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mvg COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR1ZES24BESA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Senal Number 2023-EPGO-414
Product Condition (new / used) Used
Frequency Range of Probe 0.15 GHz-7.5GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1<0.222 MQ)
Dipole 2; R2=0.226 MQ
Dipole 3: R3=0.248 MQ

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION
MVG’s COMOSAR E field Probes are bualt in accordance to the [EC/IEEE 62209-1528 and FCC
KDB865664 D01 standards.

-

Figure 1 - MVG COMOSAR Dosimetric E field Probe

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

3  MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865604 D01 standards provide recommended practices for
the probe calibrations, including the performance chamcteristics of interest and methods by which to
assess their effect. All calibrations / measurements performed meet the fore-mentioned standards.

31 SENSITIVITY

The sensitivity factors of the three dipoles were determined using o two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards for frequency range 600-
7T500MHz and using the calorimeter cell method {transfer method) as outlined in the standards for
frequency 150-450 MHz
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mvg COMOSAR E FIELD PROBE CALIBRATION REPORT el ACR1ZI 524 BESA

32 LINEARITY

The evaluation of the lincarity was done in free space using the wavegude, performing a power
sweep to cover the SAR range 0.01'Wikg to 100W/kg.

33 [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 1sotropy is determined by inserting the probe mn 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°).

34 BOUNDARY EFFECT
The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liguid when the peobe is oriented nommal 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 4, +

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

(db + d"): &-(.IWJ))

SAR oy %= BAR,, For (dy, +d,u) <10 mm

2d éf2

where

SARuncertainty is the uncertainty in percent of the probe boundary effect

dype is the distance between the surface and the closest zoom-scan measurement
point, in millimetre

Astep 1s the szparation 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 neghigible

) 15 the minimum penetration depth in mallimetres of the head tissue-equivalent
hiquids defined in this standard, 1.e., 5= 14 mm at 3 GHz,

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

distance dhy from the boundary, and the analytical SAR value.

The measured worst case boundary effect SARuncertainty]%] for scanning distances larger than
4mm 1s 1.0% Limit [2%),
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mvg COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR1ZES24BESA

4 MEASUREMENT UNCERTAINTY

The guidehines outlined in the [EC/IEEE 62209-1528 and FCU KDB865664 D01 standards were
followed to generate the measurement uncertainty associated with a SAR probe calibration using the
wavegude or calorimetrie cell techmque depending on the frequency.

The estimated expanded uncertainty (k=2) in calibration for SAR (W/kg) 1s +/-11% for the frequency
range 150-450MHz

The estimated expanded uncertainty (k=2) mn calibration for SAR (W/kg) 1s +/-14% for the frequency
1ange 600-7300MHz,

5 CALIBRATION RESULTS

Ambient condition
Liguid Temperature 20 +/- 1 °C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %

S.1 CALIBRATION IN AIR
The following curve represents the measurement in wavegwde of the voltage picked up by the probe
toward the E-field generated inside the waveguide,

Calbration curves
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where

Vi=voltage readings on the 3 channels of the probe

DCPi=diode compression point given below for the 3 channels of the probe
Nomui=dipole sensitivity given below for the 3 channels of the probe
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COMOSAR E FIELD PROBE CALIBRATION REPORT

Eel ACRI1ZIS24BESA

Nomx dipole | Normy dipole | Normz dipole
L (uVAOVm)™) | 2 (uVAVm)) |3 (uV/AV/m)*)
0.60 0.98 0.88
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (m\) (mV)

115 104 98

52 CALIBRATION IN LIQUID

The calonmeter cell or the wavegmde is used to determine the calibration in liquid using the formula
below,

ConvF = Eﬂ?‘—"

-
|

The E-ficld in the hquid is determined from the SAR measurement according to the below formula.

2 SAR
Ez-wuld —¢ 'T

where

o=the conductivity of the haquid

p=the volumetric density of the liquid
SAR=the SAR measured from the formula that depends on the setup wsed The SAR formulas are
given below

For the calonmeter cell (150-450 MHz), the foamula is:
SAR o
=f—
dt

where
c=the specific heat for the liquud
dT/dt=the temperature rises over the time

For the waveguide setup (600-75000 MHz), the formula 1s:
SAR = i‘;—“"’-ﬁi

where
a=the larger cross-szctional of the waveguide
b=the smaller cross-sectional of the wavegwde
d=the skan depth for the liquid in the waveguide
Pw=the power delivered to the liquid
Page: 7710
Temgate ACRDODN. YEMVGEASSUL COMOSAR Prote vi

Tz docueser shail not be reproduced. encept o Adl or o1 part, wishau the wsen qoprosn of MG, The iyfarmataon contmwadd tesen o to be weed
anly for the praepcee Bor wiich & & adbwimad and 5 1a 10 be releaced 11 wialke or et wehour wrssen app roval of MV,



mvg COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR1ZES24BESA

The below table summarize the ConvF for the calibrated hiqud. The curves give examples for the
measured SAR depending on the voltage in some ligud

Liguid Freauency ConvE
HL750 750 204
HLESO 835 1.89
HLS00 200 1.91
HL1750 1750 228
HL1800 1800 1.99
HL1900 1900 208
HL2000 2000 224
HL2300 2300 220
HL2450 2450 216
| HL2500 2600 2.08
HL5250 5250 1.53
HL5500 5600 124
HL5750 5750 1.37
T FIUnp e iy v i 14 +3 ST Eelow AAINE, +- AT IOz and L 700MHE dode s B3H2
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6  VERIFICATION RESULTS

The figures below represent the measured linearity and axial isotropy for this probe, The probe
specification 1s +/-0.2 dB for lineanty and +-0.15 dB for axial isotropy.
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COMOSAR E FIELD PROBE CALIBRATION REPORT

Bel ACRIZI S24BESA

7 LIST OF EQUIPMENT

CAUPROBE Test Validated Nocal  Malidated. No cal|
Bench Version 2 NA Fequired, required
Network Analyzer | RONde % Sehwarz 100203 08/2021 02024
Network Analyzer — | Rohde & Schwarz
il ef 101223 0712022 0712025
Multimeter Keithley 2000 4013982 0212023 0212026
Signal Generatr | Rohde & Schwarz 106589 032022 02025
Charactenzed prior to |Characterized prior to
Ampifier Wwe MODU-023-C-0002 |00y "N cal required. [test, No cal required.
Power Meter NI-USB 5680 170100013 06/2021 0612026
USE Sensar Keysight U2000A | SN:MY62340002 10/2022 1002025
Charactenzed prior to |Characterized prior to
Direchonsl Couper | Rnyiee 180020 13107 test No cal required. [test, No cal required.
Fiuoroptic Thermometer -4M35eN5e Lixiron 24264 002022 0012025
: SN32/16  Nalidated Nocal  Malidated. Nocal
Comxial cel MVG COAXCELL_1 fequired. Fequired,
A Nalidated No cal Malidated. Nocal
Waveguide MVG snazewez_1 [EKe gy
20 SN 32116 Malidated. Nocal Malidated. Nocal
Liquid transition MVG WGLIQ_0GB00_1 fequired. equired,
Validated, Nocal  Nalidated. No cal
Waveguide MVG SN 3216 WG4_1 oquired, equired
SN32/16  Nalidated. Nocal  Walidated. Nocal
Moid tranaltion Mo WGLIQ_0G900_1 pequired, equired,
_ Validated. Nocal  Nalidated. No cal
Waveguide MVG snaewes_1 [/ e oy
SN32/18  Nalidated Nocal  Malidated. Nocal
Liquid transition MV WGLIQ_1G500_1 fequired. foquired
, Validated. Nocal  Nalidated. No cal
Waveguide MVG SN 316 wes_1 |0 sy
s = SN32/16  Nalidated Nocal  alidated. Nocal
Liquid transition MVG WGLIQ_1GB00B_1 fequired. equired.
i 5 SN 321186 Validated Nocal NValidated Nocal
Liquid transition MVG WGLIC_1G800H_1 fequired. equired.
Page: %10
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mvg COMOSAR E FIELD PROBE CALIBRATION REPORT R ACRIILIABERA

Waveguide MVG SN 32116 WG10_1 ﬁf;‘:ﬁ“" Noos g{ﬁfﬁd' No.gcsl
Waveguide MVG SN 32116 WG12_1 :’:"f:;f Noom :’;’i“’:;f" Noow
Liquid transition MVG mjg_:"gégu_, :i?:::’ N g{ﬂ::" Noesl
Waveguide MVG SN 3216 WG14_1 ::’:f:: No.od :’::ﬁ’:;‘f No.cw
e I P - Rl
Temperagure [ HUMISY]  Testo 184 H1 44225320 0612021 0612024
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Swummary;

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench. Al calibration results are traceable to

rational metrology institutions.
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ral ACR 118132 BESA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EC/IEEE 62200-1528 and
FCC KDB865664 D01 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 22/16 DIPOG750-417
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

31  GENER! ) >

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards. The product 1s designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 413
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ral ACR 118132 BESA

4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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 VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.

P(ul‘.’ §3
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SAR REFERENCE DIYOLE CALIBRATION REPORT

Scan Volume

Expanded Uncertainty

g 19 % (SAR)
](lg 12% (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICUID

requency, Mz

Frequency (MHz) Return Loss (dB)

Requirement (dB)

Impedance

750 2516

<20

5540-12j0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQOUID

Frecquency, Mris

. - e B4n e

08-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 25.45 -20 5390 +37i0
Page: 6/13
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ral ACR. 11813283834

63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

Page: 7713
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ral ACR. 11813283834

7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
50 419210% 110 0.89210% o0s2
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 1.80210%
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ * 41.0 sigma : (.82
Distance between dipole center and liguid 15.0 mm
Area scan resolution b =8maydy=8uum
Zooa Scan Resolution i =Semnddy =B/ d2=Smm
Frequency 750 Mz
Input power 20 dBm
Liquid Temperature 20+-1%C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
as0 458 3.06
750 8.49 831(0.83) 5.55 5.4410.54)
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 205
1950 405 204
2000 411 211
2100 43156 nse
2300 LW 233
2450 524 n
2600 553 206
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
2900
Fage: %13
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 £1.9410% 0.80410%
300 582410% 0.97410%
450 56,7 210% 0.94210%
750 555 $10 % 529 0.96 410 % 089
835 552410% 097 210%
900 550210% 1.05210%
915 550 $10% 1.06210%
1450 S40 £10% 1.30410%
1610 538410% 1.40410%
1000 53380% 1.52210%
1900 533410% 1.52210%
2000 533410% 152210%
2100 532410% 1.62410%
2300 529 410% 181 410%
2450 527410% 1.95810%
2600 525 210% 216210%
3000 520410% 273410%
3300 516410% 308010%
3500 513410 % 331 410%
3700 510410% 3.55210%
3900 506 $10% 378410%
A200 504 410% 4.13310%
4600 498 $10% A60410%
2900 494 210% 495210%
5200 490410 % $.10410%
5300 489 40% 547010%
5400 207 410% S53410%
5500 466 10 % 5.65410%
5600 405410 % 577 410%
5000 482 410 % 6.00410%
Poge: 11413
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74  SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 320 sigmma - 0.89
Distunce between dipole center and liguad 15.0 mun
Area scan resolution ax8mm/dy=8rmin
Zoon Scan Resohstson cbx~Srwny/ dy=8man dz = Smim
Frequency 750 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %%
el 15 AR (W/ke/ W) 108 SAR (W/k/W)
measured measured
750 654 {085) 571{0.57)
— ~
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
X Malidated Nocal \/alidated. No call
JCOMOSAR Test Bench, Version 3 NA equired. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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SAR Reference Dipole Calibration Report

Ref ! ACR.118.16.22 BES.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 15/16 DIP0G835-399

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

Calibration date: 04/28/2022
e, cofra
A ',

TTALONNAGE

Accredtutions ¥1-6789 md #1.681 4
Scupe availsbie on waw cofrac i

Ther ppwe e the Cofiae be sl sodd the scoretliiathon sefiermmces iy prolibéted feoms any opeadinton

Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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ATTESTATION
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ral ACR 11816 2 BESA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EC/IEEE 62200-1528 and
FCC KDB865664 D01 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 SID835
Senal Number SN 15/16 DIPOG835-399
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION
31 GENERALINFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards. The product 1s designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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 VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.

P(ul‘.’ §3
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Scan Veolume Expanded Uncertainty
g 19 % (SAR)
](lg 12% (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICUID

Freouency. Nz

e -n — on o san sen —

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

Impedance

835 -20.99 220

59.4 (1- 080

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQOUID

Frocpaecy, Nbt:

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

Impedance

835 -23.38 =20

56.4 Q + 24110

Page: 6/13
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

Page: 7713
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 299 0.9010% 091
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 1.80210%
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,

Fage: 813
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ 39 9 sigma : 0.91
Distance between dipole center and liguid 15.0 mm
Area scan resolution b =8maydy=8uum
Zooa Scan Resolution =S dy =B/ d2=Smm
Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 20+-1%C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
as0 458 3.06
750 8.49 5.55
815 9.5 967 (0.97) 6.22 £14{0.61)
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 205
1950 405 204
2000 411 211
2100 435 218
2300 LW 233
2450 524 n
2600 553 206
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
2900
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 £1.9410% 0.80410%
300 582410% 0.97410%
450 56,7 210% 0.94210%
750 555 $10 % 0.96 410 %
835 552410% 523 097 210% 024
900 550210% 1.05210%
915 550 $10% 1.06210%
1450 S40 £10% 1.30410%
1610 538410% 1.40410%
1000 53380% 1.52210%
1900 533410% 1.52210%
2000 533410% 152210%
2100 532410% 1.62410%
2300 529 410% 181 410%
2450 527410% 1.95810%
2600 525 210% 216210%
3000 520410% 273410%
3300 516410% 308010%
3500 513410 % 331 410%
3700 510410% 3.55210%
3900 506 $10% 378410%
A200 504 410% 4.13310%
4600 498 $10% A60410%
2900 494 210% 495210%
5200 490410 % $.10410%
5300 489 40% 547010%
5400 207 410% S53410%
5500 466 10 % 5.65410%
5600 405410 % 577 410%
5000 482 410 % 6.00410%
Poge: 11413
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74  SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 2.3 sioma - 0.94
Distunce between dipole center and liguad 15.0 mun
Area scan resolution ax8mm/dy=8rmin
Zoon Scan Resohstson cbx~Srwnydy=8man dz = Smim
Frequency 835 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %%
el 15 AR (W/ke/ W) 108 SAR (W/k/W)
measured measured
a1 9.53({095) 624{0.62)
— ~

S~
¢ 2 ' MU IDNED N
T

P
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
X Malidated Nocal \/alidated. No call
JCOMOSAR Test Bench, Version 3 NA equired. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 D01 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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDI80O
Senal Number SN 46/11 DIP1G800-186
Product Condition (sew / used) Used

3 PRODUCT DESCRIPTION

31  GENER! ) )

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards, The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validanion Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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  VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.
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Scan Veolume Expanded Uncertainty
g 19 % (SAR)
](lg 12 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICUID
Freouency. MM
™ 17 w1 17 13 Mg
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -25.33 =20 472 Q+46j0Q
62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
X 1% & 170 1750 77" ':.':l EL
»
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -28.11 20 1620 - 1.1
Page: 6/13
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 184 1404810 % 136
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 1.80210%
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,

Fage: 813
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ © 384 sigma : 1.36
Distance between dipole center and liguid 10.0 1un
Area scan resolution b =8maydy=8uum
Zooa Scan Resolution o =Bern'dy =B/ d2=Smm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 20 +/-15C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
as0 458 3.06
750 8.49 5.55
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 37.76(3.78) 201 1960 (1.96)
1900 397 205
1950 405 204
2000 411 211
2100 435 218
2300 LW 233
2450 524 n
2600 553 206
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
2900
Fage: %13
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 £1.9410% 0.80410%
300 582410% 0.97410%
450 56,7 210% 0.94210%
750 555 $10 % 0.96 410 %
835 552410% 097 210%
900 550210% 1.05210%
915 550 $10% 1.06210%
1450 S40 £10% 1.30410%
1610 538410% 1.40410%
1000 53380% 553 1.52210% 144
1900 533410% 1.52210%
2000 533410% 152210%
2100 532410% 1.62410%
2300 529 410% 181 410%
2450 527410% 1.95810%
2600 525 210% 216210%
3000 520410% 273410%
3300 516410% 308010%
3500 513410 % 331 410%
3700 510410% 3.55210%
3900 506 $10% 378410%
A200 504 410% 4.13310%
4600 498 $10% A60410%
2900 494 210% 495210%
5200 490410 % $.10410%
5300 489 40% 547010%
5400 207 410% S53410%
5500 466 10 % 5.65410%
5600 405410 % 577 410%
5000 482 410 % 6.00410%
Poge: 11413
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74  SAR MEASUREMENT RESULT WITH BODY LIQUID

ioﬁwnr: OPENSAR VS
Phantom SN 13/00 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ © 35.3 sioma - L49
Distunce between dipole center and liguad 10.0 mm
Area scan resolution ax8mm/dy=8rmimn
Zoon Scan Resohstson cbx~Srmwny dy=8man dz = Smim
Frequency 1800 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Tetmnperature 20 +/- 1 °C
Lab Humidity 30-70 %%
By 15 SAR (W/Ke/ W) 108 SAR (W/k/W)
measured measured
1600 38 20(382) 2038 {2.04)
— ~ X =
i L]
l .

e
%}

-
]

2

| ¥ =

054 e ]

i R EEERE TS ¥R
T
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
. Malidated. Nocal  Malidated. No call
JCOMOSAR Test Bench, Version 3 NA required. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 D01 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
Senal Number SN 29/15 DIP1G90(-389
Product Condition (sew / used) Used

3 PRODUCT DESCRIPTION

il 0 ; 9) (®)

MVG's COMOSAR Validahon Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards, The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole

FPage: 413
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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  VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.
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Scan Volume

Expanded Uncertainty

g 19 % (SAR)
](lg 12% (SAR)

6

6.1

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LICUID

1830

weouency, Nz

1500

Frequency (MHz) Return Loss (dB)

Requirement (dB)

Impedance

1900 -23.76

<20

5220+6.1)0

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fracquency, Mrs

4
08-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -21.20 20 1550+ 741Q
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, - 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% YR 140 210% 143
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 1.80210%
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 37.9 sigma : 1.43
Distance between dipole center and liguid 10.0 1un
Area scan resolution b =8maydy=8uum
Zooa Scan Resolution =B dy =B/ d2=Smm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20+-1%C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
450 458 3.06
750 8.49 5.55
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 41.26 (4.13) 205 086 (209)
1950 405 204
2000 411 211
2100 435 218
2300 au 233
2450 524 n
2600 553 26
3000 638 257
3300
3500 671 5
300 674 242
3900
4200
4600
2900
Fage: %13
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 £1.9410% 0.80410%
300 582410% 0.97410%
450 56,7 210% 0.94210%
750 555 $10 % 0.96 410 %
835 552410% 097 210%
900 550210% 1.05210%
915 550 $10% 1.06210%
1450 S40 £10% 1.30410%
1610 538410% 1.40410%
1000 53380% 1.52210%
1900 533410% 55.0 1.52210% 157
2000 533410% 152210%
2100 532410% 1.62410%
2300 529 410% 181 410%
2450 527410% 1.95810%
2600 525 210% 216210%
3000 520410% 273410%
3300 516410% 308010%
3500 513410 % 331 410%
3700 510410% 3.55210%
3900 506 $10% 378410%
A200 504 410% 4.13310%
4600 498 $10% A60410%
2900 494 210% 495210%
5200 490410 % $.10410%
5300 489 40% 547010%
5400 207 410% S53410%
5500 466 10 % 5.65410%
5600 405410 % 577 410%
5000 482 410 % 6.00410%
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74  SAR MEASUREMENT RESULT WITH BODY LIQUID

ioﬁwnr: OPENSAR VS
Phantom SN 13109 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 35.0 sigma - 157
Distunce between dipole center and liguad 10.0 mm
Area scan resolution ax8mm/dy=8rmimn
Zoon Scan Resohstson cbx~Srmnydy=8man dz = Smim
Frequency 1900 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %%
el 15 AR (W/ke/ W) 108 SAR (W/k/W)
measured measured
1900 39.55(3.96) 2051{2.0%)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
. Malidated. Nocal  Malidated. No call
JCOMOSAR Test Bench, Version 3 NA required. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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SAR Reference Dipole Calibration Report

Ref ! ACR.118.21.22 BES.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2300 MHZ
SERIAL NO.: SN 22/16 DIP2G300-412

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

Calibration date: 04/28/2022
e, cofra
A ',

TTALONNAGE

Accredtutions ¥1-6789 md #1.681 4
Scupe availsbie on waw cofrac i

Ther ppwe e the Cofiae be sl sodd the scoretliiathon sefiermmces iy prolibéted feoms any opeadinton

Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the |[EC/IEEE 622090-1528 and
FCC KDB865664 D01 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 2300 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID2300
Senal Number SN 22/16 DIP2G300-412
Product Condition (sew / used) Used

3 PRODUCT DESCRIPTION

al 0 ; O, (®)

MVG's COMOSAR Validation Dipoles are built in accordance to the IECTEEE 62209-1528 and

FCC KDB865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validatnion Dipole

FPage: 413
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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  VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.

P(ul‘.’ §3
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Scan Volume

Expanded Uncertainty

g 19 % (SAR)
10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICUID

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2300 -21.93 =20 557 Q+56j0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQOUID

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2300 -20.27 «20 5400 +931Q
Page: 6/13
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, - 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 370 167£10% 183
2450 390 810% 1.80210%
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,

Fage: 813
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ © 37.0 sigma : 1.83
Distance between dipole center and liguid 10.0 1un
Area scan resolution b =8maydy=8tum
Zooa Scan Resolution =St dy = Senan/d2=Smm
Frequency 2300 MHz
Input power 20 dBm
Liquid Temperature 20+-1%C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
450 458 3.06
750 8.49 5.55
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 205
1950 405 204
2000 411 211
2100 435 218
2300 au 5012(5.0m) 233 Z316(2.32)
2450 524 n
2600 553 26
3000 638 257
3300
3500 671 5
300 674 242
3900
4200
4600
2900
Fage: %13
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 619410% 060410 %
300 582410% 0.92410%
450 56,7 210% 0.94210%
50 555 §10% 0.96 $10%
835 35.24810% 097 210%
900 S50210% 1.08410%
915 550 $10°% 1.06210%
1450 S40$10% 130410 %
1610 538$10% 1.40410%
1000 53380% 1.52210%
1900 533#10% 1.52210%
2000 533410% 1L52210%
2100 532 410% 1.62410%
2300 529 410% 54.3 181 410% 196
2450 527 410% 1.95410%
2600 525 210% 216210%
3000 520 #10% 273410%
3300 516410% 308010%
3500 513 $10% 331 410%
3700 510410% 355210%
3900 508 410% 3.78410%
4200 504 #10% 41330%
4600 498 £10% 460410%
£900 A94210% 495210%
5200 490410 % £.30410%
5300 489 40% 547810%
5400 407 110% S53410%
5500 466 410% 565410%
5600 405 410% 577 410%
5000 462 410 % 6.00410%
Poge: 11413
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74  SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ © $4.3 sioma - 196
Distunce between dipole center and liguad 10.0 mm
Area scan resolution ax8mm/dy=8mim
Zoon Scan Resohstson b= Srny/dy = Senan dz = Srim
Frequency 2300 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %%
el 15 AR (W/ke/ W) 108 SAR (W/k/W)
measured measured
2300 A8 69 (487) 2227(2.23)
— B X =
l i ¥

68

—i—-
dae

-

._
iy
gl S

2 @

¥
S Wy

228 R

———]
i fveuNnIR NN
2w

-
¥§

Poge: 12/13

Tempiate ACKDRON, YLEMV GEISSUE SAR Referenve Dipote vi
Thae documere chatl mot be mprodiced, excapt o fall or o part, wehaut the wnttew apprnal of MVG, The opa et on contganed fereas i to be ied
anly foe the purpane v wiidh & & subwitied and @ ot 1o D releaabd bt wihole oF paet withad writieve approel of M PO,




mvg

SAR REFERENCE DIFOLE CALIBRATION REFORT

Fal ACR11S21 2EBEE A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
. Malidated. Nocal  Malidated. No call
JCOMOSAR Test Bench, Version 3 NA required. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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STREET
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MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 29/15 DIP2G450-393

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

Calibration date: 04/28/2022
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Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the |[EC/IEEE 622090-1528 and
FCC KDB865664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to verify that the product complies with the
fore mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID2450
Senal Number SN 20/15 DIP2G450-393
Product Condition (sew / used) Used

3 PRODUCT DESCRIPTION

al 0 ; O, (®)

MVG's COMOSAR Validation Dipoles are built in accordance to the IECTEEE 62209-1528 and

FCC KDB865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validatnion Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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  VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.

P(ul‘.’ §3
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Scan Volume

Expanded Uncertainty

g 19 % (SAR)
](lg 12% (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICUID

Frequency. Nz

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

2450 -27.80 =20 523Q+34iQ

62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Fracpumncy Mris
3 2300 4% P 245 248 2
203-

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

2450 -22.61 20 573Q+1.11Q

Page: 6/13
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

Page: 7713
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 364 1.80210% 198
2600 390 %10% 196$10%
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ 364 sigma : 1.98
Distance between dipole center and liguid 10.0 1un
Area scan resolution b =8maydy=8tum
Zooa Scan Resolution d=Stmn'dy = Senanddz=Smm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20 +/-15C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
el 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
as0 458 3.06
750 8.49 5.55
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 205
1950 405 204
2000 411 211
2100 435 218
2300 LW 233
2450 524 5432(543) n 24250247
2600 553 206
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
2900
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 619410% 060410 %
300 582410% 0.92410%
450 56,7 210% 0.94210%
50 555 §10% 0.96 $10%
835 35.24810% 097 210%
900 S50210% 1.08410%
915 550 $10°% 1.06210%
1450 S40$10% 130410 %
1610 538$10% 1.40410%
1000 53380% 1.52210%
1900 533#10% 1.52210%
2000 533410% 1L52210%
2100 532 410% 1.62410%
2300 529 410% 181 410%
2450 527 410% 534 1.95410% 214
2600 525 210% 216210%
3000 520 #10% 273410%
3300 516410% 308010%
3500 513 $10% 331 410%
3700 510410% 355210%
3900 508 410% 3.78410%
4200 504 #10% 41330%
4600 498 £10% 460410%
£900 A94210% 495210%
5200 490410 % £.30410%
5300 489 40% 547810%
5400 407 110% S53410%
5500 466 410% 565410%
5600 405 410% 577 410%
5000 462 410 % 6.00410%
Poge: 11413
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74 SAR MEASUREMENT RESULT WITH BODY LIQUID
| Software OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : $3.4 sioma - 214

Distance between dipole center and ligusd

10.0 rmun

Fal ACR 1IS222BEE A

Area scan resolution ax8mm/dy=8mim
Zoon Scan Resohstson b= Srwny/dy = Senan dz = Srim
Frequency 2450 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Tetmnperature 20 +/- 1 °C
Lab Humidity 30-70 %%
By 15 SAR (W/Ke/ W) 108 SAR (W/k/W)
measured measured
2450 53.5915.36) 1363(2.36)
— ~ X =
| ‘ ' ’ r
) l
o =]
| Wi \
' . Fom
{ - s N
) e 3 B
) = N
A = - e .
Ll tY U2 MxanN
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
. Malidated. Nocal  Malidated. No call
JCOMOSAR Test Bench, Version 3 NA required. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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Summary:!

Ths decument presents the method and results from an sccredited SAR reference dipole calibrution
performed i MVG using the COMOSAR test bench

All calibration results are traceable to
rational metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the |[EC/IEEE 622090-1528 and
FCC KDB865664 D01 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID2600
Senal Number SN 22/16 DIP2G600-407
Product Condition (sew / used) Used

3 PRODUCT DESCRIPTION

al G : ue) (&)

MVG's COMOSAR Validation Dipoles are built in accordance to the IECTEEE 62209-1528 and
FCC KDB865664 D01 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 IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS
The IEC/IEEE 62209-1528 and FCC KDB863664 DO 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 mum 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 a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

51  RETURN LOSS
The following uncertanties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A400-6000MH 2z 0.08 LIN

52 INSION MEASU EN

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  VALIDATION MEASUREMENT

The gwdelines outlined in the [EC/IEEE 62209-1528 and FCC KDB863664 D01 standards were
followed to generate the measurement uncertanty for validation measurements.

P(ul‘.’ §3
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Scan Volume Expanded Uncertainty

g 19 % (SAR)
](lg 12% (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LICUID
?
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -25.28 =20 51,0 Q+ 5310

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQOUID

Fowcpaecy, Nbt:

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -23.72 «20 1540+ 4610
Page: 6/13
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63 C : MENS S
Frequency MHz Lmm hmm d mm
d od required ed required d

30 40041 %. 2500 £1 %, 63521 %.
450 790041 %, 166,741 %, A5 %,
150 1760 41 % 1000 81 %, 6352 %,
835 16104 %, 9.0 £ %, 681 %,
900 1495041 %. 23341 %, 3621 %.
1450 691 11 %. S1.711%. 3681 %.
1500 6.2 £1 %. S0.0 11 %, 36#1 %,
1640 1904 %, 457 81 %, I6#1 %,
1750 7524 N 251 %, 6%,
1200 12088 %, 1.1 %. 3621 %,
1500 63011 %, 39541 %, J6L W,
1950 66321 % 30,5 4 %, 362l %,
J000 645 1 %. 3TN, 3621 %,
100 61041 % 357481 %, 3621 %,
2300 55541 %, 3264 %, 168N,
2850 5154 %, 3044 %, 1681 %.
2600 A5 %, 28041 %. J621%.
3000 LTSRN 2504 %, 6%,
3300

3500 37021 %. 26041 %, 3621 %,
3700 F4 741 %, 26,4 £1 %, 3641 %,
F900

4700

4600

4900

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 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 fat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

Page: 7713
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7.1 HEAD LIQUID MEASUREMENT

Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required moanired
300 ASIH0% 087310%
450 A35210% 0.87210%
750 419210% 0.89210%
815 415 $10% 0.9010%
900 A1580% 0.97210%
1450 AhHN0% 1.20210%
1500 AMAR0N 1.23210%
1640 402 $10%, 131410%
1750 401 $10% 1.37810%
1000 400 210% 1404810 %
1900 400 £10% 1.40210%
1950 020N LAD IO %
2000 A00£10% LAn10%
2100 396 410% 14A9%10%
2300 395 810% 167£10%
2450 390 810% 1.80210%
2600 39020% 357 196$10% 212
3000 385 010% 240210%
3300 282 810% 21 210%
3500 379210% 291210%
3700 377810% 312210%
3900 375 H0% 332£10%
4200 371 £10% 363%10%
4600 367 210% A404210%
4900 361210% 4.15210%
7.2 3 / I J

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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 1s given with the used iput power,

Fage: 813
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Soflware OPENSAR VS
Phantom SN 13/08 SAM6S
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ © 35.7 sigma : 2.12
Distance between dipole center and liguid 10.0 1un
Area scan resolution b =8maydy=8tum
Zooa Scan Resolution v =Stmnddy = Senan/d2=Smm
Frequency 2600 MHz
Input power 20 dBm
Liquid Temperature 20 +/-15C
Lab Temperature 20 +-1°C
Lab Husnidgy 30-70 %%
Fr
et 18 SAR (W/ke/W) 10,8 SAR (W/Ke/W)
required measured required measured
300 2.85 1.94
as0 458 3.06
750 8.49 5.55
815 9.5 6.22
an0 109 L9
1450 29 16
1500 305 168
1640 342 184
1750 364 193
16800 364 201
1900 397 205
1950 405 204
2000 411 211
2100 435 218
2300 LW 233
2450 524 n
2600 553 54.94(5.49) 206 7337 (2.28)
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
2900
Fage: %13
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73 BODY LIQUID MEASUREMENT
Ffo:;::my Relative permittivity (') Conductivity (o) S/m
roquired measured required measired
150 619410% 060410 %
300 582410% 0.92410%
450 56,7 210% 0.94210%
50 555 §10% 0.96 $10%
835 35.24810% 097 210%
900 S50210% 1.08410%
915 550 $10°% 1.06210%
1450 S40$10% 130410 %
1610 538$10% 1.40410%
1000 53380% 1.52210%
1900 533#10% 1.52210%
2000 533410% 1L52210%
2100 532 410% 1.62410%
2300 529 410% 181 410%
2450 527 410% 1.95410%
2600 525 210% s2.7 216210% 7236
3000 520 #10% 273410%
3300 516410% 308010%
3500 513 $10% 331 410%
3700 510410% 355210%
3900 508 410% 3.78410%
4200 504 #10% 41330%
4600 498 £10% 460410%
£900 A94210% 495210%
5200 490410 % £.30410%
5300 489 40% 547810%
5400 407 110% S53410%
5500 466 410% 565410%
5600 405 410% 577 410%
5000 462 410 % 6.00410%
Poge: 11413
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74 SAR MEASUREMENT RESULT WITH BODY LIQUID
| Software OPENSAR V5
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 327 sipma - 236
Distunce between dipole center and liguad 10.0 mm
Area scan resolution ax8mm/dy=8mim
Zoon Scan Resohstson b= Srny/dy = Senan dz = Srim
Frequency 2600 MHz
Input power 20 dBem
Liqquid Tenperature 20+ 1°C
Lab Tetmnperature 20 +/- 1 °C
Lab Humidity 3070 %%
By 15 AR (W/ke/ W) 108 SAR (W/k/W)
measured measured
2600 5552 (5.56) 2394{239)
— 2 B _ =7
.1 "
Wag
l o
. fw
2 4 “
aa %
8%+ T ]
o2 wUuHwTREDNAN
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantem MVG SN 1300 samee [ 5 Lo Yoy |
. Malidated. Nocal  Malidated. No call
JCOMOSAR Test Bench, Version 3 NA required. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1072018 1042022
Network Analyzer < | Rohde & Schwarz
P!l o e 101223 05/2010 05/2022
Network Analyzer -
e HP 85033D 3423408188 06/2021 06/2027
Calipers Mitutoyo SN 0009732 10/2010 1042022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to|Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
Page: 1313
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SAR Reference Dipole Calibration Report

Ref: ACR.118.2422 BES A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREETBAO 'AN DISTRICT, SHENZHEN,
GUANGDONG, CHINAMVG COMOSAR REFERENCE
DIPOLE
FREQUENCY: 5200-5800 MHZ

SERIAL NO.: SN 17/22 DIP5G000-671

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

Calibration date: 04/28/2022
vy, cofrac

TTALONNAGE

Accredtutions ¥1-6789 md #1.681 4
Scupe gvailabie on waw coffac i

Ther ppwe e the Cofiae be sl sodd the scoretliiathon sefiermmces iy prolibéted feoms any opeadinton

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed at MV, using the COMOSAR test bench The test results covered by accreditation are
traceable to the International System of Unigs (SI)

Page: 1/14




mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Rl ACR 11824 28524
Name Function Date Signature
Prepared by - Jérdme Luc Technical Manager [ 4/28/2022 7=
Checked by ; Jérome Luc Technical Manager | 4/28/2022 =
e louti : 4282022
Approved by Yann Towtain Laboratory Director s TOLUTAA
2022.04.28
17:04:56 +02'00'
Customer Name
ATTESTATION
‘ OF GLOBAL
Distribution : COMPLIANCE
CO. LTD
Issue Name Date Moadifications
A Jerome Luc 4282022 Initial release
Page: 214
Template ACRODDDNYYMYGRISSUE SAR Reference Dipole SGHz v

Thae documere chall mot be mprogiced. excapt o S or or o, wehaut e wrtsew gppronal of MVG. The ogfomatsor consmaned fereas @ 1o be weed
anly for e purpane o which £ & subwmad and & not o be nelecaid i wivale of pard withond wrtsen approna of MV,



mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ral ACR. 11824 22 3834

TABLE OF CONTENTS

DO Y L e L R v e e SRS i B NSl
EDCVIOR LITIIOE TORE ... ..o oot cmsn s 5440 RRAR S A0S s K3 s b A5 4

31  General Information 4
4 Measurement Method ... e A o S R s (R TN NG AN R 35 4

[

41  Retum Loss Requirements 5

42  Mechamcal Requirements 5
S Measuremnent UMOH ALY .....iuitsiauiassmissssiarsiusaisisinssesann os oasiansiasiasissssinassassisas issnsin 5

51  Retum Loss s

52  Dimension Measutement 5

53 Vahdation Measurement 5

6 Calibration Measurement ResultS . ,........cocoiviimmimimmmimmmmim s 0
61 Retum Loss 6
6.2 Mechamcal Dimensions

T ValiOation MCEBIDEIRETI . iv..is: cviicivinsseisesasiibn cliesberssitin s ibos s davirsd ios Sovsonidos b uins b &

7.1 Head Liquid Measurement

7.2 Measurement Result 8
73 Body Measurement Result 11

Fage: 314

Templae ACRODDDNYYMYGRISSUE SAR Reference Dipoke SGHz v
Thae documere chall mot be mprogiced. excapt o S or or o, wehaut e wrtsew gppronal of MVG. The ogfomatsor consmaned fereas @ 1o be weed
anly for e purpane o which £ & subwmad and & not o be nelecaid i wivale of pard withond wrtsen approna of MV,



mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Rl ACR 11824 28524

1 INTRODUCTION

This document containg a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 D01 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 5200-5800 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SIDSCH0
Serial Number SN 17/22 DIPSGO00-671
Produet Condition (new / used) | New

3 PRODUCT DESCRIFTION

31 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDB865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 414

Templae ACRODDDNYYMYGRISSUE SAR Reference Dipoke SGHz v
Thae documere chall mot be mprogiced. excapt o S or or o, wehaut e wrtsew gppronal of MVG. The ogfomatsor consmaned fereas @ 1o be weed
anly for e purpane o which £ & subwmad and & not o be nelecaid i wivale of pard withond wrtsen approna of MV,



mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ral ACR. 11824 22 3834

4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB863664 D01 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

The dipole used for SAR system validation measurements and checks must have a retum loss of <20
dB or better, The return loss measurement shall be performed against a liquid filled 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 kat, both with a valid 1SO17025 calibmation,

42  MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB863664 DO standards specify the mechanical components
and dimensions of the validaticn dipoles, wath 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 mum phantom shell thickness, A direct method is used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

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

51 RETURNLOSS
The following uncertanties apply 10 the returm loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN
52 D SI0)! EASU
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm

53 NALIDATION MEASUREMENT
The gwdelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were

followed to generate the measurement uncertainty for validation measurements.

Scan Volume

Expanded Uncertainty

g

19 % (SAR)

10g

19% (SAR)

MI' - §04
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6 CALIBR

6.1 RETUR

ATION MEASUREMENT RESULTS

N LOSS IN HEAD LIOUID

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 -20.52 -20 54.06 €2 + B.44 300
S400 -30.10 -20 47052+ 1.02 3£
SEO0 -21,30 -20 49.63 ) + 857 j{)
SO0 -26.14 =20 47.44 Q- 421i02

6.2 RETURN LOSS [N BODY LIQUID

Frequeacy, NiH;

FPage: 614
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Frequency (MHz) | Return Loss (dB) |  Requirement (dB) Ilmpedance
3200 -20.99 -20 54,170+ 7.83 €0
5400 -32.30 =20 48300 + 1,730
SE00 -20.79 -20 48,10 €3 + BRO ()
S800 -26.11 -20 48.36 (2- 46710
63 C 3 MENS S
Frequency MHz Lmm hmm d mm
cquired od required od equired d
5000 to 6000 20621 %, 2077 4038 %, 021 3621 %, sl

7  VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDES865664 D01 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 validahon measurement must be performed against a
liquid filled Nat 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 descnibed distance from the bottom surface of the phantom.

71 HEADLIQUID MEASUREMENT

M| | Retwtve permictvityfe/) | Conductivty (o) S/m
required measured required measured
5000 36,2410 % 4A5110%
s100 36 1H0% 456410%
5200 36.0410% 1244 466410% 464
5300 359410% 476310%
Sa00 358 #10% 3363 436 810% 488
5500 356410% 497 810%
5600 355410% 32380 507 £10% 512
5700 354210% 517 %10%
5000 353%0% 4233 527 £10% 53
5900 352+10% 538 410%
6000 35140% 548%10%
Page: 7714
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72 SAR MEASUREMENT RESULT WITH HEAD LIQUID
At those frequencies, the target SAR value can not be genenc. Hereunder i5 the target SAR value

defined by MVG. wathin the uncertainty for the system validation.  All SAR values are nonmalized
to 1 W net power, In bracket, the measured SAR 1s given with the used input power.

Software OPENSAR VS
Phantom SN 13/06 SAM68
Probe SN 41718 EPGO333
Laquid Head Liquid Values 5200 MHz epe 34,44 sigma : 4.64
Head Liquid Values 5400 MHz ep#’ -33.63 sigma : 488
Head Liquid Values S600 MHz: eps’ -32.80 sigma : 5,12
Head Liguid Values 3800 MH2: ¢ps’ -32.33 sigma : 5.31
Distance between dipole and liquid 10 mm
Area scan resolution dx=8mm dy=8mm
Zoon Scan Resolution dx=4mmy/dy=4m/dz=2mm
[-‘requency 5200 MHz
5400 MHz
S600 MHz
S800 MHz
[nput power 20 dBm
Ligquid Temperature 20+-1°C
L.ab Temperature 20+ 1°C
Lab Humidity 30-70 %
Frequency (MH2) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
S200 76.50 73.43(7.34) 21.60 21.83(2.18)
5400 - 78.43 (7.84) - 23.9%0(2.39)
5600 - 78.20(7.82) - 24.12(2.41)
5800 78.00 75.69(7.57) 21.90 22.44 (2.24)
Page: 814
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73 DY SURE
F":;:;"" Ralative parmittivity (&) Conductivity [o) §/m
reguired measured required measured
5200 49040% 4550 530410% 563
3300 489 410% 5.42410%
5400 487 40% 44.78 553410% 595
5500 186 80% 565810%
5600 485 810% 44385 577410% 6.26
5800 482 40% as45 6.00410% 658
74 SARMEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Ligquid Body Liquid Values 5200 MHz: cps’ :45.50 sigma - 5.63
Body Liquad Values 5400 MHZ: eps’ (#4.78 sigma - 5.95
Body Liquid Values 5600 MHZ: eps” 14485 sigma © 626
Body Liquid Vabues 5800 MHz: ¢ps’ 144 45 sigma - 638
Distance between dipole and hiquid 10 mm
Atrea scan resolution A=Senany/dy=Seman
Zoon Scan Resolution dy=4mm'dy=4m/dz=2mm
Tequency 5200 MHz
F cy 5400 MHz
5600 MHz
3800 MHz_
[oput power 20 dHm
Liquid Temperature 20+/-1°C
Lab Temperature 20-+-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (Wikg) 10 g SAR (Wkg)
measured measured
5200 72.30(7.23) 22.00 (2.21)
5400 75.13(7.51) 22.91 (2.29)
SE00 74.81 (7.48) 23.01 (2.30)
S800 71.92(7.19) 22.41 (2.24)
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BODY SAR MEASUREMENT PLOTS (@ 5200 Mz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

‘Equipment | Manufacturer/ [ oo 0| Corrent | Next Calibration
Description Model © T | Calibration Date Date
Validated Nocal \alidated. No cal
SAM Phantom MVG SN 1300 samea [ Lo i, |
X Malidated Nocal \/alidated. No call
JCOMOSAR Test Bench, Version 3 NA equired. Fequired.
Network Analyzer | ROnde S Sehwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 1012018 1002022
Network Analyzer < | Rohde & Schwarz
poicsiie n i 101223 0512019 052022
Network Analyzer -
Caliation (@ HP 850330 3423403188 062021 06/2027
Calipers Mitutoyo SN 0000732 10/2019 1002022
Reference Probe MVG SN 41/18 EPGO333 1012021 1002022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rede 8 Schwarz 106589 0312022 032025
. Charactenzed prior to[Characterized prior to
Ampiier od MODU-023-C-0002 |y 4 "No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 0612021 06/2024
Power Meter R“’d';l:\?g‘“" 832838-056 1172018 1112022
Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 1314867 test, No cal required, [test, No cal required
Tomperature /HUmId®Y]  Yesto 184 H1 44225320 0612021 0612024
ensor
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