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Calibration procedure for dosimetric E-field probes

Calibraton date

February 23, 2010

This calibration cemilicate documents the traceabddy to natonal standards which realize the physical units of measuraments (Si)
Thie measuremants and the uncertainties with confidence protrabdily are grven on the followsng pages and are part of the cenificate

All calibrations have besn cenducted in the cdosed laboratory facdity. eranonmant temperature (22 £ 3)°C and hurmidity = 70%

Calibration Equipment used (MATE cotical for catibration)

| Primary Standards D # Cal Date (Certificata Mo ) Schedulad Cabbration
Powear meter E44108 GB41263874 1-Ape-02 (Ma 217-01030) Apr-10
Power sensar E4412A MY&1485277 1-Apr-09 (No 217-01030) Aper-10
Powar sensor E4412A MY 41498087 V-Apr-09 (Mo 217-01033) ApraAQ
Raference 3 dB Attenuator SN 55054 (3c) 31-Atar-08 (No 217-01028) Mar-10
Reference 20 4B Atlenuator SN.-S5086 (20b) 31 -Mhar-00 (Mo 217-01028) Mar-t0
Referance 30 48 Atlanuator SHSE128 (30h) 31-Mar08 (Mo, 217-01027) Mar-t0
| Reference Probe ES300VE SN 3013 I0-Dec-0% (No. ES3-30M3 Dwel9) Dec-10
| DAE4 SN 850 28-Sep-0% (No. DAE4-680. Sapda) Sap-10
' Secondary Stendards 12k Check Date {in house) Schadulad Check
| RE generator HP B648C US3642U01700 4-Aug-98 (in house check Oat-08) In house check Oet-11
| Mebwark Anafyzer HP BTS3E US37 320585 18-0ct-01 (in howse check Oct-09) In house check, Octil
|
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Calibrated by Kafja Pokovic Technical Manager =
Approved by Niels Kuster Mﬂlﬂgﬂ
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Glossary:

TSL tissue simulating liguid

NORMzx.yv.z sensilivity in free space

ConviF sensilivity in TSL f NORMx.y .z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signai

A B C modulation dependent inearization paramaters

Peolarization o i rotation around probe axis

Pelarization 4 o rotation around an axis that is in the plang nofmal to probe axis (at measuremant center),

e, 3= 0isnormal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices. Measurement
Technigues®, December 2003

by IEC 62208-1, "Procedure 1o measure the Specific Abserption Rate (SAR) for hand-hald devices used in close
proximily to the ear (frequency range of 300 MHz 1o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
=  NORMx y.z Assessed for E-field polanzation & = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMx,y z are only intermediate values, | e _ the uncertainties of NORMx.y.z does not effect the E°-field
uncertainly Inside TSL (see below ConvF).

»  NORM(flxy z2=NORMxyz " 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 with C\W
signal (no uncertainty required). DCP does not depend on frequency nor media

o  Axyz Bxyz Cxyz VRxyz A B Care numencal linearization parameters assessed based on the data of
power sweep for specific modulation signal, The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

» ConvF and Boundary Effect Parsmeters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < B0DO 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 NORMzx. y.z * ConvF whereby the uncertanty corresponds to that given for ConvF. A frequency dependent
ConvF |s used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to # 100
MHz.

»  Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offsef. The sensor offset corresponds to the offset of vitual measurement center from the prabe tip
(on probe axis). No tolerance required.
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EX3DV3 SN:3531

Probe EX3DV3

SN:3531

Manufactured: May 17, 2004
Last calibrated: April 23, 2008
Recalibrated: February 23, 2010

Calibrated for DASY Systems

{(MNote: non-compatibie with DASY2 system!)
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EX3DV3 SN:3531 February 23, 2010

DASY - Parameters of Probe: EX3DV3 SN:3531

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z [Unc (k=2)
Norm {uV/i(vim)*)* 0.74 0.62 066 |+101%
DCP {mv)" 91.1 91.8 100.2

Modulation Calibration Parameters

uiD Communication System Name PAR A B c VR Une"
dB dBuV mv (k=2)
10000 Cw 0.00 X 0.00 000 100[ 300 + 1 5%
0.00 0.00 1.00] 300
0.00 .00 1.00 oo

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

* The uncertainfies of NormiX ¥ 7 do not affect the E-fels uncetamty wnsds TSL (see Pages 5 and &
" Mumercal neanzation parameter Uncertainy not reguined

: Uncartainly s datermined using the magmum deviabon rofm knear responss sophying racatangular gistnbuban and is srpressed for the aquanes of the feld valuo
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EX3DV3 SN:3531 February 23, 2010

DASY - Parameters of Probe: EX3DV3 SN:3531

Calibration Parameter Determined in Head Tissue Simulating Media

1 [MHz] Validity [MHz]"  Permittivity Conductivity ConvF X ConvFY ConwFZ Alpha Dapth Une (k=2)
450 + 50 (+ 100 435+ 5% D &7 5% 1147 11.47 1147 0.00 1.00 £13.3%
835 + 50+ 100 415+ 5% 080 £ 5% 1013 1013 1013 024 090 +£11.0%
800 +50 ¢+ 100 415+ 5% 097 + 5% 988 588 9.88 0.28 082 +110%
1450 + 50/ + 100 40.5 = 5% 1202 5% 8372 9.22 922 0.29 092 +£11.0%
1640 + 50+ 100 403 £ 5% 1292 5% 9.20 9.20 920 036 070 £11.0%
1750 1 50+ 100 40,1 + 5% 137 £5% 894 B.94 8.94 0268 084 +110%
1400 + 50/ + 100 400 £ 5% 140 2 5% 864 BG4 8.64 022 0485 +110%
1950 + 50+ 100 400+ 5% 140 £ 5% 826 828 8.26 027 081 £+11.0%
2000 + 50+ 100 400 £ 5% 140 % 5% 835 835 8.35 0.31 076 +£11.0%
2300 + 507+ 100 395+ 5% 167 £ 5% 7.95 7.89 789 0.20 088 +11.0%
2450 + 50 f+ 100 392+ 5% 1.80 + 5% T80 T80 7 B0 013 1.48 £ 11.0%
2600 + 50 /=100 390£5% 1.96 £ 5% 7.50 7.50 780 013 1.92 £ 11.0%
3500 +50/= 100 I79+5% 291 1+5% 691 6.91 5.91 024 1.34 +£13.1%
4850 + 50 /£ 100 36.3 £ 5% 440 £ 5% 537 537 537 015 180 £131%
5200 + 50/ 100 360 £ 5% 4 66 £ 5% 489 489 4.89 0.30 1.90 £13.1%
5300 +50/+ 100 359+ 5% 4.78 £ 5% 4.67 4.67 4 87 0.28 1.90 £ 13.1%
5500 + 50/ 100 356+ 5% 496 = 5% 4 35 4.39 4.39 0.30 190 £131%
5600 + 50 /£ 100 355 £ 5% 5.07 + 5% 411 4.11 411 040 1.90 £131%
5EO0 + 50/ + 100 353 + 5% 5.27 £ 5% 418 418 4 18 040 1.90 £ 13.1%

" The validity of = 100 MHz only appbies for DASY v4 4 ans figher (se2 Page 7) Theuncenanty i3 ha RES of ihe ComF uncertamty at calibration freguency

and the uncenanty for the mdwcated frequency band
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EX3DV3 SN:3531 February 23, 2010

DASY - Parameters of Probe: EX3DV3 SN:3531

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity |:I||Hz‘]'c Parmittivity Conductivity ConvF X ConvFY ConvF 2 Alpha Dapth Unc (k=2)
450 + 50/ +100 567 4 5% 094 £ 5% 10.96 1096 10 96 023 275 £ 13.2%
835 +50/+100 552 + 5% 097 £ 5% 10.18 10 18 10.18 031 087 £110%
800 + 50/ £100 550+ 5% 1.05£5% 882 982 9.92 028 0.91 £11.0%
1450 + 650/ + 100 54.0 £ 5% 130+ 5% 958 958 8.58 0.3 086 £110%
1640 + 50/ £ 100 53.8 £ 5% 1.40 £ 5% 836 9.36 8.36 033 04 £ 11.0%
1750 +50 /(100 Ea 4+ 5% 149 £ 5% 851 851 8 51 0.33 077 £11.0%
1400 =80/ 4100 5331 5% 152 + 5% 5§04 804 804 023 081 £110%
1450 30/ 100 5331 5% 152+ 5% 823 823 8.23 019 1.04 £ 11.0%
2000 £ 50/ 100 533 5% 1.52 £ 5% 810 810 810 015 1.37 £ 11.0%
2300 +50/+ 100 52.8.+5% 185+ 5% 7.80 7.80 V.80 013 1.7 £ 11.0%
2450 +50/+ 100 52.7 + 5% 1.95 ¢ 5% 7.58 7.58 7.58 014 1.24 £11.0%
2600 =50+ 100 52.5 5% 218+ 5% 740 7.40 740 014 1.51 £11.0%
3500 =50 (100 5132 5% 331 £ 5% 6.45 £.45 5.45 0.27 1.51 £13.1%
4950 £ 50/ 100 494 + 5% 501+ 5% 411 411 411 045 1.90 £13.1%
5200 + 50 & 100 49.0 £ 5% 530+ 5% 404 4.04 4.04 0.45 180 £13.1%
5300 2 50/ 100 48 5+ 5% 542 5% 3.79 379 379 0.50 1.890 = 13.1%
5600 +50/+ 100 48.6 + 5% 56525% a.s7 3.57 157 0.50 180 +£13:.1%
5600 + 50/ 100 485+ 5% B7T 5% 3.3z 332 3.32 0.55 1.80 £13.1%
BBOO +50/+100 48.2 5% 6.00 £ 5% 348 348 348 0.55 1.890 £13.1%

" The validity of = 100 MHz ondy apples for DASY w44 and highar (se= Paga 2] Tre urcenanty o e ASS of the ConvF unsertznty gt calibrabion frequency

arnd the uncariainty lor 1he indszated freqguency band
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EX3DV3 SN:3531 February 23, 2010

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV3 SN:3531 February 23, 2010

Receiving Pattern (¢), 3 = 0°

f= 600 MHz, TEM ifi110EXX f= 1800 MHz, WG R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV3 5N:3531

Dynamic Range f(SARy..q4)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV3 5N:3531

February 23, 2010

Conversion Factor Assessment
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Cerfilicale Mo EX3-3531 Febi0

Deviation from Isotropy in HSL
Error (¢, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Page 10of 11

40




EX3DV3 SN:3531

Other Probe Parameters

February 23, 2010

Sensor Arrangement Trniangular
Connector Angle (%) Mot applicable
Mechamcal Surface Deteclion Mode anabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length g9 mm
Tip Diametar 2.5 mm
Probe Tip to Sensor X Calibration Pomnt 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Frobe Tip to Sensor Z Calibration Point T mm
Recommended Measurement Distance from Surface 2mm
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