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system only. The test results covered by accreditation are traceable to the International System of
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Page: 1/10




COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.60.10.22 MVGB B

Name Function Date Signature
Prepared by : Jérome Luc Technical Manager /28/2022 ?%’
Checked by : Jérome Luc Technical Manager | 2/28/2022 ﬁ
Approved by : Yann Toutain Laboratory Director 2/28/2022 %M @m(\{/{/l
[

e 2022022
8 10:36:50
B +01'00'

Customer Name
T Shenzhen STS Test
Distribution : Sarvices Co.. Ltd.
Issue Name Date Modifications
A Jérome Luc 2/28/2022 Initial release

Page: 2/11)

Template ACR.DDON, YY.MVGEISSUE COMOSAR Probe vil
This elercanmrent shenll o be reprodieced, except tn fll e e padd, withot the weisten approval of MVCG. The tnfermation costamed herein (s fo be wsed
only for the prrpose for winch s submiited and 15 pot o be releaved i whole or part withowt wreittens approval of MG



COMOSAR E.FIFLD PRORBE, CALTRRATION REPORT Ref ACR.60. 1022 MVGE R

TABLE OF CONTENTS

I Device Under TeSt ..o sne e een s enaeere - )
2 Produet TIeserplon i i Sh S s s ez
Z:] General Information 4
3 Measurement Method ... e e s e e sne e
3.1 Linearity 4
32 Sensitivity

L

33 Lower Detection Lirmi 5

o

3.4 Isotropy
3.1  PBoundary Effect 5

4 Measuremient TIHeartaini:. .o st i hirmemibi i i o
5  Calibration Measurement Restlts. e G

5.1 Sensitivity in air

5.2 Lineanty

53 Sensifivity in higquid

MO DD =2 O

5.4 Isotropy

6 Last of EQUIPITIEIL ..o e s s e s e s e 1D

Page: 3/10

Tengplite ACR.DDRD.N. YY.MVGEISSUE COMOSAR Probe vH
This docemerd shall not be reprociiced, except e il or wmpart, wakod the wrilten approval of MEO, The miformation contared herein s to be weed
arily for the purpose for which i s subwibled and 5 ncot to be released i wiole or part withows wrdten approval of MG,



COMOSAR E.FIFLD PRORBE, CALTRRATION REPORT Ref ACR.60. 1022 MVGE R

1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 07/21 EPGO352
Product Condibon (new / used) Used
Frequency Range of Probe 015 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.227 M(2
Dipole 2: R2=0.203 M)
Dipole 3: R3=(0.195 M)

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG s COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC EDBRG65664
D01, CENELEC ENG62209 and CEF1EC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
[.ength of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5 mm
[hstance belween dipoles / probe extrermity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDB865664 D01, CENELEC EN62209 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenstics of
mterest and methods by which to assess their alTect. All cahbrahions / 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.
33 LOWER DETECTION LIMIT

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

34 I[SOTROPY

The axial 1sotropy 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 11s main was 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 1s rolated about 1ts axas (0°=180%) in 157 mcrements. Al each step the probe 1s
rotated about its axis (0°=3607).

31 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponeniial decay mn the hgqud when the probe 1s onented normal (o the mterface. To evaluale thus
elfect, the hiquid Alled Nal phantom 1s exposed to fields from either a reference dipole or wavegmde.
With the probe normal to the phantom surface, the peak spatial average SAR 18 measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following uncertainty
approximation [onmula based on linear and exponenhal extrapolations belween the surface and 4,, ¢
dg., along lines thal are approximately normal to the surface:

(e + i) (o~ 4e1E0)

SAR ey [ %] = FAR,, for (dy, +dap) < 10 mm

2d gf2

where

SARyncertainty 18 the uncertainty in percent of the probe boundary effect

dhe is the distance between the surface and the closest zoom-sean measurement
poind, in millimetre

Astep is the separation distance between the first and second measurement points that
are closest to the phantom surface, in milhimetre, assuming the bonmdary efTect
al the second location 1s neghgible

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

ASARpe i percent of SAR 1s the deviahon belween the measured SAR value, al the

distance d},. from the boundary. and the analytical SAR value.
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The measured worst case boundary effect SARuncertainty[%] for scanning distances larger than

Armun 18 1.0% Linut 2%,

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe cahibration using the waveguide lechmgue. All uncertanties listed below represent an
expanded uncertainty expressed al approximalely the 95% conflidence level using a coverage faclor

of k=2_ traceable to the Internationally Accepted Guides to Measurement Uncertainty,

Uncertainty analysis of the probe calibration in waveguide

Uncertainty Probability i Standard
ERROR SOURCES value (%) Distribution Divisor Uncerlainly (%)
Expanded uncer Lainly 14 %
95 % confidence level k=2
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 20+-1°C
[.ab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
51 SENSITIVITY IN AIE
Mormx dipole | Nommy dipole | Normz dipole
1 (uV/AV/my) | 2 wv/iAvm@)| 3 wvivim)?®)
1.08 1.02 0.93
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV} (mV}
111 111 111

Calhbration curves e1=f{V) (1=1,2.3) allow to obtaan E-field value using the formula:

Templite ACE.DDRDNY, YEMVGEISSUE COMOSAR Probe vH

B=yB +B}+E}
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Calibration curves
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Linearity:+/-1.27% (+/-0.06dB)
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53 SENSITIVITY IN LIOUID

Liguid Prequency Convl
[1 1Hz +/-
100MHz)

HL750 750 1.58

HI.&50 235 1.57

HL 200 200 1.68
HL1800 1800 1.60
HI.19010) 1900 1.78
HIL2300 2300 1.71
HL 2450 2450 1.75
HL 2600 2600 1.63
HL3300 3300 1.56
HL3300 3300 1.5%
HL3700 3700 1.57
HL3900 3900 1.71
HILA200) 4200 1.87
HL4600 4600 1.86
HIL4900 4900 1.68
HL5200) 5200 1.47
HL 54010 S0 1.65
HL5600 5600 1.74
HL 5800 SEO0 1.6

LOWER DETECTION LIMIT: 9mW/kg
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54 ISOTROPY
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / |, Current Next Calibration
entification No.
Description Model ! < Calibration Date Date
Flat Phantem MVG SN-20/00-SAMT1 'u’alic!ated. Mo cal "u"aliq:! ated. Mo call
required. required.
COMOSAR Test Bench Version 3 NA 'u’alil:!ated. Mo cal 'u’alic!ated. Mo call
required. required.
Network Analyzer | RoNde % Schwarz 100203 05/2019 05/2022
Metwaork Analyzer — Rohde & Schwarz
Calibration kit 27535 101223 05/2019 05/2022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | FON ':'E;MSBC“WE" 106589 0412019 04/2022
' Characterized prior to|Characterized prior to
PATIRIRT REnencoRm BN 93 test. Mo cal required. [test. Mo cal required.
Power Meter MI-USB 5680 170100013 05/2018 05/2022
Directional Coupler | Narda 4216-20 01386 Characterized prior to|Characterized priar to
test. Mo cal required. [test. Mo cal required.
Waveguide Mega Industries | 060Y7-158-13-712 |/2dated. Nocal — Validated. No cal
required. required,
3 s £ \alidated. Mo cal Walidated. Mo cal
Waveguide Transition Mega Industries 0BOY7-158-13-701 required. required.

- T 5 WValidated. Mo cal Walidated. Mo cal
Waveguide Termination| Mega Industries 089Y7-158-13-701 required. required.
Temperature / Humidityl  ¢.q15 124 H1 44220687 05/2020 05/2023

Sensor
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Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in 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 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEV/IEC 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

Serial Number SN 30/14 DIP2G450-335

Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C 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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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEI/IEC 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 constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEI/IEC 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 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 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band
400-6000MHz 0.1dB

Expanded Uncertainty on Return Loss

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency. MHz
2350 2380 2400 2420 2440 2460 2480 2500 2520 2550
0- 1 1 i 1 '
5 -
-10-
=
-~ -15=
tn
2=
25—
-30-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -26.03 -20 463 Q+3.2jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MHz
2350 2380 2400 2420 2440 2460 2480 2500 2520 2550
0- ! i g y '
5 |
= -20-E- L - '
|
-25 - - - i
30- i
.35-
40- |
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -32.76 -20 48.7Q+1.9jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
750 176.0 £1 %. 100.0 +1 %. 6.35 +1 %.
835 161.0 1 %. 89.8 +1 %. 3.6 £1 %.
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900 149.0 +1 %. 83.3 +1 %. 3.6 1 %.
1450 89.1+1 %. 51.7 +1 %. 3.6 1 %.
1500 80.5 +1 %. 50.0 +1 %. 3.6 1 %.
1640 79.0 +1 %. 45.7 +1 %. 3.6 +1%.
1750 75.2 #1 %. 42.9+1 %, 3.6 +1%.
1800 72.0 +1 %. 41.7 +1 %. 3.6 +1%.
1900 68.0 +1 %. 39.5 +1 %. 3.6 +1%.
1950 66.3 +1 %. 38.5 +1 %. 3.6 1 %.
2000 64.5 +1 %. 37.5+1 %. 3.6 +1 %.
2100 61.0 +1 %. 35.7 +1 %. 3.6 +1%.
2300 55.5 +1 %. 32.6 +1 %. 3.6 1 %.
2450 51.5 +1 %. PASS 30.4 +1 %. PASS 3.6 1 %. PASS
2600 48.5 +1 %. 28.8 +1 %. 3.6 +1 %.
3000 41.5 +1 %. 25.0 +1 %. 3.6 1 %.
3500 37.0£1 %. 26.4 1 %. 3.6 +1 %.
3700 34.7+1 %. 26.4+1 %. 3.6 1 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEI/IEC 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

Fre't\]/IuHechy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured
750 41.9+5% 0.89+5 %
835 41.545% 0.90 5%
900 41.545% 0.97 5%
1450 40.545% 1.205%
1500 40.4£5% 1.23+5%
1640 40.2 5% 13145%
1750 40.1£5% 137+5%
1800 40.0 5% 1.40+5 %
1900 40.0 5% 1405 %
1950 40.0£5% 14045 %
2000 40.0 45 % 1405 %
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2100 39.8+5% 1.49+5%
2300 39.54+5% 1.67+5%
2450 39.2+5% PASS 1.80+5% PASS
2600 39.0+5% 1.96 +5%
3000 3851+5% 24015 %
3500 37945 % 291+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEI/IEC 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 V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 39.0 sigma : 1.77
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
Fre,‘\‘/l”HeZ"CV 1.g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
750 8.49 5.55
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
1900 39.7 20.5
1950 40.5 20.9
2000 41.1 21.1
2100 43.6 21.9
2300 48.7 23.3
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR.262.10.20.MVGB.A

2450 52.4 54.70 (5.47) 24 24.11 (2.41)
2600 55.3 24.6

3000 63.8 25.7

3500 67.1 25
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7.3 BODY LIQUID MEASUREMENT
Fre'?/luHechy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured
750 55.5 +5 % 0.96 +5 %
835 55.2 5 % 0.97 +5 %
900 55.0 5 % 1.05 +5 %
915 55.0 5 % 1.06 5 %
1450 54.0 5 % 1.30 45 %
1610 53.8 5% 1.40 5 %
1800 53.3 5% 1.52 5%
1900 53.3+5% 1.52+5%
2000 53.345% 1.52+5%
2100 53.2+5% 1.62 5%
2450 52.745% PASS 1.95 45 % PASS
52.5 +5 % 2.16 +5 %
2600 % %
05% 73+5%
3000 52.0 5 % 2.73 5%
345% 3145%
3500 51.3 +5 % 3.3145%
49.0+10 % 5.30 +10 %
5200 % %
5300 489+10% 5.42 +10 %
5400 48.7+10 % 5.53 +10 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR.262.10.20.MVGB.A

5500 48.6+10% 5.65 +10 %
5600 485 +10 % 5.77 +10 %
5800 48.2+10% 6.00 10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Body Liquid Values: eps’ : 53.0 sigma : 1.93

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8m/dz=5mm

Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
Fre&”HeZ"CV 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 55.65 (5.57) 24.56 (2.46)
‘:.* |
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.262.10.20.MVGB.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantomn MVG SN-20/09-SAM71 Validated. No cal Validgted. No cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal —|Validated. — No cal
required. required.
Network Analyzer | Rn°9e & Schwarz SN100132 02/2019 02/2022
Calipers Carrera CALIPER-01 01/2020 01/2023
Reference Probe MVG EPG122 SN 18/11 10/2019 10/2020
Multimeter Keithley 2000 1188656 01/2020 01/2023
Signal Generator Agilent E4438C MY49070581 01/2020 01/2023
Amplifier Aethercomm SN 046 Characterized prior to|Characterized prior to
test. No cal required. [test. No cal required.
Power Meter HP E4418A US38261498 01/2020 01/2023
Power Sensor HP ECP-E26A US37181460 01/2020 01/2023
Directional Coupler Narda 4216-20 01386 Characterized prior to|Characterized prior to
test. No cal required. |test. No cal required.
Temperature and | o1 Company 15098832 11/2017 11/2020
Humidity Sensor
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SAR Reference Dipole Calibration Report

Ref : ACR.60.16.21. MVGB.A

SHENZHEN STS TEST SERVICES CO., LTD.

1/F, BUILDING 2, ZHUOKE SCIENCE PARK, CHONGQING
ROAD

FUYONG, BAO’ AN DISTRICT, SHENZHEN,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 3500 MHZ
SERIAL NO.: SN 08/21 DIP3G500-553

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

Calibration date: 03/01/2021
v, cofrae

ETALONNAGE

Accreditations #2-6789 and #2-6814
Scope available on www.cofrac fr

Summ ary.

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions.
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

1 INTRODUCTION

Thuis 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 vahdabhons and
the measurements thal were performed o venly that the product complies with the fore menhoned

standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 3500 Mz REFERENCE DIFCOLE
Manufacturer MWVG
Model S13500
Senal MNumber SM 0821 DIPAGS00-553
Product Condiion (new / used) New
3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Vahdation Dhpoles are bunlt in accordance to the IEEE 1528, FCC KDBEs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole

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.
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

4.1 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checls must have a retum loss of -20
dB or better. The return loss measuwrement shall be performed against a Liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a networl: 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 vahdaton dipoles, with the dimension’s frequency and phantomn shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therelore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantorn shell thickness. A direct method 15 used with a ISO17025 cahbrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
conflidence level using a coverage factor of k=2, lraceable to the Intemationally Accepled Guides to
Measurement Uncertainty.

51 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band

Expanded Uncertainty on Return Loss

400-6000MHz

0.08 L.IN

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainly on Lengtlh
0 =300 020 mm
300 - 450 0.44 mumn

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEIVIEC 62209
standards were followed to generale the measurement uncertainty for validalion measurements.

Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency, MHz
3400 3420 3440 3460 3430 23500 23520 23540 3560 3580 3500

£ -
=34

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

3500 -24.69 =20 52.1€)-546)

6.2 RETUEN LOSS AND IMPEDANCE IN BODY L1QUID

Fequency, MHz
3400 ET Y] 3440 D 480 500 WH 540 1560 3580 600

511, dB

Frequency (Mz) Return Loss (dB) Requirement (dB) Impedance

3500 2337 -20 543 C2-52i0
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

6.3 MECHANICAL DIMENSIONS

Frequeancy MIHz L mm h mm d mm
requlred measurad requlred measured requlred measured
i1 A20.0 171 T 25000 171 % G35 11 %,
AL 290.0 +1 %, 1667 #1 %, 6.35 +1 %,
150 1760 41 %. 100,021 %, 6.35+1 Y,
835 161.0 41 %. ED.B 41 %, 3.6 21 %.
Q00 149.0 11 %. B33 11 %, 3611 %,
1450 B91 £1 % 1.7 +1 %, 3.6 +1 4%,
1500 80,5 21 %. 5000 £1 %, 3.6 11 %,
1640 72021 % 45.7 1 %, 3.6 11 %,
1750 75.2£1%. A29+1 %, 3641 %,
1800 T20z1%. 41.7 £1 %, 3611 %
1900 68021 %, 3951 %, 3611 %,
1350 66321 %. 33511 %. 3611 %,
2000 G5 21 %, 37541 %, 3611 %.
2100 61021 % 35711 %, 3611 %,
2300 55541 %, 32611 %, 361 %.
2450 51.5:1%. 3004 £1 %, 3611 %.
2600 AR5 £1 %. 2R.8 +1 %, 611 %.
3000 41521 %. 25011 %, 3611 %,
3300
3500 37.041 %, 37.04 26,4 £1 %, 2616 3611%. 361
3700 34741 %, 264 1 %, 3641 %,
2900
4200
AGOD -
4900 -

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be perfonned using a reference dipole meeting the fore mentioned return loss
and mechameal dimension requirernents. The validahon 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 lat phantorn, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

7.1 HEAD LIOUID MEASUREMENT

FrE:;:::cv Relative permittivity (g') Conductivity (5] 5/m
required measured required measured
300 453 £10 % 087410 %
450 43.5 £10 % 087 £10 %
150 41.9 £10 % 089 £10 %
835 41.5 10 % 0.90 210 %
200 41.5 £10 % 0.97 £10 %
1450 40.5 £10 % 1.20 £10 %
1500 40.4 £10 % 1.23 £10 %
1640 402 10 % 1.31 210 %
1750 401 10 % 137 #10 %
1800 400 10 % 1.40 210 %
1500 4000 £10 % 1.40 410 %
1950 400 +£10 % 1.40 £10 %
2000 A0.0 £10 % 1.40 410 %
2100 398 10 % 1.49 210 %
2300 395 :10% 1.67 110 %
2450 39.2 +10% 1.80 410 %
2600 39.0 £10 % 1.96 210 %
JO00 385 £10% 2,40 110 %
3300 B2 410% 271 410 %
3500 379 410 % 365 2.91 410% 3.07
J00 Jr010% 312 410%
3900 375 :10% 3.32410%
4200 371 #10% 3634105
AGO0 367 410 % A4.04 410 %
4900 363 410% 435 110%

72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system vahidation 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.

FPage: 813

Templale ACR.DODB.N. YEAMVGEISSUE SAR Reference Dipole v
This docmerd shall not be reproduced, except m il or mpart, withowt te wiltern approval of MO, The aformation eortared berein s bo be wed
arily for the purpoee for whudh i & adwiilted and o nd to be released o wiiole or part wibhod wreiten approval of MG,



SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

Sofllware OPENSAR VS
Phantom SN 13/09 BAMGE
Probe SN 41/18 EPGO333
Liguid Head Liguid Values: eps’ : 365 sigma ; 3.07
Distance between dipole center and liquid 10.0 mm
Area scan resolulion ds=8rnm/dy=8rmim
Zoon Scan Resolulion =5/ dy=>Smm/dz=4mm
Frequency 3500 MIIz
Inpul power 20 dBm
Liguid Temperature 2 +/-1°C
Lab Temperature 204/-1°C
Lab Humidity 30-70 %
Freguency
MHz 1g SAR (W /kg/W) 10 g SAR (W /kg/W)
requirad maeasurad raquirad measuresd
300 285 1.94
450 4.58 3.06
150 §.49 3.55
835 9.56 6.22
S00 109 6.99
1450 29 16
1500 305 16.8
1640 3.2 184
1750 64 193
1800 aea 201
1500 3.7 A4
1950 40.5 209
2000 411 211
2100 4360 219
2300 a8.f 233
2450 S4.4 29
2600 55.3 2
0N 63E FLW
3300 -
1500 67.1 68.37 [6.84) 75 7% .50(2.55)
J.r00 [EFR FL
3900 2
4200 5
AGOD .
A0 -
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SAR RTFERTNCE DIPOLE. CALIBRATION REPORT Ref ACR 601621 MVGE. A

73 BODY LIOUID MEASUREMENT

FrE:‘I:::mv Relative permittivity (g') Conductivity (5] 5/m
required measured required measured
150 61.9 £10 % 080 £10 %
300 58.2 £10 % 0.92 £10 %
450 56.7 £10 % 0.94 £10 %
150 555 #10% 0.96 210 %
835 552 £10% 0.97 £10 %
200 250 £10 % 1.05 £10 %
915 S50 £10 % 1.06 £10 %
1450 540 +10 % 1.30 210 %
1610 538 :10% 1.40 210 %
1800 533 :10% 1.52+10 %
1500 533110% 1.52410%
2000 533 4#10% 1.52 410 %
2100 532 #10% 1.62410%
2300 529110 % 1.81 210 %
2450 527 :10% 1.95410 %
2600 525 410% 206 410 %
3000 52010 % 273210 %
3300 516 £10% 3.08 110 %
3500 513 +#10% A8.6 3.31 410 % 31.29
F700 51.0 410 % 3.55 410 %
d900 HOLE £10 % 3.8 410 %
4200 504 £10% 413410 %
4600 A98 £10% A60 410 5
4900 494 +10 % A4.95 410 %
5200 49.0 +10 % 5.30 110 %
5300 489 £10 % 542 410%
SA00 A48.7 £10 % 5.53410%
Hh00 AL 210 % 505 410 %
S600 485210 % 57710 %
SR00 482 110 % G600 210 %
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74 SARMEASUREMENT RESULT WITH BODY LICUID

Sollware OPENSAR VS
Phantom SN 1309 SAMER
Probe SM 41718 EPGO333
Liguid Body Liquid Values: cps’ : 48.6 sigma : 3.29
Distamce bebween dipole center and liguid 10.0 mrn
Area scan resolulion dre=Brnm/dy=8mm
Zoon Scan Resolution de=5mm/dy=Smm/dz=4mm
Frequency 3500 MH»
Inpul power 20 dBm
Liguid Temperalure 2 +/-1°0
Lab Temperature 20+/-1°C
Lab Hurnidilty 30-70 %
S i 15 SAR (W /kg/W) 10 g SAR (W /g /W)
measured measured
F500 62,59 (6.26) 2397 (2.40)
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mvG

SAR RFFERENCE DIPOLE CALIMRATION REPORT

Ref ACR 60 1621 MVGE A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Identification No.
Description Model Calibration Date Date
SAM Phantom MVG SN-13/09-SAMGE 'Iu"alu:!ated. Mo cal "u'rE|III'.‘!ﬁtEE|, No call
required. required.
COMOSAR Test Bench \tersian & NA Ualu:!ated. Mo cal VE“C!E.’EEEL Mo call
required. required,
Network Analyzer | o ':'E;Uﬁ:hm" 100203 0512019 05/2022
Metwork Analyzer — | Rohde & Schwarz
Calibration kit 7935 101223 05/2019 052022
Calipers Mitutoyo =M 0009732 10/2019 1062022
Reference Probe MV G EPGO333 SN 4118 05/2020 05,2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | ONdS S BShwarz 106589 04/2019 04/2022
. Characterized prior to [Characterized prior to
Ampier Astharadm i test. No cal required. [test. No cal required.
Power Meter MI-USB 5880 170100013 05/20189 05/2022
finEet i Characterized prior to |Characterized prior to
Directional Coupler Marda 42168-20 01388 test. No cal required. |test. No cal required.
Temperature [ Humidity]  1oq1 184 H1 44220887 05/2020 0512023
Sensor
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SAR Reference Waveguide Calibration Report

Ref: ACR.262.12.20.MVGB.A

SHENZHEN STS TEST SERVICES CO., LTD.
1/F., BUILDING B, ZHUOKE SCIENCE PARK,N0.190,
CHONGQINGROAD,FUYONG STREET,
BAO’ AN DISTRICT, SHENZHEN,GUANGDONGCHINA
MVG COMOSAR REFERENCE WAVEGUIDE

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

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

Calibretion date: 07/14/2020

v, cofrac

J W Z

e ETALONMAGE

Accreditations #2-6789 and #2-65 14
Scope available on www cofrac fr

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in 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 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 and CEI/IEC
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 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWG5500
Serial Number SN 13/14 WGA32
Product Condition (new / used) | Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEI/IEC
62209 standards.

4 MEASUREMENT METHOD

The IEEE 1528 and CEI/IEC 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 return loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE 1528 and CEI/IEC 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.
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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 Internationally 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 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528 and CEI/IEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIQUID

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

e
7
“20=
Frequency (MHz) Return Loss (dB) Requirement (dB)
5000-6000 <-8.23 -8
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6.2 RETURN LOSS IN BODY LIQUID

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

S11,dB

40-

Frequency (MHz) Return Loss (dB) Requirement (dB)

5000-6000 <-13.96 -8

6.3 MECHANICAL DIMENSIONS

Frequenc L (mm) W (mm) L; (mm) W; (mm) T (mm)
(lil/IHz) Require | Measure | Require | Measure | Require | Measure | Require | Measure | Require | Measure
Y d d d d d d d d d d
40.39 + 20.19+ 81.03 + 61.98 + "
5200 013 PASS 013 PASS 013 PASS 013 PASS 53 PASS
40.39 + 20.19 81.03 + 61.98 "
5800 013 PASS 013 PASS 013 PASS 013 PASS 4.3 PASS

* The tolerance for the matching layer is included in the return loss measurement.

Matching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEI/IEC 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.
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7.1 HEAD LIQUID MEASUREMENT
Frelt\]/IuHechy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured

5000 36.2 10 % 4.45+10%
5100 36.1+10% 4.56 £10 %
5200 36.0 10 % PASS 4.66 10 % PASS
5300 359+10% 4.76 £10 %
5400 35.8+10% PASS 4.86+10% PASS
5500 35.6 10 % 497 +10%
5600 35.5+10% PASS 5.07 £10 % PASS
5700 354 +10% 5.17 £10 %
5800 35.3+10% PASS 5.27 £10 % PASS
5900 35.2+10% 5.38 £10 %
6000 35.1+10% 5.48 £10 %

7.2 SAR MEASUREMENT 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 I W net power. In bracket, the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values 5200 MHz: eps' :36.62 sigma : 4.93
Head Liquid Values 5400 MHz: eps' :35.95 sigma : 5.18
Head Liquid Values 5600 MHz: eps' :36.08 sigma : 5.60
Head Liquid Values 5800 MHz: eps' :34.73 sigma : 5.74

Distance between dipole waveguide and liquid

0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=4mm/dy=4m/dz=2mm

Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz

Input power 20 dBm

Liquid Temperature 21 °C

Lab Temperature 21°C

Lab Humidity 45 %
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Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
5200 159.00 163.88 (16.39) 56.90 57.29 (5.73)
5400 166.40 172.23 (17.22) 58.43 59.16 (5.92)
5600 173.80 181.28 (18.13) 59.97 61.57 (6.16)
5800 181.20 188.95 (18.90) 61.50 63.45 (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'?/luHezncy Relative permittivity (&) Conductivity (o) S/m
required measured required measured

5200 49.0£10 % PASS 5.30 £10 % PASS
5300 48.9+10 % 5.42 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

74 SAR MEASUREMENT 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=8mm/dy=8mm

Zoon Scan Resolution

dx=4mm/dy=4m/dz=2mm

Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
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)
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BODY SAR MEASUREMENT PLOTS @ 5800 MHz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantomn MVG SN-20/09-SAM71 Validated. No cal Validgted. No cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal —|Validated. — No cal
required. required.
Network Analyzer | Rn°9e & Schwarz SN100132 02/2019 02/2022
Calipers Carrera CALIPER-01 01/2020 01/2023
Reference Probe MVG EPG122 SN 18/11 10/2019 10/2020
Multimeter Keithley 2000 1188656 01/2020 01/2023
Signal Generator Agilent E4438C MY49070581 01/2020 01/2023
Amplifier Aethercomm SN 046 Characterized prior to|Characterized prior to
test. No cal required. [test. No cal required.
Power Meter HP E4418A US38261498 01/2020 01/2023
Power Sensor HP ECP-E26A US37181460 01/2020 01/2023
Directional Coupler Narda 4216-20 01386 Characterized prior to|Characterized prior to
test. No cal required. |test. No cal required.
Temperature and | o1 Company 15098832 11/2017 11/2020
Humidity Sensor
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