I C I Report No.: TCT220915E032

COMOSAR E-FIELD PROBE CALIBRATION REFORT Bref: ACEL 257, L2 MVGH A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MYVG
Model SSE2
Serial Number SN 3620 EPGO346
Product Condition (new / used) Mew
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.217 M£2
Dipole 2: R2=0.245 ML}
Dipole 3: R3=0.219 MLl

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FOC KDBS65664
D01, CENELEC EN62209 and CEVIEC 62209 standards.

Figure 1 — MV COMOSAR Dosimefeic E field Dipole

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

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDBE65664 D01, CENELEC EN62209 and CEVIEC 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.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0L.01W/kg to 100W/kg.
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32 SENSITIVITY
The sensitivity factors of the three dipoles were determined wsing a two step calibration method (air
and tissue simulating hiquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limil was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limit is 10 mW/kg.

i4 ISOTROPY

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 o 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liguid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°—1807) in 157 increments. At each step the probe is
rodated about its axis (0°-360%).

il BOUNDARY FFFFECT

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 interface. To evaluate this
effect, the liguid 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, +

dl, ., along lines that are approximately normal to the surface:

[, + g ) o2

SAR ey [76]= TBAR,, - for {dy, + ) <10 mm
2dy, afe
where
SARypncertainty is the uncertainty in percent of the probe boundary effect
e ) is the distance between the surface and the closest zoom-sfoan measurement
point, in millimetre
Agtep i5 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

& i5 the minimum penetration depth in millimetres of the head tissue-equivalent
liguids defined in this standard. e, &= 14 mm at 3 GHz:
ASARRa 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
4mm is 1.0% Limit .2%).

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1328, OET 65 Bulletin C. CENELEC EN30361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 93% confidence level using a coverage factor
of k=2, raceable 1o the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in wavegulde

Uncertalnty Probahility Diviso 4 Standard
value (%) Distribastion ERar £ Uncertainty (%)

ERROR SOURCES

Expanded uncertainty

14 %
95 % confidence level k= 2 il

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liguid Temperature 20+-1°C
Lab Temperaiure 20 +-1°C
Lab Humidity 30-80 %

5.1 SENSITIVITY IN AIR

MNormx dipole | Normy dipole | Normz dipole
1 Vivim ) | 2 (uviowimy | 3 (uviovimy)
0.81 0.71 080

DCP dipole | | DCP dipole 2 | DCP dipole 3
{1V (V) (V)
115 112 112

Calibration curves ei=f{V) (i=1.2.3) allow to obtain E-field value using the formula:
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Calibration curves
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53 SENSITIVITY IN LIOUID

Liguid Frequency ConvF Epsilon {S/m) Permitiivity

(MHz +/-

10O Hz y
HLT50 T30 1.71 0.93 40.76
BLT50 750 1.78 .98 56.70
HIL200 Q0 191 0.93 41.94
BLS00 G0 196 0.98 54.62
HL | #(x) 1 500 208 1.29 4.8
BL 1808 1800 216 1.47 52.27
HL2x) 2000 203 1.42 38.37
BL2000 2000 210 1.52 52.03
HL450 2450 231 180 .72
BL2450 2450 237 1.97 54.91
HL260 200 216 .59 KA
BL2600 2600 213 218 54.42
HLS2( 5200 201 4.45 3668
BLS20M 5300 2108 5.46 449.02
HLS R0 SE00 206 5.08 4.8l
BLSS SR00 2.13 612 47.81

LOWER DETECTION LIMIT: 8mW/kg

.f"'u_l.:r. R0

Tl alocaimee
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No. Current MNext Calibration
Description Model Calibration Date Date
Flat Phantom MVG SN-ome-SAM7 [Validaled. Nocal  Vakdated.. No. cal
raquirad. requirad.
COMOSAR Test Bench|  Version 3 MA vobdated. Nocal  Vatcaled Mo el
raquirad. raquirad.
Matwork Analyzer H"mezﬂﬁ'ﬂ‘h“‘a'z 100203 052019 05/2022
Metwork Analyzer — | Rohde & Schwarz ,
Calibration kit ZV-2235 11223 052019 0>/2022
bultimeter Kaithley 2000 1160271 02/2020 02/2023
Signal Generator H"me:ﬁ;h“'z 106589 04/2018 04/2022
i Characlarized prior to | Characterized prior to
Ampitior fretbeacomm cokive lest. No cal required. |1esl. Mo cal required.
Powear Meter MNI-USB 5680 170100013 052019 0a/2022
Bt Charactanzed prior lo | Characterized prior to
Diractional Goupler Marda 4216-20 01386 tost. No cal roquired. |test. No cal required.
Waveguide Mega Industiies | 089Y7-158-13.712 [Vondated. Nocal  Vakdated. Nocal
raguirad. raquirad.
Waveguide Transition | Maga Industries | 069Y7-158-13-701 [VoRdated. Nocal  Vakdatad. No cal
required. required.

' P " Walidated. Mo cal Walidated. Mo cal
[Wawaguide Termination| Mega Industries | 069%Y7-158-13-TO1 Fequired. Fequired.
Temperature | Humidityl .01 184 H1 44220687 05/2020 05/2023

Sensor
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Dielectric Probe Calibration
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Dielectric Probe Calibration Report

Ref: ACR. 138433 5ATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD
210182201, ZHENCHANG FACTORY, RENSHAN
INDUSTRIAL ZONE, FUHAI SUBDISTRICT, BAOAN
DISTRICT, SHENZHEN, GUANGDONG, 518103,
FPEOPLES REPUBLIC OF CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

FREQUENCY: 0.3-6 GHZ
SERIAL NO.: 5N 1915 OCPG 71

Calibrated at MVGUS
2105 Barrett Park Dr. - Kennesaw, A 30144

Tl | i ¥

Calibration Date: 06/05/2021

Sntnrrary:

This doctnreit presedls e method and results foon an sccredited Dhelectnie Probe calibvation
performed m MVG USA using the LIMESAR test bench  All calibeation resulis are traceable to
natronal metrology Detingiodm.
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Distribution | L ECHNOLOGY CO., LTD
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I | ' SAR MELECTRIC PROBE CALIBRATION REPORT

Ref: ACR138.4.33 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 verify that the product complies with the fore mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type LIMESAR DIELECTRIC PROBE
Manufacturer MY
Model SCLMP
Serial Number SN 19715 OCPG T1
Product Condition (new /[ used) Used

A yearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MG LIMESAR Dielectric Probe
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELTEC 62209-1 & 2 standards ontline techmiques for

dielectric property measurements. The LIMESAR test bench employs one of the methods outlined n
the standards, using a contact probe or open-ended coaxial transmission-line probe and veetor
networke analyzer. The standards recommend the measurement of two reference matenals that have
well established and stable dielectric properties to validate the system, one far 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 MEASUREMENTS

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 uncertainties listed below represent an expandad uncertainty expressed at approxunately the 93%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty

51 . s ke r - My

The following uncertainties apply to the Dielectric Penmittivity measurement:

Report No.: TCT220915E032

Uneertainty analysis of Permittivity Measurement

Uncertainty Probability =l Standard
FRROR R value (+/-0%) | Distribution | "0 T " Uncertainty i+/-%)
Eepeatability {n repeats, mid-band} 4.00%% N 1 1 4.000%
Deviation from reference liquid 5.00% F \3 1 B8
Metwork amsabyser-drifi. lsearity 200 R a 1 1.155%
Test-part cable vanahons 000 u Az 1 0.0
Combined standard uncertainty 5.066%
Expanded uncertainty (confidence level of 35%, k= 1) 10.0%%
Uncertainty analyvsis of Conductivity Measurement
o Uncertaimty Prohabiliity s : Stamdard
FRROKE SULCRCES value (+-%a) Distribution et b Uneertaingy (+/-%)
Repeatability {n repeats, mid-band) R M 1 1 35004
Deviation from reference liguid 300 R Y3 1 1.732%
Metwork amalyser-drifi, lisearity 2 D R J1 1 1.155%
Test-port cable variations 0.00*s u 2 1 O
Combined standard uncertainty 4.072%
Expanded uncertainty (confidence level of 95%, k= 2) B1%
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6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR
Liguid Temperature o il
Lab Temperature 21°C
Lab Humidity 44%

6.1  LIQUID PERMITTIVITY MEASUREMENT

A liquud of known charactenstics (methanol at 200C) 15 measured with the probe and the results {complex

permitiivity e™+je”) are compared with the well-known theoretical values for this liquad.

&

B

[

Parmiiiiy
]

B

"

B

1422

2588 L)
Fraquascy [MHE]

Mo e &

[

Comdacibity (5

AT vl

W omured valos

530 L
Fragusncy (MHE|

Page: 67

AT 4380

This dovessmenr shall wor be reproduced, exce i full o Dn parr, withoue the written approvnl of MVG
T tfnrmarion comained kereln I3 oo be used owdy for the purpose e which ir 5 sbwnised o i s 2
i redered T wivale oF v withow werien appeoval of PG

Hotline: 400-6611-140

Tel: 86-755-27673339

Fax: 86-755-27673332

Page 60 of 119

http:/www.tct-lab.com




I C I Report No.: TCT220915E032

SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR 138455 SATULA

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model Rbendificaiion No. | o oy Wit Date
Validated. Mo cal Validated. Mo cal
LIMESAR Test Bench Verson 3 MA required. required.
Network Analyzer | R0de Schwarz | gyq0915 0272021 0212024
Validated. Neo cal Validated. Mo cal
Methanol CAS 67-56-1|  Alpha Aesar LotD1awo11 | Laales ey
Lﬂﬁ;’;“é" and | ontrol Company 11.661-9 082021 0812022
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Appendix D:
SID 835
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Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.156.4.15.5ATUA

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 REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: 5N 16/15 DIP 0G835-369

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

Sy
o Mo,
i
SA=L
S

e

Y * [AccRrEDITED

Calibration Date: 06/05/2021

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
mational metrology mstitutions.
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Bell ACR. [364. 155000 &

Name Function Date Sienature
Prepared by . Jérbme LUC Product Manager 06/05/2021 =
o
Checked by : Jerome LUC Product Manager e/05/2021 :;:3-,-
Approved by : Kim RUTKOWSKI Quality Manager 06/05/2021 Pusthsdfud
Custonier Nome
SHENZHEN TCT TESTING
Distribution TECHNOLOGY CO., LTD
Issne Date 6 Muodificarions
A 06052021 Initial release
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