15.20 SAR Calibration Certificate - Probe EX3DV4 SN3922
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cient UL Japan (PTT) Certificate Mo: EX3-3922 Juni3

CALIBRATION CERTIFICATE

Ohiject EX3Dv4 - SM:3922
Calibration procedurals) QA CAL-01.vB, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23.v4,
QA CAL-25v4

Calibration procedure for dosimetric E-field probes
Calibration date: June 4, 2013

This calibration cenilicate documents tha traces bdity to national standardss, which realize the physical units of measurements (S1)
The measwemants and the unceranties with confidence probability are given on the lollowing pages and ane par of the carlificale

Al calibealions have bean conduclad in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calivration Eguipment used (METE critical for calibrasion)

Primary Standards I N Cal Diata {Certificate No.) Seheduled Calibration
Pawer mater E44108 GH41Z93674 O4-Apr-13 (Mo, 21 7-01733) Agpr-14

Power sansor Edd 124 Y4 1488087 0d-Apr-13 (Mo, 217-01733) Apr-14 ]
Referance 3 ¢B Attenuator SN: 55054 13c) 0d-Apr-13 (Mo, 117-01737) Apr-14

Relerence 20 dB Attenusior Sh: BSZTT 120x) 04-Apr-13 (Mo, 217-01735) Apr-14

Relerence 30 9B Attenustor SM: 85129530b) 4-Agr-13 (Mo, 2 7-01758) Apr-1d

Referénce Probe ES30V2 SM: 3013 28-Dec-12 (Mo. ES3-3013_Decl2) Deg-13

DAES SM: &80 31-Jan-13 (Mo, DAE4-B60_Jan13) Jan-14

Secondary Standards | D Chack Data (in housa) Scheduled Check

RF generatar HP BS460C US3642L01700 4-Aueg-08 [in house check Apr-13) In house check: Apr-15
Network Analyzer HP 8763E USATI00585 18-0ecl-01 (in house check Oct-12) | In house chack: Oct-13

Mame Functian $:j“’§_ T
Calibratad by Claudio Leubler Labaratory Tachnician Y/
Approved by Katja Pokavic Technizal Manager /5@7 ﬁ'{

Issamad; Juna 4, 2013

Thiz calibralion cerificate shall not be reproduced except in Tull wilhoul wrilten approval of the labarabory.
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Glossary:

TSL lissue simulating liquid

MNORM:x.v.z sansitivity in free space

ConvF sensitivity in TSL / NORMzx,y,z

DCP diode compression point

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

ABCD modulation dependent linearization paramaters

Palarization ¢ o rotation around probe axis

Palarization & & rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., & = 0 is normal to probe axis

Calibration is Performed Acceording to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Recommendad Pragtice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communicafions Devices: Measurement
Techniques™, December 2003

IEC 62203-1, "Procedura to measure the Specific Absorption Rate (SAR) for hand-held devices uzed In cloze
proximity o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMx y,z- Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; { = 1800 MHz: R22 waveguide),

NORMx,y.7 are only intermediate values, i e, the uncariainties of NORMY, w2 does not affect the E-field
uncertainty inside TSL (see below CanwF).

NORM(f)x,y.z = NORMx,y,2 * requency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 softwere versions later than 4.2. The uncerainty of the frequency responsa is included
in the stated uncartainty of Conufr.

DCPx,y.z: DCP are numerical linearization parameters assessed based on “he data of power sweep with CW
signal (no uncertainty required). DCP does nat depend on frequancy nor media,

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
charactaristics

Axy.z; Bxy.z; Cx,y,z Dx,p.z; VEx,y.2: A, B, C, D are numerical inearization parameters assassed based on
the dats of power swaep for specific madulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration rangs expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for [ < 800 MHz) ang inside waveguide using analytical figld distributions based on power
measurements for f > 800 MHz, The same setups are used for assessment of the parameters applied for
boundary compansation (alpha, depth) of which typical uncertainty values are given. Thase parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comresponds
to NWORMy, .z * Convi whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY versicn 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MiHz,

Spherical isotropy (3D deviation from isolropy): in a field of low gradients realized using a flat phantom
exposad by a patch antenna.

Sensor Offsal: The sensor offset coresponds to the offset of virual measurement center from the probe tip
(on probe axis). Mo tolerance -equired,
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EX300V4 - 5N:3022 June 4, 2013

Probe EX3DV4

SN:3922

Manufactured:  March 8, 2013
Calibrated: June 4, 2013

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 systeml)
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EX30W4— SN:3922 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Basic Calibration Parameters

Sensor X Sensor Y Sensaor Z Unc (k=2)
Morm (uhiim)Sy® 0.37 0.45 0.50 + 10,1 %
DCP imvy© 100.1 104.1 102.3
Modulation Calibration Parameters
uD Communication System Name A B [ D VR Une"™
dB BV dB my (k=)
4] cw » 0.0 0.0 10 0.00 190.5 +2.7 %
¥ 0.0 0.0 1.0 162.6 T
z 0.0 0.0 1.0 167.7

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

* The: unceriainties of Mo, ¥ Z do nat effect 1he E*field uncertainty inside TSL [see Pages 5 and 6],

¥ Mumerical linearization parameter: uncerainty nol reguined.

£ Uncartainty is determinad using this mes. deviation from lineer rasponse apphying ractangular distribution and is expressed for the square of the
field walue,
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EX30V4- SN; 3022 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
FIMHz)® | Permittivity " isim) ConvF X | ConvFY | ConwFZ | Alpha {mm]) (k=2)
300 45.3 .87 12.42 12.42 12.42 0.21 0.76 £134 %
450 415 0.87 10.99 10.99 10.99 0.15 1.20 +134 %
650 425 0.89 10.88 10.88 10.88 0.11 1.00 +13.4 %
750 419 0.89 10.54 10.54 10,54 0.43 0.88 +12.0 %
B35 41.5 0.90 9.94 9.54 8.94 0.50 0.78 +12.0 %
800 41,5 0.a7 9.82 9.82 8.82 0.48 0.82 +12.0 %
1450 40.5 1.20 B.50 8.50 B.50 0.21 1.22 +12.0 %
1640 40.3 1.29 B.46 B.46 B.46 0.65 060 £120%
1750 40.1 1.37 B.27 827 | 827 0.20 1.12 +12.0 %
1810 40,0 1.40 B.07 8.07 B.07 0.53 0.68 120 %
1900 40.0 1.40 B.04 8.04 B.04 0.51 0.70 +12.0 %
1950 40.0 1.40 7.78 7.78 7.78 : 0.26 1.00 +12.0 %
2000 40.0 1.40 7.98 7.8 7.80 0,48 0.73 +12.0 %
| 2450 39.2 1.80 7.25 7.25 7.25 0.37 0.78 +12.0 %
2600 39.0 1.96 711 7.1 7.11 0.30 0.8 =120 %
5200 36.0 4.66 514 5.14 514 0.33 1.80 + 131 %
5300 359 4.76 4.80 4,89 4.89 0.35 1.80 1131 %
5500 35.6 4.86 466 4,69 469 0.40 1.80 +£13.1 %
5600 35.5 5.07 444 4.44 4.44 0.42 1.80 +13.1 %
5800 35.3 527 4.37 4.37 4.37 0.45 1.80 +13.1 %

£ Frequency validity of £ 100 MHz anly appies for DASY v4.4 and higher [see Page 2), alse it is restriced to = 50 MHz. The uncertainty is the RSS
al the CowF uncariainty at callbration frequency and the uncedtainly far the indicated frequency band,

" At fraquencies below 3 GHz, the validity of tssue paramaters (s and o) can be relaxed to = 10% If liguid compensation formula is appliad to
measured SAR values. M frequencias sbove 3 GHz, the validity of tissue parameters (c and o) is restricled fo + 5%, The uncerainty s the RSS of
thar ConvF unceneinty for ndicated larget lissue parameters.,
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EX3DV4- BM:3922 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.
F(MHZ)® | Permittivity " isim) ConvF X | ConwFY | ConwFZ | Alpha | (mm) (k=2)
300 5.2 .92 12.30 12.30 12.30 0.18 1.16 +13.4 %
450 56.7 C.04 11.91 11.81 11.91 0.05 1.20 +13.4 %
B50 55.9 .06 11.06 11,06 11.06 0.02 1.10 +13.4 %
750 556.5 .06 10.31 10.31 10.31 0.34 0.87 +12.0 %
B35 55,2 co7 10.16 10,16 1016 0.36 0.53 +12.0 %
000 55.0 1.05 10.02 10,02 10.02 0.55 0.67 +12.0 %
1450 54.0 1.30 8.89 8849 8.89 0.651 0.66 +12.0 %
1640 53.8 1.40 B8O 8,80 8.80 0.56 0.56 +12.0 %
1750 53.4 1.49 B.04 8.04 8.04 0.44 0.79 +12.0 %
1810 53.3 1.52 7.94 7.94 7.94 0.25 1.11 $120% |
1900 53.3 1.52 7.76 7.6 7.76 0.26 1.06 | £12.0%
1950 53.3 1.52 7.08 7.98 7.08 0.36 086 | +12.0%
2000 53.3 1.52 7.1 7.91 7.91 0.30 0,94 +12.0 %
2450 52.7 1.95 7.37 7.37 7.37 0.80 053 | +12.0%
2600 52.5 216 7.04 7.04 7.04 0.80 050 | +120%
5200 49.0 £30 4.28 4,28 4.28 0.45 1.90 +13.1 %
5300 48.9 Ed42 416 416 416 0.45 1.50 +13.1 %
6500 48.6 £.B5 3.93 3.03 3.93 0.45 1.50 131 %
5600 485 E7T 3.74 3.74 3.74 0.45 1.80 £13.1%
SE00 482 £.00 3.92 3.92 392 0.50 1.80 131 %

© Frequency validity of + 100 MHz oaly applies for DASY v4.4 and higher (see Page 2), else it is restricled fo 4 50 MHz, The uncenainty is fhe RSS
of the ComvF unoertainty st calibration frequency and the uncerainty for tha indicated frequency band,

" Al frequencies below 3 GHz, the validity of liszue parametars (¢ and o) can be relaxed 1o £ 10% if liguid compencation farmula is applied ko
measured SAR values. At frequancies above 3 GHz, the validity of fissue parameters (s and o) is restricted 10 + 5%, The uncertainty is the RSS of
1he Conw'F uncerainty for indicabed targed tissue paramatars.

Certificate No: EX3-3922_Jun13 Page & of 11



EX3DVd- SN 3922 June 4, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

— H N H
. i

Frequency response (normalized)

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4~ SM:3822 June 4, 2013

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4— SN:3922 June 4, 2013

Dynamic Range f(SARpead)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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EX30V4- SN:3922

June 4, 2013
Conversion Factor Assessment
=800 MHz WGLS R9 (H_convF) f= 1750 MHz WGLS R22 (H_camF)
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Deviation from Isotropy in Liquid
Error (§, §), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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EX3DV4- SN:3022

June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Other Probe Parameters

Sensor Arranganment

Triangular
Connector Angle (%) 79.8
Mechanical Surface Detection Mode anabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length % mm
Tip Diameter 2.5 mm
Probe Tip to Sansor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor £ Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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