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TESTING CENTRE TECHNOLOGY Report No.: TCT221214E019

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
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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.
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR138.433.SATUA

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
Page: 777

This document shall not be reproduced, except in full or in part, without the wrinen approval of MVG.
The informarion contained herein is 1o be used only for the purpose for which it is submitsed and is not 10
be relaased in whole or part without written approval of MVG.
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Report No.: TCT221214E019

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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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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mvGg SAR REFEREXCE DIPOLE © ALTBRATION REPORT Bef: ACR.156.315 5ATU A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system validations 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 COMOSAR 750 MHz REFERENCE DIPOLE
Manufactirer MVG
Model SID730
Serial Number SN 16/15 DIP (K37 30-368
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Vahdation Dipoles are built in accordance 1o the [EEE 1528, FOC KEDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 = MFG COMOSAR Validarion Dipole
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mvGe SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACR 156.3155ATIIA

4 MEASUREMENT METHOD

The IEEE 1528, FOC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles nsed for system validation measurements. The following measurements were performed o
verify that the product complies with the fore mentioned standards.

4.1 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retumn loss of -20
dB or berter, The retun loss measurement shall be performed against a liguid filled flat phantom.
with the phaniom constucted as outlined in the fore mentiened standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 srandards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependeni. The COMOSAR test bench emplovs a 2 mun phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mim pliantom shell thickness.

3 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level nsing a coverage factor of k=2, traceable to the Intemationally Accepred Gudes o
Measurement Uncertamty.

5.1 RETURN LOSS

The following uncertainties apply to the remum loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-c000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length {mm}) Expanded Uncertainiv on Lengil
3 =300 0.05 mm

5.3 NVALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1328, FOC KDRs, CENELEC EN50361 and CELVIEC 62209
standards were followed to generate the measwrement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 20.3 %
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10 g 20.1 %o

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETUERNLOSS AND IMPEDANCE [N HEAD LIQUID

511, &8

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -26.63 =200 54.1 00+ 1.4i0

6.2 RETURNIOSS AND IMPEDANCE IN BODY LIOUID

Fiingumerecy MHE
o0 T2 Ta0 Te0 7 00 20 B4O 50

50
75—
100+

125+

g
= 150~
“ ars-
200-
22 B—
ik
o
anan-
Frequeney (MHz) Return Loss (dB) Requirement {dB) Impedance
750 -24.18 =20 5240+ 580

6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm

rediiined measired redjired measiired redpilred it slared

300 41001 % I50.0 1 %, B35l %
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SAR REFERENCE DIFOLE CALIBRATION REPORT Rl ACR 156 3.1554TUA

450 290.0 11 %. 156.7 1 %, 6,35 #1 3%

750 176.0 21 %, PSS 100.0 £1 %, PASS 6.35 £1 %. PASS
835 161.0 11 %. B9.8 11 %, 3.6 11 %.

a0d 149.0 11 %. B3.32 11 %. 3.6 11 %.

1450 8111 % 517 1%, 3641%.

1500 #0521 %, 50,0 11 %, 3.6 11 %.

1640 Ta0$1 % 45,7 41 %. 361 %,

1750 7521 % 42911 %, 3.6 +1%.

1800 TIO &1 % 417 41 %, 3511 %,

1900 62021 % 39,51 %, 3641 %.

1950 66,3 21 % 3B5 1%, 3.6 +1%.

2000 B4.5 1% 37.% 11 %, ELEI L

2100 61021 % I571%, 3611 %.

2300 35511 % 32611 % 3611 %,

2450 51511 % 30.4 11 . 3611 %,

2600 48,511 % 18511 %, 3641 %.

3000 41521 %. 25011 %. 31641 %.

3500 37021 % 26,4 11 %, 3641 %.

aTon 34781 % 6.4 31 %, EE-FI R

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards stare that the system wvalidation
measurements nmst be performed using a reference dipole meeting the fore mentioned retumn loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlimed mn the fore mentioned standards.
Per the standards. the dipole shall be positonsd below the bottoin of the phantoni, with the dipole
length centered and parallel to the longest dimension of the flat phantom. with the top surface of the
dipole ar the desenbed distance from the bomom surface of the phantom

7.1 HEAD LIQUID MEASUREMENT

F"':E"" Relative permittivity g,] Conductivity (o) $fm
requirad measred required [ETETRIE
300 45.345% 0,67 £5%
450 43515 % 0ET 5%
750 419 ¥5 % PASS 0EI 5% PASS
B35 AL555% 0,90 £5 %
500 4L5 5% 05713 %
1450 05 15% L0 5%
1500 a04£5% L35 %
1640 A0.7 #5% 1.31 45 %
1750 a1 5% LI7 5%
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Ref ACR 1563 15.5ATUA

1900 9.7 20.5
1950 20.5 205
000 £1.1 211
2100 236 219
2300 487 233
2450 524 24
2600 55.3 24.6
000 618 257
3500 a7.1 25
g / ‘
N
M - L |
.
Z ] | | !
X o o . 1
R
[ -..‘_“-H
[ F | =
qQ [ | USO8 XA

7.3 BODY LIQUID MEASUREMENT

F'“';‘"_Z""" Relative permittivity (] Conductivity (7] 5/m
reuined measired required Easiarad

150 619 %5 % | 0,60 15 %
300 58.2 £5 % 0,52 5 %
450 56,7 45 % 0.94 45 %

TED 55.5 45 % | PasS 0.9 45 % PAsS
B35 55.245% | 0.97 15 %
Q00 55.045 % 1.06 +5 %
q15 55.045% 105 £5 %
1450 5405 % 130 #5 %
1610 538 15 % 1.40 3 %
(E:li] 53,3 £5% 152 5%
1900 53.345% 1.52 15 %
20010 53,315% 152 5 %
2100 53.2 25 % 1.62 13 %
2450 52.725% 195 13 %
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SAR REFERENCE DIFOLE CALIBRATION REFORT Ref ACR 156315.53ATUA
2600 52515% 21635 %
2000 52045 % [2nsx
1500 51345% 331 E5%
3200 49,0 +10 % 5.30 +10'%
5300 48,9 +10 % 5,47 +10 %
5400 4B.7 410% 5.53 +10%
5500 486 110 % 5.6% £10 %
5600 48,5 $10 % [ 5.77+10%
SE00 427 10 % £.00 10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom S V0 5AM ]
Probe SN 1811 EPGI22
Liquad Body Liquid Values: eps’ - 56.3 sigma : 0.98
Dhstance between dipole center and Ligquid 15.0 mm
Area scan resohstion dhp=Emm/dy=8mm
Zoon Scan Resoluhon dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquad Temperature 21°C
Lab Temperahge 21 °C
Lab Humsdsty 458
F""::"_Z'“"' 1 SAR (W /kg/ W) 10 g SAR [W/kg/W)
e s sl e asured
750 B.46 (0.77) 5.51 (0.45)

a

i e

-1.‘____“

E: -

2 & 1 & B I W WIEIEIZGANN A D
& el
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SAR REFERENCE DIPOLE CALIBEATION REPORT

Ref: ACEL 1583 155ATUA

& LIST OF EQUIPMENT

Equipment Summary Sheat

Equipment Manufacturer ~o. Current MNext Calibration
Identification
Diescription Alodel Calibration Date Diate
Malidated. Mo cal alidated. No  cal
SAM Phantom MVG SN-20/09-SAMTY i, Wy l
COMOSAR TestBench|  Version 3 NA Validated. Nacal  |\abdated.  No caf
required. required.
Network Analyzer H““’E;,i':““'z SN100132 0272021 0272024
Calipers Carera CALIPER-01 02r2021 022024
Reference Probe MV G EPG122 SM 18111 0272020 0272021
Multiem eler Keithley 2000 1188656 022021 02r2024
Signal Generator Agilent E443aC MY42070581 0272021 0272024
' Characterized prior to |Characterzed prior io
Amplifier Aethercomm 5N 046 test. Mo cal required. test. No cal required
Power Meter HP E44184 US3B261498 0272021 02r2024
Power Sensor HP ECP-E26A US37181460 0272021 02/2024
N Characterized prior o |Characterzed prior 1o
Directional Coupler Warda 4216-20 01386 test. Mo cal required. |test. No cal required
Temperature and ey ;
Humidity Sensor Control Company 11-661-9 022021 022024
Page: 11/11
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SID 835

Report No.: TCT221214E019

BAR Reference Dipole Calibration Report

Ref: ACR.156.4.15.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 REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 16/15 DIP 0:835-369

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

UL LEFTY
(L L
e g e
oy
e

% 7~ [ACCREDITED

f 1oih®
el il iahs

Calibration Date: 06/05/2021

Summary.

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MYG USA wsing the COMOSAR test bench. All calibration resulis are traceable to

national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Report No.: TCT221214E019

Ref: ACR. 1364 15 54T A

Name Funciion Date Signature
FPrepared by Jérdéme LUC Product Manager 06/05/2021 ~Jo=
Checked by Jérdme LUIC Product Manager 06/05/2021 Q?
Approved by : Kim RUTKOWSKI Quality Manager 06/03/2021 Pl
Customer Name
SHENZHEN TCT TESTING
Distribution : TECHNOLOGY CO., LTD
Issue Diare @ Muodificarions
A 06052021 Imitial release

Hotline: 400-6611-140  Tel: 86-755-27673339  Fax: 86-755-27673332

Page: X11
Thix docssenr skl mot be reprodiced, evce be il
Thae imfirmation cowmined herein is i e used ol
e relemed inwhale or pard without weinen appeoval of WG

N LH PRIFT, WA i P

e prrpase jor w

the writtem approvel of MVG
#uich ir is ssubsviiied awd bs nor i

Page 140 of 206

http://www.tct-lab.com




