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Mutilsteral Agresimmst for the reoagaition ol calbmation cerdficaiex

Glossary:

TsL lissie samulating liquid

CanuF sensitivity in TSL . MORM wy.z
FliA, rot applicabla or not messured

Calibration is Performed According to the Following Standards:

)

b)

£

IEEE Sid 1528-200c, TEEE Recommended Practics for Daterrminng the Peak Spatial-
fAveraged Specific Absorpiion Rate [SAR) in the Hurnan Head from Wireless
Cormmunications Davices: Maasurarment Technigues®, Decambear 2003

CEMELEC EM 50341, "Basic standard for the messurement of Specific Absorption Rale
related fo human exposure to electromagnatic fiskes from mobile phonea (300 MHz - 3
GHz}, July 2001

Fadearal Communications Commission Offica of Engineering & Technology (FOC QOET),
*Evalualing Compliance with FCC Guidelines for Human Exposure 1o Radiofrequancy
Electromagnatic Fields; Additional Information for Evaluating Compliance of Mobile and
Fortable Devicas with FCC Limits for Human Exposure 1o Radiofrequency Emissions”,
Supplement C {Editen 01-01) o Bulletin 85

Additlenal Decumentation:

d)

DASYd Sysbern Handbook

Methods Applied and Interpretation of Paramelers:

Cadificle Mo: DRESIVE-T12_Deold Paga Zol 3

Messunemanid Coraiions; Further detads are avallable from the Validation Report al the end
af the cerdificate. All figures statad in tha cartificate are valld at the frequency indicaled,

Anteviria Pararmaters with TSL The dipols s mounted with the spacer 1o posilion #5 feed
point exacthy balow the center marking of the flat phantorm section, with the arms oriented
paralisl to the body axlis.

Fesd Polit Impedance and Return Loss: These paramaters are messured with the digole
positicnad wundar the liquid filed phantom. The impedance stated s ransformed from the
measwement at the SMA connector to the feed point. The Ralurm Loss ensuns kow
reflacied powsr. Mo uncerainty requinad.

Efactrical Delay: One-way delay betwesn the SMA connector and the antenna feed point.
M2 uncartainty raguined.

SAR measured. SAR measurad 81 the staled anbenna input power

SAR normeNzed! SAR &5 measured, normalized 1o an input powar of 1 W at the antenna
connecior.

SAR for nomimal TSL paramefers: The measured TSL paramelers ane used 1o caloulate the
nominal 4R result.
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Measurement Conditions
DASY syslam candguralion, Ak M7 45 nal given on page 1
DEETY Warsics [ w4
Ewiragpolalion Acymnced Exirapolation
Phanbzm o Madular Flal Phaniom VA0
Distance Dipola Cenier - TEL ] with Spaoor
Ares Soan resoluion e, dy = 15 mm
Zoom Scan Reselufian ﬁ::::_-_ dx. dy, dz =& mm
Froqusency 2450 MHZ & 1 Wiz
Head TSL parameters
Tha kdicrwing gerameles ard calosaions were appiod
Tomparsturs | Parmistivity Conducavity
Mermimsl Head TSL paramotars PPy ez 1.00 mbaim
Maasured Head TSL parameters (22.0+03)"C JAI+ER 188 miwdm &%
Haad TEL tampsraturs during best [E2.0£0Z5"C _*-'*-'*-'*-'" —
5AR result with Head TSL
SAR aversged over 1 cm® (1 g) of Head TSL porudtion
SAR mamsured 250w il poreer TEmn g
SAR narmalized nermalized o TW 882 mW g
5AR for nominal Head TSL paramaiers ' ) neFTialEad 5o T S8 mW (g & 170 5 (i=Z)
SAR 3%Orbged O 10 H:‘AE;;L] al Himd TEL coreiiion
SAH massuned - 250 w4 impul prsser G.28 mW g o
AR nprmaimed ncemalEad o W 2HZmW g
SAR Tor nominal Head TSL paramoiers Tﬁ;ﬁdw1w 26 mW g & 165 % am2)

' Ciorection to nominal TAL parrssion scoording o o). chapter “S6H Sensitivities™

Corrfirosbn b MEESWWTF-TEN Mieclid

Foa %ol h
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Body TSL paramalers
The folkewing peramelers and caloslaions wers appiled.
Temparaure Pormiiivity Condiusctivicy
Moeming! Body T5L paramabers 220G G2.7 1.86 mboim
Measured Body TSL paramabers e HIE A e R v TGS 1.6 mnoim £ 8 %
Becly TSL Sermperaburs danmg tess [ U R By o -am =
SAR result with Body TSL
&R swwraged aver 1 em? [1 gj of Head TSL Gl Hon
SAR rrusg e 50w inpud power 1R85 mii i g
S48 romakzesd nomalized 1o 1'% A0 mé i g
S&R for romicnl Body TEL parametens 7 nomnaized o 1% B2 mW g za7.0 % k=1]
SAR svarngad cuar 10 em’ (10 g} of Head TSL condtion | |
SaR s 2500 O i sl | o O |
SAR norrulized rorma ke 1o 1W | 2H5mN g
AR for norminad By TSL paramiiens ™ rmakoed o 1W | 2ALE W T g £ 165 % (k=)

* Cormacion o rominal TSL parametscs acsondicg Lo ], chapler “SAR Sermiiwties”
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Appendix
Antanng Paramaters with Head TSL
Impadance, rarsiomed b fosd poing S1EQ+ 200
Helum Loss -31.6 dE
Antenna Parameters with Body TSL
Impadancs, ransiormesd 0 foed poing o ATEG 2T
Relum Loss -2 0 dE
General Antenna Paramaeters and Deslgn
Ebeztrical Dhaliry o dinsction) | 1450 re |

After long berm use with 1000 radiated power, only 8 slighl warming of the cipale near the feedpoint can be measuned

Tha dipoha B mase of siandand semirigid conrial cable. The cener conduclor of the feeding line B direclly conrnased 1 s
seoond amm of T dipcle. The anlanng ik aminre sfsm-cralad for DC-signals.

Mo ewcessive Tome must be applked to the dipals ams, bedaiss they mighl band or the soldered connactions near the

S poied may be dsmaged

Additional EUT Data

[ Iw SPEAG
- I July §, 2002
Coarblicats Mo Uzﬂ:b::r.:lé..;'.qla._u,u[m H.Epﬁﬁn e
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DS Y4 Validation Repoart for Head TSL
Dot T | 200 3004 20254099

Test Loboratary: SPEAG, Zurich, Switzerland
LT Dipoke 2450 MHz; Type: DXI430% 2; Serial; D24S0VE - SNTIA

Commmunication System: OW=2450; Froquency: 243 MHz Dty CUwele: 121
Medium: HSL 2450 blHe;

Mediurn paracnetees used: £= 2450 MHz; ¢ = 1536 mbovm; 5= 38.3; p = 100 kg'm'
Phantam sectioes Flab Section

Blensurement Stambird: DASYS [High Precsmon Assessment)

DASYd Condiguration:
& Peshe: BEIDAT - SROBTS: CorreFA 4 4, & ) Cublsraded: 20 1011004
Eenyee-Harfsce: diren [ Mecltomical Sefece Deeetien
Elecimomcs: 1AL Seied]; Calibrped: 1287 200
Fharmany Flon Phoraom gueinar sag -5k 1R | Type: LIRS0 4; Serial: S0
bemmromienl SW [BASYA, W4 Reild 3] Posipnesson SW: SEMCAL, V1.5 Baild 135

w ok @ W

Pin = 250 mW; d = 1l mm/Arcea Scam (BIxBIx0): Measaremen gnid: do=12mm, dy=5mm
Bdnximum value of SAR {interpolmed) = 157 mW'g

Pin = 250 mW; d = 10 mm/Foom Scan (T VxTCabe O Moassurernent prd: da—Smm, &S mm,
de=4mm

Heferonce Value = 9308 %, Power Dell = 00 0B

PFeak SAR jexirapoluied) = 2604 Wikp

SAR( g)= 118 mWig; SAR(ID g) = 6.29 mW/g

Plmimum value of SAR {meazared ] = 15.7 mWrg

1] i k
ekt = 15,7 mg

Lartrhcat Mo: (R RIE.TTE_Decld Aaga € ot@
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Impedance Measurament Plot for Head TSL
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DASY4 Validation Report for Boady TSL
Dt Time: 1201000 |46:05:010

Teal Laboratory: SPFEACE Zurich, Switzerland
UT: Dipole 2450 MHz; Type: DZ450VE; Serial: D450V - 5NT13

Commianecation System; CW-2434; Freqoeney: 2450 B Hz Dy Oyeles 101
Sledium: MEL 2450 MMHz;
Medium perameiers used: = 2450 MHz; o = |98 mhofm; g, = 51.7; p = 1000 kg/m”
Plapnboam sectiog: Fla Sestion
Measurcmenl Samband [VASY A (High Precision Assessnwenl)
DASYE Conlipueration:

& Pephe: ERUIE - SN0 CaneRE 13,413, 4,13 Calfisraned: 391023004

#  Eoasep-Sarfice Amm M echarics) Sarfsce Dotecioeg

= Plecimmies: DAL Spobl; Calibegied: 2207 K

= Pharseer Fi Pharioes guanier size <S8 0000]; Typse: QUE00PS0AA Seral: SM:1001;

& saircmen 5W DASYA, W4 2 Buvl 3; Peempocssing SW: SEACAD, WILE Budkd 150

Pin = 250 mW; d = 10 mow'Aren Scan (B1x81x0): Measurcment ried; ds=15mm, dv 13mm
Masimuen valug of BAR (inferpoloted) = 154 mWig

Pin =50 mW;: d = 10 mm/Foom Scan (TaTa T Cobe O: Measorement gnd da=3mm, dyv=5mm,
de=5man

Beference Yalee = 90 ¥ing Power Drift = AL 4B

Peak SAR {exirapalaed) = 37,7 Wik

SAR( )= 118 mWip: SAR(ID p) =622 mW/g

mdaximum value of SAR {measured ) = 15.5 mWip

-4l

Ol =155 mWig

Coantifiezii Ma: D24S0Y-T11_Deca fage Bol 9
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Impedance Measurament Plot for Body TSL
iR Dwep J0@a  LAzddziER
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APPENDIX 5 : Dosimetric E-Field Probe Calibration (ET3DV6.S/N: 1684)
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Schmmid & Partner Engineering AG S p e a g

Zeughausstrassa 43, B0OS Zurich, Switzeriand
Phona +41 1 245 9700, Fax +41 1 245 9779
infe@speag.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 Probes:
-ET3DV6

- ET3DV6R
-ES3DVx

- ER3DVé&

- H3DVE

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.

g p e a9

Schmid & Parner Engineering AG
Zaugnausstrases 43, 8004 Zurich, Switzerland
Phone +41 1 245 8790, Fax +41 1 246 9779
info@epeag.com, hup:fwww.epeag.com

Schmid & Partner Engineering AG

Technical Note 01.06.15-1 June 2002
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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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ET3DV6 SN:1684
Frequency Response of E-Field
( TEM-Cell:ifi110, Waveguide R22)
1.50 : | .

1.40 : ----- I

1.30 I . | f T T

; |

1.10 | i

o

frequency response
P
(=]

0.70

0.50

t

f [MHz]
—a—TEM —0—R22
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ET3DV6 SN:1684

September 2, 2004

Receiving Pattern (¢ ), 6 = 0°

| —a—X —eo—Y —e—7 —0—Tot

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

1.00 — ——— . —
080 N ._""_.__.mmﬁni_
0.60 S O O O 1 | | —0—30 MHz
0.40 —— - | —8—100 MHz
| & 020 || | [—a—300 MHz
| ' 0.00 —0— 900 MHz |
iE-n_zn R R EEEEEREE —=— 1800 MHz |
[ 040 T 1 —a— 2500 MHz
! 060 L e = ! !
i 080 b | ‘ |
; qoo — L PP b | I L
0 60 120 180 240 300 360
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

1.E+2

1.E+1 Ll L .' : L

il ! ! :
1.E+40 R | A _ |
0.0001  0.001 0.01 0.1 1. 10. 100.

mW/iem®

—&— not compensated —8—compensated

-

0.001 0.01 01
mWicm?

Probe Linearity Error <* 0.2 dB
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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 HSL

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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