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CALIBRATION CERTIFICATE

Cbjeet EX3DV4 - Sh:3721

Calibration procedure]s) QA CAL-01.v6, QA CAL-14.v3, QA CAL-23.v3 and QA CAL-25.v2
Calibration procedure for dosimetric E-field probes

| Calibration date June 23, 2010

This calibration cerificate documents the traceability to national standards, which reafize the physical units of measurements (51,
The measurements and the uncertainties with confidence probabilily are given on the foflowing pages and are part of the cedificale

All calibrations have been conducted in the closed laboratory facility anviranment temperature (22 2 31°C and humidity < 70%

Calibration Equipmeant used (M&TE cntical for calibration)

Pnmary Standards |o# Cal Date (Certificata Mo Scheduled Calibration
Power metar E42188 | GB41293a74 1-Apr-10 (No. 217-01138) Ape-11
Power sensor E44124, MY 41495277 T-Apr-10 (Mo, 217011 35) Apr-11
Power sensor E44.124 | MY 41488087 1-Apr-10 (Mo, 217-01136) Apr-11
Reference 3 dB Alenuator SN 55054 (3c) 30-hfar-10 (Mo, 217-0115%) Mar-11
Reference 20 dB Atlenuator I SN 55085 {20b) I0-Mar-10 (No. 217-01161 Mar-11
| Reference 30 dB Attenuator | SW: 55129 {30k 30-Mar-10 (Mo, 217-01160) Mar-11
| Reference Probe ES30V2 | BN 3013 -Cec-09 (No. ES3-3013_Decl® Dec-10
CAES | SN 660 20-Apr-10 (No. DAEA-BE0 . Apri1d) Apri11
Secondary Standards ' Io# o _ Check Date iin house) Scheduted Check
RF generator HP 86450 US3E42LI01700 £-Aug-99 {in house check Oc-09) In house check: Oet-11
Metwark Analyzer HP 8753E | LIS3Y 3006885 18-0ct-01 (in howse check Oct-09) In house chack: Ocii0
Mame Funetion Signature

Calibrated by, Katja Pokovic. Technical Manager m
|
| Approved by Fin Bomholt R&D Director 7 A2

lssued: June 23, 2010

This calibration cenificate shall net be reproduced except in full without writtzn approval of the faboratory
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Glossary:

TSL tissue simulating liguid

NORMzx. y.2 sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP dicde comprassion point

GF crest factor (1/duty_cycle) of the RF signal

A B C madulation dependent linearization parameters

Palarization o o retation around probe axis

Faolarization A @ ratation around an axis that is in the plans normal to probe axis (at measurement cenler),

i.e, 4 ={1is normal to probe axis

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific

Absarption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, December 2003

b) IEC 622091, "Procadure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close

proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
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NORMx v,z Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
MORMzx,y,z are only intermediate values, i.e., the uncerainties of NORMzx,y.z does not effect the E*-fiald
uncertainty inside TSL (see below ConvF),

NORM(x .z = NORMx v,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.

DCPx, vz DCP are numerical linearization parameters assessed based an the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor madia.

Ax y.2 Bx.yz Cxyz VRxyz A B Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depand on frequency nor media, VR is the
maximum calibration range expressed in RMS voltage across the diode,

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for 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 ara
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMz, v,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 extending the validity from + 50 MHz to + 100
MHz,

Sphencal isotropy (3D deviation from isotropy): in a field of low gradients realized using a flal phantom
exposed by a patch antenna.

Sensor Offsel, The sensor offset correspands fo the offsel of virlual measurement center fram the probe tip
(on probe axis). No telerance requlired.
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Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 system!)
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EX3DV4 SN:3721 June 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3721

Basic Calibration Parameters

Sensor X | Sensor Y SensorZiUnc (k=2)

Narm (pW/(Vim)y*y .57 0.52 052 |£101%

DCP {mvy° 94.5 83.9 a5.2

Modulation Calibration Parameters

Ui Communication System Name PAR A B G VR Unc*
dB dBul my (k=2)
10000 CW 0.00 ot 0.c0 000 1.000 21186 29 %
Y 0.00 0.00 1.001 2023
Z 0.00 0.00 1.00f 2029
10011 UMTS-FOD (WCDMA) 340 X 3.58 B 94 17.96] 2036 + 2.7 %
Y 353 B65.56 17.65] 2243
i 382 6627 15.16] 226.2
10021 GEM-FDO {TOMA, GMSK) 9.20 A 1.94 £3.47 12.18] 10486 + 3.0 %
Y 1.50 BG4 10.48 84.7
Z 1.72 62 01 11.30] 5849
100654 IEEE 802.11afh \WiFt & GHz 10.52 A 13.54 7555 27.05| 2230 + 38 %
{QFOM, 12 Mbps) Y 12.63 7282 2512 2018
£ 13.23 T4.73 2648 2087
10072 IEEE B0Z2.11g WiFi 2.4 GHz 8.75 X 11:86 T4.24 2602 2004 38 e
(DSSS/0OFDM, 12 Mbps) Y 11.02 71.54 2404 2112
£ 11.87 T4 18 2569] 2229

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

" The uncedainties of NormX, ¥ Z do not afént the E-fisld uncerainty ingide TSL (sae Pages 3 and &)
E Mumerical linsarization paramistar uncarainty nat requined

" Uncertainty is determined uging the maximum devation from inear response apptying recatangular disinbutar snd s expressed for the sguare of the fisld value
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EX3DV4 SN:3721

DASY/EASY - Parameters of Probe: EX3DV4 SN:3721

Calibration Parameter Determined in Head Tissue Simulating Media

June 23, 2010

f [MHz] Validity [MHz]" Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2}
835 50/ £ 100 41562 5% 0.90 + 5% 5.58 8.58 8.58 078 0.62 +11.0%
900 + 50/ 100 41.5 % 5% 087+ 5% B.42 §.42 842 0.73 0.63 £11.0%
1750 + 50+ 100 40.1 ¢ 5% 1.37 £5% 7.58 759 7.59 0.88 063 £11.0%
1900 + 50+ 100 40.0 1 5% 1,40 £ 5% 7.50 7.30 730 0.73 0.61 £11.0%
1850 =50 /+ 100 40.0 £ 5% 140 £ 5% 7.15 7.15 T45 0.75 Q.60 +11.0%
2450 + 50 /£ 100 39.2+5% 180+ 5% 677 6,77 6.77 Q.50 067 = 71.0%
5200 + 50 f+ 100 380+ 5% 465 £ 5% 472 4.72 472 0.40 1.85 £13.1%
5800 =50+ 100 35.3 5% 527+ 5% 4.03 4.03 403 0.50 1.85 £13.1%

£ The validity of £ 100 MHz only apphes far DASY v4 4 and highar {see Paga 2}, The uncenainty is the RES of the CanvF uncedainty al calibration fraquency

ard the unceranty for the mdicated freguency band
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EX3DV4 SN:3721 June 23, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3721

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHz]® Permittivity Conductivity ConvFX ConvFY  ConvF Z Alpha Depth Unc (k=2)
435 + 50/ 1100 552 +5% 0897 5% 566 866 8.56 0.64 070 £11.0%
a00 +50 /4100 550+ 5% 1.05 £ 5% 3.5 8.51 8.51 0.65 068 £11.0%
1750 +60 7+ 100 534 1 5% 145 + 5% 721 T T2 0.77 063 £11.0%
1900 + 60+ 100 533+ 5% 1.62 £ 5% 718 714 718 0.61 Q.71 +£11,0%
1950 + 507+ 100 B3.34 5% 1.52+ 5% 77 Fi g 77 Q.53 0.75 +11.0%
2450 + 507 +100 52,7 + 5% 1195+ 5% 5.80 6.80 680 0.40 0.85 +11.0%
5200 + 507+ 100 49.0 + 5% 5.50 % 5% 3,79 3.79 ave 0.80 1.895 £13.1%
5800 + 50 f+ 100 48.2 £ 5% 600 £5% 3.54 3.54 3.54 0.60 1:85-£13.1%

" The valldily of £ 100 MHz only applias for DASY v & and faghier (see Page 2}, The uncertainty is the RSS of the ComnvF wncerdainty at callbration fraquency

and the uncartainty for the indicated frequency band
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EX3DV4 SN:3721 June 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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EX3DV4 SN:3721 June 23, 2010

Receiving Pattern (¢), 9 = 0°

f =600 MHz, TEM Ifi110EXX f=1800 MHz, WG R22
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Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)
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EX3DV4 SN:3721

Dynamic Range f(SAR;..4)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3721 June 23, 2010

Conversion Factor Assessment

f =900 MHz, WGLS R8 (head) f=1750 MHz, WGLS R22 (head)
0.0
250
Z 200
=
E 15.0
=
E100
@
of
w50
0.0 -+ t
a 10 20 a0 40 a0 & o 10 @ 4
Z[mm] o ] an 0
=g Analytical —&—Measurements —8— Anaiytical ey Moaererments

Deviation from Isotropy in HSL
Error (¢, 8), f = 300 MHz

Error [dB]

100080 W-080-060 B-080-D40 W-D40-020 W-020-000
E000-0.20 MO20-040 B040-:060 2 @OE0-0BED EOB0-100

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4 SN:3721

Other Probe Parameters

June 23, 2010

Sensor Arrangement Triangular
Connectar Angle (7} Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Frobe Overall Length 337 mm
Probe Body Diameter 10'mm
Tip Length 9 mm
Tip Diameter 2:5 mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip to Sensor ¥ Calibration Paint 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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