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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement: Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV full range = Cf P +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.098 £ 0.15% (k=2) | 404.921 + 0.15% (k=2) | 405.031 £ 0.15% (k=2)
Low Range 3.99972 £ 0.7% (k=2) | 3.98407 +0.7% (k=2) | 4.00010 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 123°+1°
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Multitateral Agreement for the recegnition of calibration certificates

cient  Sporton (Auden) Certificata No: EX3-3857_May17
|CALIBRATI ON CERTIFICATE |

Objsct EX3DV4 - SN:3857

Calibration procedursl(s) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibration date May 26, 2017

Thea calibration cenilicate docienents the fracesbiily ta national stadards, which reslizs the physical units of measurements (S0,
The measuremenis and [ uncedaintiss with conflidence probabifity are given on the folldwing pages and are parl of the cedificale.

All callbrations have been eonducted in the closed labaralony facity, emironment temperature (22 + 3)'C and numidity = T0%.

Calitration Emquipmenl used (METE critical for calibimtion)

Primary Standards 2 Cal Date (Ceodilicate No ) Schaduled Calibvation
Porwrgr: ineler NRF SN 104TTE 4-Apr-17 (Mo, 217-0252 102623} Apr-18
Power sengor NRP-Z91 SM! 103244 Qd-Apr-17 (No_ 217-02521) Ape-18-
Powar sansir NRP-201 BN 103245 Od-Apr-11F (Na. 217-D2525) Ape-18
Referende 20 dB Alleniatod SN! 55277 (20x) O07-Ape-AT (Mo 217-02528) Apr-18 ——
Referanca Probe ES30V2 SN 3013 31-Dee-16 (Mo, ES3-3013_Dec6) DecA7T
DAE4 Sh @0 7-Dac-16 (Mo DAE4-60_Eaci) D17
Secondary Standards [[R] Chatk Date {in house) Seheduled CHeck
Power meter E44198 SN GB41293874 DE-Apr-16 (i house check Jur-16) in house check: Jun-18
Py sanso E44 124 SN: MY41488087 06-Apr-16 (in house chegh Jun-16) In houze gheck: Jun-18
Fowear sengsor E44 124, SN 00710210 Dfi-Apr 16 (in houss gheck Jun-16} In house check: Jun-18
AF penerator HE BBAEC SN: LIS3643001700 4-Aug-88 fin house check Jun-18) In hoize ehack: Jurn-18
| Network Anolyzer HP 8753E SN US3T3905685 18-0ci-01 (m house check Oc-16) In House chech: Dot-17
Mams Funetion Sipriature
Caiitirated by Michse! Waber Lsbaratory Technician
Approved by Katja Pakovio Techpical Manager 1 7

Issied! May 30, 2017

This calibrefion cenificate shall not be e oduced excepl In lull withoul written approval of the latioratory
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Glossary:
TSL fissue simulating ligquid
NORMa.Y2 sensitivity in free space
CanvF sensitivity In TSL / NORMzx, v,z
pcpP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramelers
Polarization o rotation around probe axis
Polarization 9 % rotation around an axis that Is in the plane normal to probe axis (at measurement center),
l.e., 8 =0is normal to probe axis
Connectar Angle Information used in DASY system to afign probe sensor X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

a)

b)
c}

d)

IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremernt
Techniques”, June 2013

IEC £2208-1, "Procedure lo measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity lo the ear (frequency range of 300 MHz to 3 GHz)", February 2005

|EC 52209-2, "Procedure to determing the Spedific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the hurman body (frequency range of 30 MHz to 8 GHz)", March 2010

KDB 865664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

-

NORMx,y,z: Assessed for E-field polarization 8 =0 (f < 900 MHz in TEM-cell; { > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediale values, i.e., the uncertainties of NORMx,y,z does nol affect the E”-field
uncertainty inside TSL (see below Convi).

NORM{f)x.y.z = NORMx,y,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 inchided
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical lingarization parameters assessed based on the data of power swesp with CW
signal {no uncertainty required). DCP does not depend on frequency nor media.

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

Ax.y.z Bryz Cxy.z Dxy.z VRxyz A B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VA 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 an power
measuraments for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical unceriainty values are given. These parameters are
used in DASY4 software (o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to thal 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

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on prabe axis). Mo lolerance required,

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uneertainty required),
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EX3DV4 - SN3857 May 26, 2017

Probe EX3DV4

SN:3857

Manufactured:  January 23, 2012
Calibrated: May 26, 2017

Calibrated for DASY/EASY Systems

(Note: non-cormpatible with DASY2 system!)
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EXJDVa- SM:3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

) Sensor X Sensor ¥ Sensor £ Unc (k=2)
Norm (uVI(vim)° ) 0.17 0.42 0.44 +10.1 %
DCP (m\v)" 98.5 100.1 1024
Modulation Calibration Parameters
uiD Communication System Name A 5 C D VR Une"
dB dBvpv dB my {k=2)
0 cw x| 00 | 00 10 | 000 | 1382 | +38%
B Yy | 00 00 | 10 147 4
Z 0.0 0.0 1.0 1449

The reported uncertainty of measuremenlt is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
prabability of approximately 95%.

* The uncenainties of Nom X.Y,Z o6 nol atfee the EXfiald uncartanty inside THL (aae Pages 5 and &),

* Numierical linearization parameler. unoarainty not required.

" Uncertainily s datarmined welng the max, devigtion from linaar responee applying rectangular distribution and = axpressed for the sqoate of tho
fiibel wenlisie.
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EXIDV4- SN.3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth © Unc

f(MHz)® | Permittivity" (8fm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.01 10.01 10.01 0.39 0.69 +12.0 %
835 415 0.80 9.73 9.73 9.73 0.47 0.85 +12.0%
900 41.5 0.97 0.48 948 9.48 0.31 1.01 +12.0%
1750 40.1 1,37 B.4T 8.47 8.47 (.38 0.82 +12.0 %
1800 40.0 1.40 8.29 8.29 8.20 (.38 0.80 +12.0 %
2000 40.0 1.40 8.26 8.26 8.26 (.35 0.80 +12.0 %
2300 39.5 167 7.95 7.95 7.85 0.24 1.08 +12.0 %
2450 39.2 1.80 7.71 7.71 7.7 0.41 0.80 +12.0 %
2600 39.0 1.96 7.62 7.62 7.62 0.41 0.80 +12.0 %
3500 37.8 2.01 7.37 7.37 7.37 0.29 1.25 +13.1 %
3700 377 312 6.94 .94 6.94 0.25 1.25 | +131%
5250 359 4.71 5.39 5.39 5.39 0.35 1.80 +13.1 %
5600 35.5 5.07 5.04 5.04 5.04 0.40 1.80 £13.1%
5760 35.4 522 534 5.34 5.34 0.40 1.80 +131%

© Frequency validity abidve 300 M-z of + 100 MHz only applies for DASY vl 4 and higher {see Page 2), else || s resticted 1o+ 50 MHz The
Lncartainty is the R3S of the Conv unoeriainty ai calibration frequency and the uncertainty for the mdigated fraqusncy band. Frisguisncy validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respeclively. Above 5 GHz frequency

validity cun be extendesd to £ 110 MHz

" Al lrequencies below 3 GHz. the validity of lissus parsmeaters (o and o) can be mlaed to + 10% 01 liguid compehsation formuls 5 applied 1o
measured SAR values. Af frequencias above 3 GHz, the validity of lissue paramelers [x and o is restricted to 2 5%, The uncertainty is the RSS of

thr ConvE uneedainty for indicated targel issug psiametars

" AlphilDepth are determined during calibration. SPEAG warrants thial the remaining devistion due o the boundary =ffect after compansallon s

alweys less than + 1% for froquencies below 3 GHz and below « 2% for frequancies betwesen 3-6 GHz at any distange larger than half the probe tip

dismetar from the boondary,
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EX30V4- SNI38ST

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Une

f{MHz)® | Permittivity" {sim) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) |  (k=2)
750 55.5 0.96 9.96 9.96 .96 0.44 080 | +12.0%
835 56.2 0.97 9.72 8.72 9.72 0.46 080 | +120%
1750 53.4 1.49 8.29 8.29 8.29 0.36 0.80 +12.0 %
1900 53.3 1.52 8.08 8.08 8.08 0.37 0.80 +12.0 %
2300 52.9 1.81 7.87 7.87 7.87 0.39 0.87 +£12.0 %
2450 52.7 1.95 7.70 7.70 7.70 0.40 0.80 +12.0 %
2600 52.5 216 7.59 759 7.59 0.34 092 | +120%
3500 51.3 33 6.89 6.89 6.89 0.30 1.20 +13.1%
3700 51.0 3.55 6.82 6.82 6.82 0.30 1.20 | £131 %
5250 48.9 5.38 472 472 472 0.40 1.90 | +131%
5600 485 5.77 4.01 4.01 4.01 0.50 1.90 +13.1 %
5750 48.3 5.94 4.3 431 4.31 0.50 1.90 +13.1%

" Frequancy validity sbove 300 MHz of + 100 MHz only spplies for DASY w4 4 and higher (see Page 2), eisa it fs restnicted ta + 50 MMz The
unesrtainly s the REE of the ConvF uncertainty at cslibralion frequency and the epeerainty far the indicated frequincy and, Froguaency validity
below 300 MHz = £ 10, 26, 44, 50 and 70 MHz for ConvE assessmants al 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 GHz Fequancy

wilichity can be sdended to £ 110 MHz

" Al fraguencies below 3 GHz, the walidity of ligsie paramaters (& and o] can ba reiased 16+ 10% i lguld dompehsaticn Toimiaa 5 applisd 1o
rmeasurad SAR valuas. Al frequencies above 3 Gz, the walidity of izsus parameters (cand o) s resticted 1o 2 5% The uncetainty 1s the RSS of

Ihe ConvF uneerainty o Indicated Largat bssus parsmefess.

5 AlphaDepth are dstermined during calibration, SPEAL waranis thel the remaining devighion due to the boundary stfect after compensation is
alveays less than ¢ 1% for frequenties below 2 GHz &nd balow + 2% for fraquencies between 3-8 GHz gt any distance larger than hall the probe tip
diameter from ihe boundary.
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EX3DV4— SN:3B5Y May 26, 2017

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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EXIDVA- SN 3857 May 26, 2017

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4— SN:3857 May 26, 2017

Dynamic Range f(SAReaq)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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EX3DV4— SN:385T

May 26, 2017
Conversion Factor Assessment
=835 MHz.WGLS R (H_convF) = 1900 MHz.WGLS R22 (H_conyF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncartainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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EXIDVa- SN3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters

" Sensor Arrangement Triangular
Connector Angle () 419
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Made disabled

“Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameler 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mim
Probe Tip to Sensor Y Calibration Polnt 1 mm
Prabe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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