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APPENDIX 4 : System Validation Dipole (D2450V2.S/N: 765)
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chs MTT Cortincatn No: D2450V2-T65_Novile
CALIBRATION CERTIFICATE

Dbt D245002 - BN; TE5

Caibesion procaduras] QA CALO5.v6

Calibration procedure for dipole walidation kits
Caltraton daia: Menvember 15, 2004

Cordiion of the calbrated fem | Toleranca

This certiicats do Iha racesbiity 1o redional standards, which reslcs the pryeical unts of measurements {51)
The moasurmmets ard the uncerainties with conddence profkilily are given on the folowing pages and are pan of thi ceniicais,

Al ons Fawve been cond

d in e chised Inborstony oy amdronment lemgeratuns (22 £ 3)°C and homidity < 70%.

‘Cabbration Equipmant used (MATE oritical for caliraiion)

Primary Standands D# Cal Dale [Calitested by, © Ric.) Schadulad Calbration
Pissar mabar EPM E442 GEFTARIT H2-0ct-0a (METAS, ke, 251-00412) Cict-e3
Power sensor HP 24814 USarzeTEs 12-Ciet0u (METAS, Mo, 251.00412) Diot0
Fefwonoe 20 06 Allanusiar N BORE [20g) 10-Aug-0d (METAS, Mo 25100403} Aug-0s
Faleercs 10 46 Atenuior SH: 572 1 10-Aug-04 (METAS, o 351-00402) Al
FAnlerencs Probe ES30W32 SN B0as 000 (SPEAG, Mo, ES3.3028_Ocind) Dcl-06
OnES | SMEo E-bov-013 {SPEAG, Mo DAE4-601_Juld) 05
Sevondary Slandanis 10 # Chack Diste (in house) Scheduled Chack
Fimes s H B4814 T G2 17 THLIE- [SPERL, i hiuse check Ock00) In houze check: Dci05
RF generator RES SAML O3 100638 IP-Pedar-02 [SPEAG, in house check Dec-03) Irs hioiisa chiasck: Desc-06
Hatwork Anslyzer HP 5T82E USITIOSHS 34006 10-Oct-01 (SPEAD, in houss chick Mev-03)  In houss check: R (4

Pdame Funciion Signatune

| Coltested by: Bt b Labesiony Techridan ‘]L~
\

Appinnd by Katja Pokouic Technical Marsager e

o A
_‘_/_-;."-1.'...--.. A

_This: cabbration cerficate shall nal e regreduced secepl in Al without writhan sl of the latorary:

i

Issusc Nowemier 17, 2004
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Glossary:

TaL lmue simulating liguil

ConvF sensitivity in TSL / NORM x,y.z
MiA not applicabla or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

|IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremeant Technigues”, December 2003

CEMELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate
related to human axposure to electromagnetic fields from mabile phones (300 MHz - 3
GHz), July 2001

Federal Commiunications Commission Offlca of Englnesring & Technalogy (FCC QET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequancy
Electromagnetic Figlds; Additional Information for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplamant C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditfons: Further delails ara available from the Validation Report at the end
of the certificate. All figures staled in the certificate are valid at the freguency indicated.

Artenna Parameters with TSL: The dipole is mounted with the spacer fo position its feed
point exacily below the center marking of the flat phantom section, with the arms criented
parallel o the body axis.

Feed Point Impedance and Retum Loss: These parameters are measurad with the dipole
positioned under the liquid filled phantom, The impedance stated is transformed from the
msasurament at the SGhA connector to the fesd point, The Refem Loas enarea low
reflected power. Mo uncartainty required.

Elgctrical Delay: Ona-way dalay batwaan tha SMA connector and the antenna feed paint.
Mo uncertainty required.

SAR measured: SAR measured al the stated antenna inpul power.

SAR novmalized; SAR as measured, normalized to an input power of 1 W at the antenna
connector,

SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the
nominal SAR result.
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Measurement Conditions

DAS"f'gqummnﬂgumﬁon.al far as nol given an page 1.
DASY Yersion DASY4 W4
Extrapolation Advanced Extrapciation
Phaniom Midular Flal Phankom V5.0
Distance Dipole Coentar - TSL 10 men with Spacar
Area Scan resolution e, oy = 15 mm
Zoom Scan Resolution dx, gy, d= = 5 mm
Fraquency 2450 MHz = 1 MHz
Head TSL parameters
The: followang parameters and calculations wesre applied.
Tamparature Parmittivity Conductivity
Hominal Head TSL parameters 220°C .2 1.80 mha/m
Measured Head TSL paramaters. (230 £0.2) °C BY26% 1.86 mhaim £ 6 %
Head TSk temperature during tesl (230 £0.2) "0 - =
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head T5L conditian
SAR messuned 250 miV input power 135mW /g
SAR nomakzed i lizsd ba W 54.0 mV /g

SR for raminal Head TSL pammaters '

nommalzed o 1

BT miW /g £ 17.0 % (k=3)

SAR avoraged over 10 cm® (10 g) of Head TSL condition
SAR messuned 250 mi input powar B 15 mV /g
SAR normalized remia e b W HMEmN /g

HaR for nominal Head TSL paramaters '

reoma leed b 19

240 miW J g £ 16.5 % (k=32)

! Comection o nominal TSL parameters acconding lo d), chapber "SAR Sensilhvies™

Coartificate Mo: D2S0VA-TES_Mowdd
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Body TSL parameters
The fallowing paramaters and calculations wers applled.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters oG 527 195 mholm
Measured Body TSL paramaters (22.0 £0.2)°C 51.Tt6% 1.96 mhaim £ 6 %
Body TSL temperaiure during lest (220 £0.2)"°C - -
SAR result with Body TSL
SAR averaged over 1cm” {1 g) of Body TSL condtion
SAR measured 250 mW inpul power 133 mW i g
SAR normalized nommalized to 1% S3.2m% g
SAR for romingl Body TEL paramators narmalized o W S5 mW [ g2 17.0 % (k=2)
SAR avaraged ower 10 em® (10 g) of Body TSL cordition
SAR massured 250 mW inpud power B.12 mW i g
SAR nonmakzad nomalized o 1W HMEMN g
SAR for neminal Body TSL paramatens ' nomalized to 1W 24,1 W [ gk 165 T (=2)

# Comection io noming! T5L parameters according 1o d). chagter *SAR Sensitivities”
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Appendix
Antenna Parametars with Head TSL

Impadanca, transformiad o feed point S2TO+MED
Return Logs - 26,8 dB

Antenna Parameters with Body TSL

Imperdance, trasfonmad w bmd puin g @Ein
Raturn Loss - 21.8 dB

General Antenna Parameters and Design

| Electrical Dalay {one directian) | 1476 s

Afer long lerrm use with 100W radiated power, only & slight warming of the dipole naer the Teadpoint can bs maasured,

The dipsle s made of standard semirigid coadal cable. The cemer conductor of the feading lina is directly connscted o tha
sacand am of the dipake. The antenna is therafore shart-circulted for DC-slgnals.

Mo excessive foron must be applied io the dipoles anms, bacause thay might band of the soldered connections naar the
feadpoint may be damaged.

Additional EUT Data

Manutaciurad by SPEAG
Marufactred on Adigiisl 10, 2004
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DASY4 Validation Report for Head TSL
DateTime: 11/1704 1005718

Tesl Laborstory: SPEAG, Zinch, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V 2 - SN765

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

Medium parameters used: = 2450 MHz; o = .86 mho/m; &= 38.3; p = 1000 Ilcg.i'mJ
Phaom section: FLl Seclion

Pleasurement Standard: DASY 4 (High Precision Assessment)

DASY4 Configuration:
= Probe: ESSDV2 - ENMIE; ConvFid 4, 4.4, 4.4} Calibrated: 20, 103004
Semsor-Sarfnce: dmm (Mechanicsl Surface Dviection)
Elegtronics: DAE4 Sn601; Calibrated: 27 07 20
Phemtom: Flat Phamtom quaner size S8: 1001 ; Tvpe: QDMHPS0AMN; Serial: SK: 1001
Messurement §W: DASYH, Vd.4 Build 3; Pesiprocesaing SW: SEMCAD, V1.4 Build 130

o oE R

Pin = 250 mW; d = 10 mm/Area Scan (B1x81x1): Measurement grid: dx=15mm, dy=1Smm
Maximum value of SAR (interpolated) = 15.6 mW/g

Pin = 250 mW; d = 10 mm/Zoom Scan (TxTx7)WCube 0 Measurement grid: de=Smm, dy=5mm,
dz=5mm

Beference Value = 79.7 Vim; Power Drift = (1.2 dB

Peak SAR (extrapolated) = 29 Wikg

SAR(1 g)=13.5 mW/g; SAR(10 g) =615 mW/g

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

DB =153 mWig

Cariificata N D2AS0VE-TE5_NowDd Page 6 al §
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Impedance Measurement Plot for Head TSL

13 How 2004 1RIERI AT
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DASY4 Validation Report for Body TSL
DateTime: 11/1704 10:57:37

Test Laborwtory: SPEAG, Ziirich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serfal: D2450V2 - SNT6S

Communication System: CW-2450; Frequency: 2450 MHz Dty Cycle: 11
Medium: MSL 2450 MHz;
Medium parameters used: = 2450 MHz; ¢ = 1.96 mho/m; &, = 51.7; p = 1000 kg/m”
Phaitoem setion: Flit Bection
Measurement Standard: DASY4 (High Precision Assessment)
DASY 4 Configusation:

*  Probe: BEEIDWE < EN302E; ComvF{4.13, 4.13, 4,13)% Calibrabed: 29, 10,2004

®  Sensor-Surface; dmm (Mechanical Surface Detection)

& Elestrofsis DAEA Snid]; Calibrated: 22,07 20604

= Phantcon: SAM with CRP - TPI0S; Type: SAM £0; Serial: TP: 1005

*  Measusement W DASYS, V4.4 Build 3; Postprocessing SW: SEMICAD, VILE Build 130

Pin =250 m¥; d = 10 mm/Area Scan (81 x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpelated) = 15.3 mW/g

Pin = 250 mW; d = 10 mm/Zoom Scan (7x7xT)Cubse 0: Measurement grid; dx=5mm, dy=5mm,
dz=5mm

Reference Value = 88.6 V/m; Power Drift = 0,1 dB

Peak SAR (extrapolated) = 27.4 Wikg

SAR(1 )= 13.3 mW/g; SAR(L0 g) = 6,12 mW/g

Maximm value of SAR (measured) = 15.2 mW/g

B - ]

|

0dB = 15.2mW/g

Cartificate Mo: DE450VE-TES_Mowdd FPaga B of &
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Impedance Measurement Plot for Body TSL
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APPENDIX 5 : Dosimetric E-Field Probe Calibration (ET3DV6.S/N: 1684)
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Schmid & Partnar Engineering AG s p e a g

Zeughausstrasse 43, BOO& Zurich, Switzerand
Phone +41 1 245 9700, Fax +41 1245 9779
infe@spoag. com, hitp/Awww.speag.com

IMPORTANT NOTICE
USAGE OF PROBES IN ORGANIC SOLVENTS

Diethylene Gycol Monobuthy Ether (the basis for liquids above 1 GHz), as many other organic
solvents, is a very effective softener for synthetic materials. These solvents can cause irreparable
damage to certain SPEAG products, except those which are explicitly declared as compliant with
organic solvents.

Compatible Prohes:
-ET3DV6

- ET3DV6R
-ES3DVx

- ER3DV6

- H3DVe6

Important Note for ET3DV6 Probes:
The ET3DV6 probes shall not be exposed to solvents longer than necessary for the
measurements and shall be cleaned daily after use with warm water and stored dry.

£ p e a g

Schmid & Pertnet Enginesring AG
Zeughaussetrases 473, 3004 Zurich, Switzerland
Phome +41 1 245 8700, Fax +41 1 2459779
infao@speag.com, hio:MMwww.epeag.com

Schmid & Partner Engineering AG

Technical Note 01.06.15-1 June 2002

UL Apex Co., Ltd.

Head Office EMC Lab.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

Client

Calibration procedure(s)

Calibration date:

Condition of the calibrated item

This calibration cenificate documents the traceabiity to national 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 certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature 22 +- 2 degress Celsius and humidity < 75%.

Calibration Equipment used (M&TE critical for calibration)

Model Type D# Cal Date (Calibrated by, Cerlificate No.) Scheduled Calibration
Power meler EPM E44188 GB41293874 S-May-04 (METAS, No 231-00368) May-05

Power sensor E4412A MY41495277 5-May-04 (METAS, No 26100388) May-05

Reference 20 dB Atienuator SN: 5086 (20b) 3-May-04 (METAS, No 26100389) May-05

Fluke Process Calibrator Type 702 SN: 6285803 8-Sep-03 (Sinlrel SCS No. B030020) Sep-04

Power sensor HP 84814 MY41092180 18-Sep-02 (SPEAG, in house check Oo3) In house check: Oct 05
RF generator HP 8684C US3842U01700 4-Aug-99 (SPEAG, in house check Augl2) In house check: Aug0s
Network Analyzer HP B753E US37390585 18-Oct-01 (SPEAG, in house check OciD3) In howse check: Oct 05

Calibrated by:

Date issued:September2, 2004

This calibration certificate is issued as an intermediate solution until the accredilation process (based on ISOAEC 17025 International Standard) for
Calibration Laboratory of Schmid & Partner Engineering AG is completed.

#30-KP0301061-A Pageof 8
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Probe ET3DV6

SN:1684

Manufactured: April 3, 2002
Last calibrated: November 20, 2002
Recalibrated: September 2, 2004

Calibrated for DASY Systems

{Note: non-compatible with DASY2 system!)

Page 2 of 8
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ET3DV6 SN:1684 September 2, 2004

DASY - Parameters of Probe: ET3DV6 SN:1684

Sensitivity in Free Space Diode Compression”
NomX 1.58 pV/(V/im) DCPX 96 mV
NormY 1.58 pV/(V/m) DCPY 96 mV
NormZ 1.62 pV/(V/im Y DCPZ 9 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page 7.

Boundary Effect
Head 900 MHz Typical SAR gradient: § % permm
Sensor Center to Phantom Surface Distance 3.7mm 4.7 mm
SARy, [%] Without Cormrection Algorithm 7.2 36
SAR,, [%] With Correction Algorithm 0.0 0.1
Head 1800 MHz  Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 3.7mm 4.7 mm
SAR,, [%] Without Correction Algorithm 11.6 8.2
SAR, [%] With Camrection Algarithm 0.2 0.2
Sensor Offset
Probe Tip to Sensor Center 27 mm
Optical Surface Detection in tolerance

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%.

* numerical lineanzation parameter: uncerainty not required

Page 3 of 8
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ET3DVE SN:1684

September 2, 2004

Frequency Response of E-Field

( TEM-Cell:ifi110, Waveguide R22)

o

frequency response
P
(=]

0.90 +—
0.80 B I
0.70
0.50 + -
0.50 . — ! | ! S S
0 500 1000 1500 2000 2500 3000 |
f [MHz] i
{ —a—TEM —0—R22 i
|
S ]
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ET3DV6 SN:1684

September 2, 2004

Receiving Pattern (¢ ), 6 = 0°

=900 MHz, TEM cell ifi110 f=1800 MHz, WG R22

. [—o—30MHz
| —m— 100 MHz
| —&—300 MHz

—0— 900 MHz |
—=— 1600 MHz |
—&—2500 MHz

0 80 120 180 240 300

360

Axial Isotropy Error < 0.2 dB
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ET3DV6 SN:1684 September 2, 2004

Dynamic Range f(SARpeaq)
{ Waveguide R22 )

1.E+7

1.E+6

1E+8 bt Lo

1.E+4 ==

1.E+3

1642 =i

1 E+1 1 L | | e

1E40 1 A R | .
00001 0001 0.1 0.1 1. 10. 100.

—8—compensated

100

-

0.001 0.01 01
mWicm?

Probe Linearity Error <* 0.2 dB
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ET3DV6 SN:1684

September 2, 2004

Conversion Factor Assessment

f=900 MHz, WGLS RS (head)

SAR[mMWI/em®] | W
o

SAR[MW/cm®] I W

"~
o
L=]

-

o

=]
|

-
=]
=)

f=1800 MHz, WGLS R22 (head)
30.0 4 |

|
|
|
z[mm] ‘

. =0— Analytical —0— Measuremets

f[MHz] Validity [MHz]®  Tissue Permittivity Conductivity Alpha Depth  GonvF Uncertainty
900 800-1000 Head 41.5+5% 087+5% 072 1.656 6.75 +11.3% (k=2)
1800 17101910 Head 40.0+5% 1.40 + 5% 0.40 2.81 527 +11.7% (k=2)
2450  2400-2500 Head 39.21%5% 1.80+£5% Q.77 207 4.39 +£9.7% (k=2)
900 800-1000 Body 55.015% 1.05+5% 0.40 232 6.28 = 11.3% (k=2)
1800 1710-1910 Body 53.35% 152+ 5% 047 3.00 4.57 +11.7% (k=2)
2450  2400-2500 Body 52.7+5% 195+ 5% 0.82 1.85 414 +£9.7% (k=2)

® The total standard uncerainty is calculated as root-sum-square of standard uncertainty of the Conversion Factor at calibration
frequency and the standard uncertainty for the indicated frequency band.
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Deviation from Isotropy in
Error (0, ¢), f = 900 MHz

3-1.00-0.80 @-0.60-0.60 B@-0.60—-0.40 B-0.40-0.20 @-0.20-0.00

0000-0.20 B30200.40 0O040-060 DOO0.60-0.80 B0.80-1.00

Spherical Isotropy Error < £ 0.4 dB
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APPENDIX 6 : Power drift measurement
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The power drift in the elapsed time was performed because the power drift effects the uncertainty of SAR
measurement.

The average power was measured under the condition of Max. power of frequency of IEEE802.11b.

The test result shows that the power drift exceeded 5%. Therefore, the uncertainty of power drift expanded to 10%.

2462 MHz(IEEE 802.11b)

Time Result [Converted|Diviation
[Minutes] |[dBm] [[mW] |[%] 18.00
0] 12.02 15.92 - = 17.00
5] 11.88 15.42 -3.2
T0[ 1180 15.14 29| | £ 00—
20[ 1177 __15.03 56] |z 1500 F ¢ .
30| 11.75 14.96 -6.0 S 14.00 f
13.00
0 10 20 30
time[miniutes]
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