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CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3826

QA CAL-01.vD, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25,v8
Calibration procedure for dosimetric E-tield probes )

December 41, 2015

This calibeation centificats dosuments the traceability to national standards, which realize the physical units of measurements (S,
The measurements and the uncertainiies with confidance probability are given on the following pages and are part of the centificate.

All calibrations have been conducted in the ciosed laboratory faclity: enviropment temparature {22 + 3)°C and humidity < 78%.

- Calibration Equipment used (MATE critical for calibration)

Approved byt

Primary Standards D Cal Date (Certificate NoJ Soheduled Calibration

Power meter E4A4188 GB41293874 G1-Apr-15 {No., 217-02128) Mar-16

Power sensor E4413A MY41488087 01-Apr-15 (No. 217-02128) Mar-18

Reference 3 dB Alteauator SN: 85054 (e} O1-Apr-18 (No. 217-02128) Mar-18

Reference 20 oB Attenuator SN 55277 (20x) t-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 55129 (30b) 01-Apr-15 {No, 217-02133) HMar-16

Reference Probe £S3DV2 S 3013 30-Dec-14 (No, ES3-3013_Decid) Nec-16

DAE4 SN: 680 14-Jan-18 (No. DAE4-660_Jani5) Jan-18

Becondary Standards iD Chaok Date {in house) Sclieduted Check

RF generator HP BBISC US3642U01700 4-Aug-89 (in house check Apr-13) b house check: Apr-16

Nebwork Analyzer HP B763E U537350585 18-051-01 {in housa check Oct-15} tn house check: Got-18
Name Function Signature

Calibrated by:

£alf Kiysner o L.aboratory Techuician ¢

Katja Pokovic Tachnital Managar

issued: Dacamber 15, 2018

This calibration certificate shall not be raproduced except In full without writien apgroval of the labaoratory.
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Glossary:

TS tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMzx v,z

oep dinde conipression poird

CF crest factor {(1/duty_cycle} of the RF signal

ABCD maodutation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 $ rotation around an axis that is in the plane normal o probe axis (at measurement center),

i.e, 8 =0is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) {EEE Sid 1528-2013, "[EEE Recommended Practice for Delermining the Paak Spatial-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b} IEC 82208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear {frequancy range of 300 MHz to.3 GHz)", February 2005

¢} 1EC 622082, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body {frequency range of 30 MHz to 6 GHz)", March 2010

dy KDB 865864, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Methods Applied and interpretation of Parameters:

NORMx,y,2: Assessed for E-field pelarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, Le., the uncertainties of NORMx,y,z do&s not affect the E>-fiekd
uncertainty inside TSL (see below ConvF},

NORM(Bx, v,z = NORM,y,z * frequency_response {see Frequency Rasponse Chart). This linearization is
impleranted in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.,

DCPy,y,z: DOP are numerical inearization paramaters aseessed based on the data of power sweep with CW
signal (no uncertainty required). DGP does not depend eon fréquency nor media.

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

Axy.z Bx,yz Cay, 2z Dxyz VRx,y,Z: A, B, ©, D are numerical linearization parameters assessed based on
the data of power sweep for specific moduiation signal. The parametars do not depend on frequency nor
media. VR is the maxmum calibration range expressed in RMS voltage across the dinde.

ConvF and Boundary Fffact Parameters: Assessed in flat phantom using E-field (or Ternperature Transfar
Standard for f 5 800 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 far
boundary compensation {alpha, depth) of which typical uncertalnty values are given, These parameters are
used in DASY4 softwars to improve probe sccuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y,z * ConvF whereby the unceriainty carresponds to that given for ConvF, A frequency dependsnt
ConvF is used In DASY version 4.4 and higher which aliows extending the valldity from 3 50 MHz to 2 160
Mz,

Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The senscr ofiset corresponds to the offset of virual measurement center from the probe tip
{on probe axis). No tolerance required.

Conneclor Angle: The angle is assessad using the information gained by determining the NORMx (a0
uncertainty required).
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EX3DV4 — SN:3825 December 41, 2015

Probe EX3DV4

SN:3825

Manufactured:  September 6, 2011
Calibrated: December 11, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ system!)
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EX3DV4- 8N:3828 Decembor 11, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2}
Norm {pvH{vim)3 G.43 0.39 0.43 +10.1%
DCP {mV)® 1014 102.7 100.2

Modulation Calibration Parameters

(L] Communication System Nama ry B C oy VR -
48 dBvVuv dB my (k=2)
o oW X ] o8 0.0 1.0 000 | 1438 | w7 %
Y 0.0 0.8 1.0 1381
Z 0.0 0.0 1.0 153.8

The reported uncertainty of measurement is stated as the standard uncertainty of measuremant
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

* The uncertainties of Nomn X,Y.Z do not affect the E-field uncertainly inside TSL (see Pages 5 and &),

Numericat linearization parameter: uncertainty not required.
¥ Uncertainty is detenmined using the max. deviation from finear response applying re distribution and is expressed for the square of the
fisld value.
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EX3DVA- SN:3825 ) December 11, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

| FMHZ S | Permittivity” (8/m)’ ConvFX | ConvFY | ConvFZ | Alpha® . (mmy) he=2)
750 41,9 0.89 9.79 9.78 9.79 0.23 1.25 £12.0 %
835 418 0.90 9.49 8.49 $.49 0.21 1.30 +120%
900 415 0.97 9.23 9.3 9,23 0.24 1.24 £12.0%
1450 40.5 1,20 .30 8.30 8.30 0.2 2.03 £120%
1750 40,1 1.37 8.18 8.18 8,18 0.24 0.95 £12.0%
1800 40.0 1.40 7.94 7.94 7.94 0.31 085 +12.0 %
1850 40.0 1.40 7.88 7.69 7.69 031 0.85 £120%
2450 382 1.80 7.31 7.3 731 0.34 0.83 +12.0%
3500 37.9 2.9 691 6.91 5.91 0.28 1.26 £131%
5200 36.0 4,66 513 5.13 543 0,35 1.80 +13.1 %
5250 359 4,71 506 5.08 5.06 0.35 1.80 +13.1%
5300 359 4.76 4.83 4.83 483 9.40 1.80 +13.1%
5500 35,6 4,98 4.80 4.60 4.60 0.45 1.80 £13.1%
5600 356.5 5.07 4.27 4.27 4.27 0.50 1.80 £13.1 %
5YE0 35.4 522 4,44 4.44 4.44 0,50 1.80 £131%
5800 35.3 5.27 4,34 4,34 4,34 0.50 180 | 2121

© Frequensy validity above 300 Mz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). efse it is restricted to & 50 MHz. The
uncertainty is Ihe RSS of the ConvF uncertainty at catibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessiments at 30, B4, 128, 150 and 220 MHz respectively, Above 5 GHz Trequency
validity can be extended to £ 110 MHz,

" At kequencies below 3 Giiz, the validity of lissue parameters {x and o} can be refaxed to £ 10% # Bquid compernsation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of issue parameters (5 and o) Is restricted to & 5%, The uncertainty is the RSS of
the ConwF uncertalnty for Indicaled \arget tissue parameters.

© piphaiDepth are ined dusing calibration. SPEAG watrarts that the remalning deviation due to the boundary effect after compensation s
always 1ess than £ 1% for frequencies below 3 GHz and below x 2% for frequencies betwaen 2-6 GHz af any distance larger than half the probe tip
diameater from the boundary.
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EX3DV4- 8N3826 December 11, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825 _

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Ganductivity Depth ® Unc

£(MHn® | Permittivity® smy" ConvE X | ConvEY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.98 9.89 9.89 9.89 0.35 0.92 +120%
835 55,2 097 9.67 9.57 9.67 0.23 1.22 +120%
200 55.0 1.08 9.56 9.56 9.56 0.30 0.88 +12.0%
1450 54.0 1.30 5.18 8.18 8.18 0.24 1.09 +120%
1750 53.4 1.49 7.94 7.04 7.94 0.32 0.88 £120%
1800 53.3 1.52 7.66 7.66 766 1 023 110 +120%
1950 53.3 1.52 7.93 7.93 7.93 0.29 0.6 £120%
2450 527 1.95 7.29 7.28 7.28 0.32 0.85 £12.0%
3500 51.8 3.31 6.39 8.39 5.39 0.36 1.08 £131%
5250 48.9 5.36 4.25 4,25 425 0.50 1.90 £13.1 %
5600 48,5 5.77 3.61 3,61 381 0.60 .50 131 %
5750 48.3 5.94 3.85 3.88 3.85 0.60 1,90 £131%

® Frequancy validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else i is restricted o 2 B0 MHz. The
uncertainty is the RS8 of the ConvF unsertainty at callbration frequency and the uncertainty for the indicated frequency band. Frequency validity
balow 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments @t 30, 64, 128, 150 and 220 MMz respectively. Above & Gz frequency
validity can be extendad o+ 110 Mz,

" At frequancies below 3 GHz, the validity of lissue parameters {£ and o) can be relaxed to + 10% if figuid compensation formuda s applied o
measured SAR voluas. Al requencies above 3 GHz, the validity of issue paremeters = and o} Is restrictad to = 8%. The untenainty is he R3S of
tha ConvF inty for indi target tissue p ’

® Alpha/Depth are determined during calibration. SPEAG warrants that the remalning deviation due lo the boundary effsct after compensation is
atways less than & 1% for frequencies below 3 GHz and below + 2% for frequencies between 3.6 GHz at any distance larger han half the probe tip
diameter fram the boundary,
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EX3DV4- SN:3825

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

December 11, 2018

TTET

T iTiT

Frequency respanss {normalized)

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

1500
£ [MHz]
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EXIDV4- SN:3B25

=600 MHz, TEM

December 14, 2015

Receiving Pattern (¢), 8 = 0°

=1800 MHz,R22
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tUncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:36825 Desember 11, 2015

Dynamic Range f(SARuend)
{TEM cell , foya= 1900 MHz)

Input Signal ILV]

pe i o ! ! o

10 102 10t 1 10! 102 1
SAR [mWiem3) y
[

not compensated compensated

Error [dB]

1o 102 1ot 140 1!01 192 108
SAR [mVWem3}
not compansated sumpsnsatad

Uncertainty of Linearity Assessment: & 0.6% (k=2)
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EXIDVA- 3MN:3825 December 11, 2015

Conversion Factor Assessment

f= 000 MHz, WGLS RO {H_convF) f= 1750 MHz WGLS R22 {H_convF)
ol . . .
35t
Y #
o 204 .'!x
Z \
;'L hid
!‘E s,
"
mi 3
08
43 . o [} R Far kel
) G A ki 4} B al L 5 H i= ) £
#[men) afmm] .
izt e sitibe i
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

peviation

7 T ¥ T T

1.6 -08 -085 -04 -02 00C 02 €4 068 08 1.8
Uncertainty of Spherical isotropy Assessment; * 2,6% (k=2)
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EX30V4- SN:3825

December 11, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Other Probe Parameters

Sensor Arrangement Triangular
| Connector Angle °) 273
Mechanical Surface Detection Mode anabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length g mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Paint 1mm
Prabe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Senser Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 14 mm
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