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Dielectric Probe Calibration

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.
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TESTING CENTRE TECHNOLOGY Report No.: TCT230104E017

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 60 of 87

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




I C I Report No.: TCT230104E017

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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mvg SAR DIELECTRIC PROBE CALIBRATION REPORT Bef: ACK.138.4.33 SATUL.A

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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Report No.: TCT230104E017

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
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Appendix D: Dipole Calibration Report
SID2450

SAR Reference Dipole Calibration Report

Ref: ACR.156.9.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 16/15 DIP 2G450-374

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

ACCREDITED

= .'_r." ¥ .\_
iy |k

Calibration Date: 06/05/2021

Seemmary:

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

national metrology institutions.
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Reft ACR 156D IS SATILA
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TCT
TESTING CENTRE TECHNOLOGY Report No.: TCT230104E017

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.136.5.13.54TU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FOC KDBs and
CEUIEC 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID2450
Serial Number SN 1615 DIP 2G450-374
Product Condition {new / used) Used

A vearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

i1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are bult in accordance to the IEEE 1528, FOC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MG COMOSAR Falidation Dipofe
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.136.8.13.54TULA

4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flar phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertamnty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

3.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss
A00-H000MH z 0.1dB

32 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mim) Expanded Uncertainty on Length
3-300 0.03 mm

33 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Yolume Expanded Uncertainty

g 203 %

Page: 5711

This docssvenr sl mor be reprodiced, excent b ! or o parr, wioour de weitnee agyonon of MG,
The iermarion covmea ined herain (s i be used omly for dhe parpase G witich i is sshevitnes and ix nor o
b rekevwred i ikale or par without weirsen appeeval of PG

Page 68 of 87

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




TCT

Report No.: TCT230104E017

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR 13- 13SATILA

0g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MH:z
2480 B0

2380

2400 2420 240 (00 25

811, dft

Freguency (MHz)

Return Loss (dB) Requirement (dB) Impedance
2450 29,03 .20 4670 -02{0
62 RETURN LOSS AND IMPEDANCE [N BODY LIQUID
Frequency, MH:z
230 20 D) 20 Ma0 MED  24B0 500 253D
-
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -32.56 =20 48.6 02 - 1.9 10}
63 MECHANICAL DIMENSIONS
Freguency b Hz L rmirm hi Frm d rmrm
requined measured required measured requined measured
00 A0 21 % Z50.0 +1 %, 6.35 11 %,
Page: &/11
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SAR REFERENCE DIFOLE CALIBRATION REPORT Bref: ACR.156.%.15.5ATU.A
450 2000 #1 %. 166.7 +1%. 6.35 31 %.
750 176.0 #1 %. 100,00 +1 %. 6.35 31 %.
gas 161.0 #1 %. BOLE +1 % 3621 %
900 149.0 #1 %. B33 1% 3621 %
1450 9.1 +1 %. 517 +1 %. 3621 %
1500 BO.5 +1 %. 500 +1 %. 3621 %
1640 79.0 +1 %. 457 31 % 3621 %
1750 75.2 41 % 420 31 % 3621 %
1800 72.0 41 % 417 31 % 3621 %
1900 B68.0 +1 %. 305 +1 %. 3621 %
1950 6.3 +1 %. 35 +1 % 3621 %
2000 £4.5 +1 %. 37.5 11 %. 3621 %
2100 61.0 +1 %. 35.7 11 %. 3621 %
2300 55.5 +1 %. 326 11 %. 3621 %
2450 51531 %, PASS 30.4 21 %. PASS 1621 % PASS
2600 485 +1 % 28.E 31 %. 3621 %
3000 415 1 % 25.0 11 %. 3621 %
3500 37.081 % 26.4 31 %. 3621 %
3700 4741 % 26.4 31 %. 3621 %

7T VALIDATION MEASUREMENT
The IEEE 5td. 1328, FOC KDBs and CEVIEC 62209 standards state that the system vahdation

measurements mist be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the descrnibed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASURFMENT

F'“";,I":;'“" Relative permittivity (8] Conductivity {a} Sfm
required mieasured required measured

g 45325 % 0.87 25 %

450 43.525% 0.87 25 %

750 41525% 0.89 25 %

835 41.525% 0.90 25 %

900 41.525% 0.97 :5 %

1450 40.525% 1.20 25 %

1500 40425 % 123:5%

1640 40.225% 131:5%

1750 40.125% 137:5%

Page: 711

This docsmnenr shall mor e reprodiced, excep be ! o in part, withour the written approvnd of MG
The imfrmarion comained bevein is i be used ol
e el fnwlale o pard withow weiten appeoval of WHG

Page 70 of 87

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




I C I Report No.: TCT230104E017

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.156.8.13.8ATULA
1800 400 25 % 1.40 55 %
1900 400 25 % 1.40 55 %
1950 400 25 % 1.40 55 %
2000 400 25 % 1.40 55 %
2100 I0Es5% 14935 %
2300 30535% 16735 %
2450 30.235% PASS 1.80 55 % PASS
2600 30055 % 1.96 25 %
3000 IRE55% 24035 %
500 I7035% 20135 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertanty for the svstem vahdation. All SAR values are normahzed to 1 W forward power. In
bracket, the measured SAR 15 mven with the used input power.

Software OPENSAR V4
Phantom SN 2009 SAMTI
Probe SN 111 EMG1X2
Liquid Head Liguid Valaes: eps’ © 38.3 sigma @ 18D
Dristance berween dipole center and liquid 1020 mm
Arca scan resolution dx=8mm/dy=Rmm
Loon Scan Resolution dx=5mm/dy=5mm/ dz=5mm
Froquency 2450 MHz
Input power 20 dBm
Liguid Temperature 21 *C
Lab Termperature 21 °C
Lab Humidity 45 %
Freque
B:qmm 1 g SAR (W/kg/W) 10 g SAR (W kg W)
reguired measured reguired measured

ang 185 154

450 453 1.06

750 849 5.55

835 9.56 6.22

900 i0g 6.99

1450 29 16

1500 305 i6.8

1640 342 18.4

1750 364 19.3

1800 384 201
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Rl AR 13659 13 5ATUA

1300 387 205

1350 405 209

00D 411 211

100 4316 218

2300 487 233

2450 524 53.26(5.38) 24 24 15 (2.49)
2600 553 246

3000 6318 257

3500 671 25

A
o . .
A B \
41K
- [,
A e
[ e | LI =~ 11
2 4 B B0 W IB WM NE BN
- T Z

Hotline: 400-6611-140

BODY LIQUID MEASUREMENT

Fm:;‘"li"qr Relative permittivity (8] Conductivity (] Sfm
reguired miesasured reguired measured

150) G1.025% 0.80 5 %
300 SEI85% 0.92 85 %
450 SE.75% 0.04 85 %
750 S5 G255 0.95 £5 %
B35 55.185% 0.97 £5 %
900 55025 % 1.05 #5 %
915 SE035% 1.06 £5 %
1450 S4.025% 13045 %
1610 S1Es5% 1.40 #5 %
1800 51325% 15285 %
1900 51325% 15285 %
2000 51325% 15285 %
2100 §12s5% 162 #5 %

2450 517s5% PASS 1.05 #5 % PASS
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2600 51535% 21645 %
3000 51.0s5% 2735 %
3500 513s5% 331e5%
5200 490 £10% 5.30 £10 %
5300 489 =10 % 5.42 £10 %
5400 487 =10% 5.53 +10 %
5500 486 210 % 565 £10 %
5600 485 510% 577 £10 %
5800 483 s10% £.00 £10 %

74 SAR MEASURFEMENT RESULT WITH BODY LIQUID

Software OPEMNSAR V4

Phantorm SN 20009 SAMTI

Probe SM 1811 EPG1 X2

Ligquid Body Liquid Walues: eps” : 32.7 sigma @ 1.94

Dristance berween dipole center and liquid

10,0 mm

Area scan resolution

dx=Ermm/dy=Rimm

Zoon Scan Resolution

du=3mm/dy=3mm/dz=5mm

Frequency 2450 MHz
Input power 20 dBm
Ligquid Temperaiure 21 7C
Lab Temperature 21 7
Lalb Humidity 45 %
Fregue
ey 1 SAR (Wikg/W) 10 g SAR (W kg /W)
measured measured
2450 50.63 (5.04) 13.40 [2.37)

Wl

I s el

Hotline: 400-6611-140

s in whole ar pars withaat WiTten af

Page: I

1 i poe e Al

S i

Tel: 86-755-27673339

aticed, exceyy b A o D parr, winiour e wltnes agproval of MG

¢ purrpase o witich ir is ssherined amd Ls nor io

af MG

Page 73 of 87

Fax: 86-755-27673332 _ http://www.tct-lab.com




TCT

mvGg

Report No.: TCT230104E017

SAR REFERENCE DIFOLE CALIERATION REPORT
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
uipment Manufacturer / Current Next Calibration
Equip ldentification No. C
Description Model Calibration Date Date
SAM Phantom MVG SN-20/00-SaM71 [/2Mdated. Nacal - Validated. — No - cal
required. required.
COMOSAR Test Bench Version 3 A Validatad. Nocal  Validated. Mo cal
required. required.
Network Analyzer | TT008 ;ﬁ‘“““ SM100132 02/2021 2f2024
Calipers Carrara CALIPER-O01 022021 0212024
Reference Proba MV G EPG122 5N 18/11 02r2021 ozf2022
Multimeter Haithley 2000 1188656 022021 022024
Signal Generalor Agilent E4438C MY 42070581 022021 D2r2024
" Characterized prior io|Characterized prior lo
Amplifier Aethercomm SN 4G lesl. Mo cal required. |lest. Mo cal required.
Powear Mater HF E4418A US3BZ61498 0272021 022024
Pawer Sansor HP ECP-EZ26A US37181480 02/2021 0272024
' . Characterized prior to|Characterized prior o
Directional Coupler Marda 4216-20 01386 test N cal raquired. |test. No cal raquired.
Temperalure and
Humidity Sensor Contrel Comipany 11-661-9 0272021 0272024
Page: 11711
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SAR Reference Waveguide Calibration Report

Ref: ACR.256.12.15.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 WAVEGUIDE

FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 13/14 WGA32

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

ACCREDITED)

Calibration Date: 05/15/2022

Hotline:

SH}HHF(N‘_}

This document presents the method and results from an accredited SAR reference waveguide
calibration performed in MVG USA using the COMOSAR test bench. All calibration results are
traceable to national metrology institutions.
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Approved by Kim BUTKOWSK] Quality Manages 5/15/2022 Pt prdfd

| Customer Name
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TECHNOLOGY CO. LTD
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A 51572022 Initial release
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Bef ACRI56.12.15.54TUA

1 INTRODUCTION

This document contams a summary of the requirements set torth by the IEEE 15328 and CEL'IEC
62209 standards for reference waveguides wsed 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 S000-6000 MHz REFERENCE WAVEGUIDE
Manufactiurer MWV
Model SWGS500
Serial Number SN 13/14 WGA3Z
Product Condition {new / used) | New

A yearly calibmation interval 18 recommended.

3 PRODUCT DESCRIPTION

N GENERAL INFORMATION

MVG's COMOSAR Vahdation Wavepmdes are built in accordance to the IEEE 1528 and CEVIEC
62209 standards.

4 MEASUREMENT METHOD

The IEEE 1528 and CEVIEC 62209 standards provide requirements for reference waveguides used
for system validation measurements. The following measurements were performed to verify that the
product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The waveguide used for SAR system validation measurements and checks must have a retumn loss of
-8 dB or better. The retum loss measurement shall be performed with matching laver placed in the
open end of the waveguide, with the waveguide and matching laver in direct contact with the
phantom shell as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 1328 and CELIEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown in Section 6.2. Figure 1 shows how the
dimensions relate to the physical construction of the waveguide.

Page: 4713
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref: ACR256.12.15.SATU.A

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURNILOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mim) Expanded Uncertainty on Length

00 0.05 mm

V5]
L7¥)

5.3 NVALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528 and CELIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
lg 203 %
10¢g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURNLOSS IN HEAD LIQUID

Frequency, MHz
5100 5200 5300 5400 5500 5600 5700 5800 5900

S11,dB

Frequency (MHz) Return Loss (dB) Requirement (dB)
5000-6000 <-8.24 -8
Page: 5/13

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.
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6.2 RETURN LOSS IN BODY LIQUID

Frequency, MHz
100 52100 5300 2400 5500 5600 500 5300 =2

311, d8

Freguency (MHz) Return Loss (dB) Reguirement (dB)
SO00-G000 < -13.94 -5

6.3 MECHANICAL DIMEMSIONS

E i L. {wumi W iimm} Ly { mumli WA o) T (mum)
1":::'.:]]"[:: Regquare Measure Reguire hdecasure Reguire Measure Regquire Meeasure Require Measure
S i d d d d d d d d d d
4039 4 19 4 K103 4 hl 9% 4
5200 13 PASS 413 PASS P ; PASS 013 PASS 53- PASSE
39 4 19 4 :
SR00 q?l" |ri PASS 'I.'I'.'i:l PASS PASS 'ﬁ:’qu PASSE 4.3 PASE

* The tolerance for the matching laver is included in the retumn loss measurement.

Kasching layer

-,

-~

Figure 1: Validation Waveguide DNimensions

7T  VALIDATION MEASUREMENT

The IEEE 5td. 1528 and CEVIEC 62209 standards state that the system vahdation measurements
musi be performed uwsing a reference wavegude meeting the fore mennoned return loss and
mechameal dimension requirements. The valhidation measurement must be performed with the
matching laver placed in the open end of the waveguide, with the waveguide and matching laver in
direct contact with the phantom shell.
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7.1 HEAD LIOUID MEASUREMENT

F'T;:"“ Relative permittivity (&) Conductivity (g} 5/m
required " d required measured

S000 362 10 % 445 +10 %
5100 361 1D % 456 +10 %
S200 H5.00 10 9% PasS 4. bb +10 % PAsS
S300 359 +109% 4.6 +10 %
S400 358 x1D % PASS 4. 86 +10 % PASS
500 3506 10 % 497 +10 %
S6O0 355 +109% PALY SOF +10 % PALS
S700 354 1D % 5. 17 x10%
80D 353 +1D % PASS 5.27T +10% PASS
900 352 +10% 538 +10 %
G000 351 £ % 548 +10 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID
At those frequencies, the target SAR value can not be generie. Hereunder is the target SAR value
defined by MYV, within the uncertmnty for the system validation.  All SAR values are normalized
to 1 W net power. In bracket, the measured SAR 15 miven with the used input power.

Software OPENSAR V4
Phantom SN 20709 SAMTI
Probe SN 1811 EMG1 22
Ligud Head Liguid Valoes 5200 MHz: eps' 136,62 sigma @ 4.93
Head Liguid Valoes 5400 MHz: eps' :35.95 sigma @ 518
Head Liguid Valoes 5600 MHz: eps' :36.08 sigma @ 5.60
Head Liguid Valoes 5800 MHz: epg' :34.73 sigma @ 5.74
Dhstance between dipole wavepumide and Ligud 0 prm
Area scan resolution dx=8mm/dy=~mm
Foon Scan Resolution dx=4rmm/dy==4m'd==2mm
Frequency 5200 MHz
5400 MHz
S600 MHz
SR00 MHz
Input power 20 dBm
Ligud Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
Page: 713
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Frequency (MHz)

1 2 SAR (W/kg)

10 g SAR (W/ke)

required

measured

required

measured

5200

15900

163.88 (16.39)

56.90

3729 (3.73)

54040

166410

172.23 (17.22)

5E.43

39,16 (5.92)

3600

173.80)

IB1.28 (15.13)

59.97

61.57 (6.16)

SHOD

181.20

1BE.95 (18.90)

6l.50

6345 (6.35)

SAR MEASUREMENT PLOTS (@ 5200 MHz
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SAR MEASUREMENT PLOTS (@ 5600 MHz
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7.3 BODY LIQUID MEASUREMENT

Fre:‘uHincy Relative permittivity (g,") Conductivity (o) 5/m
required measured required measured

5200 49.0 :10% PASS 53010 % PASS
5300 48.9+10% 542 +10%
5400 48.7 +10% PASS 5.53+10% PASS
5500 48.6 +10 % 5.65+10 %
5600 48.5+10% PASS 5.77 £10 % PASS
5800 48.2 +10% PASS 6.00 £10 % PASS

7.4 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Body Liquid Values 5200 MHz: eps' :50.69 sigma : 4.98
Body Liquid Values 5400 MHz: eps' :48.45 sigma : 5.82
Body Liquid Values 5600 MHz: eps' :50.57 sigma : 6.37
Body Liquid Values 5800 MHz: eps' :48.19 sigma : 6.45
Distance between dipole waveguide and liquid 0 mm
Area scan resolution dx=8nun/dy=8mm
Zoon Scan Resolution dx=4nu/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 21 =C
Lab Temperature 21 ec
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
measured measured
5200 158.49 (15.85) 55.40 (5.54)
5400 167.20 (16.72) 57.39 (5.74)
5600 175.65 (17.57) 59.48 (5.95)
5800 183.06 (18.31) 61.62 (6.16)

Page: 10/13
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BODY SAR MEASUREMENT PLOTS (& 5200 MHz
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BODY SAR MEASUREMENT PLOTS (@ 5800 MHz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Current Next Calibration
Description Model  |ldentification No.| o1 vation Date Date
Flat Phantom MVG shoohoaaury VaaEL Nocd  Veldasd  No S
required. required.
COMOSAR Test Bench|  Version 3 NA e itel. [Pt N o
required. required.
Network Analyzer | Rhode % Schwarz SN100132 02/2022 02/2023
Calipers Carrera CALIPER-01 02/2022 02/2023
Reference Probe MVG EPG122 SN 18/11 02/2022 02/2023
Multimeter Keithley 2000 1188656 02/2022 02/2023
Signal Generator Agilent E4438C MY49070581 02/2022 02/2023
; Characterized prior to |Characterized prior to
Ampiifier ARSI SN 046 test. No cal required. [test. No cal required.
Power Meter HP E4418A US38261498 02/2022 02/2023
Power Sensor HP ECP-E26A US37181460 02/2022 02/2023
S i Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01388 test. No cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 02/2022 02/2023
Page: 13/13
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