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CALIBRATION LABORATORY

Al Mo 51 Xuevuan Road, Hoidien Distedot, Beijing, 100197, Ching
Tol: +B6-10-62304633-2512 Fax: +86-10-62304633-2 504
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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
AID - Canverter Resolution nominal
High Range: 1LSB = B.ApV full range = -100...+300 my
Low Range: 1LSB = 610V, full range = T #3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404,780 + 0.15% (k=2) | 404.400 +0.15% (k=2) | 406.364 + 0.15% (k=2)
Low Range 3.96820+ 0.7% (k=2) | 3.96625+ 0.7% (k=2) | 3.99228 + 0.7% (k=2)
Connector Angle
Connector Angle lo be used in DASY system 308°+1°
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cient  Sporton Certificate No: ES3-3293_Nov19
CALIBRATION CERTIFICATE

Object ES3DV3 - SN:i3293

Calibration procedure(s) QA CAL-01.v8, QA CAL-23.v5, QA CAL-25.vT

Calibration procedure for desimetric E-field probes

Calibration date: November 25, 2019

This callbration ceriificats documents the traceabiity ta national standards, which realize the physical units of meazurements (31)
The measurementsand the uncertainties with ronfidence probabifty are glven on the following pages snd srs part of the certifical=

All calibrations have been conducted in the closed Isbaratory Taciiily: environment tamperatise (22 £ 3)"C and homidity < 70%.

Calibration Equipment used (MATE writiesl for calioration)

‘Primasy Sandards IO Cal Date (Certificate Na,) Scheduled Calibration

Power mtar NRP S 104778 03-Apr-15 (Mo, 217-D2BB2I0FHE3) Apr-20

Fower sensor MAP-Z91 SN: 103244 03-Apr-18 {No. 217.02832) Apr-20

Power sensor NRP-Z81 Sh; 103246 O8-Apr-19 (Ne. 217-02883) Apr-20

Reference 20 dB Attenuator SN; 5577 [20x) 04-fpr-19 (No. 21 7-02804) Ap-20

DAEY SN #60 07-Cct-19 (No. DAES-BE0_0ct13) Oct-20

Refarence Probe ES30V2 SN 3073 31-0ee-18 (No. ES3-3013 Denid) Dac-18

Becondary Standards [e] Check Date fin houss) Schaduled Check

Power meter E44108 SN: GB41203874 08-Apr-18 {jn house check Jun-18) nholss check: Jun-20

Power ssnssr E44128, SMN; MYL 1496087 (E-Apr-18 (in house check Jur-18) In howea check: Jun-20:

Power sansor E4412A SN 110210 (f-Apr-18 [In house check Jun-18) In howse chack; Jun-20

RF generator HP BS46C SN Us3sdau0m oo 04-Aug-89 in house check Jun-18) In howse check Jun<Z0

Network Analyzsr EB3584 SN: US41080477 31-Mar-14 (in house chesk Oct-18) In house check: Ogt-20
Mame Function Slanaturs

Calipratied by: Leil Klyanir Labdraloty Technician ﬁyf{;’;
Approved by Katia Pokovic Techhical Marmsger W Eg

[ssued: November 26, 20149

Thie cailbration ceriificale shall not be mpmducat axcept In full without written approval of the laboratory.

Certificate No: ES3-3293_ Nov1g Page1of 8



Calibration Laboratory of s“"@"’”z S  Schweizariecher Kalibrierdienst

Schmid & Partner g = ¢ Service suisse d'étalonnage
Engineering AG ES e S Servizio svizzero di taraturs

Zeughausstrasse 43, 8004 Zurich, Switzarland —-;,{ﬁ“ Swiss Calibration Service

Accredited by the Swiss Actreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service |s one of the signatories to the EA

Multilatzral Agreement for the recognition of calibration cerfificates

Glossary:

TSL tissue simulating liquid

NORMy,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

pce diode compression point

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

ABCD medulation dependent linearization parameters

Polarization o w rotation around probe axis

Polarization & 3 rotation around an axis thal Is in the plane normal 1o probe axis (at measurement center),

l.e.,’d =0 ls niormal to probe-axis
Connector Anale infarmation used in DASY systeim to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

B)
c)
dj

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: Measurement
Technigues®, June 2013

IEC 62208-1, *, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (fraquency range of 300 MHz to 6 GHz)", July 2016

IEC 82209-2, "Procedure 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 & GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

NORMy,y,2: Assessed for E-field polarization § = 0 (f <900 MHz in TEM-call; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z dees not affect the E>-field
uncerfainty inside TSL (see below ConvF).

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 Included
Inithe stated uncertainty of ConvF.

DGPy,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep 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 calibrated but determined based on the signal
characiaristics

Ax.yz: Bx vz Cxy,z Dxy,z; VRx,y,z. A, B, €, D are numerical linearization parameters gssessed based an
the data of power sweep for specific modulation signal. The paramaters do not depend on frequency nor
media. VR.is the maximum calibration range expressed in RMS voltage across the dinde.

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 > B00 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 are
used in DASY4 software to improve probe accuracy close to the boundary. The sensktivity in TSL correspands
to NORMzx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depenident
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz ta £ 100
MHz

Spherical isotropy (3D deviation from isotropy): in & field of low gradients realized using & fiat phantomn
exposed by a patch antenna,

Sensor Offset: The sensor offset coresponds 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
uncerainty required).

Certificate No: ES3-3293 Novig Page 2ol @



ES30V3 - SN:3293 [MNovember 25, 2018
DASY/EASY - Parameters of Probe: ES3DV3 - SN:3293

Basic Calibration Parameters

| Sensor X Sensor Y SensorZ Une (k=2)
Norm (uVAVImiY" 1.09 0.90 0.71 =101 %
DCP (mVi® 105.8 104.0 108.8
Calibration Results for Modulation Response
uin Communication System Name A B o D VR Max Unc
d8 dBv/uv dB mV dev, (k=2)
0 cw X 0.0 0.0 1.0 000 | 1879 | 235% | 247 %
Y 0.0 0.0 1.0 1980 |
| z 0.0 0.0 1.0 2066 |

The rermrte-::l uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds ta a coverage
probability of approximately 95%.

* ‘The uncertsinties of Notm XY 2 di not affect the E-field ungertainty inside TSL. (see Page 5)
" Numerical linearization paramater uncertainty rot required, '

= Uncertainty Is determined using the mex. devistion from |inear respense applying rectangular destibution and is expressed for the squars of the
finld value,

Certificate Mo: ES3-3293_ Nov18 Paga3oig



ES3DV3~5SN:3203

Movember 25, 20148

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3293

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 4.6
Mechanical Surface Detection Mode enabled
Optical Surface Datection Mode disabled
Frobe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4.mm
Probe Tip to Sensor X Calibration Poimt 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Prabe Tip to Sensor Z Calibration Paint 2 mm
Recommended Measurement Distance from Surface 3Imm

Cerilficate No: ES3-3293 Nevig
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ES3DV3-~ SN:3293 November 25, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3293

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unc

f{MHz)® | Permittivity {S/m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 419 0.89 6.56 8.56 6.56 0.80 1.23 +12.0 %
835 415 0.80 6.39 .39 6.39 0.80 1.26 +120 %
900 41.5 0.97 623 6.23 6.23 0.72 1.30 +120%
1450 405 1.20 5.89 5.89 5.89 D48 1.49 +=120%
1750 40.1 1.37 5,53 5.63 5.53 0.55 1.38 +120%
1800 40.0 1.40 5.32 5.32 532 0.67 1.30 +12.0%
2000 40.0 1.40 5.25 5.25 5.25 0.50 1.55 +12.0 %
2300 395 1.67 4.89 4.89 4.89 0.63 1.42 +12.0%
2450 392 1.80 4.60 4.60 4,60 0.80 1.33 +12.0%
2600 35.0 1.96 4.39 4.39 4.39 0.75 1.41 £12.0 %

% Frequency validity above 300 MHz of + 100 MHz only appiles for DASY v4.4 and higher (see Page 2), else it is restricted 1o + 50 MHz. The
uncerainty s fhe RSS of the ConvF uncestainty. ot calibeation frequency and the uncertainty for the indicated frequency band, Frequency walidity
below 300 MHz is = 10, 23, 40, 50 and 70 MHz for ConvF assessments at 30, 64. 128, 160 and 220 MHz fespeotively. Validity of ConvF assessed 4t
6 Mbz s 4-8 MHz, and ConvF ssdessed at 13 MHz is 9-19 Miz. Above 5 GHz frequency validity can be extended to = 110 MHz.

* At frequencies below 3 GHz, the validity of tissus parameters (¢ and o) can be relaxed to = 10% F liguid compensstion famula is applied to
measured SAR valuss. At frequencies sbove 3 GHz, the valldity of lissus paramuters {0 and a) is restricted 1o + 5%, The uncertainty lsthe RSS of
the ComeF uncerainty for indicated tergel tizsoe parameters. ) )

© Alpha/Depth are determined during calibratin. SPEAG warrants that the remaining deviation due 1o the boundary effect after compensation &
slways less than £ 1% for frequiencies balow 3 GHz and below = 2% fat frequencies belween 3-6 GHz a1 any distance largar than half the probe lip
diametar fram the boumdary,

Cerfificate No: ES3-3293_Nov1g Page 5 of f



ES3DV3- SN:3233 MNovember 25, 2018

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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ES3DVA~ SN:3293 November 25, 2019

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ES3DV3- SN:3283 Navember 25, 2018

Dynamic Range f(SARqaq)
(TEM cell , fova= 1900 MHz2)

Input Signal [uv)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ES3DV3— SN:3293 November 25, 2019

Conversion Factor Assessment

f= 835 MHZ WGLS RS {H_convF) f= 1500 MHz.WGLS R22 (H_convF)

= _{.
=29 = b
= g 12
@ e}
1B -
i |
-
o =
-
Q.5 -
- g
| | T 3
3 —_————— s ' fi PE=SER B S S SR i
i e 11 b = = 1 [+ & -] x 4
mm| i 2 Jmmi|
.| Y| ] L
HITERU) Fiagii==

Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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Multitateral Agreement for the recognition of calibration certificates

client  Sporton Geriificate to: EX3-3843 Sep19

|CALIBRATION CERTIFICATE I

Object EX3DV4 - SN:3843

Calibration procedure(s) QA CAL-01.v9, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.:7
Calibration procedure for dosimetric E-field probes

Qalibestion date: September 26, 2019

This ealibration certificate documents the traceability to ratisral standards: which reslize the physical units of measuremants (S1).
The messurements and the uncartainties with cotfidence probabifity are given on the ollowing pages and arme pan of the cerfficans.

All calibratians have been conducted | the closed |aborstory facility: anvirenmant temperature (22'4°3)"C and himidity < T0%,

Caliration Equipmant used (MSTE eritical for calibration)

Primary Standards 10 Cal Gate {Certificats No.) Scheduled Calibration
Power meter NRP SH: 104778 O3B =19 [No, 217-02E82/02833) Aprzl

Power sensor WRP-Z81 SN 103244 03-Apr-18 (Mo, 217-02892) Apr-20

Power sensor NRP-Z91 SN 163245 f3-Apr-18 (No. 217-02853) Apr-20

Referance 20 dB Atteniator SN SE27T7 (20x) D4-Apr-18 (Mo, 217-02654) Apr-20

DAE4 SN BED 18-Dec-18 (Mo, DAE4-B80_Dac18) Dic-18

Reference Probe ES3DVZ SN: 3013 31-Dec-16 (Mo, ES1A013_Dec1B) Dac-13

Secondary Standards ¥} Check Data (in house} Sehedulad Thack
Pawer mieter E44198 SN; GB41293874 OA-Ape-16 (in house chieck Jun-18) In housé check: Jun-20
Power sansor E44124 SN: MY-41488087 f&-Ape-16{in house check Jur-18) I holse checke Jus-20
Power senaor E44124 SN 0a011020 05-Apr-18 {in house check Jun-18] | hemge chach: Jun-20
|RF generator HP BB4BC SN: LUS3E42L01 700 04-Au0-88 {in howss check Jun-18) In house check: Jun-20
Natwerk Aralyzes EEISEA SN US41080477 31-Mar-14 (in house check Oct-18) In house chack: Oct-19

Name Function Eigmature

Gallbrated by: Jeton, i " 5
litirated by ston Kastal Laboratory Technician ﬁ'

o - --‘_:l".. -
Approved by: Katjs Pokovic s fiense € ‘:}ﬂ

issued October 1, 2018

This calibration certificata shall not be reproduced except in full without written spiproval of the laboratory
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Glossary:

TSL lissus simulating liquid

NORM:x.Y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode comprassion paint

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

A B CD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization & 9 rotation around an axis that Is.in the plane normal lo probe axis (at measurement center),
.2, & =0l normal to prabe axis:

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

Calibration is Performed According to the Following Standards:

a)

b}
€l

d)

|EEE Std 1528-2013, “|EEE Recommended Practice for Delermining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuramsnt
Techniques”, June 2013

|EC 52208-1, *, “Measuremant procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)", July 2016

IEC 62209-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless pommunication devices
used in close proximity to the human body (frequency range of 30 MHz 1o & GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

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

NORM(f)x.y.z = NORM,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions fater than 4.2, The uncerainty of the frequency respanse s ncluded
in the stated uncertainty of ConvF.

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

PAR: PAR is the Peak (o Average Ratio that is not callbrated but determined based on the signal
characteristics -

Ax.y,z; Bx.y,z; Cxyz Dxyz; VRxyz. A B, C, Dare numerical finearization parameters assessed based on
ihe data of power sweep for specific modulation signal. The paramaters dao not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode. '

ConvE and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fisld distributions based on pawer
measurements for f > BO0 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncartainty valuss are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL cormesponds
ta NORMY, .z * ConvF whereby the uncertainty corresponds ta that given for ConvF, A frequency dependent
ConvE 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 a flat phantom
exposed by a patch antenna.

Sensar Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No lolerance required. _

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainly required).

Cariificate No: EX3-3843_Sepi9' Page 2 of 9



EX3DWV4 — SN3843

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Basic Calibration Parameters

Septemtier 26, 2019

Sensar X Sensor Y Sensor Z Une (k=2)
Norm ;Ewswmfr‘ 0.34 0.35 0.25 101 %
DCF (mV} 110.9 96.1 101.1 ]
Calibration Results for Modulation Response
uin Communication System Name A B c o VR Max Unc®
48 dBVuV dB mV dev. (k=2)
0 ow X 0.0 0.0 10 0.00 134.1 +38% | 247 %
¥ 0.0 010 1.0 148.5
Z 0.0 0.0 1.0 132.2

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%.

A THa unicerainties of Nam %,Y.Z dé hot afect the E*-feid uncertainty inside TSL (see Page 5

= Numerital lifeartzation parsmedsr. unesrainty not
E Uncarainty s detarmined using the max. deviation

field value.

required.
from linear response-applying rectengular distribution and is expressed For the sguare of the

Certificate No: EX3-3843_Sep19
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EX3DV4— SN:3843 September 26, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Other Probe Parameters

Sensor Arrangament | Triangular
Connector Angle (7} 343
Mechanical Surface Detection Mode enabled
‘Oplical Surface Detection Mode disabled
Prabe Overall Length 33Tmm
Probe Body Diamsater 10 mm
Tip Length 9 mm
Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensar Y Calibration Paint 1 mm
Probe Tip to Sensur Z Calibration Paint 1 mim
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3843_Sep19 Fagedof 9



EX3DV4- SN:3843 September 26, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc

fiMHzZ)® | Permittivity” {Sfm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2}
750 41.9 0,89 9.37 9.37 9.37 0.50 087 | £120%
835 41.5 0.80 9.07 9.07 9.07 0.43 80 | £120%
800 41.5 0.97 8.92 892 8.92 0.41 0.80 +120%
1450 40.5 1.20 817 8.7 B8AT 0.32 080 | £120%
1750 401 1.37 7.95 7.95 7.95 0,34 0.87 +12.0%
1900 40.0 1.40 787 7.67 7.67 0:32 087 | *120%
2000 400 1.40 7.66 7.66 7.66 0.34 087 | +120%
2300 385 1.67 7.30 7.30 7.30 0.26 080 | 212.0%
2450 39.2 1.80 7.08 7.08 7.06 0.35 090 | +£120%
2600 39.0 1.96 .90 £.90 6.90 0.43 080 | £120%
5250 359 471 4.74 4.74 474 0.40 180 | +140%
5600 35.5 5.07 4.47 4.47 4.47 0.40 180 | +140%
5750 35.4 5.22 4.44 444 4.44 0.40 180 | £140%

© Frequency validity shove 300 MHz of £ 100 MHz enly applizs for DASY 4.4 and tigher (see Page 2), else (| isrectnoted 1o 2 50 MHz. The
uncenainty is the RSS of the ConvF uncertainty st calibration frequency and the uncertainty for the indicated frequency band, Fraquincy validity
balow 300 M4z le= 10, 25, 40, 50.and 70 MHz for ConvF Bssessments at 30, 54, 128, 150 and 220 MHz respectively, Validity of CopvF assessed 8l
B Mblz iz 4-0 MHz, and ConyF sssessad at 13 MHz iz 5-19:MHz. Above 5 GHz frequency validdy can ba extendad to+ 110 MHz '

F At frequencies below 3 GHz, tha validity of tissue paramsters (¢ and o) can be relpeed 1o £ 10% 1 lquid compensation fermuls s applied to
measired SAR valies: At frequencies above 3 GHz, the validity of lissue parameters (g and ) i resfricted to = 5%, The uncerainty is the RESof
‘the GonvF uncertainty for indicated target tisgus pRraMmEters. )

= plphaiDepth are determined dyring callbration. SFEAG waranis (Fkal the:remeining devigtion due te the houndary effect after compensatian is
shways kess than + 1% for frequencies balow 3 GHz and below = 2% for frequencies batwesen 3-8 GHz at any distance largerthan naff the probe tip
diametar fram the boundary.
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Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide: R22)

Saplember 26, 2018

1.4

1.2+

11

Frequency respanse (normalized)
o e o =@ =
m X § e P

=
n

- ! ! ] 1|
- := ! | '
e e e R B e
E !
1.3_:" . ainis ] o Do
= | . i
k. I VOOOORUUOI A s Yo% e A T e
1 i { -
I : } H
q . i | -;
daaaasr - — : apw .E. .1..--1
W : : : |
Ef e ] : |
ey 1 e Fo L ErEriay T PP
- | ot
B !
I. R I L = _._.1._ ik _;_
E { "' Z
- : i ; i
o2 i) i I— 'z .
b ! } LA | | 2
E i : I ; i
T i : I ! i
L3 1 i T T = | 10 el Sl | 1 I .l I T Y VL T PO N Y O J |
500 1500 XKD

=

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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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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Dynamic Range f(SARpead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MHz WGLS RS (H_comF) { = 1900 MHz.WGLS RZ2 (H_convF)
L] I
|
_ -
n \‘"- ;] | .h‘,
%
) §2
- - : |
3 = 7 =
¥ | :
: . h
= |
=11 = E - -
a 1: 5 :ﬁ'ul = : - = o 1 : 15 :l.-::-ﬂl = _: -
anak==il e P =
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

Divianon

40 -08 -0F -04 -02 0D 02 04 05 08 10
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S!).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) _ Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19
Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-18 (No. 217-02682) Apr-19
Reference Probe ES3DV2 SN: 3013 . 30-Dec-17 (No. ES3-3013_Dect7) Dec-18
DAE4 SN: 660 21-Dec-17 (No. DAE4-660_Dec17) Dec-18
Secondary Standards D Check Date (in house} Scheduled Check
Power meter E44198 SN: GB41293874 06-Apr-16 (in house check Jun-18) In house check: Jun-20
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-18) In house check: Jun-20
Power sensor E4412A SN: 000110210 06-Apr-16 (in_house check Jun-18) In house check: Jun-20
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in_house check Jun-18) In house check: Jun-20
Network Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19

Name Fur i Signature

o

Calibrated by:

Approved by:

Issued: November 27, 2018

This calibration certificate shall net—be+epredaeedrexceptin.fulLMthQuiﬂmt§h_anproval of the laboratory.
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Calibration Laboratory of

N7

R ", Schweizerischer Kalibrierdienst
Schmid & Partner aiia%//ﬂ(é g Service suisse d'étalonnage
Engineering AG P Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland %4,//1—\/,-\\\\\\\§ S Swiss Calibration Service
M
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMXx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis '
Polarization $ 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0 is 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 Std 1528-2013, “|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) |EC 62209-1,", “Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz o 6 GHz)", July 2016

c) IEC 62209-2, "Procedure 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

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Methods Applied and Interpretation of Parameters:

o NORMXx,y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

e NORM(fx,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 stated uncertainty of ConvF.

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

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

o Axy,z Bxyz Cxy.z Dxyz VRx,y,z. 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 frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e 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 are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx,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 allows extending the validity from + 50 MHz to + 100
MHz.

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

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

e Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 — SN:3935 November 26, 2018

Probe EX3DV4

SN:3935

Manufactured:  July 24, 2013
Calibrated: November 26, 2018

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3935 November 26, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)z)A 0.48 0.52 0.47 +10.1 %
_Dﬁim_vu— 107.8 103.4 108.1
Modulation Calibration Parameterg
uiD Communication System Name A B c D VR Unc-
dB dBVuV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 184.3 3.0 %
Y 0.0 0.0 1.0 192.9
Z 0.0 0.0 1.0 188.3

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%.

A The uncertainties of Norm X,Y,Z do not affect the E2-field uncertainty inside TSL (see Pages 5 and 6).
B Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:3935 November 26, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

£(MHz) S_L_ Permittivity " (Sim)© ConvFX | ConvFY | ConvFZ | Alpha®l (mm) (k=2)
750 41.9 0.89 10.83 10.83 10.83 0.54 0.80 +12.0 %
835 41.5 0.90 10.48 10.48 10.48 0.50 0.80 +12.0%
900 415 0.97 10.38 10.38 10.38 0.50 0.85 +12.0%
1750 40.1 1.37 8.91 8.91 8.91 0.39 0.85 +12.0%
1900 40.0 1.40 8.50 8.50 8.50 0.28 0.85 +12.0%
2000 40.0 1.40 8.33 8.33 8.33 0.32 0.84 +12.0 %
2300 39.5 1.67 7.99 7.99 7.99 0.26 0.96 +12.0%
2450 39.2 1.80 7.69 7.69 7.69 0.39 0.82 +12.0 %
2600 39.0 1.96 7.38 7.38 7.38 0.32 0.98 +12.0%

¢ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else 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 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters ( and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always 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 tip
diameter from the boundary.
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EX3DV4- SN:3935 November 26, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unc

f(MHZ) ¢ | Permittivity™ |  (Sim) F " | ConvFX | ConvFY | ConvFZ Alpha® | (mm) (k=2)
750 55.5 0.96 10.72 10.72 10.72 0.53 0.81 +12.0%
835 55.2 0.97 10.41 10.41 10.41 0.49 0.80 +12.0%
1750 53.4 1.49 8.45 8.45 8.45 0.41 0.80 +12.0%
1900 53.3 1.52 8.07 8.07 8.07 0.41 0.81 £12.0%
2300 52.9 1.81 7.86 7.86 7.86 0.35 0.86 +12.0%
2450 52.7 1.95 7.68 7.68 7.68 0.35 0.89 +12.0%
2600 52.5 2.16 7.52 7.52 7.52 0.29 0.99 +12.0%

¢ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else 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 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always 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 tip
diameter from the boundary.
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EX3DV4- SN:3935 November 26, 2018

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

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: & 0.5% (k=2)
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EX3DV4- SN:3935 November 26, 2018

Dynamic Range f(SARpead)
(TEM cell , feva™ 1900 MHz)
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Uncertainty of Linearity Assessment: 0.6% (k=2)
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EX3DV4- SN:3935 November 26, 2018

Conversion Factor Assessment

f = 835 MHz, WGLS R9 (H_convF) f = 1900 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: % 2.6% (k=2)
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EX3DV4- SN:3935

November 26, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 45.8
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
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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