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1 DEYICE UNDER TEST

Device Under Test

Dievice Type COMOSAE DOSIMETEN E FIELD PROBE
ManubGcurer MW
Mlondel S35EZ
Senal Number SN 3620 EPGO3AE
Product Combinion {new § used) Miw
Freguency Banee of Probe 0,15 CiHe-&HliHz
Resmtance of Three Dipoles al Connector Diipanle 1: B1=0.214 K0
Diipanle 2: KB2=0. 38 K0
Diipanle 3: B3=0.238 M0

A PRODUCT DESCRIFTION

21 GEMERAL INFORMATION

MWGs COMOSAR E Deld Probes are bull in accondance 10 the IEEE 1528, FOU KDBEOSGhd
DL, CENELEC EMNGANEG and CEIEC &0 damdards.

Figure 1= MV COMOSAR Dosimetric E field Dipole

Frabe Length 23 mm
Leéngth ol Inclavedual Dhpoles T mm
Max imumm exlamal diameler B mm
Probe Tip External [dameler 2.5 mm
Ihstance belween dipodies f probe extrematy | | mm

3 DBMEASUREMENT METHOI
The IEEE 1528, FOC KDBEASHA] D], CENELEC EN6ZHW amd CELTEC 6231 standards provide
recommended practices. (or the probe calibrutions, including 1he performance charactenstses ol
mberesl and methods by which 1o ssess their afled. All calibrstsons § measurements performed miset
the fire mentioned slandands

31 LINEARITY

The evaluation of the hneanly was done in free space using the wavegunle, perlormung a power
sweep o cover the 5AR range (001Wiks w TOINN ke

Puage: H10

Firmmpilatr_ A CR Y, FY_WVGESSLE _Car SR Proder o]

TAL AR AT Pt By e ol o RO SR O BT, e o R el o T T T DA PN oA NP L N B saed
oaly it P e i 0 U b it 1ot o B redecind o0 ek o i sacioer mcrieen o ol ad WP,



@

1C

Report No. SET2021-12846

mvis COMOSAR E-FIELD FROBE CALIERATION REFIET FEal: ACF A 20 WAGE. A

Az SENSITIVITY
The sensavaty (actors of the three dipoles were determimad using a e step calibration method (asr
and mssee simubating gusd) using wavegmdes as outlined m tbe slandands.

A3 LOWER DETECTION LIMIT

The bvwer detection hml was assessed using the same measuremen] sl up 3 used for ibe Hneanty
measmremenl. The reguired bower detection hmal i 10 mW kg,

A4 BOTROMY

The axml sotropy was evaluabed by exposang the probe 1o a relerence wave Irom a standard dapole
with the dipole mounted under the [l phantom in the el conligumbion suggested for Syslem
valulstsons and checks. The probe was rodated along bs mamm axis from O 10 360 degrees in 15-
degree steps. The bemephencal sotropy & delermined by mgerting the probe m a thin plasie box
felbed wath irsspe-eguivalent bgud, with the plastic box ilemnated with the Gelds from a ball’ wave
dhipode. The dipole 5 rotaled aboul ots axis (0°=1807) m 15% increments. Al each slep the probe is
rotaled aboul s axis (0P=360).

il BOUNDARY EFFECT

The boundary eflect 15 delined as the deviabion between the 5AR measared data and the expecied
exponential decay in the hgud when the probe 15 onenled normal 1 the mlerface. To evaluate this
ellect. the lxpusd Olled fkat phantom s exposead 1o Gelds Irom enher a relerence dipolie or wavegusde.
With the probe normal 10 the phantom surfaee, the peak spatsal average SAR i measured and
compared o the amalytical value al the sarface.

The boumdsry ellecd uncefamly can be eshmaled acconding o the (ollowing uncerlanly

approximation formula besed on limear and exponential extrapolations between the surface and o, +
d'-q,.ahug himes thal are approxzmately normal o he surlaoe:

[y, + g [~ 4R)

ST ey |70 | = EAT, for Iy, +dpg | < 10 mm

d, 52

whime

SAR yncentammty 1% 1be uncertanly m percent of 1he probe boundary ellec

F. . 15 the detance between the sarface amd 1he closest zoom-soan measurersen
piind. in mullimetre

Sstep 1% Ihe separation dislamce belween the [t and second measurement poants that
are ilosest 1o the phantom surface, 1o mullimetre, assammng the boundary ellect
al the saoomd localion B negligible

) 1% [he muinmmwm penetralion depth in mallimetres of the head Bssue-equivabent
higuids defined n thas standand, e, &= 14 mmoat 3 GHz;

jﬂﬁﬂh m percent of SAR 15 the deviation between the measurad SAR value, al the

distance dy, from the boundary, and the analytscal SAR value.
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The measured sorst case boundary ellect SAEuncertanniy|%)] for scanming distances barger than
dmam 1% 10 Lims 2%

4 MEASUREMENT UNCERTAINTY

The gudelnes cutliped in the IEEE 1528, OET 65 Bulletin O, CENELEC EN50361 and CEINEC
G2 slandards were lodlowed 10 generale be measuremenl uncertaimly associated with an E-lseld
priobe cabbrabion using the wavegusde techmnague. All uncertambies lsted below represenl am
expanded uncertnly expressed al approxamately the 5% coninlence level using a coverage (aor
ol k=2, imsceable o the Inlemationally Accepled Guides o Measurament U ncenanly.

Uneriainty amalysis of the probe calibration in way cpueide
e Unceriainty Prohabilis . i Standard
A value (%) | Disiribution | THvEer 8 | Uncertsiniy (%)
Expandcd mhcertaingy 4%
9% % confidesos kevel k=2 '
5 CALIEREATHIN MEASUREMENT RESULTS
Calibration Parameters
Ligud Temperalune i+t 150
Lab Temperabure M+l 19C
Lab Humadity 350 %
51 SENSITIVITY IN AIR
Mormx dipole | Normy dipole | Morme dipole
1 UV impE | 2 (VA Vim@R) | 3 (pVVim)E)
L45 PR 1L41
CF dipale 1 | DCP dipole 2 | DCP dipole 3
(m¥] {m¥) (m¥}
14 105 1=

Calibration curves ai=l{ %) (1=1.2.3) allvw 10 oblam E-Dekl valee usmg the formuala:
E=JE}+E*+E}®
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51
i |

Calibralion curves
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52 LINEARITY
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53 SENSITIVITY 1IN LICATEY

Liguid Freguendy CoavF
[HH‘ -I-:.
LIME I H 2§
HIL&K) (2] 1.81
HLTS) T 1.8%
HLEZSY 235 193
HILSHK] 1] 1.5
HL 151 15H} .l |
HL 1750 1750 2.72
HL 18K 13IH} 217
HL 154} 15HH} 2.40
HIL K] e 1] 2.43
HIL 25} | 1] .38
HL 2L %] 2450 2.50
HIL 26461 o 1] 2.4
HIL 33K 13HY 238
HIL 3 %K1 1] 216
HL 3T{M] ITIH} 219
HIL 351 G} 2.54
HIL 42K 42N 286
HIL 381 JiSIHE .77
HIL 251 L L] 263
HIL 52K e 1] .M
HIL 5-2{K1 o111 2k
HIL 56H{81 lo 1] 218
HIL SE8{K1 23N 247

LOWER DETECTHIN LIMIT: YmWiks
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54 ISOTROPY

HL 1S %1 Hz
Fpaderpy ooren
e | |
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i LISTOF EQUIFMENT

Equipment Summary Sheet

VGRS

Egquipment ManuGclurer Ldentification No. Currenl Mext Calibration
Ihescriplion Mol Calibration Date Dhaie
Walidated. Mocal  |alidated. Mo call
Flal Phantom MYE SN-2000SSAMTT Lo ogined
. Walidated. Mocal  |alidated. Mo call
ICOHAOSAR Test Bench Werzion 3 Py equired. requined
Netwark, Analyzer W&ﬁ"‘““ 100200 082018 b
Netwoek Analyzer - | Fiohda & Schwar: 101223 0642018 oSm2az2
hukimeter Keithley 2000 1180271 i kel B il Pl |
Signal Generasor | PO & Seear: 106588 0442018 D2z
. Characterized prior to (Characterized prior o
Ampliier e el test. Mo cal requined. [rest. o cal required.
Paser Meter MI-LESE SE80 17000013 05015 DD
. Characterized prior to (Characterized prior o
Directional Coupler Marda £218-20 G385 fest. Mo cal required. [test. No cal )
. ) alidaied. ko ol alidated. Mo cal
Waveguide Mega Indusines | O65Y7-158-13-712 inpial cpirael
. N . Walidated. Mocal  |alidated. Mocal
Waveguide Transition | Mega Indusines | O65Y7T-158-13-701 equired. requined.

; A . alidaied. ko ol alidated. Mo cal
Waveguide Termination| Mega Indusiries | O65Y7-158-13-T01 equired. raquinad.
Temperature | Humid®|  Testo 184 H1 44220687 052020 DS/
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SID750 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.2.20MVGB.A

CCIC SOUTHERN TESTING CO., LTD

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

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 750 MHZ
SERIAL NO.: SN 23/15 DIP0G750-378

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

Calibration date: 06/25/2020
o, cofrac
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Accreditations #2.678Y and 926514
Scope avibible on www cofrac fr

Suntmary

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

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

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned
standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Senal Number SN 23/15 DIPOG750-378
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION
3.l GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 411
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mvG

4 MEASUREMENT METHOD

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

4. N LOS U ]

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better, The return loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A dircct method is used
with a network analyser and its calibration kit, both with a valid 1ISO17025 calibration.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness. A direct method is used with a 1ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURNLOSS

The following uncertainties apply to the retum loss measurement:

Frequency band

Expanded Uncertainty on Return Loss

400-6000MHz

0.08 LIN

5.2 DIMENSION SUREMEN

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 guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC ENS50361 and CEITEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Sean Volume Expanded Uncertainty
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1g ‘ 19 % (SAR)

10g ‘ 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, NH:
70 ™ Y 800

S11.48

| Frequency (MHz) Return Loss (dB) [ Requirement (dB) [ Impedance
750 -42.12 -20 50.5 02 -0.6 €2

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraquency. Nz
00 20 40 ® 0 800 120 840 830

o n H o
L T T
| | 1

-

1

>
2
5
7

<
5
0

511,48

Frequency (MHz) | Return Loss (dB) _Requirement (dB) lmpedal;ce
750 [ -27.00 . =20 4790+39iQ

6.3 MECHANICAL DIMENSIONS

Frequency Mz I L mm h mm dmm

required measured required measured required measured

Page: 6/1]
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300 420021 %, 250.0 41 % 6.3521%,
as0 260041%. 166.7 £1 %, 6.3521%,
750 176021 % : 1000 41 %, 535 1% -
835 161021 %. 85.8 41 %. 1641%
a00 128021 % 83321 %. 3641%
1450 89181% 51721%. 3641 %
1500 0.5 41 % S0021% 3641 %
1680 790 41 % 45721% 3641 %
1750 75.211 %, 4295:1% 365
1800 72041 %, H78% 1641 %
1900 68.0 21 %, 395+ % 1641 %,
1950 6.3 41 %, 3511%. 3621 %,
2000 66541%, 7541 % 3641 %
2100 61021% 57415, 1621 %,
2300 55,521 %, 12641 %, 3621 %,
2450 515:1%. 0441 %, 1601%
2600 48521 % 28841 %. 1621%
3000 s 25021 % 3641 %
1500 37001 % 26421 %. 3641%
3700 3741 %. 6441%. 3641 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurcments 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
Freawenct | metstive permittivity (&) | Conductiviy (o) S/m
required measured required measured
300 453210 % 0.87 $10 %
a50 a35:10% 0.87 210 %
750 419210% 418 0.89 210 % 0.8
835 415£10% 020:10%
800 415110% 0.97:10%
1450 405 +10% 1.20:10%
1500 404 110% 123+10%
1640 402 +10% 1.21£20%
Page: 711
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1750 40.1210% 137110%
1800 a0.0:10 % 140210%
1900 40.0£20% 140:10%
1950 40.0210% 140210%
2000 400:10% 140410%
2100 368410% 1.45410%
2300 395110% 167210%
2450 39.210% 180110 %
2600 190110% 196:10%
3000 385210 % 240210%
3500 37.5210% 291:210%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V5
| Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liqusd Head Liquid Values: eps' : 41.8 sagma - 0.82
Distance berween dipole center and hgud 15.0 mm
Area scan resolution dx=8me/dy=8mm
Zooa Scan Resolution dx=8mm/dy=8mm/'dz-Smm
| Frequency 750 MHz
Input power 20 dBm
| Liquid Temperature 203 1°C
Lab Tempemture 20+/-1°C
Lab Humidity 30-70 %
"':"“"" 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
reguired measured required measured
300 285 134
450 4.58 306
750 8.49 8.73 (0.87) 555 5.71 (0.57)
i35 9,56 622
S00 10.9 6.99
1450 29 16
1500 30.5 168
1640 34.2 184
1750 64 19.3
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SAR REFERENCE DIPOLE CALIBRATION REPORT Refl ACR17£220.MVGB.A
1800 384 201
1900 39.7 05
1950 40.5 m0e
2000 411 211
2100 436 219
2300 48.7 233
24%0 524 2
2600 55.3 246
3000 63.8 25.7
3500 67.1 25
3700 §7.4 242
\ .
1.9 1= -
13 -
o
LT
t \ =
" MR RRB R DD
7.3 BODY LIQUID MEASUREMENT
e Relative permittivity () Conductivity (o) $/m
required measured required measured
150 619410 % 080:10%
300 582210 % 0.92210%
450 56.7210% 0.84 £10%
50 555210% 529 0.96:10% 0.89
a3s 552 £10% 097 1210%
800 55.0420% 105410 %
915 55.0+10 % 106410%
1850 54.0410% 130410%
1610 53.3410% 140410%
1800 $33410% 152210%
1500 533210% 152210%
2000 $3.3410% 152210%
2100 532210 % 1.62210%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.178.220 MVGBA
2300 529210% 181210 %
2450 527210% 195:10%
2600 52.5£10% 216210%
3000 52.0410% 273410%
3500 51.3410% 331410%
3700 51010% 355+10%
5200 490210% 530410 %
5300 439110 % 542110 %
5400 487210% 553210%
5500 4B6210% 565210%
5600 485£10% 5.77:10%
5800 48.2410% £.00410%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS
| Phantom SN 1300 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liguid Values: eps’ @ 52.9 sigma : 0.8
Distance between dipole center and liquid 15.0 mm
_Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz= Smm
Frequency 750 MHz
Inpet power 20 dBm
Liguid Temperature 20+/- 1 °C
Lab Temperature 20 +/- 1°C
Lab Humidity 30-70 %
v sl 15 SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
750 8.82 (0.88) 5.51(0.59)
L

.-L 13w
;\ ¥=- A
| TS
- Mo
0 || -
WRHNREEAR2NEDRR
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Rel- ACR.IT8.Z 20 MVGB.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer / = Current | Next Calibration
Model |!dentification No.| ¢ ation Date Date
Validated. No cal Validated, No cal
SAM Phantom MVG SN-13/09-5AMes [ e sdrariny |
Validated. Nocal  [Valdated. No cal|
comosmTeses| en: | it et s v =
Network Anaiyzer | Fiohde B Schwarz 100203 05/2019 0512022
Network Analyzer — | Rohde & Schwarz '
ook A =s o Son 101223 052010 0512022
Calipers Mitutoyo SN 0009732 10/2019 102022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithiey 2000 1160271 0212020 0212023
Signal Generator | RONde 2 Behwarz 106589 04/2019 0412022
Characterzed prior to (Characterzed prior 10
Ampiifier Asthercomm SN 046 test, No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 052019 05/2022
; 5 Characierized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal rod. llest. Nocalt ol
T°’"°°“‘s'”'°’ HUMIdY!  control Company 150798632 112017 11/2020
ansor
Page: 11711
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SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.3.20.MVGB.A

CCIC SOUTHERN TESTING CO.,LTD

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

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

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

Calibration date: 06/25/2020
ot cofra

ETALONNAGE

Accrodiiations 32-6789 and A24£314
Seope avalable on www.colroo fr

Sununary:

This document presents the method and results from an sccredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibratson results are irneeable w0
national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 17K 320 MVGB A
Name Funetion Date Signature
Prepared by ;: Jéréme LUC Technical Manager | 626/2020 ﬁ
Checked by Jéréme LUC Technical Manager | 6/26/2020 75:_
Approved by : Yann Toutain Laboratory Director | 6/26/2020 cﬁj&;;
Customer Name
CCIC SOUTHERN
Distribution ; TESTING CO.,
LTD
fssue Name Date Modifications
A Jérdme LUC 6262020 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACRITE320 MVGB.A

TABLE OF CONTENTS

VI (1507 T ) S R e S NP e S - SRR S SRR PR s |
2. DIBICB N TIDIACE TOBE sy s sssiacuns s pasuviisaiiissairas ioslinvamass st s v’ Gdvipuaeutmanpeind i suianiairais I

o

11

General Information

ProdUCt IDBSCLIIION o civaiasisiskininsasssisaiaisssmvariuressaionisorapesiomesssiasasissaminsesspronsansarsnss

G Measurement MeEUNO ... e vciun s iersera vsas s ssrss soressesssssssssssssassasasas sssarassas seasessssnssnss

4.1
4.2

57 M Rt it IACE TR i el sia b bt hantas dntsasabaaiandssun dodonassnscdsasasdsiansans

5.1
5.2
5.3

6 Calibration Measurement Results
Retumn Loss and Impedance In Head Liguid
Return Loss and Impedance In Body Liquid

6.1
6.2
6.3

7 Valdation measurcment

7.1
7.2
73
7.4

8  List of Equipment

Retumn Loss Reguirements
Mechanical Reguirements

Return Loss
Dimension Measurement

Validation Measurement

Mechamical Dimensions

Head Liquid Measurement
SAR Measurement Result With Head Liguid
Body Liguid Measurement
SAR Measurement Result With Body Liquid

...................................................................

.................................................................................

Page: 311

fomplere ACROBDN VY MEGHISSUE SAR Refevence Dipode G

...........................................................................................

This docaonnr shal vor b reprodvonl. exodpd v il o fe part. eiilhosd tbe writien gpyovoral & MG The infvoation cavsatoned beroi & 52 v aved

o) fov e parpoue o wkicd & s subenoned and i ner 42 B redeeiad i mbale o part witkosy walien apyroval of MG,



@

Report No. SET2021-12846




)

Rt/

Report No. SET2021-12846

SAR REFERENCE DIPOLE CALIBRATION REPORT Rel: ACR.ITEI20MVGHA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned
standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDR3S
Serial Number SN 09/13 DIPOGR35-217
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the [EEE 13528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4711
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SAR REFERENCE DIPOLE CALIBRATION REFORT Rel. ACRITE320MVGB.A

mvg

4 MEASUREMENT METHOD

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

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

4.2 MECHANICAL REQUIREMENTS
The [EEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness. A direct method is used with a 1SO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

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

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

Frequency band

Expanded Uncertainty on Return Loss

400-6000MHz

0.08 LIN

5.2 DIMENSION MEASUREMENT

The following uncertzinties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

5.3 VALIDATION MEASUREMENT

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

Scan Volume

Expanded Uncertainty

Fompdonte
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SAR REFERENCE DIPOLE CALIERATION REPORT

Rel ACRIT3IOMVGBA

4

I li)V g

19 % (SAR)
19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

$11.40

4 &

40-

%

Feguercy, NHz

24

847 830 an 20 520

Frequency (MHz)
835

I
-

_Return Loss (dB)

Requirement (dB)

-23.87

-20

_Ampedance
56.0 Q- 2.2 i}

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frecuency, MH:

s
¢

511,48

&3

780 780 800

£20

240 L 3 900 920

535

. Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

835

6.3 MECHANICAL DIMENSIONS

-30.86

-20

5240+ 1550

Frequency Mt

Lmm

hmm _I

d mm l

required

measured

required measured

required maasured
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SAR REFERENCE DIPOLE CALIBRATION REFORT

Rel ACRITSI2OMVGEA

30 420.0 21 %, 250.0 21 % 6.35 21 %.
430 290,021 %, 166.7 21 %. £.35 21 %.
750 176021 %. 10021 %. 6.3521%.
835 161021 %, - B38=1%. 3641%.
500 18901 5. B33l % 35641%.
1450 89121 %, 51.7 £1 %. 36231%.
1500 8051 % 00121 %, ok,
1680 TS0 % 45711 %, 361 %,
1750 5211 % 429 $1 %, EV-ZI80
1800 T20 1% 40T 1% 361 %
1900 63.0 £1 %, 39541 % 1641%
1950 66,3 1%, 38521 % 1641 %
2000 64.5 21 %, 37521 %. 3.621%.
7100 61021 %, 35.7 21%. 3.611%.
2300 55521 %. 32641 %. 3621%.
2450 51521 %. 30L21%. 3621%.
2600 4851 %, 28841 %, 6%
3000 41521 %, 25021 %, 360%,
3500 701 % 264121%, 3621 %.
3700 3741 % 264201% 3621 %,

7  VALIDATION MEASUREMENT

The 1EEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Ry Relative permittivity (+) Conductivity (o) S/m
required maasueed required measured
00 453210% 087210%
a50 435810% 087 210%
750 41910 % 089 =10%
835 415+10% 406 020 :10% 0.8%
200 41.5:10% 097£10%
1450 405 :10% 120:10%
1500 a0.4 £10% 123:10%
1640 an.2 110% 131 210%
Page: 711
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rel: ACR TR S 20 MVGH A
1750 40.1210% 137:10%
1200 S00210% 14010 %
150¢ £00£10% 1.40£10%
1850 400:10% 14D10%
2000 400410% 140210%
2100 158110% 1.49210%
2300 355210% 167210%
2450 39.2410% 180210%
600 390210% 196210%
3000 3B5210% 240410%
3500 379210% 291 210%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

| Software OPENSAR VS
Phantom SN 13709 SAM6S
Probe SN 41718 EPGO332
Ligquid Head Liquid Values: eps” @ 40.6 sigmsa : 0.89
Distance between dipole center and liqusd 15.0 mm
Area scan resolution dx=8mm'dv=8mm
Zoon Scan Resolution dx=Bmmdy=8mm/dz=5Smm
Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 20+ 1°C
Lab Tempemture 20+/-1°C
Lab Humidity 30.70 %
MH: 1 SAR (W/kg/W) 10 g SAR (W/kg/ W)
required measured required measured
200 285 1.94
450 458 3.05
150 8.45 555
835 5.506 age e 622 6.15(051)
900 10.9 655
1450 i 16
1500 205 16.8
1640 342 184
1750 64 19.3
Page: 8711
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.173,3.20.MVGB.A
1800 384 20.1
1900 39,7 205
1950 a0.5 209
2000 a11 211
2100 436 219
2300 487 233
2450 524 24
2600 553 45
3000 63.8 57
3500 67.4 5
37200 67.4 24.2

« A n

7.3 BODY LIQUID MEASUREMENT

‘MM:::! Y Relative permittavity (c') Conductivity (o} S/m
required measured required measured
150 §19210% 0.80210%
300 582:210% 0.92210%
450 557:210% 092:=10%
750 S55:10% 095:10%
835 552210% 52.3 097410% 0.94
a0 55.0410% 105410%
915 55.0 110 % 10610 %
1450 54.0+10% 1.30:10%
1610 53.8210% 1.40210%
1200 53.3410% 1.52410%
1500 535210% 1.52210%
2000 533210% 152210%
2100 532:10% 162210 %
Page: 911
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Hel: ACR T8 320 MVGE A

2300 $29:10% 181:10%
2450 S2.7210% 195110%
2600 525110% 216210%
3000 52.0110% 273110%
3500 513110% 331210%
300 51.0110% 355210%
5200 a90210% 530210%
5300 4B9210% 542:10%
A0 487 210% 553:210%
500 485210% S65:10%
SECO 435:10% STT10%
5800 4832:10% 600£10%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS
Phantom SN 1309 SAMAR
Probe SN 41/18 EPGO333
Liqusd Body Liguid Values: eps” : 52.3 sipma : 0.94
Distance between dipole center and liguid 15.0 mm
Area scan resolution dx=8mmdy=-8Smm
| Zoon Scan Resolution dx=8mm'dy=8mm‘dz=3mm
| Freguency 835 MHz
_loput power 20 dBm
Liguid Tempersture 20+-1°C
1.ab Temperature 204/ 1 °C
Lab Humadsty 30-70 %
s 18 SAR (Wikg/W) 10§ S48 (W/ke/ W)
measured measured
835 9.97 |1.00} 6.52 {0.65)
A %
, !
A ‘.
4 3 ©
B ' E
; 3
i - !
b pa N
- £:
: 3 15 \
h - ]
L = " -
M1 TUNB WD NIAN
Iw)
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRITES20MVGE A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer / , Current Next Calibration
Description Modet |'dentification No.| &y ration Date | Date
Velidated. No cal Validated. No call
SAM Phantom MVG SN-13/08-SAMES equired. required.
5 Nalidaled, No cal Validated. No cal
COMOSAR Test Bench Version 3 NA equired. required.
Network Analyzer | RO B Sctwarz 100203 0512019 0612022
Neatwork Analyzer — | Rohde & Schwarz
Calibration kit Zv-2235 101223 08/2019 05/2022
Calipers Mitutoyoe SN 0009732 10v2019 102022
Reference Probe MVG EPGQO333 SN 41/18 052020 052021
Multimeter Keithley 2000 1160271 02/2020 0212023
Signal Generator Rohcesa; ASchvarz 106569 04/2018 042022
i Characterized prior 10 |Characterized prioe 10
Ampiifier Aethercomm SN o048 lest. No cal reguired. [tesl. No cal reguired.
Power Meler NI-USB 5680 170100012 052018 052022
KR Charactarized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required,
Temperature | Humidly| Gonwrol Company | 150708832 1112017 1112020
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SID1800 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.5.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
~ SERIAL NO.: SN 09/13 DIP1G800-216

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

Calibration date: 06/25/2020
s, cofrac
A
’1,%\\
M ETALONNAGE

Acoredinntions £2.6789 and $2.63 14
Scope availae oo wwvw cofioe. Ir

-

a),g

Summary:

Thes document presenis the method and results from an socredited SAR reference dipole caltbratson
performed in MVG usng the COMOSAR test bench.  All calibration results are traceable w0
national metrology institutions,
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles uvsed for SAR measurement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned
standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 09/13 DIPIGROO-216
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

i1 GENERAL INFORMATION

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

Figure 1 - MY G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The 1EEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements, The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY
All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%

confidence level using a coverage factor of k=2, traccable to the [ntemationally Accepted Guides o
Measurement Uncertainty.

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

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

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

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Freauency. MH:

WA W0 R0 e M0 M0 1880 1880 180 1900

1"
e

SIL¢eB

£)-
o b
)
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 - -21.62 -20 42.70Q+38)0

6,2 RETURN LOSS AN

176 1760 1780 ME00 M0 N34 G 1920

<B

45~
Frequency (MHz) Return Loss (dB) Requirement (dB) |  Impedance ]
| 1800 B -22.06 [ -20 423Q0+14JQ |
6.3 MECHANICAL DIMENSIONS
v Fregquancy MH; l— ) Lmm A hmm | —:rnm i
required measured required measured \ required measyred

Ph‘),‘(‘ e

DODN VYV MVGEHISSEE SAR Reter Mol 14
TALs dfocaennt 3800 Aoy Ov repvoaiacad’, excgy (e Al or o oavt s ithosy e writhon apyvenad of MPG. The intemation consavined deredn is 0 ¢ aoed
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e 420021 %, 250021 %, 3581 %,
aso WO0 1% 166,721 %, 63521 %,
750 1760 11 %, 100021 %, 635 11 %
B35 161,021 %, BEN% 361N
200 119,021 %, 83311 % 1621 %
1450 891 11 %, 517 % 1621 %
1500 80521 %, S0.0:1%. 3.621%.
1540 79021 %. 45.7 21 %. 3621%.
1750 75241 %. 42941 %. 3621%.
1200 72021 %, - a1.7 41 %, sk, =
1500 65021 %, 30521%, SN,
1550 66321 %, 38521%, 36t %,
2000 G451 %, 35K st %,
2100 6101 % /TN 3641 %,
2300 555 21 % 32AL N 361N
2450 SAS5% NA L% 3621 %
2600 48.5 1 % B8 % 3611%
3000 A5 K B0 % 3611%
3500 3701 %, 6.4 21 %, 3.621%.
3700 34721 %. 26.4 21%. 3641%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
Iength centered and parallel to the longest dimension of the flat phantom, with the top surface of the

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

1

HEAD LIQUID MEASUREMENT
MI He v Relative permittivity (e”) Conductivity [¢] $/m
required measured required measured
300 45.3410% 0.87410%
450 435410 % 0,87 210 %
T80 41.9210% 0.89210%
215 a15210% 090210%
900 a15210% 097210%
1450 H5+10% 1.20£10%
1500 L0AI0% 123£10%
1640 402 210% 1.31210%
Page: 711
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1750 £A20% 137 +10%
1300 40010% 43.7 140410% 1.34
1900 4A0010% 140210%
1950 400+:10% 140210%
2000 400:10% 1.40210%
2100 358:10% 145 210%
2320 355210% 1.67210%
2450 35.21210% 1.80210%
2600 39.0210% 186210%
1000 38.5210% 240410%
1500 3728210% 291410%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Saoftware OPENSAR VS
Phsmtom SN 13108 SAM68
Probe SN 41/18 EPGO323
Liguid Head Liquid Values: eps™ - 43.7 sigma ¢ .34
Distance between dipole center and liguid 10.0 mm
Arca s¢an resolution dx=Smm/dy=Smm
Zoova Scan Resolution dx~8mmdy~8mm/dz~Smm
Frequency 1800 MHz
|_Input power 20 dBm
Liquid Temperature 20+ 1°C
Lab Temperalure 20+/-1°C
Lab Humidity 30-70 %
Y 1§ SAR (W/kg/W) 103 SAR (W/kg/W)
required measured required measured
00 2.85 194
450 4.58 305
750 8.49 5355
835 9.56 622
800 103 658
1450 ] 16
1500 S 168
1540 42 18.4
1750 %54 18.3
Page: 811
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1800 38.4 37.25(373) 20,1 19.72{1.97)
1900 39.7 20.5
1950 205 209
2000 411 21.1
2100 435 219
2300 187 33
2450 52.4 74
2600 553 24.6
3000 63.8 25.7
3500 67.1 5
3700 67.4 24.2

7

e
T
7
i
A : -
A 20 >
o E SERes
o3 PR R P EEEEE]
)
7.3 BODY LIQUID MEASUREMNT
""‘M‘;;"" Relative permitthity (c') Conducthvity (o) $/m
required measured required measured

150 619:210% 0.80210%

300 582:210% 092210%

450 55.7+10% 032210%

750 555:10% Q96210%

835 $52200% 097:10%

an S50210% 105210%

915 550110% 106210 %

14350 540:10% 1.30210%

1610 53.8:10% 140:10%

1200 53.3210% 553 1.52410% 149

1500 53.53210% 152110%

2000 533210% 1,52 $10%

2100 53.2210% 1.62210%
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2200 52.9210% 151+10%
2450 52.7210% 155210 %
2600 525:10% 216:10%
3000 520:10% 2.73:10%
3500 513110% 3.31410%
3100 51.0410% 355210 %
200 45,0 410 % 5.30£10%
5300 a48.9410% S542210%
5400 a8,7 210 % $52410%
5500 AB6210% S65410%
S600 485210 % 517 210%
5800 AR2:10% 6,00 210 %
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Sofiware OPENSAR V3
Phantom SN 13109 SAM6S
Probe SN 41/18 EPGO313
Liguid Body Liquid Values: eps’ : $5.3 sigms ¢ 1.49

Area scan resoluticn

Distance between dipole center and liguid

10.0 mm

dx=Smm/dy=8mm

Zoon Scan Resolution dx=8mm/dy=8mm/dz=Smm
| Frequency 1800 MHz
Inpat power 20 dBm
Liguid Temperature 204/ 1°C
Lab Temperature 20+-1°%C
Lab Humidity 10.70 %
s 1 SAR (W/ke/W) 101 SAR (Wikg/W)
measured measured
1800 857 2.26) 20.19{2.02}
A ) ‘
4 _ N
, fﬂi p
1'1 ; |
|
i 2 i
- ':g’ L A
( 4 - LI
% e z \\
'.E 3w N
- 1%
7 =" : N
b PR P e R
Ire)
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ~ Current Next Calibration
Description ‘Modet  |'dentificationNo.| )iy o tion Date Date.
Validated. No cal Validatad. No ca
SAM Phantem MVG _SN-"&’O@-SAMGG raquired. required.
Validgated. Nocal  |validsted. No cal|
LCOMOSAR Test Bench Version 3 NA required. equired.
Network Analyzer | Rende R Setwarz | 400503 052019 0512022
N onaer=" | TR0 % SN 101223 05/2019 0512022
Calipers Mitutoyo SN 0009732 1002019 10/2022
Referance Probe MVG EPGO333 SN 41/18 05/2020 052021
Multimeter Keithiey 2000 1160271 02/2020 02/2023
Signal Generator R"“"":M%‘:’“"’“ 106589 0412019 0412022
: T Characterized prior to |Characterized prior to
- Amplifier Asthercomm SN 046 test. No cal required. jtest. No cal required.
Powear Meter NI-US8 5840 170100013 05/2019 05/2022
i :; Characienized prior {o|Characterized prior 1o
Directicnal Coupler Narda 4216-20 01386 tost. No cal roquired, |test. No cal required.
Tempersture MUY Control Company | 150798832 1172017 1112020
Page: 15711
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SAR Reference Dipole Calibration Report

Ref: ACR.178.6.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

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

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

Calibration date: 06/25/2020
sy, cofrac

ETALONNAGE

Azcreditations A2-4780 and 9208 14
Scope inailabk oo www cofac v

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG using the COMOSAR test hench.  All calibration results are 1raceable 10
national metrology instinations.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 09/13 DIP1G90O-218
Product Condition {new / used) Used

3 PRODUCT DESCRIPTION

3l GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1328, FCC KDBs and
CEIEC 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 [EEE 1528, FCC KDBs and CEVIEC 62208 standards provide requirements for reference
dipoles used for systern validation measurements. The following measurements were performed to
verify that the product complics with the fore mentioned standards,

4,1  RETURM LOSS BREQUIREMENTS
The dipele used for SAR system validation measurements and checks must have o retumn loss of -20
dB or better.  The refurn loss measurement shall be performed apainst a liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with u network analyser and its calibration kit, both with a valid [5017025 calibration.

4.2 MECHAMIC

The IEEE Std. 1328 and CELFIEC 62209 standards specify the mechanical componenis and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOSAR test bench emplovs 2 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness. A direct method 15 used with a 15017025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainbies listed below represent on expanded vncertainty expressed af approximately the 95%
confidence level using a coverage fwctor of k=2, traceable to the Intemationally Accepted Guides o
Measurement Uncerfainty,

5.1 RETUEN LOSS

The following uncertainties apply o the retwm loss measurement:

Fregqueney band Expanded Uncertainty on Beturn Loss
400-6000MHz (08 LIN

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

Lengih {mm) Expanded Uncertainty on Length
- 300 020 mim
300 - 450 l (.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 13528, FCC KDBs, CENELEC EN50361 and CELIEC 62209
standards were followed 1o generate the measurement uncertainty for validation measurements.
Scan Yolume | Expanded Uncertainty
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g

19 % (SAR)

10g

19 % (SAR)

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

130

&5~

2 e

W0

W

Fsguecoy. NI
WY 1M 1

1900 1950 190 200}

Frequency (MHz)

3

Return Loss (dB)

Requirement (dB)

Impedance

1900 l

6.2

22254

-20

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

203

1820 1340

15D

Frecuensy. MH:

1890 100 180 1340 1980

1530

51.70+72j0 |

2000

Frequenc

v (MHz)

Return Loss (dB)

Requirement (dB)

Impedance |

1900

-20.87

-20

4840 +89)Q |

6.3 MECHANICAL DIMENSIONS
Fraguency NMH: Lmm ‘ h mm _d mm ]
required measured requined measored required measured
Fage: 611
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ReCACRITSSDIMVGBA

200 420.0 21 %. 250021 % 6.3521%.
450 250.0 £1 %. 166.7 21 %. 63521 %,
750 176.0 21 %. 100.0 21 %. 53541 %,
235 161.0 £1 %. 89.821%. 1641 %
500 1490 £1 %, B3.341%. 1641%
1350 53141 %, 51.7 21 %. 1611 %
1500 550 % 01 %, 3621%
1640 79021 %. AST 21 %, 3621 K,
1750 7521 R 42921 % 36=1%.
1800 7201 % 43721 % 3621%.
1200 €3.0 21 %. 35541 % S 3521 %,
1550 €6.3 1 %. 3851 %, 3561 %,
2000 B4.521%. 37.511%. 3641 5%,
2100 61.041%. 35.7 £1%. 1541 %.
2300 55521 %, 32.621%. 16418
2450 51541 %, 30421 %. 16:21%
2600 4551 % 28521 %, 1621%
3000 41521 %, 25021 %, 3621 %
3500 .01 % 264 £1 %, 3621%,
3700 Ja % 16,4 11 % 3621 %,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements, The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the

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

HEAD LIQUID MEASUREMENT

i Relative permittivaty ('] Conductivity {c) S/m
required measured required measured
30 453 1+10% 087 +10%
450 435:10% 0.87210%
750 419+:10% 0.89 210 %
&8s 415:10% 0.50 210 %
SCO 41.5110% 0.97210%
1450 q0.5 410 % 1.20210%
1500 40,4210 % 1,23 210 %
1640 40.2210% 1.31:10%
Page: 711
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1750 0.1 410 % 1.37210%
1800 a0.0 410 % 1.80£20%
1500 a0.0 210 % 433 140£10% 141
1550 40.0210% 140410%
200 £00210% 140110%
2100 E0% 145 £10%
2300 395110% 167 410%
2450 39210 % 180210 %
2500 39.0210% 1.96 210 %
3000 38.5410% 240210 %
3300 37.9410% 291£10%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

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

Soflware OPENSAR V5
Phantom SN 13109 SAM6GS
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps” - 233 sipma © 1.41
Distance between dipole center and liguid 10.0 mun
Area scan resolution dx~8mm/dy=Smm
Zoon Scan Resolution dx=8mady=Smem/dz=Smm
| Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 2+~ 1°C
Lab Temperature 20 </-1°C
Lab Humidity 30-70 %
L g 1 SAR W/ ke/W) 10 ¢ SAR {W/kg/W)
required measured required measured
300 285 14
as0 a4.58 305
50 8.9 555
B35 956 622
900 109 699
1430 el i6
1500 05 16.8
1640 12 164
1750 364 193
Page: 811
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Rof: ACR 1750 20 MVGE.A

1800 Ea 20.1
1500 5.7 3.71(3.97) 20.5 20.45 |2.09)
1850 a.y 209
2000 a1.1 211
2100 a36 219
2300 487 233
2450 524 24
2600 553 M6
3000 618 257
3500 671 5
3700 £7.4 24.2

e R
1 25 =
1 R -TT;‘:‘ Aak
i)
7.3 BODY LIQUID MEASUREMENT
i Relative permittivity (") Conductivity (o) S/m
required measured required measured
150 61.9210% 0.80210%
300 58.2:210% 092:210%
450 56.7:10% 054 :10%
=0 555:10% 095:10%
835 552:10% 097 210%
800 S550:10% 105410%
a15 550210% 106 110%
1450 S40210% 130210%
1510 53.8210% 1.40 £10%
1800 53.3210% 152210 %
1900 $33210% 550 152210% 157
2000 $3.320% 152210%
2100 53.2210% 162:10%
Page: Wil
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2300 S29210% 181110%
2450 S2710% 195410%
2600 525:10% 216210%
3000 52.0:10% 273210%
3500 51.3:10% 331210%
3700 51.0110% 355010%
500 40.0210% 530£10%
5300 4B89:210% SAZ: 0%
s4co L87210% 5S3I: 0K
5500 455210% SES:10%
5600 485:10% 5.77 2410%
5800 422 210% £.00210%
74 SARMEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V5
Phantom SN 1308 SAMAGR
Prabe SN 41/18 EPGO333
Liqusd Body Liquid Values: eps” - 55.0 sigma : 1.57
Distance between dipole center and liquid 10.0 mm
Area s¢an resolulion dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/'dy=8mm/dz=5mm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20--1"C
Lab Temperature 20 +/. 1°C
Lab Humidity 30-70 %
F
i 1 SAR (W) 108 S8R (W/kg/W)
measured measured
1500 40.69 14.07} 20.70(207)
= X ;
4 A | .
, \ ﬂ |
i ey .
| ; ‘E
n g | =
- .'.... '_’_’
”I '.ﬁ: 1% N\
‘ . #5TTY
% E:g;' g B,
:: 2w
1 200
-* ™
- : -
4 NLMKE WX Jllilﬁ
Zm)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer / | o ~ Current | Next Calibration
Description R L LI e R Date
Validated. No cal Validated. No ca
SAM Phantom MVG sN-1a0a-sames [ iRt Mool e i
y Nalidated. No cal Nalidated. No ca
|
COMOSAR Test Bench Version 3 NA equired. required.
Network Analyzer R°"’°°§jf""’°" 100203 05/2019 0512022
* Network Analyzer - | Rohde & Schwarz
Calibeation kit 7V.7235 101223 0512019 05@})23 X
Calipers Mifutoye SN 0009732 1002019 12022
Reference Probe MVG EPGO333 SN 41118 052020 os/2021
Multimeter Keithley 2000 1160271 0212020 02/2023
Signal Generator R°""°S‘M%‘“”"‘ 106569 04/2019 0412022
x " Charactenzed pnocz 1o |Characterized prior to
Amphitise Ast S SN 046 fest. No cal requirad. |test. No cal required.
Power Meter NI-USBE 5680 170100013 052019 0502022
: ¥ Characlerized prior to |Characierized prior o
—Dlrecuonal Coupler Norda 4216-20 01336 tesl. No cal required. [lest, No cal required.
Temperature ! Humidity
s Control Camgiany 150798832 112017 | 11/2020
Page: 1i/11
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Refl: ACR.178.8.20 MVGB.A

CCIC SOUTHERN TESTING CO.,LTD |

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

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

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

e ]

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

Calibration date: 06/25/2020
v, cofrac

>N\ 7,
& s

N L

ETALONNAGE

Accraditaticns 325759 ind f2.6814
Scoge available on www cofrec.

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performeed in MVG using the COMOSAR test bench.  All calibration results are tracesble 1o
natianal metroogy institutions.
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Name Function Date Signature
Prepared by ; Jérdme LUC Technical Manager | 62672020 =
Checked by - Jérdme LUC Technical Manager | §/26/2020 T
Approved by : Yann Toutain Laboratory Director | 626/2020 Conl ™
Customer Name
CCIC SOUTHERN
Distribution © TESTING CO.,
LTD
fssue Name Date Modifications
A Jérome LUC 6/26/2020 Initial release
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1 Introduction
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACRATSE20MVGE.A
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1 INTRODUCTION

This document contains a summary of the requirements sct forth by the IEEE 1528, FCC KDBs and
CEIIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned

standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 24350 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Seral Number SN 09/13 DIP2G450-220
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 iEN N N

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: /11
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mvs SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR178.8.1.MVGE A

4 MEASUREMENT METHOT

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

4.1  RETLEM LOSS REOUITREMENTS

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

4.2 MECHAMICAL RECUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

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

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

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

standards were followed to generate the measurement uncertainty for validation measurements,
Sean Volume l Expanded Uncertainiy
Page: 5207
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lg

19 % (SAR)

I 10 ¢

19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

)

o9
A
g

<0~

2u0

F)

Frequancy. M1
21{-0 LD

HE) 0 8N k]

2450

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

-32.61

20 | 5230+03jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

3%

51448

30

400 24 440 60 20430 00 23NW 50

Frequency, NH:

Frequency (MHz _Return Loss (dB) | Requirement (dB) | Impedance |

2450 24,97 | -2 55.60-04iQ
6.3 MECHANICAL DIMENSIONS
Freguency M2 | Lmm ); rv; dmm
required measured required L measured required measured

1’(.'}:;'. &1

FYWVGAEISSULE S IR Ry
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Ref ACRITES 20 MVGE A

W0 A20021%. 250.0 21 %. 63521 %,
450 290021 %, 166.7 11 %. 635121 %,
50 176021 %, 100.0 21 %, 63521 %
835 161041% 89821%, 3621 %
900 14901 % B33:1%. 3621%
1450 5.1 11%. 51721 %, 3621 %
1500 0.5 1% 500114 % 36:21%.
1540 79021 K. A5.T7+1 % 3.621%.
1750 75.221%. 42921 % 3621 %,
180 72021 %. 417 1%, 3641%
1800 68.0 £1%. 355 21 %, 36k,
1950 66.3 21 %. 38541 %. 1621 %,
2000 68541 %, 37.541%. 1621 %,
2100 51021 %, 35721 %, 3621%,
2300 55541 %, 32621%, 3611%
2450 51521 % = 304215, % 3621 % 2
2600 485 21 % 28821 % 3621 %
3000 41521 %, 250t % 3621%.
3500 37,011 %, BAIN 3621%.
3700 34.711 %, 54 1R 3621%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FOC KDBs and CEVIEC 62209 standards statc that the system validation
measurements must he performed using a reference dipole meeting the fore mentioned retumn loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the

dipole at the described distance from the bottom surface of the phantom.
71

M' 'm y Relative permittivity () Conductivity {o) $/m
required measured required measured
300 45.3+10% 087:10%
4350 43.5110% 0.87 £10%
750 419410% 0.89 410 %
2as 41.5210% 0.50210%
500 215:10% 097:210%
1450 40520% 1.20:10%
1500 40408 1.23:10%
1640 402 :210% 131:10%
Page: 7111
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.178.E20.MVGB.A
1750 40,1 $10% 137210 %
1800 40.0110% 140210 %
1500 400210% 140410 %
1950 £00210% 140$10%
2000 L00% JAD+1OR
2100 DE:10% 145:10%
2300 395£10% 167210%
2450 392:10% 419 1.80210% 158
2600 350:10% 1.56£10%
3000 38.5210% 2.80410%
3500 17.9410% 291510%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID
The [EEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR VS
Phamtom SN 13/06 SAMGS
Probe SN 41/18 EPGO333
Liguid Head Liquid Values: eps” - 41.9 sipma - 188
Distance between dipale center and liguid 10,0 mm
_Asea scan resolution x-S dy=Simm
Zoon Scan Resolution dx=Smm/dy=Smm/dz=Smm
Froquency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 204~ 1°C
Lab Humidity 30-70 %
Fregquancy
MHz 1 g SAR (W/kg/W) 10 g SAR (W/Rg/W)
required measured required maeasured
00 235 1.0¢
450 4.58 305
750 8.49 555
835 9.56 622
900 109 655
1450 Pl 16
1500 s 168
1540 342 18.4
17%0 54 18.3
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1800 384 201
1500 0.7 205
1550 405 20,9
2000 411 211
2100 436 219
2300 437 233
2450 524 53.71{5.37| 24 24.17{2.42)
2600 55.3 246
3000 £3.8 5.7
3500 67.1 25
3700 674 242
y 4 2
o - | o
i ? 2
I l B
i i * n= — —
¥ 200
; Rt
\ 1 9
.FL i 2 -
o PRUKMEDDNBAN
Zhw)
7.3 BODY LIQUID MEASUREMENT
g Relatie permitthity (c) Conductivity (o) §/m
required measured required messured
150 61.9210% 080210%
aco 58.2210% 092210%
as0 56.7 210 % 094:10%
750 55.5210% 056210%
835 §5.2210% 097 £10%
900 S5020% 1.05 10 %
ais SS0+10% 106210%
1450 S40:210% 1.30410%
1610 S32:10% 1.40 £10%
1800 S33:10% 1.52210%
1900 53.3:10% 1.52210%
2000 53.3110% 1.52210%
2100 53.2210% 1.62£10%
Page: 911
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2300 52.9410% 181210%
2430 52.7:10% s34 195:10% 2.14
500 52.5210% 26:10%
2000 52.0210% 273:10%
1500 51.3+10% 331310%
a0 510+10% 355410%
5200 490410% 5.30 £10%
5300 435110% 582210 %
5800 42.7210% 5.53210%
5500 A8.6410% SL5L10%
S600 A8.5210% STT0%
S800 a8.2210% 600210%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS
|_Phantom SN 1309 SAMSS
Probe SN 4U/I8 EPGO233
Liquid Body Liguid Values: eps” : 53.4 sigma - 2.14
_Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolubion dx=5mm/dy=Smm/dz=5mm
Fraquency 2450 MHz
| nput power 20 dBm
Liquid Temperature 20 +/- 1°C
Lab Temperature 20+-1°C
Lab Humidity 30.70 %
i 12 SAR (W/ke/W) 10 £ SAR (W/ke/W)
measured measured
2850 54.83(5.48} 2355 (235)
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Report No. SET2021-12846

mvG SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACR.IT83.20MVGB A

8 LIST OF EQUIPMENT

Equipment | Manufacturer / Current | Next Calibration
Deseription Model _[Mdentification No-| ¢ ration Date | Date
NValidated. No cal Validated. No oo
SAM Phantom MVG SN-13/08-SAME3 equired. equired,
COMOSAR Test Bench| Version 3 NA Malidated. Nocal  Nalidated.  No calq
required, ~ Fequired,
Network Analyzer | Fonde 2 Schwarz 100203 0512010 0812022
Network Analyzer - | Rohde & Schwarz
Calibration kit 2V-2236 101223 05/2018 05/2022
Calipers Milutoyo SN 0009732 1002019 10V2022
Rederence Probe MVG EPGO333 SN 41/18 052020 052021
Multimeler Keithley 2000 1160271 02/2020 02/2023
Signal Generator R°M°§M%°"”m 106589 0412019 04/2022
Characterized peior o |Characlerized prior to
Armpier sl SN 040 test. No caf required, [test, No cal required.
Pawer Meter NI-USE 5680 170100013 052019 052022
T Charactarized prior to |Charactenzed prior o
Ditectionsl Coupler Narda 42'&20_ Il 01336 test. No cal required. [test. No cal required.
T""‘mg‘gfs;"”""d"y Control Company | 150798832 112017 11/2020
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