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Summary:

This document presents the method and results from an accredited COMOSAR E-Field Probe
calibration performed at MVG, using the CALIPROBE test bench, for use with a MVG COMOSAR
system only, The test results covered by accreditation are traceable to the International System of
Units (SI).
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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 27/15 EPGO261
Product Condition (new / used) Used
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.216 MQ
Dipole 2: R2=0.218 MQ
Dipole 3: R3=0.222 MQ

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG’'s COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDBR865664
D01, CENELEC EN62209 and CEVIEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric I field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD
The IEEE 1528, FCC KDB865664 D01, 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.

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 0.01W/kg to 100W/kg.
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3.2 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.

3.3 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limit is 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°).

3.1 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 interface. 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 d,, +

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

SAR oy [%)= BAR,, (d"';d“')z i) (dye +dg) <10 mm

e 8f2

where

SARuncertainty is the uncertainty in percent of the probe boundary effect

dhe 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

o is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, i.c., = 14 mm at 3 GHz;

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

distance dpe 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 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC
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 95% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

VAT AT Uncertainty Probability ; Standard
ERROR SOURCES value (%) Distribution Diviser o Uncertainty (%)
Expanded uncertainty 14 %
95 % confidence level k = 2 o
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
5.1 SENSITIVITY IN AIR
Normx dipole | Normy dipole | Normz dipole
1 (uVAV/M)?) | 2 (uVAV/MY) |3 (uVAV/m))
0.77 0.70 0.81
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
116 114 126

Calibration curves ¢i=f{V) (i=1,2,3) allow to obtain E-field value using the formula:

E=+E}+E}+E,

Template
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Calibration curves
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53 SENSITIVITY IN LIQUID
Liguid | Frequency ConvF
(MHz +/-
100MHz)
HLT30 750 1.78
BLT50 750 1.88
HLE30 §35 1.86
BLESD £33 1.90
__HL300D Q00 1.84
BL%M) 00 192
HL 1200 1800 204
BLI1EOD 1800 2.09
HL 1900 1900 2.20
RBRL1900 1900 228
HL20400 2000 2.21
BL200D0) 2000 2.22
HL2100 2300 2.23
BL230) 2300 247
HL2450 2450 2.18
BL2450 2450 247
HL26() 2600 207
BL2600 2600 2.25
HL5200 5200 2.02
BLA200 5200 209
HL 5400 5400 2,12
BL354M) 5400 2.22
HL 5600 Rl 2.28
BL3&0{ S600) 2.39
HL3580M0 3800 2.24
BL5&00O SEL0 2.34

LOWER DETECTION LIMIT: TmW/kg

Ferpiate ACK DMLY}
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5.4 [SOTROPY
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6 LIST OF EQUIPMENT

Egulpmenl Manufacturer / Identification No. Current Next Calibration

Description Model Calibration Date Date
Validated. No cal Validated. No cal
Flat Phantom MVG SN-20/09-8AM71 |0 i |
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated. ~ No ca
required, required,
Network Analyzer R°"de28;/fﬂ°hwa'z 100203 05/2019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit 7V-2235 101225 ik dwaze
Multimeter Keithley 2000 1160271 02+2020 02/2023
Signal Generator R°hd°s&Msg’““’a'2 106589 042019 04/2022
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 052019 05/2022
o S Characterized prior to|Characterized prior to
Directionai Coupler Narda 4216-20 01386 test. No cal required. test. No cal required.
Waveguide Mega Industries 069Y7-158-13-712 Valid_ated. No cal Valiqated. No cal
required. required.
2 s : Validated. No cal Validated. No cal
Waveguide Transition | Mega Industries | 069Y7-158-13-701 required. equired.
’ g g Validated. No cal Validated. No cal
Waveguide Termination| Mega Industries | 069Y7-158-13-701 raquired. haquired.
Tem”’%‘:;‘:&”"’"'d"y Control Company 150798832 1112017 11/2020
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Calibrated at MVG MVG |
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Calibration date: 06/25/2020
e, cofrac

ETALONNAGE

Accreditauons #2.67T8Y and #2.6514
Scope aviibibly on www cofrac fr

Suntmary

This document presents the method and results from an accredited SAR reference dipole calibration
performed m MVG using the COMOSAR rest bench  All calibration results are traceable to

national metrology institations,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR, 178 220 MVGB. A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIVIEC 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
Manufacturer MVG
Model SID750
Senal Number SN 23/15 DIPOG750-378
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION
3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipale
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mvG

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEUVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurcments. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 N LOS U ]

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better, The return loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 ME "AL REQUIREMENTS

The IEEE Std, 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a 1ISO17025 calibrated caliper.

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 RETURNLOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN
52 DIME SUREM

The following uncertainties apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm
5.3 VALIDATION MEASUREMENT

The guidelines outlined in the JEEE 1528, FCC KDBs, CENELEC EN50361 and CEITEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Sean Volume Expanded Uncertainty
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i 1g 19 % (SAR)

10 g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, NH:
0 740 ™0 Y 800

£11.48

[ Frequency (MHz) Return Loss (dB) [ Requirement (dB) [ Impedance
750 -42.12 -20 50.5 02 - 0.6 12

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraguency. Nz
650 &6 e ] 740 ] 0 o 120 40 830

9 n H o
L T S T
[} | 1

-

1

>
2
5
7

<
5
0

511,48

Frequency (MHz) | Return Loss (dB) _Requirement (dB) lmpeda;ce
750 | -27.00 =20 4790Q+39i10

6.3 MECHANICAL DIMENSIONS

z - SN — —
I L mm | h mm dmm

Frequency Mz

required measured required measured required measured

P(-"L': a'll
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300 4200 21 %, 250.0 £1%. 63521 %.
450 290021%. 166.7 11 %, 6.3521%,
750 176021 %. - 1000 1 %, 6.3521%. =
835 1610=1%. 898 1 %. 362%
800 145021%. 83321 %, 36$1%
1450 89.1 21 % 51721 %, 36£1%
1500 80.5 £1 %. 500z21% 361 %
1680 79.0 21 %, 45721% 3611 %
1750 7521 %, 4295:1% 36N
1800 72021 %, 41.7£1% 3611 %.
1900 68.0 21 %, 3951 % 1641 %,
1950 66.341 %, /5231 %. 3621 %,
2000 68541 %, 375 % 3621 %,
2100 61021 %, 3574 % 1621%
2300 55521 %, 26121 %. 3621 %
2450 515:21%. 304 1 %, 3621%
2600 48521 % 28841 %, J6n%
3000 1521 % 25021 %, 3621%
1500 37,001 %. 264 21 %, 3641%
3700 34.7:1 % 26421 %, 3611 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements, The validation measurement must be performed against a
liquid 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 described distance from the bottom surface of the phantom,
7.1

HEAD LIQUID MEASUREMENT
Y Relative permittivity (&) Conductivity (a) S/m
required measured required measured
300 53210% | 087410%
as0 435 £10% 0.87 210 %
150 119:10% 418 089210% 0.8
R3S 415:10% 090:10%
300 415110% 0.97:10%
1450 405 +10% 1.20:10%
1500 40.4410% 123+10%
1640 40.2+10% 1.21220%
Page: 711
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1750 401210 % 137410%
1800 00210 % 140210%
1900 40.0£20% 140:10%
1950 40.0210% 140210%
2000 400410% 140£10%
2100 308410% 148410 %
2300 395110% 167210 %
2450 392410% 180410 %
2600 1901210 % 196:10%
3000 385210% 240210 %
3500 37.5210% 291:210%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V35
|_Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liqusd Head Liquid Values: eps' : 41.8 sigma : 0.82
Distance berween dipole center snd hgusd 15.0 mm
Area scan resolution dx=8me/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/'dz~Smm
| Frequency 750 MHz
_Input power 20 dBm
_Liquid Temperature 20+ 1°C
Lab Tempemture 20+~ 1°C
Lab Humudity 30-70 %
T— 1§ SAR (W/kg/W) 10 5 SAR (W/kg/W)
required measured required measured
500 2485 134
450 458 3.06
750 8,49 8.73(0.87) 535 5.71 (0.57)
835 9.56 622
%00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 184
1750 %54 19.3
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1800 384 201
1900 39.7 05
1950 40,5 09
2000 411 211
2100 436 219
2300 48.7 233
24%0 524 24
2600 55.3 246
3000 63.8 25.7
3500 67.1 25
700 674 242
\ " .
1. 1= —~
13 -
2
L4
t \ y #
“3 TN RN D NANR

7.3 BODY LIQUID MEASUREMENT

i~ Relative permittivity (e’) Conductivity (o) $/m
required measured required measured
150 619410% 080:10%
100 582210 % 092:10%
450 56.7£10 % 084 410%
150 55.5210% 529 0.9610% 0.89
LELY 55.2£10% 097210 %
900 55.020% 105210%
915 55.0 +10% 106410 %
1850 0.0 410% 130410%
1610 53.8410% 140410 %
1500 $33410% 152210%
1900 53.3210% 152210%
2000 $23410% 152210%
2100 53.2210% 162:210%
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2300 529210% 181210%
2450 527:10% 195210 %
2600 52.5+10% 216210%
3000 52.0410% 2.73410%
3500 51.3410% 331410%
3700 51010% 355+10%
5200 490210% 530410%
5300 439110 % 542:10%
5400 487210% 553210%
5500 486210 % 565210%
5600 485£10% 5.77:10%
5800 48.2410% £.00410%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
| Phantom SN 13100 SAM6S
Probe SN 41/18 EPGO333
_Liquid Body Liguid Values: eps’ @ 52.9 sigma : 0.89
Distance between dipole center and liquid 15.0 mm_
_Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=Smm/dz=Smm
Freguency 750 MHz
| Inpet powes 20 dBm
Ligusd Temperature 20 +/- 1 °C
Lab Temperature 20 +/- 1°C
Lab Humidity 30-70 %
gy 15 SAR (W/kg/W) 10§ SAR (W/kg/W)
measured measured
750 8.82 (0.88) 5.51(0.58)

®

e

i

/:m'l —

Luunuaaa:xb
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
1 5 g

Manufacturer / S Current Next Calibration
Model  |!dentification No.| (i ration Date Date
Validated. Nocal  Malidated. No cal
SAM Phantom MVG SN-13/09-5AMes [ € e 5 |
Validated. Nocal  MValidated. No call
comosTmons] s | w |z g -
Network Analyzer “"dei‘{,;""”"" 100203 05/2019 0512022
RORIIN Jemyzsy = | S 8 Sormace 101223 0512019 0512022
Calipers Mituloyo SN 0009732 10/2019 1012022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 0212020 0212023
Signal Generator | RONde 2 Behwarz 106589 04/2019 0412022
Characterzed prior to (Characterized prior 10
Amplifier Asthercomm SN 046 test, No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0512019 0512022
: Characierized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required, |lest. No cal required.
T°’"°°“’s'“'° UMY Control Company 150798832 1112017 11/2020
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SAR Reference Dipole Calibration Report

Ref: ACR.178.3.20.MVGB.A

CCIC SOUTHERN TESTING CO.,LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIP0G835-217

Calibrated at MVG MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
w,  cofrae

R 7,
B ———%
A

ETALONNAGE

Accrodiations 82-6789 and A24£314
Scope avalable on www.colroo fr

Sununary:

| This document presents the method and results from an socrediled SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibratson results are irneeable w0
‘ national metrology institutions.
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Prepared by ; Jérdme LUC Technical Manager | 6/26/2020 ﬁ
Checked by Jérdéme LUC Technical Manager | 6/26/2020 ﬁ_
Approved by : Yann Toutain Laboratory Director | 6/26/2020 ci“;é‘_‘,
Customer Name
CCIC SOUTHERN
Distribution : TESTING CO.,
LTD
fssue Name Date Modifications
A Jérdme LUC 6/26/2020 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.ITRIZ0MVGHA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDR3S
Serial Number SN 09/13 DIPOGR35-217
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

31 ENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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mvg

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements.  The following measurements were performed to
venfy 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 return loss of -20
dB or better. The retum loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

4.2 MECHANICAL REQUIREMENTS
The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS
The following uncertainties apply to the return loss measurement:

Frequency band

Expanded Uncertainty on Return Loss

400-6000MHz

0.08 LIN

5.2 DIMENSION MEASUREMENT

The following uncertzinties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEIIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Scan Volume

Expanded Uncertainty

Tomponte
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g

I lilr g

19 % (SAR)
19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

$11.40

W

Peduercy, NHz

82 8 80 8 900 S0

923

Frequency (MHz)
835

l
-+

Return Loss (dB) Requirement (dB)

-23.87

-20

_ Impedance
56.0 Q- 2.2 i)

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

S11.48

&3

Frecuency, MH:
820 240 380 380 90 920

835

. Frequency (MHz)

Return Loss (dB) | Requirement (dB)

Impedance

835

-30.86

-20

5240+ 1.5j0

6.3 MECHANICAL DIMENSIONS

Frequency Mit Lmm hmm W d mm ]
reguired measured required measured required maasured
Page: /11
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30 420.0 21 %, 250.0 21 %. 6.35 21 %.
430 290.0 21 %, 166.7 21 %. £.35 21 %.
750 176021 %. 10021 %. 6.3521%.
835 161021 %, - BIB=1%. 3621%.
500 18901 N, B33 % 3641%.
1450 89121 %, 51.7£1 %. 3621%.
1500 8051 % 00121 %, EEESE )
1680 79021 %, 45711 %, 361 %,
1750 75221 % 42921 %, EV-338 N
1800 0% AT N 3641 %
1900 £3.0 11 %, 39521 % 1641%
1950 66,3 1%, 38521 % 1641 %
2000 64.5 21 %, 37521 % 3.621%.
7100 61.021 %, 35.7 21 %. 3.611%.
2300 555=1%. 32.6 21 %. 3621%.
2450 51.5=1%. 30421 %, 3621%.
2600 485:1 %, 285841 %. 6%
3000 41521 % 25041 %, 360%,
3500 AT0LL % 26421 %, 361 %,
3700 33,741 % 26421 % 36 %,

7 VALIDATION MEASUREMENT

The 1EEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid 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 described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

e Relative permittivity (&'} Canductiity (o) S/m
required maasuead requined measured
300 453210 % 087210%
450 435410 % 087210%
750 419+10% 059 =10%
835 415+10% 205 050 £10 % .88
200 415410% 0S7410%
1450 405 £10% 120:10%
1500 0.4 £10% 123510 %
1640 40,2 £10% 131410%
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1750 40.1210% 137210%
18C0 S)0210% 14010 %
1500 L00£10% 1.40210%
1850 400210% 1.40210%
2000 400410% 1.40210%
2100 158410% 149210%
2500 355 210% 167210%
2450 39,2210 % 150410%
2600 390210% 196210%
3000 385210% 240410%
3500 379£10% 291410%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEIIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized 10 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR VS
Phantom SN 13709 SAM6S
Probe SN 41718 EPGO332
Liquid Head Laquid Values: eps’ @ 40.6 sigms : 0.89
Distance between dipole center and liqusd 15.0 mm
Area scan mlmia'n dx=8mmdyv=8mm
Zoon Scan Resolution dx~Bmmdy=8mm/dz=5mm
Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 20+.1°C
Lab Tempemture 20+/-1°C
Lab Humidity 30-70 %
B 1 SAR (W/kg/W) 10§ SAR (W/kg/ W)
required measured required measured
200 285 1.94
450 458 3.05
150 8.45 555
835 5.506 ags (097 622 6.15(051)
900 10.9 659
1450 i 16
1500 205 16.8
1640 242 18.4
1750 64 19.3
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1800 384 201
1900 39,7 205
1950 a0.5 209
2000 a1.1 211
2100 436 219
2300 487 233
2450 524 24
2600 553 45
3000 63.8 57
3500 67.4 5
37200 67.4 24.2

-

« 2

7.3 BODY LIQUID MEASUREMENT

‘MM'::! i Relative permittavity (c') Conductivity (o} S/m
required measured required measured
150 §19210% 0.80 210 %
300 582:210% 0.92210%
450 557:210% 098=10%
750 S55:10% 0395:10%
835 552210% 523 097410% 0.94
200 55.0410% 105410%
915 55.0 110 % 10610 %
1450 54.0+10% 130210%
1610 53.8210% 1.40210%
1200 53.3410% 1.52410%
1500 535210% 152 210%
2000 533210% 1.52210%
2100 532:10% 162210 %
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Relt ACRITE 320 VAR A

2300 $29210% 181:10%
2a50 S2.7110% 1.95110%
2600 $25110% 216110%
3000 52.0410% 273110%
3500 51.31:10% 331210%
300 51.0 +10% 355210%
5200 490410 % 530:10%
5300 489 210K 542:10%
A0 487 210% 553:10%
5500 4856210% SE5:10%
SECO 435:210% STT10%
Saco 482+10% 600£10%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS
Phantom SN 1309 SAM&S
Probe SN 41/18 EPGO333
Liqusd Body Liguid Values: eps” : 52.3 sipma : 0.94
Distance between dipole center and ligquid 15.0 mm
Area scan resolution dx=8mmdy=-8Smm
| Zoon Scan Resolution dx=Smm'dy=Smm.‘dz=3mm
| Freguency 835 MHz
_loput power 20 dBm
Liguid Tempersture 20+/-1°C
1ab Temperature 20 4. 1 °C
Lab Humdsty 30-70 %
F
g 1§ SAR (Wi/xg/ V) 10§ SAR (W/ke/W)
medsured measured
B35 92.97 |1.00} 6.52 {0.65)
"7 -
| :_J =
i E
b
| 1
(h
- " \
3 3 4
‘ w®
3 s
h ]
L. "
sl
mMia TUNB DR NI AN
Tom)
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8

LIST OF EQUIPMENT

Equipment | Manufacturer/ Current Next Calibration
Description Model.  |'dentification No.| o SdionDate |~ Date
Velidated. No cal Validated. No cal
SAM Phantom MVG SN-13/00-SAME8 [ Lo Wogons |
. Validated, Nocal  Malidated.  No  cal
COMOSAR Test Bench Version 3 NA equired. Fequired.
Network Analyzer | RO B Sctwarz 100203 0512019 0512022
Natwork Analyzer — | Ronhde & Schwarz
Calibration kit 2v-2235 101222 ki e
Calipers Mitutoye SN 0009732 10v2019 102022
Reference Probe MVG EPGO333 SN 41/18 05/2020 052021
Mullimeter Keithley 2000 1160271 0212020 0212023
Signal Generator Rohcesa; Asecmvarz 106569 04/2018 042022
. Characterized prior 10 |Characterized prioe 10
Ampiifioe Aethercomm SN 046 lest. No cal required. [tesl. No cal reguired.
Power Meler NI-USB 5680 170100012 0520189 052022
KL Charactarized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required,
Temperature | Humidly| Conwrol Company | 150708832 1112017 1112020
Page: 11711
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SID1800 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.5.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ

~ SERIAL NO.: SN 09/13 DIP1G800-216

Calibrated at MVG MVG
7.1, de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
s, cofrac
SN

A ETALONNAGE

Acoredinntions #2.6789 and $2.63 14
Scope availae oo wvw cofioe.Ir

B
)

bt

Summary:

Thes document presenls the method and results from an socredited SAR reference dipole caltbratson
performed in MVG usng the COMOSAR test bench.  All calibration results are traceable
national metrology instiutions,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Refl: ACR. 175520 MVGR.A
Nante Funciion Date Signatire
Prepared by : Jéréme LUC Technical Manager | 6/26/2020 —
Checked by : Jérdme LUC Technical Manager | 6/26/2020 ,;7:’:
Approved by Yann Toutain Laboratory Dircctor | 6/26/2020 X

Customer Name
CCIC SOUTHERN
Distribution : TESTING CO.,
LTD
Issue Name Date Modifications
A Jérdme LUC G626/2020 Initial release

Page: 2/11

Yomplate ACRODDON YL MVGBISSUE SR Refevence Dipufe vG
This docaeww skall ace e riprodtnis, cxovpt m G ar i pavt, eitkos e writva appvonal af MG The inGrmation conioined dereir e fo by wind
only far the propenc for whick i i safmidied and i waf 3o b redraoned i wbade o pard witkost weiion agyvore) of MIG



)

y

Report No. SET2021-01647

SAR REFERENCE DIPOLE CALIBRATION REPORY Rel: ACR.ITE S 20 MVGD.A

TABLE OF CONTENTS

F IO . omsmssnes s B s oo S vsmin ST e bb et Atk e G A R R b SRR A AN 4
2 DEVICE IDACT TOSE - oot it i i e oS o S S st 4
D 5 B g T R KR G Ve e e ORIk TN A S SRS (NSO 4
3.1 General Information -
4 Measurement Method ... e ctesa e s scessaaenannas 5
4.1 Retum Loss Requirements 5
4.2  Mechanical Requirements )
S Measurement UDNCCIAINY . .c.ciciisesrrarsessssassassnsanseanigsatorsasiasastnsansassasassnrensassnsasansans 5
5.1 Return Loss 5
3.2 Dimension Measurement 5
3.3 Validation Measurement 5

6 Calibration Measurement RESUIS ... ..cveerseiarierarsssssssrarsssrsesesssnssssarassssansassmssssaserasson O
6.1 Return Loss and Impedance In Head Liguid
6.2 Retum Loss and Impedance In Body Liquid
6.3 Mechanical Dimensions

TV alidation MIEOSUNCINRIR o cserisisririnsistansirssriniomnstossisisssrasssmsrsivrariosrsainsirsoriinapes 7

7.1 Head Liquid Measurement

7.2 SAR Measurement Result With Head Liguid

7.3 Body Liquid Measurement

74  SAR Measurement Result With Body Liquid 10
8 LiSt Of EQUIPNENE .ovvererieriniarssrmrasrssssrarsssessasssssssasssrsasasassssssasassessassssassmsassassesasansassns 1

Page: 3/11

Tempdate_ ACRODDNYEMVGEBISSUE SAR Referviwce tNpale vi
This sdovamsaw sball aov & rgrroshices. encost M 0 er i pare, wishout she wrliten apywone) of MVG. The inGrmanion contvned herets is do by wind
only for ehe parpose for whlcd (v s sl snd (5 aor to Se reloased (0 ukole or vt whhoat avines ongvora! of MG



)

y

Report No. SET2021-01647

SAR REFERENCE DIPOLE CALIBRATION REPORT Rell ACRITES 20 MVGE A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles uvsed 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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID180O
Serial Number SN 09/13 DIPIGROO-216
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

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

Figure 1 - M¥G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62200 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 retum loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CENIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent, The COMOSAR test bench cmploys a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements sct forth for a 2
mm phantom shell thickness. A direct method is used with a [SO170235 calibrated caliper.

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, traccable to the [ntemationally Accepted Guides o
Measurement Uncertainty.

5.1 RETURN LOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
- 300 0.20 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
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I g 19 % (SAR)
10 g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Freauency. MH:
W0 W@ VR0 180 W00 M0 1880 1880 1830 1900

1"
e

SIL¢eB

<2+
&5
)
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance |
1800 - -21.62 -20 42.70Q+38)0

62 RETURN LOSS AND IMPEDANCE [ 1QUID

1720 178 1780 1780 YE00  ME0 N340 1950 1830 19X

<B

e
Frequency (MHz) Return Loss (dB) Requirement (dB) |  Impedance ]
I 1800 = -22.06 [ -20 423Q0+145Q |
6.3 MECHANICAL DIMENSIONS
' Fregquancy MH; [‘ B Lmm A hmm | —:rnm- I
required measured required measurad \ required measyred

Pr.'):(‘ e
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e 420021 %, 250021 %, 351 %,
aso 20011 % 166,721 %, 63521 %,
750 176021 %, 1000 21 %, 635 21 %
B35 161.0 £1 %, BENN EXRI S
200 149,021 %, 83311 % 1621 %
1450 891 11 %, 517 % 1621 %
1500 80521 %, S0.01%. 3.621%.
1540 79021 %. 45.7 21 %. 3621%
1750 75241 %. 42.541%, 3621%.
1200 72021 %, - a1.7 41 %, sk, =
1500 65021 %, 30521 %, SN,
1550 66321 %, 38521%, 3Ifti %,
2000 64521 %, 375K st %,
2100 6101 % 3BT N 3641 %,
2300 55511 % 326N EL-TI8S
2450 SAS % DAL 3E21 %N
2600 48.5 1 % B8 % 3621%
3000 A5 K PUNES G A 3611%
3500 3701 %, 6.4 21 %, 3.621%.
3700 34721 %. 26.4 21 %. 3641%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid 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
Iength centered and parallel to the longest dimension of the flat phantom, with the top surface of the

dipole at the described distance from the bottom surface of the phantom.
7.1

HEAD LIQUID MEASUREMENT
MI He v Relative permittivity (e”) Conductivity [¢] $/m
required measured required measured
300 45.3410% 0.87410%
450 43.5410% 0,87 210 %
TS0 41.9210% 0.89210%
215 a1.5210% 090210%
900 a15210% 097210%
1450 A5+10% 1.20£10%
1500 L0A£10% 123:10%
1640 402 210% 13110%
Page: 711
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1750 01230 % 137410%
1800 400+10% 437 140410% 1.34
1900 400#10% 140410%
1950 400210% 140410%
2000 400410% 1.40 410 %
2100 9.3410% 149 410%
2300 35.5410% 167210 %
2450 39.2410% 1.80410%
2600 39.0 410 % 196 £20%
000 38.5410% 240410%
1500 37.9210% 291110%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V3
Phantom SN 13108 SAM6ES
Probe SN 41/18 EPGO323
Liguid Head Liquid Values: eps” - 43.7 sigma ¢ 1.34
Distance between dipole center and liguid 10.0 mm
Arca s¢an resolution dx=Smm'dy=&mm
Zooa Scan Resolution dx~8mm.dy~Emm/dz=Smm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 20+~ 1°C
Lab Temperalure 20+-1°C
Lab Humidity 30-70 %
I 1 5 SAR (W/kg/W) 10 3 SAR (W/kg/W)
required measured required measured
300 2.85 194
450 4.58 305
750 8.49 5355
835 9.56 622
800 108 659
1450 ) 16
1500 35 168
1540 42 18.4
1750 %4 19.3
Page: 811
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1800 Ba | 37250373 20.1 19,72{1.97}
1900 39,7 205
1950 205 209
2000 411 211
2100 435 719
2300 487 33
2450 52.4 24
2600 55.3 246
3000 638 25.7
3500 67.1 5
3700 67.4 24.2
% =
(s
(L
I
[ =
S0 s
i
3 bd o i ‘\ ‘\
1 50~
o= 3 1 u,T.nx::n: 2
)
7.3 BODY LIQUID MEASUREMNT
""‘M‘;;"" Relative permitthity (c') Conducthvity (o) $/m
required measured required measured
150 619:210% 0.80£10%
300 58.2:10% 092210%
450 55.7+10% 032210%
750 $55410% 096210%
835 $52210% 097210%
a0 55.0410% 105210%
915 550110 % 1.06 10 %
1450 540:10% 1.30:10%
1610 53.8:10% 140:10%
1200 53.3410% 553 152410% 149
1500 53.3210% 152 410%
2000 53,3210% 1,52 410%
2100 53.2:10% 1.62410%

Page: 911

Fesgplute ACRDDDNYEMYGRANSUE_NAR Beferewce (hipole vG

Flue dovument thal 001 be reprostvend. excepd 1o full ar i pewy, without the writier gppvorad of MPG. The igfarmanon coataimed berein i 50 v ased
ool for thy parpore for wiich b {s mbweived and (s e 10 A anlearnd w whale ar pary withend writher approral of MAG.



@

Report No. SET2021-01647

SAR REFERENCE DIPOLE CALIBRATION REPORT Rel: ACR AT SO MVOEB A

2300 52.9210% 151 +10%
2450 52.7:10% 155:10%
2600 525:10% 216:10%
3000 520:10% 2.73:10%
3500 513110% 3.31410%
3500 51.0410% 355210 %
200 45,0 410 % 530£10%
5300 48,9210 % 542410%
5400 a8,7 210 % $53410%
5500 486 210% S65410%
S600 48510 % 517 210%
5800 A52110% 6,00 210 %
7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID
Sofiware OPENSAR V3§
Phantom SN 13109 SAM6S
Probe SN 41/18 EPGO313
Liquid Body Liquid Values: eps’ : 55.3 sigms : 1.49
Distance between dipole center and liguid 10.0 mm
Area scan resoluticn dx=Smm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=Smm
| Frequency 1800 MHz
Inpat power 20 dBm
Liguid Temperature 204/« 1°C
Lah Temperature 20+-1%C
Lab Humidity 10.70 %
b s 1 £ SAR (W/ke/ W) 101 SAR (W/kg/ W)
measured measured
1800 3857 |2.26) 20.19{2.02}
4 Y
’ A i .?_:
11 | H
' ' 3 -5k
. 0o
B N
0
N - % N\
A £ - \\
A i 0% N
Y . N
b RUNBNBTNNAD
I
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mvg

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Thix docwvoant sbail ant be roprostarc

Equipment Manufacturer / ~ Current Next Calibration
Pescription Model  |\dentificationNo.| oy ation Date | | Date.
Validated. No ca! Validated. No cal
SAM Phantom MWVG _SN-13"09—SAP.168 required. required.
Validated. Nocal  [Validsted. No cal|
LCOMOSAR Test Bench Version 3 NA equired. equired.
Network Analyzer | Rende & Schwarz 100203 052019 0512022
NI aae= | TR0 S S 101223 0512019 0512022
Calipers Mitutoyo SN 0009732 102019 1002022
Reference Probe MVG EPGO333 SN 41/18 052020 052021
Multsmeter Keithiey 2000 1160271 0272020 02/2023
Signal Generator R"""":M%‘:’“”“‘ 108589 04/2019 04/2022
- | Characterized prior to |Characterized prior to
- Amplifier Asthercomm SN 046 test. No cal required. jtest. No cal required.
Power Meter NI-USS 5680 170100013 05/2019 052022
i 2 Characierized prior 0| Characterized pricr o
Diractional Gaupler Narda 421620 01386 lest, No cal required, [test. No cal required.
Tempersture UMY Control Company | 150798832 1172017 1112020
Page: 15711
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SAR Reference Dipole Calibration Report

Ref: ACR.178.6.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/13 DIP1G900-218

Calibrated at MVG MVG
Z.1. de In pointe du diable
Technopile Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
sy, cofrae

ETALONNAGE

Accraditations A2-5780 and 02-65 14
Scope wnailahke oo www cofac ir

Summary:

This document presents the methed and results from an aceredited SAR reference dipole calibration
performed in MVG using the COMOSAR sest hench.  All calibration results are traceable 10
national metrology instiations.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 09/12 DIP1G90O-218
Product Condition {new / used) Used

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 — MVG COMOSAR Validasion Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, FCC KDBs and CEVIEC 62208 standards provide requirements for reference
dipoles used for system validation measurements.  The following measurements were performed to
verify that the product complics with the fore mentioned standards.

4,1  RETURM LOSS REQUIREMENTS
The dipele used for SAR system validation measurements and checks must have o retum loss of -20
dB or better.  The return loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct meghod is used
with a network analyser and its calibration kit, both with a valid [S017025 calibration.

4.2 MECHANICAL REQUIREMENTS

The IEEE Sid, 1528 and CEFIEC 62209 standards specify the mechanical componenis amd
dimensziens of the validation dipeles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOBAE fest bench emplovs a 2 mm phantom shell thickness therefore the
dipoles =old for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness. A direct method 15 used with o 15017025 calibrated caliper.

] MEASUREMENT UNCERTAINTY

(rd

All vneertainiies listed below represent om expanded uncertainty expressed at approximately the 95%
conlidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncerfainty,

5.1 RETUEN LOSH

The following uncertainties apply o the retum loss measurenment:

Frequeney band Expanded Uncertainty on Eeturn Loss
400-6000MHz 008 LIN

52 DIMENSION MEASUREMENT
The following uncertaintics apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
- 300 020 mim
00 - 450 l (144 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1328, FCC KDBs, CENELEC ENSO361 and CEVIEC 62208
standards were followed to generate the measurement uncerainty for validation measurements.
Scan Yolume | Expanded Uncertainty
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} g | 19 % (SAR) W
l 10g 19 % (SAR) |

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fsguenoy. NI
W0 1M 0

MY W0 W

|

135 1900 1950 199 20 |
o= !
!

&5
Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance |
1900 | -22.54 -20 _S17Q+72)Q |

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuency. MH:
1620 340 33D 1830 VR0 R0 1340 D 180 2400

30:.
[ Frequency (MHz) Return Loss (dB) Requirement (dB) __Impedance
[ 1900 | -20.87 -20 | 4840+89jQ

6.3 MECHANICAL DIMENSIONS

Freguency NMH: L mm [ h mm dmm
required measured required measored required measured
-
Fage: 611
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300 420.0 £1%. 250041 %. 6.3521%.
430 250.0 £1%. 166.7 21 %. 53551%.
730 176.0 21 %. 100.0 21 %. 653541 %.
215 161.0 £1 %, 89.81%. 1641%
500 1£9.0 £1 %, 83.321%. 1641%
1350 £9.151 %, 51.7 21 %, 1611%

1500 8051 %, 0021 %, 3,621 %
1640 79.0 41 %, 45721 %, 3641 %,
1750 75241 % 42911 % 36:1%.
1820 T2.041%. 42741% 3641%.
1200 63.041%. . 319511 % : 351 %.
1550 €6.331%. 38541%. 351 %.
2000 64.541%. 37.541%. 3641 %.
2100 61.021%, 35.7 £1%. 3641%.
2300 55.521%. 326 £1%. 1641%
2450 51541 %, 30421 %. 1641%

2600 45521 % BBl % 1.621%.

3000 41521 %, 25021 %, 3.6 41%,

3500 37,011 %. 6.4 11 %. 3621 %,
3700 34,781 % 6.4 £1 % 3621 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements, The validation measurement must be performed against a
liquid 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 described distance from the bottom surface of the phantom.

7.1

HEAD LIQUID MEASUREMENT

4 M' Mz Y Relative perenittivity (&) Conductivity {o) S/m
required measured required measured
300 A53+10% 037 :10%
450 435+10% 0.87410%
750 419:10% 0.89210%
a3is 415:10% 0.50210%
SCo 4r.5110% 0.97210%
1450 40.5 210 % 1.20210%
1500 40,4 210% 1.23£10%
1640 40.2210% 131:10%
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Tewplute ACKRDODN YL MUGEISSUE SAR Reference Dipofe v

Thir dozsecar 20N wor b repradvoad. exoesy (v Al o (o pavr, withosy e wrives aayovonal of MG T MBrwanion cosmised Acreie (s & e wsed
oy fov e parpose fov whdioh & i sabasinad and b wor A Do refeaied dn abade o oard? wiost waimee aggvoral of MG



)

y

Report No. SET2021-01647
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1% 40.1£10% 1.37£10%
1800 a0.0 410 % 1.60220%
1500 a0.0 210 % 413 140210% 141
1550 400 210% 140410%
2000 “00:10% 140110%
2100 FE0% 145410 %
2300 395110% 1.67210%
2450 392 110% 1.80210%
2500 3I9.0£10% 1.96210%
3000 38.5+10% 240210 %
3500 37.9210% 291210%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power, In
bracket, the measured SAR is given with the used input power.

Software OPENSAR VS
Phantom SN 13109 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liguid Values: eps” - 233 sipma © 1.41
Distance between dipole center and liguid 100 mn
Area scan resolution dx~Emm/dy=8Smm
Zoon Scan Resolution dx=8ma/dy=Emm/'dz=Smm
| Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20 +/~1°C
Lab Temperature 2+/-1°C
Lab Humidity 30-70 %
i i 1 AR W/ ke/ W] 10 ¢ SA8 {W/kg/W)
required measured required measured
300 285 154
as0 a.58 305
50 B8.49 555
B35 .56 622
900 109 699
1430 ) i6
1500 05 16.8
1640 12 164
1750 364 193
Poge: &1
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1800 RN 20.1
1500 5.2 10397 205 20,45 |2.09)
1850 as 209
2000 a1l 211
2100 a36 219
2300 8.7 233
2450 524 24
2600 553 45
3000 638 25.7
3500 671 5
3700 67.4 24.2
4 .
"
N
Jult
gm0 AN =
200+
35-‘ "% uT:;T.H-‘x EW -
2
7.3 BODY LIQUID MEASUREMENT
"'m Relative permittivity (&) Conductiity (o) S/m
required measured required measured
150 61.9230% 0.80210%
300 58.2#10% 092:10%
450 56.7+10% 024210%
750 555:10% 095:10%
838 552410% 057 210%
800 50410% 106 410%
915 550:10% 106110 %
1450 S4010% 130210%
1510 53.8:10% 1.40 £10 %
1800 53.3210% 1.52410 %
1900 53340% 55.0 152210% 157
2000 5$3.3210% 152210%
2100 532210% 162210%

Page: %il

Tewplote ACRDDODN YEMPGERISSUE_S AR Reference Dipofe G

Thir docwoear rhal vof be reprodiveed. excepy (o full or (o pavt wishont the srives sppvoval of MPG Tie Mafarmation casmteed Seran i 1 b asad
and fov rhe pavpace far wlich 1 & mbevod asd i sor o be relegsed M wilae o pars withaw! weriten apyreaal of HFG,



@

Report No. SET2021-01647

SAR REFERENCE DIPOLE CALIBRATION REPORT

Rel ACRITEA20MVGE A

2300 529210% 182110%
2450 S2.7+10% 1.95110%
2600 525:10% 216210%
3000 52.0110% 273210%
3500 5132105 331210%
3700 51.0410% 355:10%
5200 49.0210% 530:10%
s300 489:210% SAZ 0%
5400 487210% 5S53:10%
5500 435+10% SE5:10%
5600 485210% 5.77+10%
5800 4232 :10% €.00210%

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 130089 SAMGS
Probe SN 41/18 EPGO333
Liquwd Body Liquid Values: eps” - 55.0 sigma : 1.57
Distance between dipole center and liquid 10,0 mum
Area scan resolulion dx=8mm/'dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=3mm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20+/-1"C
Lab Tel re 20 +/ 1 °C
Lab Humidity 30-7 %
5 1§ AR (W/sg/W) 10§ SR (W/ke/W)
measured measured
1900 40.69 14.07) 20.70(2.07)
ol == g
“l. Y | -
/ . . \
1 I
1 T3
o e
D'I \
‘ 5 48T
4 o N
2w
200
\L \
0 -
¢ NUHKEBII XN
i)
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el ACRITRAIOMNGB A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Iy

wpere ACRDODNY Y. MVGEISSE L SAR Referva

Equipment | Manufacturer / | . ~ Current | Next Calibration
Description B Modeit | |raentitication Na- |1 s o on Date Date.
Validated. No cal Validated. No cal
SAM Phantom MVG SN-13109-SAMBS focired. __peauirad ‘ 1
y Nalidated. No cal Nalidated No ca
JCOMOSAR Test Bench _ Version 3 NA anuirad: }equlr ol
Network Analyzer R°M°z&v§f"”“'z 100203 0502019 0512022
"~ Network Analyzer - | Rohde & Schwarz
Calibration kit 72235 101223 05/2019 05‘2_021 }
Calipers Mitutoye SN 0009732 1002019 102022
Reference Probe MVG EPGO333 SN 41/18 0512020 0512021
Multimetar Keithley 2000 1160271 02/2020 02/2023
Signal Generator | ROMde & Setwarz 106569 0412019 0412022
« ' Cheractéh—zéd pno': 1o |Characterized prior to
ApERe e 0 5 0w test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 052019 0502022
. g Characlerized prior to |Characierized prior o
: Directional Coupler Narda 4216-20 01386 test. No cal required. |lest, No cal required.
Temperature ! Humic) Control Campany 150798832 mzon | 1112020
Page: 1i/11
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Refl: ACR.178.8.20MVGB.A

CCIC SOUTHERN TESTING CO.,LTD |

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ

* SERIAL NO.: SN 09/13 DIP2G450-220

e ]

Calibrated at MVG MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
e, cofrac

-~ %
SN
«\\\g_—'_/f’:."
il%f_,.__\'wyri
e P o
AN -f:\

\
RUTISTL

ETALONNAGE

Accraditsticns A25759 ind 226814
Scoge available on eww cofrec. !

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performyed in MVG using the COMOSAR test bench.,  All calibration results are tracesble 1o
national metrology institutions.

Page: 11T



)

y

Report No. SET2021-01647

SAR REFERENCE DIPOLE CALIBRATION REPORT Kef: ACRITB 320 MVGE A
Name Function Date Signature
Prepared by ; Jérdme LUC Technical Manager | ©/26/2020 i
Cheeked by - Jérdme LUC Technical Manager | 6/26/2020 e
Approved by : Yann Toutain Laboratory Director | 626/2020 ey, L,
Customer Name
CCIC SOUTHERN
Distribution © TESTING CO.,
LTD
fssue Name Date Modifications
A Jérome LUC 6/26/2020 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Kel: ACRITRI M MVGB A

1 INTRODUCTION

This document contains a summary of the requirements sct forth by the IEEE 1528, FCC KDBs and
CEIIEC 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
Model SID2450
Seral Number SN 09/13 DIP2G450-220
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 iEN N N

MVG’s COMOSAR Validation Dipoles are built in accordance to the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1| - MV G COMOSAR Validation Dipole
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4 MEASUREMENT METHOT

The IEEE 1528, FOC KDBs and CEFIEC 623209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed 1o
venify that the product complies with the fore mentioned standards.

4.1  RETLEM LOSS REOUITREMENTS

The dipole uzed for SAR svstem vahidation measurements and checks must have a refumn loss of -20
dB or better.  The return loss measurement shall be performed against a liquid filled flat phaniom,
with the phantom constructed as outlined in the fore mentioned standards, A direct method iz used
with a network analvser and its colibration kit, bedh with a valid 15017025 calibration,

4.2 MECHAMICAL RECUIREMENTS

The [EEE Sid. 1328 and CELVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOSAR test bench employe a 2 mm phantom shell thickness therefore the
dipoles sold for vse with the COMOSAR test bench comply with the requirements set forth for a 2
man phantom shell thickness. A direct method is vsed with a IS007025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 5%
conflidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncarlainiy,

5.1 RETURN LO¥SS
The following unceraintics apply to the retum loss measurement:
Frequency hand | Expanded Uncertainty en Return Loss
400-6000MH=z | (L3 LI

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length -|
0 - 300 (.20 mm |
306 - 450 (.44 mm ' _“|

53 VALIDATION MEASUREMENT
The gwdelines ouwtlined in the IEEE 1525, FOC KDBs, CENELEC EN30361 and CEFIEC 62204

standards were followed to generate the measurement uncertainty for validation measurements,
Sean Volume l Expanded Uncertainiy
Page: 5207
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l g 19 % (SAR) ‘
10g 19 % (SAR)

l

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

39
a
v

Frequency. M-z

b)) 20 21.40 60 180

2u0

20 2820 0

_Return Loss (dB) Requirement (dB) Impedance
-32.61 -20 | 5230+03iQ

511,48

30

Frequency, NH:
2330 00 22 0 480 0 2 > 550

2450

63 MECHANICAL DIMENSIONS

Freguency Mz

___Frequency (MHz)

__Return Loss (dB) | Requirement (dB) ] _Impedance 7
-24.97 | 20 55.60-04; 0

Lmm hmm dmm

required measured \ required L measured required

measured

Pn’.'},'c' e

JWMAN. VY MV GERISSLE SR Ren
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Ref ACRITES 20 MVGE A

W0 A20021%. 250041 %, 63521 %,
450 290021 %, 166.7 11 %. 63511 %,
50 176021 %, 100.0 21 %, 63521 %,
835 161041% 89821%, 3621 %
900 149021 % B33:1%. 3611%
1450 9.1 11 % 51721 %, 3621 %
1500 0.5 t1 %, 001 % 36:21%.
1540 79021 K. 4571 % 3.621%.
1750 75.2 21 %. 42921 % 3621%.
1820 72021 %. 41721 %, 3641%,
1800 68.0 1%, 3155 21 %, 36k,
1930 66.3 21 %. 38511 %. 1621 %,
2000 6541 %, 37.521%. 1621 %,
2100 51021 %, 35.72% 3621%.
2300 55541 %, 32621%, 3621%
2450 51521 % = 30411%. - 3621 % 2
2600 485 11 % 28821 % 3621 %
3000 4151 %, 2508 % 3621%.
3500 37011 %, BAN 3621%.
3700 34711 %, 54 21K 3621%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CENIEC 62209 standards statc that the system validation
measurements must he performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid 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 described distance from the bottom surface of the phantom.
71

M' 'm y Relative permittivity () Conductivity {o) $/m
required measured required measured
200 453+10% 087:10%
430 43.5110% 0.87 £10%
7S50 419410% 0.89 210 %
215 41.5210% 0.90210%
500 215:10% 097:210%
1450 20520% 1.20:40%
1500 40408 1.23:10%
1640 402 :210% 131:10%
Page: 711
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1750 0.1 410% 137210 %
1800 40.0110% 140210 %
1500 400210% 140410 %
1950 200210% 140 $10%
2000 L00% JAD+1OR
2100 2E:10% 145:10%
2300 395210% 1E7210%
2450 392:10% 419 1.30110% 158
2600 350:10% 1.56£10%
3000 38.5210% 2.80210%
3500 17.9410% 291:10%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The [EEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.,

Software OPENSAR V&
Phamtom SN 1309 SAMGS
Probe SN 41/18 EPGO333
Liguid Head Liquid Values: eps” - 41.9 sipma - 1 88
Distance between dipale center and liguid 10,0 mm
_Asea scan resolution xS dy=Simm
Zoon Scan Resolution dx=Smmdy=Smm/dz=Smm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 00 +-1°C
Lab Temperature 204~ 1°C
Lab Humidity 30-70 %
i 1 g SAR (W/kg/W) 10 & SAR {W/kg/W)
required measured required maeasured

00 235 1.0¢

450 4.58 305

750 8.49 555

835 9.56 622

900 109 655

1650 ] 16

1500 s 16,8

1540 342 18.4

17%0 54 18.3
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1800 354 204
1500 0.7 205
1550 405 20,9
2000 411 211
2100 436 219
2300 437 233
2450 524 53.71{5.37| 24 24.17{2.42)
2600 55.3 245
3000 3.8 25.7
3500 67.1 25
3700 674 242
V 4 % 7
4 \ , &

-8
™

=3
LR

: -
fi\ 8 P i
g 1w
A : N
- - 28 )
g PRURUEDDABAD
Ziwi
7.3 BODY LIQUID MEASUREMENT
cigs e Relative permizthity (c) Conductiity (o} $/m
required measured required messured
150 61.9210% 080210%
aco 58.2210% 092210%
as0 56.7 210 % 094:10%
750 55.5210% 056210%
835 §5.2210% 097 £10%
900 S50210% 1.05 10 %
ais S50:10% 1.06210%
1450 S40:210% 1.30410%
1610 S32:10% 1.40 £10%
1800 533:110% 1.52210%
1900 53.3+10% 1.52210%
2000 53.3110% 1.52210%
2100 53.2210% 1.62£10%
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Ref: ACR ISR 20MVGE A

2300 52.9:10% 181:10%
2430 52.7210% 534 195:10% 2.14
2600 52.5=10% 2.16:10%
3cco 52.0=10% 273:10%
3500 51.3:10% 331:10%
2700 510+10% 3.55210%
5200 490410% 5.30210%
5300 429410% 5.42210%
5800 437 :10% 553210%
5500 8.6 210% SL5L10%
S600 a8.5210% STTL0%
5800 a8.2210% 600210%

74 SAR MEASUREMENT RESULT WITH BODY LIQUI

Software OPENSAR VS
Phantom SN 1309 SAMGS
Probe SN 4Ul/I8 EPGO233
Liquid Body Liguid Values: eps” : 53.4 sigma - 2.14
_Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolubion dx=5mm/dy=Smm/dz=5mm
Frequency 2450 MHz
| nput power 20 dBm
Liquid Temperature 20 +/- 1°C
Lab Temperature 20+-1°C
Lab Humidity 30.70 %
g 1 SAR (W/ke/Vi) 10 £ SAR (W/kg/W)
measured measured
2850 54,83 ({5.48} 2358 (235)
= v
"( \ » ! 4 &
I 4
1 Y e
;i B ':
] - a
& we! 2
-i S@ g £00+—
“m
i X
Ve " 2
NN &5 aisd l .
| EREREFFFEEE
2w
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8 LIST OF EQUIPMENT

Equipment | Manufacturer / Current | Next Calibration
Description Model [Mdentification No-| ¢ agion Date | Date
Validated. No cal Validated. No oo
SAM Phantom MVG SN-1309-AMea |5 A Vi ]
| ' Validated. No cal Nalidated. No ca
COMOSAR Test Bench Version 3 NA equired. " fequired. q
Network Analyzer | Fonde 2 Schwarz 100203 0512019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit 2V-2235 101223 052019 052022
Calipers Milutoyo SN 0009732 1002019 102022
Rederence Probe | MVG EPGO333 SN 41/18 052020 0512021
Multimelter Keithley 2000 1160271 02/2020 02/2023
Signal Generator R°M°§M%°"”m 106589 0412019 04/2022
Characterized prior o |Characlerized prior to
Ampher ket i s tesl.No cal required, |test. No cal required.
Power Meter NI-USE 5680 170100013 052019 0512022
(i Characterized prior to |Charactenzed prior to
Ditectionl Coupler Narda 4216’?0 01386 test. No cal required. [test. No cal required.
T""‘ms“;:fs;””""’"y Control Company 150798832 112017 11/2020
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SID2600 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.9.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 32/14 DIP2G600-338

Calibrated at MVG MVG
Z.1. de la pointe du diable
Technopble Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
o, cofrac

Accroditations 026739 and £2.05 14
Scope avallabie oo www coffac. Ir

Stmmary:

This decument presents the method and resulls from an socredited SAR reference dipole calibrution
performed in MVG using the COMOSAR test bench. Al calibration results are tracesble 1o
nanonal metrology instutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT R ACRITSSI0MVGE A

1 INTRODUCTION

This document containg a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipeles 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 32/14 DIP2G600-338
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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mvGg

4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CEVIEC 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 return loss of =20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42  MECHANICAL REQUIREMENTS
The 1EEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimension’s 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 reguirements set forth for a 2
mm phantom shell thickness. A direct method is used with a 1ISO17025 calibrated caliper,

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band

Expanded Uncertainty on Return Loss

400-6000MHz

0.08 LIN

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm
53 ¥V SUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC ENS0361 and CEVIEC 62200
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
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lg

19 % (SAR)

0g

19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Freguency, Nig
2540 250 2560 2600 2620 2660 2650 %) 200
e.
=
40-
45-
LD~ J ) .
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance |
2600 -32.73 20 | 4990+23iQ |
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequandy. M2
B0 BN 240 B0 MM N0 BN B0 N0 M0 220 |
00
@123
= 150
v o 5.
20
25
50
278~
— - -w:- _____
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -28.94 -20 46,4 Q + 0.1 2
6.3 MECHANICAL DIMENSIONS
Frequency MH2 Lmen h mm dmm
required measured required measured required measured
f'll‘.‘:l‘ ﬂj II
oy CRODODN VYV MVGEBISSLE SAR R vare (hipa
ALs Sorumear ol nor be repradvwood. cocery v A oF (0 pGrT. e 1IRasy e apyresat of MG, TAe gormanon conmaned deroim B 1o v nsed

anldy for i pavpase for wkioh & s sabeivod and e vef A be rek
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30 420.0£1 %, 250021 %, 63521 %.
450 250.0 21 %. 166.7 +1 %. 63521 %.
750 1760 21 %. 100.0 £1 %. 63521 M.
21y 161.0 £1 %, BIB21%. 3541 %.
S00 129021 %, 83321 %. 36541 %,
1450 5210 %, SL7 21 %. 1621 %
1500 S 0021 % 1641%
1640 901 R 45721 % 3621%,
1750 75.2 1%, 42921 % 36K
1820 72.041%. 417 11 % 3621%,
1200 68.0 21%. 3951 %. 3621%.
1950 66.3 21 %. 38.521%. 3521 %
2000 68521 %. 37.541%. 351 %,
2100 61021 %, 357 L1 %, 3621 %
2300 55541 % 32521 %, 16:1%
2450 $15:% 20421 %, E21%
2600 485 21 % - 28841% . EXES
3000 A1511%, 25041% 3.621%.
3500 37021 %, 26,4 21%. 3621%.
30 34741 K, 26,4 11 %, 3621%.

T VALIDATION MEASUREMENT

The [EEE Std. 1328, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipele meeting the fore mentioned retum loss
and mechanical dimension requirements, The validation measurement must be performed against a
liquid 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 described distance from the bottom surface of the phantom.

7.1

SAD LIQUID MEASUREMENT

Femplite

"‘:“::‘V Ralative permittivity (&) Conductivity (a) S/m
required measured requived measured
300 453210% 087210%
450 435210% 087210%
750 419:10% 059 10%
835 415:210% 050£10%
300 415210% 057 £10%
1850 405 210% 1.20410%
1500 404 £10% 1.2310%
1540 40.2 :10% 1.31210%
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1750 0.1 410% 1.37410%
1800 40.0 210 % 1.60 210 %
1900 a0.0 210 % 140:10%
1950 200210% 140:10%
2000 00210 % 140210%
2100 FE0% 149 210%
2300 IS210% 16710 %
2450 397 +10% 180+10%
2600 P010% 415 1.96210% 203
3000 335:10% 240 210%
3500 37.9210% 2.91210%

7.2

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation mecasurcments
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are nomalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.

Software OPENSAR V5
Phantom SN 1309 SAM&S
Probe SN 4118 EPGO333
Liquid Head Liquid Values: eps' : 41.5 sigma : 2,03
Distance between dipole center snd liquid 10.0 mm
Area scan resolation dx=Smm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=Smm/dz=S5mm
Frequency 2600 Miiz
[nput power 20 dBm
Liquxd Temperalure 20+-1°C
Lab Temperanare 204+ L °C
| Lab Humidiry 30-70 %
M' He X 1g SAR (W/ke/W) 10 g SAR [(W/kg/ W)
required meayared required measured
0 255 1.54
450 458 3.06
50 &£49 5.55
835 9.56 6.22
00 10.9 59
1450 23 15
1500 30.5 163
1640 3a.2 184
1750 364 193
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1200 =4 201
15C0 E-h g a5
1550 405 09
2000 q11 211
2100 LER 219
2300 a8.7 233
2450 524 249
260 553 647 (545) 206 24.75{2.a7}
000 635 25.7
3800 671 25
ano 674 %2

- _—

L N

[ | p
00
o £ i
E e TH
e | N
el 1% ; -
on- .
KNRHEWIDREXNXN
L
7.3 BODY LIQUID MEASUREMENT

IMI H!z “ Relative permittivity (&) Conductivity (0] $/m

requined measured required measured
150 619 210% 080 £10%
300 58,2 +10% 0.92 +10%
450 56.7210% 0.99+10%
750 555210% 0.96 10 %
83s 55.2:10% 0.97210%
900 550+10% 105210%
515 S50:10% 106210%
1450 $40210% 1.30210%
1610 S38110% 140 210%
1800 533:10% 152£10%
1200 53.3:10% 152:10%
2000 53.3210% 152110%
2100 53.2410% 162410%
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2300 5291410% 1.81:10%
2450 527210% 195210%
2600 525210% 52.7 216210% 2,36
3000 520210% 273:10%
3500 51310% 331:10%
3700 510210% 355:10%
5200 49010 % 530110%
5300 489+ 10% 542 $10%
5400 48.7+10% 5.53210%
5500 48.6410% 5.65=10%
S600 485210 % 577=10%
5200 48.2210% 6500:10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS
Phantom SN 13409 SAM6S
Probe SN 4118 EPGO333
Laquid Boedy Liguid Values: eps’ - 52.7 sigma - 2.36
Distance between dipale center and liquid 10.0 mm
Area seam resolution dx~8mm/dy=8mm
Zoon Scan Resolution dx=Smm dyv="5mm/'dz=Smm
Frequency 2600 MHz
Input power 20 dBm
Liguid Temperature 20+-1°C
Lab T rature 20 4/~ 1 °C
Lab Humidity 30-70 %
MMz 1§ SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
2600 57.15(5.72) 74.12 (2.41)
- A )
y ‘ \
| |
"ﬂ : we
‘g X <X
! i
q = pib
{ B : ]
‘_.\ ;,E 3 «we SN
L. - o o =
239+
WRMREDDNXAR
e
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LIST OF EQUIPMENT

Equipment Manufacturer / ~ Current Next Calibration
Description Model |MdentifieationNO. ¢y rution Date Date
Validaled. No cal Validated Ne ca
SAM Phantom MVG SN-13/08-SAMES equired. Lequired,
S Nalidated, No cal Validated. No caﬂ
WCOMOSAR Test Bench Version 3 NA [ equired Fequired.
Network Analyzer R°"‘"°gms.°"“a'z 100203 052019 052022
Network Analyzer - | Rohde & Schwsrz
Calibration kit 2V-2235 101223 052019 05/2022
Calipers Mitutoyo SN 0009732 1N2019 10v2022
Reference Probe MVG EPGOQ333 SN 41/18 0502020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator R°M°;M%°"”a' z 106589 04/2019 0412022
Characlerized prior to |Characterized prior to
Amplifier Asthercomm SN 046 fest. No cal required, [lest, No cal required.
Power Meter NI-USE 5680 170100013 05/2019 05/2022
v Characterized prior to | Charactenized prior lo
Directicnal Coupler Narda 4216-20 [ 04386 test. No cal required. |test. No cal required.
Tms“’"” Humidty! comrol Company | 150798832 1172017 11/2020

ety
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SID5G Dipole Calibration Report

SAR Reference Waveguide Calibration Report

Ref: ACR.178.10.20.MVGB.A

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE

DISTRICTSHENZHEN, GUANGDONG, CHINAMVG

CCIC SOUTHERN TESTING CO., LTD

ROAD, XILI STREET, NANSHAN

COMOSAR REFERENCE WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGA39

Calibrated at MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
evrr,  gofrac

ETALONNAGE

Accredittrs ¥2-67189 and ¥2-6514
Seiee avidable oo www cofiac fr

Sunmmary!

This document presents the method and results from an accredited SAR reference waveguide
calibration performed 2t MVG, using the COMOSAR test bench. The test results covered by

accreditation are traceable to the [ntematicnal System of Units {S1).
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Customer Name
CCIC SOUTHERN
Distribution ! TESTING CO.,
LTD
Issue Name Date Modifications
A Jérome LE GALL &'26/2020 Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 and CEVIEC
62209 standards for reference waveguides 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 SODD-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWGS500
Serial Number SN 15/15 WGA39
Product Condition {new / used) | Used

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides are built in accordance to the [EEE 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 retum loss of
-8 dB or better. The retum loss measurement shall be performed with matching layer 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. A direct method is used with a network
analyser and its calibration kit, both with a valid ISO17025 calibration.

4.2 MECHANICAL REQUIREMENTS
The IEEE 1528 and CELIEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown in Section 6.2. Figure | shows how the
dimensions relate to the physical construction of the waveguide. A direct method is used with a
ISO17025 calibrated caliper.
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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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply (o the return loss measurement;

”‘Expanded Uncertainty on Return Loss
400-6000MHz I 0.08 LIN

‘ Fiequéncy band

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) 77Expanded Unccrmiht}' on Length J
0-300 | 0.20 mm ]

53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528 and CEVIEC 62209 standards were followed 1o generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
lg 19 % (SAR)
0g 19 % (SAR) '

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS INHEAD LIQUID

Feguercy, N2
5100 5200 530 $400 w03 %50 %0 e

S 48

Page: 5/13

Ty are ACKRDDODNFEMIGRISSUE SAR Referewere Wavegikde vis
V05 docwnest <hall noy B rgprodicad, exrepe i Sl ardn part, wltbout Ahe watien appresal of MG, The igormatior contuivnd kvt & & e ed
only for the pupcsr Gewbick ndr svbisied snd (s nay 10 B released i wbale or ot et wriller gepvaral of MG



=

Report No. SET2021-01647

mvG

SAR REFERENCE WAVEGUIDE CALIBRATION REFORT

[

Frequency (NiH;)

[ Return Loss (di!) | Requirement gdB) Impedance
5200 I -9.80 -8 22190 + 10.27 iQ
5400 [ 130 -3 75.26 Q2 + 2.27
5600 14,62 -3 34.93 Q- 10.02 Q)
5800 -13.85 -3 55110+ 19.16 2
6.2 RETURN LOSS IN BODY LIQUID
Frequancy. Mz
530 SIN Sa0 SE0 560 S0 SK0 SO0

3N -

Rel: ACRITE 1020 MVGE A

Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -9.32 o8 | 2088Q+1083 i1
5400 -10.98 -8 76.16 £2 - 0.57 |02
S600 -13.52 -8 31.860-9.17 i
5800 -13.05 -8 | S57.790+20.13 Q)
6.3 MECHANICAL DIMENSIONS
Froguency | L (mm) W (mm) Ly (mam) “'L?’.‘.‘P). =3
{MHz) | Required | Measurad | Raguired | Mesured | Roguined | Masured | Required | Measured
5800 40394+ | 20,19 2 S1.05+ 6198 =
e 0.13 0.13% 013 Q.13 S|
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Matching layer

Figure 1: Validation Waveguide Dimensions

7  VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide meeting the fore mentioned return loss and
mechanical dimension requirements. The validation measurement must be performed with the
matching layer placed in the open end of the waveguide, with the waveguide and matching layer in
direct contact with the phantom shell.

7.1 HEAD LIQUID MEASUREMENT

"':;,‘::" Relative permittivity (c/) | Conductivity (o) S/m
required measured required measured

5000 36.2:10% 445:10%
5100 36.1:10% 456 210%
5200 36.0410% 3460 | 466410% | 455
5300 35.9410% 4.76210%
5400 35.8410% 3102 | 486:10% | 438
5500 35,6210 % 497 210%
5600 35.5:10% 3346 | S07:10% | 525
5700 35.4 £10 % 5.17+10%
5800 353 +10% 3278 | s27410% | 564
5500 35.2+10% £38:10%
6000 35.1:10% §.48:10%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID
At those frequencies, the target SAR value can not be generic, Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation.  All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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Software OPENSAR VS
Phantom SN 1309 SAM6GS
Probe SNAVIS EPGO333
l,iquid Head Liquid Values 5200 MHz: ¢ps’' :34.60 sigma : 4.55
Head Liquid Values S400 MHz: eps’ :34.02 sigma : 4.88
Head Liquid Values 5600 MHz: eps' :33.46 sigma : 525
Head Laquid Values S800 MHe: eps’ :32.78 sigma : 5.64
Distance between dipole waveguide and liquid 0'mm
Area scan resolution da-Bmm/dy-8mm
Zoon Scan Resolution dv=dmm/dy=-$mdz-2mm
Frequency 5200 MHz
5400 MHz
S600 MHz
5800 MHz2
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 2044~ 1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 £ SAR (W/kg) 10 g SAR (Wkg)
required measured required measured
5200 159.00 151.11{15.11) 56.90 54.03 (5.40)
5400 166.40 159.92 (15.99) 58.43 56.78 (5.68)
5600 173.80 165,99 (16.60) 59.97 58.35(5.83)
5800 181.20 176.86 (17.69) 61.50 61.84 (6.18)

SAR MEASUREMENT PLOTS @ 5200 MHz
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Ref: ACRI7E 1020 MVGB A

SAR MEASUREMENT PLOTS (@ 5400 MHz
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Rl ACRITS IO 20MVGH A

BODY LIQUID MEASUREMENT

"‘:1‘::‘" Relative permittivity (&) Conductivity {¢) S/m
required measured required measured

5200 c90210% a8,25 5$30110% 5.02
5300 289210% $42110%
5400 487210% 4502 553110% 580
5500 486110% 5.65110%
5600 435:10% 4484 577110% 6.20
$800 432410% 4459 6.00110% 656

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS

Phantom SN 13109 SAMGS

Probe SN 4118 EPGO333

Liquid Body Liqux] Values 5200 MHz: eps' :45.25 sigma : 5.42
Body Liquid Values 5400 MHz: eps' :45.09 sigma : 5.80
Body Liquid Values 5600 MHz: eps’ :44.84 sigma : 6.20

Body Liguid Values 5800 Miz: eps' :44.59 sipma : 6.56

Distance between dipole waveguide and liquid

0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution dy-dmm/dy=dm/dz-Imm
5200 MHz
Froquency 5400 MHz
5600 MHz
S800 MHz
Input power 20 dBm
Liquid Temperature 0 +-1°C
Lab Temperature 20+-1°C
Lab Humidity 3070 %
Frequency (MHz) 1 g SAR (Wikg) 10 g SAR (Wikg)
measured measured
5200 150.13 (15.01) 55.47 (5.55)
5400 152,16 (15.22) 5569 (5.57)
5600 154.92(15.49) 56.02 (5.60)
5800 158.10(15.81) 54.64 (5.46)
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Rel: ACRATEN0ZOMVGB A

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 Manufacturer / , Current | Next Calibration
Description | Moder  [!dentification No-J ¢y aion Date | Date
Validated. Nocal  Malidated,  No ca
Flat Phantom MVG SN-13108-SAMEE required. bequired., 1
| ; Validatad. No cal Validated. No cal
COMOSAR Test Bench Version 3 - NA equired. required. 1
Network Analyzer R°““’°§%s‘°"“’z 100203 0512010 0512022
Network Analyzer— | Rohde & Schwarz p
Calibeation kit IN-2235 101223 05/2019 0512022
Calipers Miluteyo SN 0009732 1002019 10:2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 052021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | ROMde & Schwarz 106589 0412019 04/2022
: " Charactenzed prior to |Characterized prior to
kg Ast . SN 046 2 test. No cal required, |test. No cal required.
Power Meter NI-USB 5680 170100013 052018 05/2022
: Characlerized prior to |Characienzed prior lo
Directional Coupler Narda 4216-20 01386 fest. No cal required. |test. No cal requied.
Temperature and |
Humidity Sensor Control Company 150788832 1112017 1172020
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