07 Dipole Antenna Schmid&Partner Engineering AG D2450V2 SAR 2005/09/02 * 24
MHDC-03 Dual Directional - Narda SAR Pre Check
Coupler
MSA-02 Spectrum Analyzer Advantest R3265A SAR Pre Check
MOS-04 Digital Humidity N.T NT-1800 SAR 2004/11/25 * 24
Indicator
Head 2450MHz |- - - SAR Daily check
Target value + 5%
Body 2450MHz |- - - SAR Daily check
Target value + 5%
SAR room - - - SAR Daily check
Ambient Noise< 0.012W/kg
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2. Dosimetry assessment setup

These measurements were performed with the automated near-field scanning system DASY4 from Schmid & Partner
Engineering AG (SPEAG). The system is based on a high precision robot (working range greater than 0.9 m), which
positions the probes with a positional repeatability of better than +/- 0.02 mm. Special E- and H-field probes have been
developed for measurements close to material discontinuity, the sensors of which are directly loaded with a Schottky
diode and connected via highly resistive lines to the data acquisition unit. The SAR measurements were conducted with
the dosimetry probe EX3DV3, SN: 3507 (manufactured by SPEAG), designed in the classical triangular configuration
and optimized for dosimetric evaluation. The probe has been calibrated according to the procedure described in [2] with
accuracy of better than +/-10%. The spherical isotropy was evaluated with the procedure described in [3] and found to
be better than +/-0.25 dB. The phantom used was the

SAM Twin Phantom as described in FCC supplement C, IEEE P1528 and CENELEC EN50361.
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3. Configuration and peripherals
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The DASY4 system for performing compliance tests consist of the following items:

1. A standard high precision 6-axis robot (Stdaubli RX family) with controller and software.
An arm extension for accommodating the data acquisition electronics (DAE).

2. A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for usage in tissue simulating liquid. The probe is equipped with an
optical surface detector system.

3. A data acquisition electronic (DAE), which performs the signal amplification, signal multiplexing,
AD-conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered with standard or rechargeable
batteries. The signal is optically transmitted to the EOC.

4. The Electro-optical converter (EOC) performs the conversion between optical and electrical of the signals for
the digital communication to the DAE and for the analog signal from the optical surface detection.
The EOC is connected to the measurement server.

w

. The function of the measurement server is to perform the time critical tasks such as signal filtering, control of
the robot operation and fast movement interrupts.

(=)}

. A probe alignment unit which improves the (absolute) accuracy of the probe positioning.

7. A computer operating Windows 2000.

8. DASY4 software.

9. Remote control with teaches pendant and additional circuitry for robot safety such as warning lamps, etc.
10. The SAM twin phantom enabling testing left-hand and right-hand usage.

11. The device holder for handheld mobile phones.

12. Tissue simulating liquid mixed according to the given recipes.

13. Validation dipole kits allowing to validate the proper functioning of the system.

UL Apex Co., Ltd.

Head Office EMC Lab.
4383-326 Asama-cho, Ise-shi, Mie-ken 516-0021 JAPAN
Telephone: +81 596 24 8116
Facsimile: +81 596 24 8124
MF060a (01.06.05)



Test report No. : 26FE0204-HO-C

Page :310f 72
Issued date : June 21, 2006
FCCID : T87SS22BXXXM

4. System components
4.2.1 EX3DV3 Probe Specification

Construction:

Symmetrical design with triangular core

Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., glycol ether)

Calibration:
Basic Broad Band calibration in air : 10-3000 MHz
Conversion Factor (Head and Body): 900 MHz, 1.8 GHz ,2.45GHz,5.2GHz, 5.8GHz

Frequency:
10 MHz to > 6GHz; Linearity: +/-0.2 dB(30 MHz to 3 GHz)

Directivity:
+/-0.3 dB in HSL (rotation around probe axis)
+/-0.5 dB in tissue material (rotation normal probe axis)

Dynamic Range:
10uW/g to > 100 mW/g;Linearity: +/-0.2 dB(noise: typically < 1uW/g)

Dimensions:

Overall length: 330 mm (Tip: 20 mm)

Tip diameter: 2.5mm (Body: 12 mm)

Typical distance from probe tip to dipole centers: 1 mm

Application:

Highprecision dosimetric measurement in any exposure scenario

(e.g., very strong gradient fields).Only probe which enables compliance
testing for frequencies up to 6GHz with precision of better 30%.

EX3DV3 E-field Probe
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SAM Twin Phantom

Construction:

The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in
IEEE 1528-200X, CENELEC EN 50361 and IEC 62209.

It enables the dosimetric evaluation of left and right hand
phone usage as well as body mounted usage at the flat
phantom region. A cover prevents evaporation of the liquid.
Reference markings on the phantom allow the complete setup
of all predefined phantom positions and measurement grids by
manually teaching three points with the robot.

Shell Thickness:

2 +/-0.2 mm

Filling Volume:

Approx. 25 liters

Dimensions:

(Hx L x W): 810 x 1000 x 500 mm

Device Holder for Transmitters

In combination with the SAM Twin Phantom V4.0, the
Mounting Device enables the rotation of the mounted
transmitter

in spherical coordinates whereby the rotation points is the ear
opening. The devices can be easily, accurately, and repeatedly
positioned according to the FCC and CENELEC specifications.
The device holder can be locked at different phantom locations
(left head, right head,flat phantom).

* Note: A simulating human hand is not used due to the
complex anatomical and geometrical structure of the hand that
may produced infinite number of configurations.

To produce the worst-case condition (the hand absorbs antenna
output power), the hand is omitted during the tests.

Device holder couldn't be used at this SAR measurement.

Device Holder

UL Apex Co., Ltd.

Head Office EMC Lab.
4383-326 Asama-cho, Ise-shi, Mie-ken 516-0021 JAPAN
Telephone: +81 596 24 8116
Facsimile: +81 596 24 8124
MF060a (01.06.05)



Test report No. : 26FE0204-HO-C

Page :33 0f 72
Issued date : June 21, 2006
FCCID : T87SS22BXXXM

5. Test system specifications

Robot RX60L

Number of Axes
Payload

Reach

Repeatability

Control Unit
Programming Language
Manuafacture

DASY4 Measurement server

Features

Manufacture

Data Acquisition Electronic (DAE

Features

Measurement Range

6

1.6 kg

800mm

+/-0.025mm

CS7™

V+

Staubli Unimation Corp. Robot Model: RX60

166MHz low power Pentium MMX

32MB chipdisk and 64MB RAM Serial link to DAE (with watchdog

supervision)

16 Bit A/D converter for surface detection system

Two serial links to robot (one for real-time communication which is supervised by
watchdog)

Ethernet link to PC (with watchdog supervision)

Emergency stop relay for robot safety chainTwo expansion slots for future
applications

Schimid & Partner Engineering AG

Signal amplifier, multiplexer, A/D converter and control logic

Serial optical link for communication with DASY4 embedded system (fully remote
controlled) 2 step probe touch detector for mechanical surface detection and
emergency robot stop (not in -R version)

1 uV to > 200 mV (16 bit resolution and two range settings: 4mV,

400mV)

Input Offset voltage <1 pV (with auto zero)
Input Resistance 200 MQ
Battery Power > 10 h of operation (with two 9 V battery)
Dimension 60 x 60 x 68 mm
Manufacture Schimid & Partner Engineering AG
UL Apex Co., Ltd.
Head Office EMC Lab.
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Software version No.
Manufacture / Origin

E-Field Probe

Software
Item Dosimetric Assesment System DASY4
Type No. SD 000 401A, SD 000 402A

4.6
Schimid & Partner Engineering AG

Model EX3DV3

Serial No. 3507

Construction Symmetrical design with triangular core

Frequency 10 MHz to 6 GHz

Linearity +/-0.2 dB (30 MHz to 3 GHz)

Manufacture Schimid & Partner Engineering AG
Phantom

Type SAM Twin Phantom V4.0

Shell Material Fiberglass

Thickness 2.0 +/-0.2 mm

Volume Approx. 25 liters

Manufacture Schimid & Partner Engineering AG
UL Apex Co., Ltd.
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6. Simulated tissues composition of 2450MHz

Ingredient MIXTURE(%)

Head 2450MHz Muscle 2450MHz
Water 45.0 69.83
DGMBE 55.0 30.2

Note:DGMBE(Diethylenglycol-monobuthyl ether)

7. Validation measurement

Simulated tissue liquid parameter

7-a  Simulated tissue liquid parameter confirmation
The dielectric parameters were checked prior to assessment using the HP85070D dielectric probe kit.
The dielectric parameters measurement are reported in each correspondent section.

7-b  Head 2450 MHz

Type of liquid Head 2450 MHz
Ambient temperature (deg.c.) 25.0
Relative Humidity (%) 32
Liquid depth (cm) 15.1
DIELECTRIC PARAMETERS MEASUREMENT RESULTS
Date |Frequency Liquid Temp [deg.c] Parameters Target Value| Measured |Deviation [%]] Limit [%)]
Before After
Relative Permittivity er 39.2 37.6 -4.1 +/-5
28-Feb 2450 23.5 23.5
Coductivity o [mho/m] 1.80 1.89 5.0 +/-5

7-¢c  Muscle 2450 MHz

Type of liquid Muscle 2450 MHz
Ambient temperature (deg.c.) 25.0
Relative Humidity (%) 32
Liquid depth (cm) 15.3
DIELECTRIC PARAMETERS MEASUREMENT RESULTS
Date Frequency| Liquid Temp [deg.c] Parameters Target Value| Measured [Deviation [%]] Limit [%]
Before After
Relative Permittivity er 52.7 50.3 -4.6 +/-5
28-Feb 2450 24.0 24.0
Coductivity o [mho/m] 1.95 1.86 -4.6 +/-5
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8. System validation data

Prior to the assessment, the system validation kit was used to test whether the system was operating within its

specifications of +/-10%. The validation results are in the table below.

Please refer to “10. Validation measurement data”.

System validation of 2450MHz

Type of liquid Head 2450 MHz
Ambient temperature (deg.c.) 25.0
Relative Humidity (%) 32
Liquid depth (cm) 15.1
Dipole D2450V2 SN:765
Power 250mW
SYSTEM PERFORMANCE CHECK
Liquid (HEAD 2450MHz) System dipole validation target & measured
Relative Permittivity Conductivity Deviation Limit
e Liquid Temp [deg.c.] er 6 [mho/m] SAR 1g [W/kg] [%] [%]
Before After Target | Measured | Target | Measured | Target | Measured
28-Feb 23.5 23.5 39.2 37.6 1.80 1.89 13.1 12.7 -3.1 +/-10

Note: Please refer to Attachment for the result representation in plot format

Signal
Generatol

E

Dir.Coupler

Cable

®

Att1
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2450MHz System
performance check setup

Test system for the system performance check setup diagram
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9. Validation uncertainty

The uncertainty budget has been determined for the DASY4 measurement system according to the SPEAG
documents[6][7] and is given in the following Table.

Error Description Uncertainty Probability divisor (ci) Standard vi
value = % distribution g Uncertainty or
(1g) veff
Measurement System
Probe calibration +6.8 Normal 1 1 +6.8 el
Axial isotropy of the probe +4.7 Rectangular \3 1 +2.7 o0
Spherical isotropy of the probe +9.6 Rectangular \3 0 0 0
Boundary effects +2.0 Rectangular \3 1 +1.2 0
Probe linearity +4.7 Rectangular \3 1 +2.7 0
Detection limit +1.0 Rectangular \3 1 +0.6 o0
Readout electronics +1.0 Normal 1 1 +1.0 0
Response time 0 Rectangular \3 1 0 o0
Integration time 0 Rectangular \3 1 0 0
RF ambient Noize +3.0 Rectangular \3 1 +1.7 o0
RF ambient Reflections +3.0 Rectangular \3 1 +1.7 o0
Mech. constraints of robot +0.8 Rectangular V3 1 +0.5 0
Probe positioning +9.9 Rectangular \3 1 +5.7 0
Extrap. and integration +4.0 Rectangular \3 1 +2.3 o0
Dipole
Dipole Axis to Liquid Distance +2.0 Rectangular \3 1 +1.2 o0
Input power and SAR drift meas. +4.7 Rectangular \3 1 +2.7 o0
Phantom and Setup
Phantom uncertainty +4.0 Rectangular \3 1 +2.3 o0
Liquid conductivity (target) +5.0 Rectangular \3 0.64 +1.8 0
Liquid conductivity (meas.) +5.0 Normal 1 0.64 +3.2 o0
Liquid permittivity (target) +5.0 Rectangular \3 0.6 +1.7 o0
Liquid permittivity (meas.) +5.0 Normal 1 0.6 +3.0 0
Combined Standard Uncertainty +12.151
Expanded Uncertainty (k=2) +24.3
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10. Validation measurement data
System Validation / Dipole 2450 MHz / Forward Conducted Power : 250mW

Dipole 2450 MHz; Type: D2450V2; SN: 765

Communication System: CW; Frequency: 2450 MHz; Crest factor: 1

Medium parameters used: f= 2450 MHz; 6 = 1.89 mho/m; &, = 37.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

Probe: EX3DV3 - SN3507; ConvF(8.25, 8.25, 8.25); Calibrated: 2005/04/12
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn509; Calibrated: 2005/05/26

Phantom: SAM 1196

Measurement SW: DASY4, V4.6 Build 23; Postprocessing SW: SEMCAD, V1.8 Build 145

Area Scan (51x51x1): Measurement grid: dx=20mm, dy=20mm
Maximum value of SAR (interpolated) = 23.0 mW/g

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 86.0 V/m; Power Drift =-0.01 dB
Peak SAR (extrapolated) = 26.8 W/kg

SAR(1 g) =12.7 mW/g; SAR(10 g) =5.79 mW/g
Maximum value of SAR (measured) = 19.5 mW/g

Test Date = 02/28/06
Ambient Temperature = 25.0degree C.
Liquid Temperature = Before 23.5 degree C. , After 23.5 degree C.

i/
— 19,

—15.6

1.7

.89

3.96

0.078 —
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11. System Validation Dipole (D2450V2,S/N: 765)
Calibration Laboratory of G Schwslaeiocher Kaib

Schmid & Partner
Engineering AG
Zaughayasirssss 43, 3004 Turich, Bwlizerland

Sarvics ssiass dilalonsugs
Sarvizio svizzero ol taratura
S Swiss Calibration Servies

Actredited bry the Swisa Fadaral OMcs of Malmslogy and Acoreditation Accreditation No.: SCS 108
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Mulillsteral Agresment for the recognition of salibration certificates

cont  MTT Cortificate Ne: D2450V2-TES_Novid
CALIBRATION CERTIFICATE
b D2450V2 - SN: 765

Calblion procedumis| 08 CAL-08 G

Calibration procedure for dipole walidation kits

Caltwation dals: Newvernber 15, 2004

Coradiion of the colbrted ke |0 Tiolerancea

This onrtiicate do the irscasbilty 1o national standards, which malizs the prysical unts of measurements 50
The measwemts & the uncerisinties with conddercs profakiily are given on the follwing pages and ane par of thi caficats,

AN ons Fave been cond

ol in e cdiveed Isboratory facility: amdonmant lamparalure (22 1 3)°C and humidity < 70%.

Calbion Equipment used (M&TE oritizal for calibration)

Primary Standanis D# Cal Date (Calibrated by © P} Schaduled Calbration
Prower maber BP0 E447 OEITABIT 12-0ck-0d {METAS, ko, 251-00412) Cict-0e3
Power sersor HP 24814 US3TESETE 12-0ei-04 (METAS, Mo, 25100412 [ 0]
Refororce 20 06 Allanustor Sh: B0BE [20g) W-Aug-04 METAS, Mo 26100402 AugHs
Ralwercs 10 4B Altenusior SH: BMT.2 Hin 10-Aug-04 (METAZ, Mo 251-00402) Ay
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Srmandary Slancand I0# Crack Dita (in house] Scheculed Check
Fiomts ssin HE B 14 WA IE217 BRI (SR, i house check Uct00} I bouse check: Dot05
RF ganeranor RES 5L -G 10GaE F-dar-02 [SPEASG, in house chock Dec-03) I Poiisa chiack: Dec-08
Matwirk Aralyrer WP 5T33E USITI05HS S4206  10-Oct-01 {SPEAG, in houss check Mer-03) I huss check: ko 04
Mame Furciion Eignanure
| Cabested by: Pikn Wi Labeestry Techrian W]L
\
Appinvad by Katja Pokiic Tachnical Marngs ;,'{_e__» e
partas A0S

Issusct Mowvamizer 17, 2004

This cablration cerifioate shal noi e repraduisd aecept in Al without writtan sppesl Gf the leborstary:
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Eoughausstrasss 43, 8004 Zurich, Switzesiand

g & iparischer Kall _—
E Bavin SUlsso O italonnage

Servizio svirzaro di taratura
S  Swiss Callbration Sarvice

Ancrecied by the Swiss Foderal Offios of Metmiogy and Accrsdiason Acoreditation Mo SCS 108
Thi Swias Accreditaiion Servics I3 one of the signaicries ba the EA
MuHilateral Agraement for the recognition of callbration carttficatos

Glossary:

T5L L sirmulating liguid

ConvF sensitivity in TSL / NORM x,v,z
WA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) CENELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate
ralated to human exposure to slectromagnetic fislds from mobile phones (300 MHz - 3
GHz), July 2001

c) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequancy
Electromagnetic Fields; Additional Infarmation for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplarment C (Edition 01-01) ta Bulletin 65

Additional Documentation:
d) DASY4 System Handbook

Methods Applied and Interpretation of Parameters:
= Measuwement Conditions: Further details are available fram the Validation Report at the end
of the certificate. All figures staled in the certificate are valid at the frequency indicated.

«  Anfenna 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 orentad
parallel fo the body axis.

# Feed Point Impedance and Refurn Loss: These parameters are measurad with the dipole
positioned under the liquid filed phantom, The impedance stated is transformed from the
measurament at the SkiA connector to the fesd point, The Refum Loss enaures low
reflected power. Mo uncertainty required.

« Elpctrical Delay: One-way delay batwean the SMA connector and the antenna feed paint.
Mo uncertainty required.

«  SAR measured: SAR measured al the stated antenna input power.

¢ SAR povrmalized: 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 caleulate the
naminal SAR result.

Carificate Mo; DRE50VE-TES_Nowl4 Page 2ol B
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Measurement Conditions
DAY systemn canfiguration. as far as nol given an page 1.

DASY Yersion DASY4 Wd 4

Extrapolation Advanced Extrapolatian

Phandom Modular Flal Franbom w0

Distance Dipole Center - TEL 10 mem wilh Spacar

Araa Sean resaletian dx, dy = 15 mm

Zoom Scan Resolution dx, dy, d=z = 5 mm

Frisguancy 2450 MHz £ 1 MHz
Head TSL parameters

The frilawing parameters and calculstions wens sppiisd.
Tamparature Pormittivity Conductivity

Wominal Head TSL parameters 220°C a2 180 mha/m

Moasured Hoad TSL paramaters (20 £ 0.2 °C WALE 1,86 hoim + 6 %

Head T3L temparatures during test (230202 °C - —
SAR result with Head TSL

S5AR averaged ower 1 em” {1 g) of Head T5L conditian

SAR measined 250 i inpuit power 135mV /g

SAR nomalzed nommalized to 1% 540wV g

54/ far nominal Head TSL paramaters ' nommalized ko 19 827 mW J g £ 17.0 % (k=3)

SAR avoraged ower 10 cm® (10 g) of Head TSL eeznditian

SAR measunad 250 mit inpart powar B.15 mWW g

SAR normalized o faesd o W MEmW g

SaR for nominal Head TSL paramaies ' i leed ba 1 24.0 mi | g £ 16.5 % [R=3)

e

! Correcon o nomingl TSL paraielers acsonding o d), chapber "SAR Sersitivies”

Carlifcate Mo: D2AS0VI-TES_MNowld Paga 3ol
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Body TSL parameatars
The fallewing parametars and calculations ware apolied.
Temperature Permittivity Conductivity
Maminal Bady TSL paramatars a0t 5T 1.96 mhoim
Maasured Body TSL paramatars [22.0 £0.2) °C ST cd% 1.96 mhaim z § %
Baody TSL temperature during test (220 +0.2) "C -
S5AR result with Body TSL
SAR aversged over 1.cm’ (1 g) of Body TSL Condison
SAR measured 250 mW inpul paveer 133mWig
SAR normalized nammalized to 19 Bl2mW ig
SAR fr nominal Body TSL paramators * normalized o 1W 52.5mW i g * 17.0 % k=2)
SAR averaged over 10 cm® (10 g) of Body TSL corkition
SAR massured 250 mW i npu paweer BA2 mW ig
SAR normalized nomalizad o 1W 2EmMW g
SAR Tor nominal Body TSL paramaters ' nomalzed 1o 1W 24.1 W i g £ 16,5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impadance, transtormed fo feed polrt 52T+ HED
Return Loas - 25.8 0B

Antenna Parameters with Body TSL

Innpeerdanice, s iomimad e fmnd psin RO riBin
Fatumn Loss - 21.5 o8

General Antenna Parameters and Design

| Elecirical Delay (one direction) | 1.175 s

Aler lang larm use with 100W radiated power, only & slight warming of the dipole near the Teadpoint can be measured,

Thie dipsle ks made of standard semingid coasial cable. The center conducior of the feading ling is dinectly conmscled 1o the
gacond am ol the dipale. The anrtenna is therefiors shod-clrouited for DC-signals.

Mo excessive foron must be spplied fo the dipohs amms, bacause thay might bend o the soldered connections near the
femdpoint may be damaged.

Additional EUT Data

Manufaciued by SPEAG
Marufactured an Auigist 10, 2004
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DASY4 Validation Report for Head TSL
DateTirme: 11704 1005718

Test Laboraory: SPEAG, finch, Switzerland
DUT: Dipole 2450 MHz; Type: D2450%1; Serial: DZ450%2 - SNTAS

Communication Svstermn: CW-2450; Frequency: 2450 MHz;Duty Cyele: 1:1
Medium: HSL 2450 MHz,

Medium parameters used: = 2450 MHz: a = .86 mhoim: &= 38.3; p = 1000 kg/m’
Phamom section: Flal Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
®  Probe: ESSDWV2 « SNM2S; ConvF(d 4, 4.4, 4.4); Calibrated: 29, 103004
Seasor-Sarfece: 4mm (Mechanicsl Surface Delection)
Elegtronics: DAE4 Sn60]; Calibrated: 2207 2004
Phastom: Flat Phantom quarer size -S8:1001; Type: QDIMOPS0AA; Serial: SH:1001
Megsursment 8% DASY4, Va4 Build 3; Podiprocesing SW! SEMCAD, V1.8 Build 150

Pin = 250 mW; d = 10 mm/Area Scan (B1x81x1): Measurement grid: dx=13mm, dy=15mm
Maximum value of SAR (interpolated) = 15.6 mW/ g

Pin = 250 mW; d = 10 mm/Zoom Scan (Tx7x7)/Cube 0; Mepsurement grid: de=5mm, dy=3mm,
dz=5mm

Reference Value = 79.7 Vim Power Drift = 0.2 dB

Peak SAR (extrapolated) = 29 Wikg

SAR(1 g)=13.5 mW/g; SAR(10 g) = 6.15 mW/g

Maximum value of SAR (measured) = 15.3 mW/g

=24

-32

0dB =153 mWig

Carifcata No: D2450V2-T65_Mowld Faga 6ol 9
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Impedance Measurement Plot for Head TSL

19 Hoee JBES  1RIASIEE

EHD 5414 4 U Fs 13 5LESR A AB4E9 0 JASATEH

Z a5 848 200 HHx

CHZ B4i_ L0@ 5 b/ REF =38 db o AeeRTRA GN 3 45840 EA8 ANz

+ - - -

FHTER * 456000 APR HHZ

TR ARGLEDD BAR HHT

Cerlificale Mo. D24-5002-T65_Mow(d Faga 7ol @
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DASY4 Validation Report for Body TSL
DrateTime: 111704 10:57:37

Test Labortory: SPEAG, Ziirich, Switzerland
DUT: Dipole 2450 MHz; Tyvpe: D2450%2; Serial: D2450V 2 - SNT65

Comimunication Systemn: CW-2450; Frequency: 2450 MHz; Dty Cycles 1:1
Medium: MSL 2450 MHz;
Medium parameters used: £= 2450 MHz; ¢ = 1.96 mho/m; & = 51.7; p = 1000 kg/m’
Phartaim section! Flil Scction
Measurement Standard: DASY4 (High Precision Assessment)
DASYS Configuration:

*  Probe: BEIDVE - SNB2E; Comv{4.13, 4.13, 4,13) Calibrabed: 29, 10,2004

®  Sensor-Surface: dom (Mechanical Surface Defection)

¢ Elecoonscs: DAEA Sn60]; Calihrated: 22,07, 2004

*  Phantom: SAM with CRP - TRI00G; Type: SAM 40 Serial: TP:10D6

*  Measusement 5W: DASYA, Vi A4 Buaild 3; Postprocessing SW: SEMICAD, V1_E Build 130

Pin = 250 mW; d = 10 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 15,3 mWig

Pin = 250 mW; d = 10 mm/Zoom Sean (TxTxT)Cubse : Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 88.6 V/m; Power Drift = 0.1 dB

Peak SAR (extrapolated) = 27.4 W/kg

SAR(1 g) = 13.3 mWig; SAR(10 g) = 6.12 mWig

Maximum vilue of SAR (measared) = 15.2 mWig

dB8 A |

i

-32

-4

0dB = 15.2mW/g

Carttficate No: D2450V2-TES_Mowld Paga B of &
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Impedance Measurament Plot for Body TSL

& HWow 2pdd  L5:Z2:@5
EHL 244 L U FE LP40ES4 o L2990 o 4BE.G4 pH 2 450,200 820 BHz

B | E. 398 ns=

ChZ S11  LOW 5 dB/REF 29 g8 2-ZLE43 4B 2 450,808 BER HHE

[.]
i

T CEWTER T 456008 a00 HHz SPA 4D0.B88 BOB HH:
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12. Dosimetric E-Field Probe Calibration (EX3DV3,S/N: 3507)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzariand

Accrediled by tha Swiss Federal Offive of Matrolegy and Accreditation

The Swiss Accreditation Servica is one of the signatories to the EA

[P 1 & for the 5,

' '8!

Object

Calibration provedure(s)

Calibration date:

Condition of the calibrated item

Calibration Equipmert used {M&TE critical for caiibration)

This calibration cerificale documents the traceability to national standards, which realize the ph

of calibration cartificates

ioal units of

s {31).

The measurements and the uncertainties with confidence probabiiity are given on the following pages and are part of the cerlificate,

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

§ Schweizerischer Kallbrierdianst

c Sarvice suisse détalonnage
Servizio svirzero di taratura

S Swiss Colibration Sarvice

Primary D% Cal Date (Calibrated by, Certificate No.) __ Scheduled Calibration
Power meter E44198 GB41293874 5-May-04 (METAS, No. 251-00388) May 05
Power sensor E4412A MY41485277 5 May-04 (METAS, No. 261-00388) May-05
Reference 3 dB Attenvator SN: 35054 (3c) 10-Aug-04 (METAS, No. 251-00403) Aug-05
Refarence 20 dB Aftenuator SN: SE086 (20b) 3 May 04 (METAS, No. 251-00389) May-08
Raferenca 30 dB Aftenuator SN: 85128 (30b) 10-Aug-04 (METAS, No. 261-00404) Aug-05
Reference Probe ESIDY2 SN: 3013 7-Jan05 (SPEAG, No. ES3-313_Jands) Jan0&
DAE4 SN: 617 15-Jan-05 (SPEAG, No. DAE4-617_Jan(5) Jan-08
Sevondary $andards o # Check Date {in house} Scheduled Check
Power sensor HP 84814 MY41082180 18-Sep-02 (SPEAG, in house check Oct-03) Ins house check: Oct 08
RF generator HP 8648C US3642U01700 4-Aug-99 (SPEAG, in housa check Dec-03) In house checlc Dec-08
Network Analyzer HP 8753F US37300585 18-0ct01 (SPEAG, in house check Nov-04) In heuse chack: Nov 05
Signature
Calibratod by: \
Approved by:
Issupd: April 12, 2005
This calibration cerificale shall not be reprod 1 except in full without written | of the laboratory.

Certificate No: EX3-3507_Apr05
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Calikration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasss 43, B004 Zurich, Switzeriand

s Schwelzerischer Kalibrierdienst
Service suisse d*étalonnage
Sarvizio svizzero di taratura

S swiss Gailbration Service

Accradiled by the Swiss Federal Office of Melrology and Accredilation Accreditation No.: SCS 108
The Swiss Accreditation Service [s one of the sighatories to the EA
Multilateral Agrasmant for the racognition of callbration cartificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

ConF sensitivity in TSL / NORMx,y,z

DCP diode compression point

Polarization ¢ « rotation around probe axis

Polarization & 8 rotation around an axis that is in the plane narmal to probe axis (at

measurement center), i.e., 9 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

*« NORMx,y,z: Assessed for E-field potarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncentainties of
NORMzx,y.z does not effect the E2-field uncertainty inside TSL (see below ConvF).

+  NORM(fx,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

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

» Convf and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard far f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMx.,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows
exiending the validity from + 50 MHz to + 100 MHz.

« Spherical isotropy (30 deviation from isotfropy). in a field of low gradients realized using a
flal phantom expesed by a patch antenna.

+« Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No tolerance required.
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EX3DV3 SN: 2507 Aprit 12, 2005

Probe EX3DV3

SN:3507

Manufactured: December 15, 2003
Last calibrated: February 20, 2004
Recalibrated: April 12, 2005

Calibrated for DASY Systems

{Ncte: non-compalble with DASYZ system!)
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DASY - Parameters of Probe: EX3DV3 SN:3507
Sensitivily in Free Space” Diode Compression®
NormX 071 £10.4%  pVAVIMY DCP X 96 mv
NormY 074 £10.1%  pV/(Vim) DCP Y 96 mV
NormZ 073 £104%  pVIVIM)Y DCPZ 96 mvV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page B,

Boundary Effect
TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 20 mm 3.0 mm
SARy, (%] Without Correction Algorithm 34 1.2
SAR., [%] With Correction Algorithm 0.2 04
TSL 1810 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 20 mm 3.0 mm
SAR, [%] Without Correction Algorithm 33 1.8
SARy, [%] With Correction Algorithm 0.6 0.7
Sensor Offset
Probe Tip ta Sensor Center 1.0 mm

The reported uncertainty of measurement is statad as the standard uncertainty of
measurement multiptied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 95%.

" The uncanainties af NormX,Y,Z do not affact the EX-fiald uncartainty insige TSL (see Paga 8).
® Numerical li ion p i\ inty not required
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EX3DV3 SN:3507
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
s 1 1 i
et ;
1.3 - ———.— — |

Frequency response (normalized)

April 12, 2005

—_— o 1-—*0-—-5 —9
! I E— e
0.9 - i i
L 1
08 - !
| |
0.7 - I .
| | [
0.6 i 1 _i_
0.5 | |
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| f [MHz]
|
: ——TEM —0— R22
|

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

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

| o—x -o-Y -e-z —o-Tot

—0—30MHz
—— 100 MHz
—0— 600 MHz
—— 1800 MHz
—i— 2500 MHz

Error [dB]

¢ 17

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR¢.q4)
(Waveguide R22, f = 1800 MHz)

1.E+7 =

Input Signal [mV]

1.E+D ;-- -

0.0001 0.001 0.01 0.1
SAR [m\W/cm®]

—&— not compensated —e— compensated

i S =ch S

i LELALE = 50 B ond
02 '

AL

0.001 0.01 0.1 1 10 100

Error [dB]

SAR [mWicm®]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f =900 MHz, WGLS R9 (head) f=1810 MHz, WGLS R22 (head)
35 R 30,0 47— T T
30 ‘ ! 25.0 i
2 25 2 20044+ !
§ 20 1 |
-; 5 1601
E 16 E ‘
o | [
< 10.0
| % 1.0 1 w 1
i |
| 0.5 50 1
i 0.0 4 004 [ i
| 0 20 40 60
Z[mm] z[mm]
| —o— Analytical ~—¢— Measurements i —0— Analytical —¢—Measurements
f [MHz] Validity MHz]® TSL Permittivity Conductivity Alpha Depth ConvF Uncertainty
900 +50/+100 Head 41.5+5% 097 £5% 0.74 0686 10.48 +11.0% (k=2)
1810 +50/+100 Head 40.0+5% 1.40+5% 0.51 077 0.10 +11.0% (k=2)
2450 +50/+100 Head 39.2+5% 1.80+5% 046 081 8.25 +11.8% (k=2)
900 +50/4+100 Body 55.0+5% 1.05+5% 0.79 0.62 10.42 % 11.0% (k=2)
1810 +50/+100 Body 533+5% 1.52+5% 0.30 1.78 8.70 +11.0% (k=2)
2450 +50/+100 Body 527+5% 1.95+5% 033 159 7.72 +11.8% (k=2)

% The validity of £ 100 MHz only appliss for DASY v4.4 and higher [see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
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Deviation from Isotropy in HSL
Error (4, 9), f = 900 MHz

Error [dB]

|
H-1.00--0.80 H-0.80-060 H-060--040 H-0.40--0.20 B@-0.20-0.00

00.00-0.20 E020-040 O040-0.60 [@0.60-0.80 EO.80-1.00

Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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TwD
Appendix
f= 5200 MHz, WGLS R58 (head) f = 5200 MHz, WGLS R58 (body)
700 —— ’ 70.0 q T
[ | |
600 60.0 i
z 50.0 = 50.0 _]!
e 400 S “E 400 |
L §9 |
i 30.0 E 300 5
2 E
& 200 @ 20.0
100 10.0 5
0o ——] - 00
i 10 20 30 40 0 10 20 30 40
z[mm] | z[mm]
. —0— Analytical —0— Measurements

—0— Analytical —0— Measurements

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

5200 50 Head 38.0+£5% 476+5% 041  1.80 5.37 +13.6% (k=2)
5800 50 Head 353£5% 527:£5% 045  1.80 4.67 £ 13.6% (k=2)
5200 150 Body 49.0+£5% 530+5% 045  1.90 4.86 +13.6% (k=2)
5800 150 Body 48.2+5% 6.00+5% 045  1.90 4.32 1 13.6% (k=2)

© accreditation for ConvF assessment above 3000 MHz is currently applied for. Accreditation is axpected
in spring 2005.
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