17.15 Calibration Certificate for E-Field Probe EX3DV4 - SN 3917

s : s
Cai;bz"atlon Laberatm’y of \\“\\\\:,/\_;//”7, &  Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG 7 g Senviio svizzero di taratura
Zeughaussirasse 43, B004 Zurich, Switzerand 1,//,/,’/{\?\\\\\\ Swiss Calibration Service
it
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.2 S8 0108

The Swiss Accredifation Service is one of the signatorias to the EA
Multilaterai Agraement for the recognrition of calibration certificates

cent UL dapa

Objact

Calibration procedura(s)

Calibration date:

This calibration certificate documents the traceablity to nationat standards, which realize the physical units of measurements (31},
The measuremants and the uncertainties with confidence probability ara given on the follewing pages and are part of the cerifficate.

Ali calibrations have been conducted in the closed laboratory facility: envirenment temperature (22 £ 31°C and humidity < 70%.

Calibration Equipment used (M&ETE critical for calibration)

Primary Standards 18] Cal Date {Certificate No.} Scheduled Calibration
Power meter NRP SN: 104778 06-Apr-18 (No. 217-02288/02288) Apr-17

Power sensor NRP-Z81 SN: 103244 08-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z01 Sig: 103245 08-Apr-18 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 85277 {20x) 05-Apr-16 (No. 217-02283) Apr-17

Reference Probe ES2DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Dects) Dec-16

DAE4 SN: 660 23-Dec-16 {(No. DAE4-660_Dec15} Dec-16

Secondary Standards o Check Date {in house} Schieduted Check
Powsr meter £E44188 SN GB41203874 O5-Apr-16 {Np. 217-02285/02284) in house check: Jun-18
Power sensor £4412A Sk MY41488087 £6-Apr-18 {No. 217-022858) tn house chedk: Juri-18
Power sensor E4412A SN 050110210 6-Apr-16 {No. 217-02284) In house check: Jun-16
RF generator HP 8848C Sh: US3642U01700 04-Aug-89 (in house check Apr-13) in house check: Jun-18
Network Anatyzer HP 8753E 3N US37390685 18-0c1-01 {in house sheck Oct-15) n house check: Ogt-18

Function ) Signature

Calibrated by:

Approved by:

issuad: May 14, 2010

This calibration cerfificate shall not be reproduced axcept in full without written approval of the laboratory.
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Calibration Labogatow of ¢\‘“‘@" s Schweizerischer Kalibrierdienst

Schmid & Pariner i c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ;f’;-\\\ 3 Swiss Calibration Service

Accredited by the Bwiss Accreditation Service (SAS) Accreditation No.. $G8 (108

The Swiss Accreditation Service is one of the signatosies to the EA

Multitateral Agreement for the recognition of calibration ceriificates

Glossary:

TSL tissue simulating fquid

NORMX, v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pep diode comprasston point

CF crest factor {1/duty_cycie) of the RF signal

ABCD modulation dependent linearization paramelers

Polarization o ¢ rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center},

i.e., 8 =0 is normai to probe axis
Connactor 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)

b)
c}

d)

IEFE Std 1528-2013. “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniquas”, June 2013

{EC 82200-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in closs
proximity to the ear {frequency range of 300 Mz to 3 GHz)", February 2065

[EC 62200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity Lo the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KB 865664, “SAR Measurement Reguirements for 100 Mz to 6 GHz"

Methods Applied and Interpretation of Parameters:

@

NORMx,y,z: Assessed for E-field potarization 8 = § (f < 900 MHz in TEM-cel; f> 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediate values, L.&., the uncertainties of NORMx,y,z does not affect the E-field
uncertainty inside TSI (ses below ConvF).

NORM{Gx.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 included
in the staied uncertainty of Convl.

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

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

Axy.z; By.z Cxy.z Dxy.z VR y. 2 A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fraquency nor
media. VR is the maximum calibration range expressed in RMS voliage 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 uncerlainty values are given, These parameters are
used in DASY4 software to improve prebe ascuracy close to the boundary. The sensitivity in TSL corresponds
o NORMx,y,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 aliows extending the validity from & 50 MMz to + 100
MHz.

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

Sensor Offsst: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX30V4 - SN:3817 May 12, 2016
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Manufactured:  December 18, 2012
Calibrated: May 12, 2018

Calibrated for DASY/EASY Systems

{MNote: non-compatible with DASY2 system!)
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EX3DV4- SN:3917 May 12, 2016

DASYIEASY - Parameters of Probe: EX3DV4 - SN:3917

Basic Calibration Parameters

Sensor X Senser Y Sensor 2 Une {k=2)
Norm (uWVAVImY ) 0.54 0.42 0.46 +10.1%
DCP (mVy" 99,3 100.1 1036
Modulation Calibration Parameters
UiD Communication System Name Iy 8 [ D VR Unc®
aB dBVuv di my {k=2)
o cw X 0.0 0.0 1.0 000 | 1479 | #35%
Y 0.0 0.0 1.0 1491 "
z 0.0 0.0 1.0 132.8

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 uncertainties of Norm X,Y.Z do not affect the E”-field uncertainty inside TSL (see Pages 5 and 8).

¥ Mumerical linearization parameter: uncertainty not required.
¥ Uncentainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field valse,

Certificate No: EX3-3917_May16 Page 4 of 11



£X30VA- SN31Y May 12, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Parameter Determined in Head Tissue Simulating Media

Refative Conductivity Bepth Unc

F{MEz) ¢ | Permittivity ™ sy * ConvEX | ConvEY | ConvFZ | Alpha®| (mm) {k=2)
300 453 0.87 12.01 12.01 12.01 010 1.25 £13.3 %
450 43.5 .87 10.84 10.84 10,84 0.18 1.25 133 %
650 42.5 {.8g 10.25 1625 10,25 8.09 1.20 +133%
750 419 0.89 1017 1017 10.17 0.47 0.80 +12.0%
835 415 0,90 9.69 9.69 9.68 0.36 5.91 +12.0%
900 41.5 097 9.47 947 9.47 0,39 0.80 +12.0%
1450 40.5 1.20 8.69 5.69 8.69 0.36 ;.80 +120%
1640 40.3 129 818 8.18 8.18 0.29 0.80 +12.0%
1750 40.1 1.37 8.12 8.12 8.12 0.29 0.80 £120%
1800 40.0 1.40 7.89 7.89 7.89 0.37 0.80 +12.0%
1850 40.0 1.46 7.69 7.69 7.89 0.40 (.80 +12.0%
2450 39.2 1.80 7.12 712 7.12 0.39 0.80 £12.0%
2600 39.0 1.86 6.80 6.88 6.88 0.36 .84 +12.0%
3500 37.9 2.8 5.90 6.90 6.80 0.30 1.10 +13.1%

© Frequency valldity above 300 MHz of + 100 MHz only applies for DASY vd 4 and higher {soe Page 2), else it is restricted 1o + 50 MHz, The
uncartainty Is the R3S of the ConvF uncsrtainty at cafibration frequency and the uncertainty for the Indleated frequency band. Frequency validily
below 300 MHz is + 10, 25, 40, 50 and 70 Mriz for ConvF assessrents at 30, 84, 128, 150 and 220 MHz raspectively. Above 5 Gz frequency
vajidity can ba extended {o * 110 MHz,

T At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to * 10% ¥ liquid compensation formula is appled 1o
measured SAR vaiues. At frequencies above 3 Giiz, the validity of tissue parametars (s and ¢} is restricled to = 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target Hssue parameters.

5 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always 16ss than £ 1% for requencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary,

Certificate No: EX3-3917_May16 Page 5 of 11



EX3DV4- SN:3917

May 12, 2016

DASYIEASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Une

£{0iHz)° | Permittivity " s © ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (=2}
300 58.2 0.92 11.18 11.18 11.18 0.03 115 £13.3%
450 56.7 .94 11.26 11.26 11.26 0.10 1.15 +13.3%
650 55.9 0.96 10.27 10.27 10.27 0.10 1.15 £13.3%
750 55,8 0.96 9.69 89.69 89.69 0.38 0.83 120 %
835 55.2 0.97 9.60 9.60 5.60 0.43 0.85 £12.0%
900 55.0 108 9.67 9.67 967 043 0.80 £120%
1450 54.0 1.30 8.31 831 8.31 0.37 0.80 £12.0%
1640 53.8 140 8.38 8.38 3.38 0.41 0.80 +12.0%
1750 53.4 1.4¢ 7.0 7.90 7.90 0.44 0.80 £12.0%
1900 533 1.52 7.68 7.68 7.68 0.40 0.89 £12.0%
1950 53.3 1.52 7.97 7.67 7.97 040 0.81 +120%
2450 52.7 195 7.28 7.28 7.28 0.38 0.88 £12.0%
2600 52,5 216 7.08 7.08 7.08 0.28 0.92 +120%
3500 51.3 3.31 6.50 6,50 6.50 0.35 1.10 +13.1%

& Frequency validity above 300 MHz of + 100 MMz only applies for DASY v4.4 and higher {see Page 2}, ¢lse it Is restricted to £ 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
Below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above § GHz frequency

validity can be extended to = 110 Mz

F Af frequencies below 3 GHz, the validity of tissue parameters (x and o) can be relaxed fo & 10% i liguid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (2 and o) s restricted fo + 5%. The uncertainty is the RSS of
the Convf uncertainty for indicated target tissue parameters.
G Alpha/Depth are determined during callbration. SPEAG warrants that the remaining deviation due to the boundary effect 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 than half the probe fip
diameter from the boundary,
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EX3DVA- SN3917 May 12, 2016

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:3g17

May 12, 2016

Recelving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ (.5% {k=2)

Certificaie No: EX3-3917_May16
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EX30V4- BN:3017 May 12, 2016

Dynamic Range f(SARpeqq)

(TEM cell , fo,= 1900 MHz)
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Uncertainty of Linearity Assessment: & 0.6% (k=2)
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EX3DV4- SNi3917

May 12, 2016
Conversion Factor Assessment
f= 500 MHz WGLS RY (H_convF) f= 1750 MHz, WGLE R22 {H_comF)
a0
REE
hE
RN
a5
i b e bbb
2 0 3 0 5 ELt i o 1 s k) EAl 40
vrat FREE
Y i = N
At PrRESRG anapica: meanied

Deviation from Isotropy in Liguid
Error {0, §), f= 900 MHz

Deviation

-18 -08 -08 -04 02 00 02 04 0.6 08 1.0
Uncertainty of Spherical 1sotropy Assessment: & 2.6% (k=2}
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EX3DV4- SN3917

May 12, 2018

DASY/EABY - Parameters of Probe: EX3DV4 - SN:3817

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 58.9
Mechanical Surface Detection Mode enabled
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 Point tmm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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