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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 36/20 EPGO346
Product Condition (new f used) MNew
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.217 MQ
Dipole 2: R2=0.245 MQ
Dipole 3: R3=0219MQ

2 FRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDBB65664
D01, CENELEC EN6220% and CEI/IEC 62209 standards.

Figure 1 = MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter £ mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDBR65664 DO1, CENELEC EN62209 and CEI/IEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

31 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/kg w 100Wikg.
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32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as wsed for the linearity
measurement. The required lower detection limitis 10 mWikg.

34 [SOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid. with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°<180°) in 15° increments. At each step the probe is
rotated about its axis (0°=360%),

31 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the imterface. To evaluate this
effect. the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following uncertainty
approximation formula based on linear and exponential extrapolations between the surface and o, +

d yp, along lines that are approximately normal to the surface:

(e + g (7 8e52))

SAR ooy %)= EAR,, for (dy, +d ) < 10 mem

2d gf2

where

S."\.Rmceﬂaij is the uncertainty in percent of the probe boundary effect

dha is the distance between the surface and the closest zoom-scan measurement
point, in millimetre

Astep is the separation distance between the first and second measurement points that
are closest to the phantom surface, in millimetre, assuming the boundary effect
at the second location is negligible

4 is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard. i.e., §= 14 mm at 3 GHz:

ASARRe in percent of SAR is the deviation between the measured SAR value, at the

distance dj, , from the boundary, and the analytical SAR value.
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The measured worst case boundary effect SARuncertainty[%] for scanning distances larger than
4dmm is 1.0% Limit ,2%).

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the [EEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigue. All uncertaimties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable to the Internationally A ccepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

Uncertainty Probability L . Standard
S 3 3
ERROR SOURCES value { %) Distribution Divisor a Uncertainty { %)
Expanded uncertainty 14 %
95 % confidence levelk = 2 ’

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature W+-1°C
Lab Temperature W+H-1°C
Lab Humidity 30-80 %

51 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uVAVmM®) [ 2 VAV |3 VAVm)?)
0.81 0.71 0.80

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
115 112 112

Calibration curves ei=fiV') (i=1,2.3) allow to obtain E-field value using the formula:

E=+E'+E +E
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Calibration curves
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Linearity:+/-1.97% (+/-0.09dB)
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53  SENSITIVITY IN LIQUID

Liguid Frequency Permurtivany Epstlon (5'm) ConvF
(MHz /-
L0 fH
HLA%0 450 45.43 0.86 1.8%
_BLi% 450 5880 [ I
HL750 750 40.76 0.9 1.71
BLT50 T80 56.70 0.98 1.78 |
HLE50 838 40,86 0.92 1.50
BLE50 835 56.35 0.949 1.86
HLKK) 00 41.94 0.93 1.91
BLS00 S0 5462 0.98 1.96
HLIS00 | 1500 | 4086 | 129 _ 208
BL1800O 1800 2227 147 216
HL 1900 1540} 3967 1.38 2.23
BLI%00 1900 5284 1.59 232
HL 3000 20K 38.71 |42 203
BL2000 2000 S205 152 210 |
| HL24%0 2450 3872 150 £31 |
BL2430 2450 .91 197 2.37
HI2600 26400 39,98 1.59 216
2600 S0 2| 2 218 21
2 3500 3.9 2.57 2.2
BL3S0 |  3%00 | s»40 | 33% | 33§ |
HL5200 5200 36068 445 .01
BL5200 5200 19.02 546 208
HLS400 £400 3608|469 154
BLS400 5400 49.55 553 1.99
| HLS600 5600 3534 495 207 |
___BL3600 3600 760 | 577 212
| HLS800 5500 34.81 ___ 508 2.00
BLER00 £800 4781 6.12 2.13

LOWER DETECTION LIMIT: SmW kg
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L

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ifi Current Next Calibration
ldentification No.
Description Model Calibration Date Date
Malidated. Mo cal Walidated. Mo cal
Flat Phantom MVG SN-20/09-5AMT equired. equired.
. falidated. Mao cal Walidated. Mo cal
ICOMOSAR Test Banch Viersion 3 MA, equired. aquired.
Network Analyzer R““““_;‘WS: hwarz 100203 05/2022 0512024
Metwork Analyzer= | Rohde & Schwarz
Calibration kit ZV-Z23%5 101223 05r2022 05/2024
Multimeter Keithley 2000 1160271 02/2020 /2023
Sigral Generator | ondes Schwarz 106589 04/2022 0412024
- Characterized prior 1o [Characterzed prior to
Amplifier Asthromm S 045 test. Mocal required. |test. No cal requined.
Powear Meter MI-LISE 5680 170100013 05/2022 05/2024
o Characterized prior 1o [Characterzed prior to
Directional Coupler Narda 4216-20 01388 tast. Mocal equired. |est. No cal requined.
) ) alidated. Ma eal WValidated. Mo cal
Waveguide Mega Industries | 069Y7-158-13-T12 equired. equired.
. - . Malidated. Ma cal WValidated. Mocal
Wavequide Transition | Mega Industries | 069Y7-158-13-701 equired. aquired.

) - ) alidated. Ma eal WValidated. Mo cal
Waveguide Termination| Mega Industries | 0689Y7-158-13-701 equired. equired.
T“'”"'“’a;';’q” HUMIIY| 1 octo 184 H1 44220687 0512020 05/2023

0
Page: I¥T0

Femplate A CR DD N Y. MVGEISSUE _COMOSAR Probe vH
This derument shalfnor be reproduced, exarps in fll or i pan, withous the wrigen approw [ of MG The i ton contained heran is & e used
oy far the purpase @ which i1 v submitted and i's noi &0 be releasad i whole orpan withour writen approval of MVG.

Page 181 of 266

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




I C I Report No.: TCT221214E020
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Dielectric Probe Calibration Report

Ref: ACR.138.4.33.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD
2101&2201, ZHENCHANG FACTORY, RENSHAN
INDUSTRIAL ZONE, FUHAI SUBDISTRICT, BAOAN
DISTRICT, SHENZHEN, GUANGDONG, 518103,
PEOPLES REPUBLIC OF CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

FREQUENCY: 0.3-6 GHZ
SERIAL NO.: SN 19/15 OCPG 71

Calibrated at MVG US
21085 Barrett Park Dr. - Kennesaw, GA 30144
RN ‘-'1"' e,
\ \__/ /

MA

=

, /\ ACCREDITED
\

/lf]\l

Calibration Date 06/05/2022

Smmnary:

This document presents the method and results from an accredited Dielectric Probe calibration
performed in MVG USA using the LIMESAR test bench. All calibration results are traceable to
national metrology mstitutions.

Page 182 of 266

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




SAR DIELECTRIC PROBE CALIBRATION REPORT

Report No.: TCT221214E020

Ref: ACR 138.4.33._ SATUA

Name Function Date Signature
Prepared by : Jéréme LUC Product Manager 06/05/2022 ==
2
Checked by : Jérome LUC Product Manager 06/05/2022 ;@/
Approved by - Kim RUTKOWSKI Quality Manager 06/05/2022 | , .. Aucthsihs
Customer Name
DBt SHENZHEN TCT TESTING
: e TECHNOLOGY CO., LTD
Issue Date Modifications
A 06/05/2022 Initial release

Hotline: 400-6611-140

Page: 2/7

This document shall not be reproduced, except in full or in part, without the written approval of MVG.

The informarion contained herein is to be used only for the purpose for which it is submirtsed and is not to
be released in whole or part without written approval of MVG.

Tel: 86-755-27673339

Fax: 86-755-27673332

Page 183 of 266

http://www.tct-lab.com




TCT

SAR MELECTRIC FROBE CALIBRATION REFORT

Report No.: TCT221214E020

Ref: ACR.138.4.33_SATU A

TABLE OF CONTENTS

O T 11T S OSSOSO SO SRR 4

Drewiee LINAEr TESE ..ot e s s s a s nen 4

Product DMscriPRIOI ..o m e s aeeme s e ms s s memam e e s e mm s mmemamamaeaeannnnnn 4
3.1 General Information 4

4 Measurement Method 3
4.1 Ligqud Permittivity Measuremenis 5

5 Measurement LIRCErTBININ ..o mam e s e e e e e emas e msm s me e e e e e s mnnnnn 3
51 Dielectric Permittivity Measurement 5

6 Calibranon Measurement Besulbs s o
6.1 Ligumd Permitiivity Measurement i

T LiSE 08 EAUUPENIEIIE 1o e s e e e e eameaamn e e meeamseemmeeameeammeaneaamseamneanneeanneannen 7

Page: 37

This docssnenr stall mar be reprodvced, excees in full or i pary, withour the woknes spprova of MG,
Thee imformarion comsained leredn i e b wsedl owly for the porpose for wlick ir i3 seobanitaen and &5 sod 5o

b medeaed 1 ol O I Wi W AT ai |.:I".|I| LE

Page 184 of 266

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




A=A AN 3
I ‘ I 15. .J"!'l *L‘L IJH\IJ
TESTING CENTRE TECHNOLOGY Report No.: TCT221214E020

SAR DIELECTRIC PROBE CALIBRATION REPORT Bef: ACR 138433 SATU.A

1 INTRODUCTION

This document contains a summary of the suggested methods and requirements set forth by the IEEE
1528 and CEVIEC 62209 standards for liquid permittivity measurements and the measurements that
were performed to werify that the product complies with the fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type LIMESAR DIELECTRIC PROBE
Manutacturer MY

Muodel SCLMP

Serial Number SN 1915 OCPG 71

Product Condition (new / used) Used

A yearly calibration interval is recommendead.

3 FRODUCT DESCRIPTION

31 GENERAL INFORMATIOMN

MVG's Dielectric Probes are built in accordance to the IEEE 1528 and CEIIEC 62209 standards.
The product is designed for use with the LIMESAR test bench only.

Figure 1 - MV LIMESAR Dielectric Probe

Page: 4/7

Theis docssvenr sl mar be reprodivcad, exceps in il or D parr, widiour the wriee approv! of MG,
Thee informanion comained kerein is to b used owly for the parpose for wikich ir (s sbanveed omd &5 ol io
b redeased in whale or pars withou? wiiien approeval of MPG

Page 185 of 266

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




I C I Report No.: TCT221214E020

SAR DIELECTRIC FROBE CALIBRATION REPORT Reft ACRIXRA I3 SATULA

4 MEASUREMENT METHOD

The TEEE 1528, OET 65 Bulletin C and CELTEC 62200-1 & 2 standards outline techniques for

dieleciric property measurements. The LIMESAR test bench employs one of the methods outlined in
the standards, using a contact probe or open-ended coaxial transmission-line probe and vector
netwoirk analyzer. The standards recommend the measureiment of two reference materials that have
well established and stable dielectric properties to validate the system, cne for the calibration and one
for checking the calibration. The LIMESAR test bench uses De-ionized water as the reference for the
calibration and either DMS or Methanol as the reference for checking the calibration. The following
measurements were performed to venfy that the product complies with the fore mentioned standards.

4.1 LIQUID PERMITTIVITY MEASTUREMENTS

The permittivity of a liquid with well established dielectric properties was measured and the
measurement results compared to the values provided in the fore mentioned standards,

5 MEASUREMENT UNCERTAINTY

All uneertainties histed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty

51 . ) R \
The following imcertainties apply to the Dielectric Permittivity measurement;

Uncertainty analvsis of Permittivity Measurement

o sovecrs | Lyt [ S [over | 0| peinting
Repeatability {n repeats, mad-kand) 4.00% M i | 4,000
Deviation from reference liquid 5.00%% 4 W3 | 2.887%
Metwork analyser-drifi. lusearity 2005 B W1 1 1.155%
Test-part cable vanations 0.0 u 2 | 0,00
Combined standard uncertainty 5. De6%
Expanded unceriainty (confidence level of 5%, k = 2) 10,09

Uncertainty analysis of Condwetivity Measurement

. Uncertainty Prohahility . Standlard
ERROR SOURCES value .[+.r-qu Distribution Divisor ci TUneertainty (+/-%0)

Repeatability (o repeats, tdd-band) 3 50 N 1 1 3500,
Dieviation from reference laquid 300 B W3 1 1.732%
Metwork asalyser-drifi, lnsearity 2008 R i i 1.135%
Test-port cable variations 000 o e 1 0. (0

Combined standard uncertainty 4073
Expanded uncertainty (confidence level of 95%, k= 12) 1%
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6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Sottware LIMESAR
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humudity 44%0

6.1 LIOQUID PEEMITTIVITY MEASUREMENT

A liquid of known characteristics (methanol at 20°C) is measured with the probe and the results (complex

permittivity &' +je”) are compared with the well-known theoretical values for this liquid.

&
a5 Faa ksl nius
A Lhamnurmid wmi w
£
E 20
i 15
10
5
iz
380 T4l 2585 b 4880 B0
Fregumscy |MHE]
45k
4
3.5
E 2
=
i
3 13 Al vl e [ ]
i B
aE Husnuned vulas
[
300 taal 630 3T 4350 E000

Freguancy (MHE) -
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7 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Current Next Calibration
Description Model  |\dentificationNo.| oy, otion Date Date
LIMESAR TestBench | Version 3 NA YElSsa T | e, Poes
required. required.
Network Analyzer | Rhode ;VSA"““" SN100132 02/2022 0212023
Validated. No cal Validated. No cal
Methanol CAS 67-56-1 Alpha Aesar LotD13WO011 required. required.
Temperature and
Humidity Sensor Control Company 11-661-9 0272022 02/2023
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Appendix D: Dipole Calibration Report

SID 750

SAR Reference Dipole Calibration Report

Ref: ACR.156.3.15.SATU.A

SHENZHEN TONGCE TESTING LAB.
TCT TESTING INDUSTRIAL PARK, FUQIAO 5TH INDUSTRIAL

ZONE, FUHAI STREET, BAOAN DISTRICT, SHENZHEN
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

COMOSAR REFERENCE DIPOLE
FREQUENCY: 750 MHZ
SERIAL NO.: SN 16/15 DIP 0G750-368

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED

Calibration Date: 06/05/2021

.S'HH‘]‘HI:TJ'].'.'

This document presents the method and resulis from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench,  All cahbraton results are traceable to
nanenal metrology instimitions.
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I C I Report No.: TCT221214E020

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.156.3.15.5ATUA
Name Function Date Signature
Prepared by : Jérdme LUC Product Manager 06/05/2021 ;;)"’35'
Checked by ; Jérome LUC Product Manager 06/05/2021 :_;J%f
Approved by - Kim RUTKOWSKI Quality Manager 06/05/2021 | . fucthsihs

Customer Name

SHENZHEN TONGC

Distribution : TESTING LAR

Issue Date Modifications
A 06/05/2021 Initial release
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This document shall not be reprodwced, excapt in full or in part, without the written approval of MI'G
The information containad herein is to be used only for the purposs for which it is submitted and iz ot to
be released in whole or part witkour written approval of MG
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