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COMOSAR E-Field Probe Calibration Report
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TOWN
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MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 0413 EP166

Calibrated at MVGE TS
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S ey [ACCREDITED

Calibration Date: 040118

Summary:

Thiz decumest presants the method and remlts fom an acoredited COMOSAR Desimetnic E-Fisld
Probs calibration parformed i MVG USA ming the CALISAR / CAITEATE tust banch, for use
with a COMOISAR wystem cmly. All calibretion msults are traceable o paticoal metrology

imstitations.
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1 DEVICE UNDER TEST

Device Under Test

Dievice Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufachures MV
Blodel S55E5
Seria] Mumber 5B 0413 EPLGG
Product Condition (new  used) aw
Frequency Fange of Probe 015 GHz-3GHz
Fesistance of Thres Dipoles at Conmector Dipole 1: B1=0.233 M}
Dripole 2 F2=0.204 M}
Dripole 3: B3=0.234 M}

A yearly calibrafion interval is recommendad.

2 FRODUCT DESCRIPTION

21 GEMERAL INFORMATION

MVGE's COMOSAR. E Seld Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CELTEC 2208 standards.

Figare 1 - Wy OOMOIAR Dosmeric E feld Dipole

Probe Lansth 3310 o
Langth of Individuoal Dapolas 4.5 mm
Mlzdnmm extermnal diameter 2 mm
Probe Tip Extemnal Diametey 5 mm
Diiztance between dipoles | probe exgemdty | 27 mm

3 MEASTREMENT METHOD
The IEEE 1528, OET 65 Buolletin C, CENELEC EM50346] and CELVTEC 229 standsrds provide
recommended practices for the probe calibrations, inclodine the performsnce charactenistics of
imferest and methods by which to assess their affect  All calibrations | measurements perfiormed meet
the fore mentioned standands.

31 LINEARITY

The evaluation of the linearity was done m free space using the wavemude performing 3 power
swesp to cover the SAF range 0.01W ke to 100W ks,
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321 SENSITIVITY

The sensitivity factors of the thres dipoles were determined using a two step calibraton method (air
and fissue sinmilating liquid) wsing wavepndes s oullined in the standards.

33 LOWERDETECTION LIMWIT

The lower detection linnt was assessed using the sams messurement set ap 2 nsed for the linearity
msgsurement. The rsquired lowser detection limit is 10 mW ke

i4 ISOTROPY

The axzl isotropy was evaluoated by exposing the probe fo a reference wave from a standsrd dipols
with the dipole mounted mmder the flar phantom in the test confisuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 380 degrees in 15 degres
steps. The hemispherical isotropy is deternmined by inserting the probe in a thin plastc box filled
with tissue-equivalent liqud, with the plastic box ilbonnnated with the fialds from a half wrave dipode.
The dipole is rotated about its axis (0°-1807) in 15° increments At each step the probe is rotated
alwont its axis (0°-3607).

3.5 BOUMDARY EFFECT

The boundary effect is defined as the deviaton between the SAF measared dats and the expected
exponeatizl decay in the Hquid when the probe is onented nommal to the interface. To evaluwate this
effect, the liquid Slled flat phantommn i exposed to Selds fom either a reference dipole or wavegude
With the probe nommal o the phantom surface the peak spafal average SAFE is measured and
coinpeared to the analytical vahie at the surfacs.

4 MEASTREMENT UNCERTAINTY

The pnidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EMN30361 and CELTEC
G220 standards were followed to generate the measurement uncertainty associztad with an E-feld
probe calibmfion using the wavegmde technique. All uncertaimties listed below represent an
expanded nncertainsy expressed at approcdmately the 925% confidence level nsing a coverage Sactor
of k=2 traceable to the Infernationally Accepted Guides to Messumement Uncertaingy.

Untertaincy Probabiliry . - Stamdard
ERROE SOURCES value (%) | Distribution Divizer | Uncertainty (%)

Incidant or forarand power 1.00% Roctnglar ¥ | 1 173X
Faflectod powsr 100 Fechmgolar ﬁ | 1 1.73%
Ligquid conductiwity 3.00% Fechmgolar -u.."_T | 1 I BETh

Tuy i1 ittty 4007 Rachmgalar 1 1 2300
Liguid parmiftizity z |
Fisld bomogezaity 1.00% Rechogolar 2 | 1 1.73%
Figld prots positinning 5.00% Fechmgolar J3 | 1 I BET
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Fisld probe Ensarity 1.00% Tactamgela J2 | 1 1.732%
Combined siandard uncertainty 5.631%
Expamded mncertaindy 12.0%

&3 % conBdence kwal k=2 -

§ CALIBREATION MEASUREMENT RESULTS

Calibraticn Parameters
Liqmd Tenmperanme 21 °C
Lab Tenmeramre 21 =C
Lab Humidicy 45 %

51 SEMSITIVITY IM ATR

Mormx dipole | Momoy dipole | Monmz dipole
1 (VAVED® [ 2 VAV [ 3 VVimY)
526 531 646

DCP dipole 1 | DCP dipole 2 | DCP dipole 3

(V) (V) (V)
g5 97 a3

Calibration oarves ei=fW) (i=1,2.3) allow to obtain H-feld valwe nsing the fornmla:

EaJE*+E*+E}

Callty ation curvas
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E
|

Linearity
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Lirsaity Erior [(dE]

Lingaryl+-1.32% (+-0.08dB]

53 SENSITIVITY IM LICAIIT

Liquid Freguancy Purmittnoity Epuilon (5/m) ComF
it
J000{Hz

HL7I 750 20,06 0.53 i
EL75) 750 5680 1.01 .95
HLESD B35 4217 0.52 385
ELE5D B35 54.60 1.02 617
HLA0 B0 22.01 1.01 9%
ELSH ] 352 1.08 X5
HLIEM 1EH 21.78 1.47 543
EBLI1EM 16M 33.80 1.47 360
HL1904 18 IB4E 1.45 390

: TR 33.37 158 510
HL2004 20 3B.26 1.3% 351
BL2MM 200 3270 1.51 550
HI2450 2450 3753 1.81 335
EL2430 2450 j3.n2 1.85 ]
HIL2A600 260 3082 1.54 525
BL26M 260 32.52 P il ]

LOWER DETECTION LIMIT: SmWikg
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54 LISOTROFY
HI 90 AHz
- Andial isotropy. 0.04 dB
- Hemispherical isotopy. 0.07 dB&
i opy Cwe
s
- . -ﬁ'.
.I
|
i
HI 18 MHz
- Arial isotmopry: 0.04 4B
- Hemispherical isoopy: 0.08 dB&
ey cwer
]
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& LIST OF EQUIFMENT

Equipment Manufacturer / . som No. Cuorrent Next Calibration
Diescription Alodel Calibration Drate Drate
. \aidates. Nocal [valldated. Mo cal
Flat Phantom MVG SN-200S-SAMTT oo equired.
R dated. Mocal  [Valldated. Mo cal
COMOSAR Test Bench|  Version 3 NA e ey
{7
Metwark Analyzer H'“"Eé‘u.f"'a” SN100132 D216 2rz013
Reference Probe MVG EP 04 SN 37108 102017 1072018
Multimeser Kelhley 2000 1138555 02017 D1r2020
Signal Generator | Agllent E4435C MY45070551 012017 0172020
- Charactertzed prior 10| Charactenzed prior o
Amgiifier ASIEMEIMmM SN Das test. Mo cal required. |test No cal required.
Paower Meter HE E42134 USIBI61458 2017 D172020
Power Sensar HP ECP-E284 US37181460 2017 D172020
Characienized prior 10| Charactenzed prior o
Directonal Coupler | Marda 4216-20 01336 teel ot fEuaet |t B0 Sl g
Maldates. Nocal  [validated. Mo cal
Waveguide Mega Inausinies | 069Y7-158-13712 | g yg. requrea.
dated. Mocal  [Valldated. Mo cal
Wavequide Transition | - Mega Ingustnies | 069Y7-158-13-701 [ 2 Fo ey
idated. Mocal | [valldated. Mo cal
Waveguide Termination] Mega Industies | 063YT-158-13-701 [,';E'wm_ koqurest
T“Wg%“”m”“ﬁ‘ Control Comgany 150758632 102017 1072018
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EPGO261 Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Ref: ACR.178.1.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 27/15 EPGO261 ]

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

Calibration date: 06/25/2020
v, cofrae

ETALONNAGE

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

, Summary:

This document presents the method and results from an accredited COMOSAR E-Field Probe
calibration performed at MVG, using the CALIPROBE test bemch, for use with a MVG COMOSAR
system only, The test results covered by accreditation are traceable to the International System of
Units (SI).
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Name Function Date Signature
A 7 . 126/2  —
Prepared by : Jérome LUC Technical Manager 6/26/2020 /'Z;-':—
) S S : &1 - =
Checked by : Jérome LUC Technical Manager | 6/26/2020 Y
» T . - 26/2 1=
Approved by : Yann Toutain Laboratory Director 6/26/2020 | _— > wala Y

Customer Name
CCIC SOUTHERN
Distribution : TESTING CO.,
LTD

Issue Name Date Modifications
A Jérome LUC 6/26/2020 Initial release
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR178.1.20 MVGB.A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 27/15 EPGO261
Product Condition (new / used) Used
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.216 MQ
Dipole 2: R2=0.218 MQ
Dipole 3: R3=0.222 MQ

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

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

Figure 1 — MVG COMOSAR Dosimetric I field Dipole

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

3 MEASUREMENT METHOD
The IEEE 1528, FCC KDB865664 D01, CENELEC EN62209 and CEI'IEC 62209 standards provide

recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

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

Page: 4/10
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3.2 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

3.3 LOWER DETECTION LIMIT

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

3.4 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°~180°) in 15° increments. At each step the probe is
rotated about its axis (0°-360°).

3.1 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface. the peak spatial average SAR is measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following uncertainty
approximation formula based on linear and exponential extrapolations between the surface and d,,. +

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

step
(db' +d¢")2 (e--t.l(‘ﬂ)) for (dh +dw) <10 mm

SAR gy 4] 2R,

2d g éf2

where

SARuncertainty is the uncertainty in percent of the probe boundary effect

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

Astep is the separation distance between the first and second measurement points that
are closest to the phantom surface, in millimetre, assuming the boundary effect
at the second location is negligible

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

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

distance di,e from the boundary. and the analytical SAR value.

Page: 5/10
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR,I78.1L20MVGB A

The measured worst case boundary effect SARuncertainty[%] for scanning distances larger than
dmm is 1.0% Limit ,2%).

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

Probability
Distribution

Standard
Uncertainty (%)

Uncertainty

value (%) Divisor ci

ERROR SOURCES

Expanded uncertainty
95 % confidence level k =2

14 %

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 20+/-1°C
Lab Temperature _ 20+/-1°C
Lab Humidity 30-70 %

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uVAV/m)) | 2 (uVAV/mMY) | 3 (uVAV/m)Y)
0.77 0.70 0.81
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)

116 114 126

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

1

|
_ 500~ o =
| ; .
£ 300 - Dipole 2
L L Dipole 3

200 -

i
100+

ot
000 002 004 006 008 010 012 014 016
Voltage (V)

5.2 LINEARITY

Lineanty

338

0.25-
0.25-
0.50~
075

-1 00 o | I
0 100 200 300 400 500 600 648

E-Field (V/m)

Linearty Emror (dB)
[—
S

Lineanty.+/-1.84% (+/-0.08dB)
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Rel: ACE. 1781 20.MVGE.A
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5.3  SENSITIVITY IN LIQUID
Liguid Erequency | ConvF
(MHz +/-
L DOMHz)
—_ HL750 750 1.78 |
BL750 150 1.88 |
HL&50 835 186
BL&30 £33 190
HL900 900 1.84
BLOM Q04 1,92
HLI1500 1800 2.04
BL1800 1800 2.09
HL 1300 1894000 2.20
BL1900 1900 226 |
HL2040 2000 2.21 |
BL20D0 2000 2212
HL2300 2300 2.23
BL230{ 2300 247
HL2450 2450 218
~ BL2450 [ 2450 247
HL26() 2600 2.07
BL2&00 2600 2.25
| HL5200 5200 2.02
BLS200 5200 209
HLS5400 5400 212
BL3400 5400 222
HL5600 SG00 2.28
BL5600 5600 2.39
[ HL3g00 5800 2.24
[ BLss800 5800 2,34

LOWER DETECTION LIMIT: 7mW/kg
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5.4
HL 1800 MHz

COMOSAR E-FIELD PROBE CALIBRATION REPORT
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR 178.1.20 MVGB.A

6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
Flat Phantom MVG SHiZ0nSANT . [/aidated. Nocal!  patdated. No'. col
required. required.
COMOSAR Test Bench Version 3 NA Valiqated. No cal Validated. No call
required. e required.
Network Analyzer | Fonde & Schwarz 100203 05/2019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit 2V.7235 101223 05/2019 05/2022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator R°hdeS&MS[’3°"warz 106589 04£2019 04/2022
: 4 Characterized prior to |Characterized prior to
Smpiker Asthercomm SN 046 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 052019 05/2022
T 5 Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Waveguide Mega Industries | 069Y7-158-13-712 [/alidated. Nocal  NValidated. No cal
required. required.
2 & Validated. No cal Validated. No cal
Waveguide Transition | Mega Industries | 069Y7-158-13-701 required. equired
’ o ’ Validated. No cal Validated. No cal
Waveguide Termination| Mega Industries | 069Y7-158-13-701 raquired. Faquired.
Tempe"’s':;iéf“m'd“y Control Company 150798832 11/2017 11/2020

Page: 10710
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This document thall nor be reproduced, excepl in full or in part. without the written approval of MVG. The information contained herein is fo be used
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SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR. 3324 17.8SATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIP 0G835-217

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

ACCREDITED

Calibration Date: 11/27/17

.Tn’n’n'rl.l'.li'l:'.'.l_'l'.'

This decurment presemts the method and results frem an sceredited SAR reference dipole calibration
performied m MYG USA wsing the COMOSAR test bench,  All calibration results are traceabls o

national metrology instifutiong.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIIZANTSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 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 SID&35
Serial Number | SN 09/13 DIP 0G835-217
Product Condition (new / used) Used

A yearly calibration interval i1s recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11
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mvG SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACRAILAITSATU.A

4 MEASUREMENT METHOD

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

4.1  RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The [EEE Std. 1528 and CEFIEC a2209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employvs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1  RETURMN LOSS
The following uncertainties apply to the refurn loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1 dB

32 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length

3 =300 005 mum

33 VALIDATION MEASUREMENT

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

lg 203%

Pogree: 5001
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10 g 20.1 %
6 CALIBEATION MEASUREMENT RESULTS
6.1  RETURM LOSS AND IMPEDANCE IN HEAD LIQUID
Fragquancy, MHz
% B0 @0 GB0 B0 W0 S0 E5
-
A0
15~
=
1;'.
-
.l_|_.
Frequency (MHz) Return Loss (dB) Hequirement (d &) Impedance
®is -21.04 -20 FOT0+0.2 02

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIOUID

Fisquency. MHz

[ TRl 7D B0 B0 B4 G0 B0 Al

& 125~
= 150
“ATs

i

U T

el
-
275
20
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
L EN] -25.17 =20 5510+270
6.3 MECHANICAL DIMENSIOMS
Freguency MHz L mm hmm dmm |
required measured required measured required measured |
nan 4300021 %, 25000 1 %, 6.35 +1%. |
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450 290.0 £1 %, 166.7 #1 %, £.35 1%

750 1760 #1 %, 100.0 #1 %, £.35 41%.

B35 1610 £1 %, FASS B9LE +1 % PAZS LE+1H, PASS
&0 1480 51 %, 3.2 41 % 1641,

1450 £9.1 41 %, 51741 % 16415,

1500 80,5 +1 %, 50,0 41 %, 1641 %,

1640 78.0 £1 %, 45711 % 1641% |

1750 75.2 £1%. 42941 % I641%.

1800 72.0+1 %, ALT+1 % I641%.

1900 £8.0 £1 %. 39541 %, I641%,

1950 653 £1 %, 38541 %. I641%,

2000 £4.5 £1 %, 37541 % I641%.

2100 6.0 +1 %, 35741 % I641%.

2300 55.5 1 %. 32641 %. 1641,

2450 515 +1 %, 30,4 +1 % I641%.

2600 485 £1 %, 28.8+1 % I641%.

3000 415 +1 %, 25041 % I641%.

3500 37.041 %. 26.4 £1 %, 1641,

3700 T % 264 1 % I641%.

T  VALIDATION MEASUREMENT

The IEEE Std. 1528, FOCO 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
ligquid 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
lenmgth 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

F":;'H'I"" Relative permittivity |e,] Conductivity (o) Sfm
required measured required e asured
300 45.345% 087 15%
450 43.545% 087 +5%
750 41.945% 08915 %
B35 41543% PASS 03015 % FA55
any 41.545% 097 5%
1450 40545% 12045%
1500 40445 % 123 5%
1640 40.245% 1.3145%
1750 40,1 45% 13T 25 %

Pogree: T
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1800 40,045 % 1.40 25 %
1500 40,045 % 1.40 25 %
1550 40015 % 140 15 %
2000 40,045 % 1.40 25 %
2100 I9815% 1.45 35 %
2300 39,015 % LE7 5%
2450 39,245 % 18045 %
ZE00 39,045 % 196 25 %
3000 38.535% 2A0E5H
3500 37045 % 291 35 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62200 standards statc that the svstem validation measurcments
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 V4

Phantom S MU0 SAMTI

Proke SR EPGI22

Lgpuacd Hemd Liguid Vilwes: eps” 40,7 sigma : (0,92
[Matance between dipole center and liguid 15.0 mm

Area scan resolution dx=Emmdy=8mm

Foom Scan Resolution

dx=Fmm'dy=Bmmidz=5mm

Fregquency A35 MHz
[l povwer 20 dBin
Liguid Temperature 2100
Lab Temperaiure 2100
Lab Humidiy 45 By
F":“‘:T"“' 12 SAR (W/kg/W) 10 £ SAR (W/lk/W)
reguired measisrad regulred e asured
300 2.85 1.54
450 4,58 3.06
T30 B.49 5.35
835 9.56 5.61 [0.96] G6.22 G6.19 (0.E2)
aon 109 5.59
1450 29 16
1500 30.5 16.8
16430 3.2 18.4
1760 364 19.3
1800 k4 Ml
Pagree: 87101

Thiv docusment shall not be reproviced, evcepy in el ar i pare, withont e wrtten appraval af MFG.
The infrmanion comaimed evein (5 &0 be noed ondy for the perpose e wiich iof is subseined and 15 not e
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100 107 205
18501 ans 209
2000 411 211
2100 FIT 219
2300 487 213
2450 524 L
200 553 246
2000 618 257
3500 7.1 15
1700 674 243
& iamr Lyren e i

WG N R NE R A
|

T3

BODY LIOUID MEASUREMENT

Fr':ﬂ:""" Relative permittivity £ Conductivity (o) 5fm
reguired measwred reguired measured
150 61.915% 0.8015%
300 58.215% 0.92 15%
450 S6.T15% 0.94 5%
750 55.515% 096 15%
835 55.215% PASS 0.97 15% PASS
0D 55.015% 1.0515%
915 55.015% 1.0645%
1450 S4.015% 13045%
1610 53.510% La015%
1800 53.345% 15245%
1500 £33145% 1.5245%
000 33145% 1.5245%
2100 53.245% LE245%
2300 PR E LY 1.8145%
Fagree; Wi T

Ty wovwwent sbell ool fe epronfvoed, evcepd i il or i vy, witkon? e weniten approvel of WIFG,

The b rmativn ¢
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450 52,745 % 1.95 45 %
BB 52545 % 21645 %
FO0 52015 % 27315%
BE0 51.345% 33145%
£ 51.045% 35545 %
5200 49.0 210 % 530 £10%
5300 48.9810% 542 810 %
S40H0 40.7210% 553210 %
5500 48,6 210 % 565 210 %
SE00 405 810 % 577810 %
SE00 407 510 % .00 810 %

74 SAR MEASUREMENT RESULT WITH BODY LICYID

Sofiware UPEMSAR W4
Phantom SR 20000 SAMTI
Probe SM IR EPGI22
Ligqud Body Liguid Values: eps’ : 551 sagrma ;10
Digtance between dipole center and liguid 15,0 min
Area scan resolution dx=Bmmdidy=8mm
Foom Sean Besolution dx=Hmm'dy=8mmidz=5mm
Freguency B35 MHz
[ipust puvwier 20 dBm
Liguid Temperature 21
Lab Termperature 210
Lab Humidity 45 Y
F'*::H"ez””" 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
rrseadured measisred
835 5,29 0,94 B.A7 [0.65)

!_Il:l:_!_lll|||q_i

02 Lg 8 UGN EHE SRS
! — ¢ = ]

Poage: [V
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Tiie ingarmarnon conained levei i 4o he wd anl e peerpase G wiich af is subeined and 15 nor te
e peleanad in whole or part witkos! wiltter el of WG

CCIC-SET/T-I (00) Page 30 of 86




()

Report No. SET2019-01172

mvg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 3324 ITSATLLA

& LIST OF EQUIPMENT

Equipment Summary Sheet

e I
SAM Phantom MVG SN-20/09-SAMT1 :‘ﬂﬂf‘;i‘_’ No cal :‘;ac:if::’;z‘_j No cal
COMOSAR Test Bench Version 3 N :“:'t::ﬂf:f' No-cal :‘:::j::f' No cal
Metwork Analyzer | To"0de zs‘vi“hw“rz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0172017 0172020
Reference Prabe MVG EPG122 SN 18/11 1002017 102018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E44380 MY 49070581 o1/2017 | 012020
ot | maveconn | swoss|Chmerea s o Graractriador
Power Metar HP E44188 US38261498 01/2017 01/2020
Power Sensor HP ECP-E2BA LIS3T181460 01/2017 01/2020
Directional Coupler Marda 4216-20 01386 Characterized priae to|Gharacterized prior 46

lesl. Mo cal reguired. | test. No cal reguired.
Control Company 180798832 1207 11/2020

Temperature and
Hurnidity Sensor

Page: 11T
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SAR Reference Dipole Calibration Report

Ref: ACR.178.3.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD

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

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

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

Calibration date: 06/25/2020

oo, cofrac
.g \\-\.:./-".- -
% ——~T
AN
“Beideaty -
ETALONNAGE
Accrodlatioas 32-6789 ard 224314

Seope avalable on www.colroo fr

Sunmary:

This document presents the method and results from an sccredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibravion results are traceable o

mational metrolegy 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 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 SIDR35
Scrial 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 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validatton Dipole
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4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requircments 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 liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

4.2 ] NIC JIREMENTS

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 1ISO17025 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 Intemnationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

’ Length (mm) Expanded Uncertainty on Length
[‘ 0- 300 0.20 mm
i 300 - 450 (.44 mm

5.3 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209

Scan Volume Expandi'd Unccnainty
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l & 19 % (SAR)
|
: ! ; =
g 1 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Peauercy, NHz
8% 2% 847

™ 830 & ) 20 9

w-
Frequency (MHz) | Return Loss (dB) Requirement (dB) | Impedance_
835 | -23.87 20 56.0¢€) - 2.2j!2

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuency, MH:

70 780 500 £20 240 380 a0 o0 920 85

S11.48

-s:
| Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
835 -30.86 1 20 5240+ 1550

6.3 MECHANICAL DIMENSIONS

ll’equenq' Mr | Lem hmm W d mm |

reguired measured required measured required maasured

Pape: &'11

n VMV GHISSUE SAS { / y
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300 420,021 %. 250.0 21 %. £.3541%. J
430 2900 21 %, 166.7 =1 %. £.35 41 %. i
750 | 176021 %. 100021 %. 6.3541%.
835 | 161021 %, | . BI.E=1%. - % | -
500 1490 £1 %, B33:1%. 3641 %, » .
1450 59141 % 51.7 1 %. 35641%.
1500 50541 % L0011 %. 3621 %,
1680 Mon% | 45711 % 3611 %, |
1750 75241 % 42911 % EV-PIE
1800 72021 % 7% 3641 %
1900 63.011%. 39541 % 361%
1950 66,3 21 %, 38.541%. 1641 %
2000 64.5 21 %, 7521 %, 1641%.
7100 61.0 21 %, 35.7 41 %. 1641%.
2300 | 55521K. 32641 %, 3621%.
2450 51521 %, 30.4 £1 %. 3621%.
2600 485:1 % 2881 %, 3621%,
3000 41521 % 25041 %, 1621 %,
3500 37061 % 2641 %, 1621 %,
3700 3,741 % 26421 % 3611 %,

7  VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASUREMENT

e Relative permittivity () Canductity () S/m
required maasueed requined measured

00 453210% 087 210%
a50 435110% 087 210%
50 419+10% Q89 =10%

835 41510 % 406 0200 0.88
200 415210% 097:210%
1450 405 210% 120:10%
| 1500 40.4 £10% 123:10%
T 0.2 $10% 131 410%
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1750 40.1210% 137:10%
1200 L)0210% 140210 %
== 1500 L00£10% 1.40+:10%
1850 400:10% 1L4D+10%
o 2000 400410% 1.40210%
2100 158110% 149210%
2300 355 110% 157210 %
2450 39,2410 % 150410%
2600 W0210% 196410 %
3000 385210 % 240410% |
3500 379£10% 291 410%

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 10 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V5§
Phantom SN 1309 SAM&R
Probe SN 41/18 EPGO352
Liquid Head Laquid Values: eps’ : 40.6 sigmas : 0.89
Distance between dipole center and liqusd 15.0 mm
Area scan resolution dx=8mmdyv=58mm
Zoon Scan Resolution dx=Bmm dy=8mm/dz=5Smm
Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 204/ 1 °C
Lab Tempemture 204-1°C
Lab Humidaty 30-70 %
MH? 1g SAR (W/kp/W) 10 g SAR (W/kg/ W)
required measured required measured
200 285 1.94
450 452 3.05
150 8.45 555
835 5,56 69 (097) 622 6.15(0.51)
900 10.9 655
1450 sl 16
1500 205 16.8
1640 242 18.4
1750 64 19.3
Page: 811
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1800 | 38a 201
1900 39,7 20,5
1950 a0.5 209
2000 a1.1 211
2100 436 a9 |
2300 487 233
2450 S24 24
2600 553 45
3000 633 5.7
! 3500 67.4 3
| 3700 | 67.4 24.2

e
m—

i
| }1(
ot A S
i N
o S
) 03- B X
s < XU RNRAR
| 2
7.3 BODY LIQUID MEASUREMENT
g Relative permittavity (&) Conductivity (o) S/m
required measured required measured
150 619:210% 0.80 210%
300 582:210% 0.92210%
450 S57:210% 088=10%
750 S555:10% 095:10%
835 552410% 523 Q97410% 0.949
00 55.0410% 105410% {
-
915 55.0:10% 106210 %
1450 54.0+10% 130210%
1610 53.8210% 1.40210%
1200 53.3410% 1.52410%
1500 53.5210% 1.52210%
2000 $335210% 1.52210%
2100 532:10% 1.62210%
Page: Y11
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[ 2300 I $29110% | 181 210%
2450 | 52.7:10% 195110% |
2600 525110% 216110% |
3000 52.0110% 273110%
3500 513:10% 331210%
3700 51.0110% 355210%
5200 a00110% 530:10%
5300 4RO 0K 542:10%
3400 4B7210% 553:10%
$500 485210% SE5:10%
SECO 435:10% STTAI0%
5300 432+10% 600410%
7.4 SAR MEASUREMEN W $
Software OPENSAR VS
Phantom SN 13109 SAM&GS
Probe SN 41/18 EPGO333
Liqusd Body Liguid Values: eps” : 52.3 sipma - .94
Distance between dipole center and liguid 15,0 mm
Area scan resolution | dx=Smmdy=Smm
Zoon Scan Resolution dx=8mm'dy=8mm.'dz=3mm
Freguency 835 MHz
loput power 20 dBm
Liguid Temperature 20+-1°C
1.ab Temperature 204 1°C
Lab Humadsty 30-70 %
F
e 1 SAR (W/kg/W) 10§ SAR (W/kg/W)
measured measured
835 9,97 |1.00} 6.52 {0.65)
\ Ty e
e N
- X \
- 21N
B £
- 3
9:: s
> n [
14 B
14 - N UNBVRNRNEIDIN
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

e e
SAM Phantom MVG SN-13100-SAMES gﬁfgﬁf’- NoH r"e‘g[f’if‘;jf" Mo ey
COMOSAR Test Bench|  Version 3 NA ::;:‘:i:’;‘_" Nocal ;'; "‘:g‘i:’;‘é‘_’ No:ed
Network Analyzer | RO B Sctwarz 100202 0512019 0512022
Calipers Mitutoyo SN 0009732 10/2019 102022
Reference Probe MVG EPGO333 SN 41/16 05/2020 0512021
Multimeter Keithley 2000 160271 0212020 | 0212023
Signal Generator Rohce;; Asechwarz 106589 04/2018 04/2022
e | st | _snows |G Chommed e
Power Meler NI-USB 5680 170100013 0512019 0512022
Directional Coupler | Narda4216-20 | o138 |Chracterized pror o fChivacionzed ortor
Tem“’?g;"sg:'“m"’“’ Control Company 150708832 1912017 1112020
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SAR Reference Dipole Calibration Report

Fef: ACR 332717 8ATU A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING EBUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MV G COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/13 DIP 1G000-2118

Calibrated at MYVS US
2105 Barrett Parkc Dr. - Kennesaw, GA 30144

i
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oy Sy L)
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L
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Calibration Date: 1172717

ACCREDITED

Semary:

This domirent presents the method and eslts fiom an accredited 5 AE mference dipals cahibration
perftmred in MVG US4 using the COMOSAR testbench. Al calibration reslts awe bacesble to
rabonal wetrolog ¥ imstbatons.
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1 INTRODUCTION

This docwmernt containe a summary of the requirem ents set forth by the JEEE 1528, FOC KDBE s and
CEIMIEC 62209 standards for reference dipoles used for 3AR meamwement system validations and
the measwements that were performed to verify that the product complies with the fore mentioned

standar ds.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOZ AR 1900 MHz REFERENCE DIFOLE
M amdf actarer Y G
Il odel AlD 1900
2 erial Mumber AN 09415 DIF 1G900-218
Procuct C ondition (new £ used) Uszed

& yeatly calibrationinterval is recommended.

3 FRODUCT DE SCRIPTION

3l GENERAT INFORWMATION

MV G’s COMOBAR Validation Dipoles are alt in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product is designed for use with the COMOZAR test bench only.

Figure 1 — MFG COMOSAR Validation Dipole

Page: #11
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4 MEASUREMENT METHOD

The IEEE 1328, FCC EDEBEs and CELIEC 62209 standards provide recpiremerts for reference
dipoles used for system validation measurements. The following measw emerts were performed to
werify that the product complies with the fore menti oned standards,

41 EETUENW LOE3 REQUIEEMEN TS

The dipole used for SAR system walidation meama etnerts and checks must have a rebien loss of -20
dB o better. The retwrn loss measurement shall be performed azsinst a liguid filled flat phantom,
with the phattom constucted as outlined in the fore menti oned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 3td. 1328 and CELIEZ 62209 standards specify the mechanicd components and
dimensions of the validation dipoles, with the dimensions frequency and phantorm shell thickness
dependent.  The COMOSAR test bench emplows a 2 mm phardom shell thickness therefore the
dipoles sold for use with the COMOSEATR test bench comply with the requirements set forth for a2 2
min phartom shell th chne ss,

5 MEASTREMENT UNCERTAINTY

A ancertairties listed below represent an ex panded uncertainty expressed at gope aximately the 93%
cotifi detice lewel using & coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement UTneertanty

51 EETUEN LOE3
The foll rwing uncertainties goply to the retirnloss measr ement:

Frequency hand Expanded Uncertainty on Return Loss
400-A0000IHz 0.1 4B

52 DIMENEION MEASUREMENT
The foll owing wncertainties goply to the dimensi on meamurem ents:

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

533 VALIDATION MEASTREMENT

The guidelines outlined in the [EEE 1528, FCC EDBs, CENELEC EN30361 and CELIEC 62209
standar ds were followed to generate the measurement uncertanty for vali dation meamwem erts,
Scan Volume Expanded Uncertainiy

g 203 %
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10g 01 %

6 CALIBRATION MEASUREMENT RESULTS

A1 EREETUERW LO&E3 AND IMPEDANCE TN HEAD TIOTID

Frequarey, MHz
10 1830 1ES0 130 1520 10 1580 1560 2000

1.k

e
Frequency (MHz) Retum Loss (dB) Reqguirvement (d B) Ispedance
1900 -24.08 =20 S120+6350

6.2 RETURW LO&3 AND IMPEDANCE IN BODY LIOITID

Frasueeney, HHz

1600 1820 1840 1660 1680 1300 1320 {10 1960 1360  2ZDO0
Q.-

Q5.
50-

TJTE5-

1.k

-20.0-

-2a.0-
275

Frequency (MH:; - Retum Loss (dB) Reqguirvement (d B) Ispedance
1900 -2217 -20 dEEL+HEEL
63 MECHANICAL DIMENSIONS
Freq uency MHe Lmm hmm d mm
required measured required mess ured required mmeas ured
0 4200+ % =00+ % 675 1 .
Page: 11
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450 2004 %, 16A7 11 H. 5,35 11 5
750 1760+ H. 10000 31 B, 535 1 0
B 15104 H. B0E 1% 3.6+ B,
Elan] 1400+ %, B3.3H % 3.6+ b,
1450 9.1 1 54, 517 H 3614 %,
1500 0.5 1 %, SO0 3 %, 3611 %,
1540 Ta.01 % 457 1 % 3.6+ .
1750 75.20 %, 47240 1 %, 3.6+ .
1800 7201 5%, 417 1%, 3.6+ B,
1900 .04 % PASS ;5 H %, FASS 2.6+ 0. PSS
1450 55,341 B4, /5N 3.6+ B,
2000 54,5 +1 B4, 75 0 3.6+ b,
2100 1.0+ 7 HH 3614 %,
2300 55.5 1, 32.6 1 %, 3611 %,
2450 51.51 %, 304 1 % 3.6+ .
2600 48 .5 11 5 BE 1 3.6+ B,
2000 41.5 1 0 =010 3.6+ B,
E=in n) 7 .0H B, 264 1 0 3.6+ B,
700 23,741 B, 264 1 0 3.6+ b,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FOO KDBs and CELIEC 62209 standards state that the system alidation
measy et erts must be performed using a reference dipole meeting the fore mentioned return loss
and mecharical dimension requirements. The validation measurement must be petformed against a
liguid filled flat phantom, with the phantom constructed as outlined in the fore menti oned 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 phartom, with the top seface of the
dipole atthe described distance from the botbom swface of the phardom .

71 HEAD LIOUID MEASTREEMENT

Freauency Relative permittivity ('] conductivity [9)5/m
requined medsumed req uired measumed
00 45 31504 0.E7 5%
450 435350 0.87 35 %
750 415635 % 0.89 15 %
3% J15 350 0.0015 %
Elul 415350 0.097 5%
1450 405 1504 1.2015%
1500 404 15 5 1.2315 %
1640 40,2350 1.3 =%
1750 401 150 1.7 5%
Rage: 7l
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1800 0015 % 14015 %
1000 An0is % PEE 1405 % PASE
14650 An0is la0k%
2000 annis 140k %
2 3 E 45 % laa5%
230 MEis% 1.575%
2450 M 2H5 % 18035 %
2600 30045 % 19615 %
3000 BEHEH 2401 %
=0 Tais 20145 %

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

The IEFE 3td 1528 and CELIEC 62209 standards state that the system validation measuemerts
should produce the B3AR walues shown below (for phardomn thickness of 2 mm), within the
wwertarty for the system walidation Al BAR walues are normalized to 1 W forerard power. In
bracket, themeamyed SAR iz given with the usedirgndt power.

5 ofberare OFENS AR V4
Phartoen SH A0S 5 AMTL
Piche SH1811 ERGlA
Liquid Head Liguid Vahes: eps” : 41 2 sizma 137
Distanee batween dipols cepter and liqmd 10.0 nmn
Aivea scan wsohibon dx=Enmnidy=Snmn
Loon Sean Besohrhon d=Erunid=Snend ="5nom
Frequency 1900 MH=
Dipaat ponrer A dBm
Limuid Tenmperatare dlfC
Lab Tenperatire 2l TC
Lab Hurmdity 45 5
F’EEﬂ":z"‘:'" 12580 (W kghn) 102 SAR (ke ]
mequired meas ured required measu red
300 2.85 1494
450 4.58 306
750 B.49 555
B35 955 522
Elunl 1049 5499
1450 ] 15
1500 305 168
16540 34.2 184
1750 36.4 19.3
1800 =4 201
Poge: &11
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1900 =7 .55 (303 205 T.48 [205]
1950 ao.s 204
2000 a1.1 211
ralu) 43.6 ra |
2300 a8.7 33
2480 524 n
2600 55.3 M5
3000 G3.B =z
=0 a7 .1 =
00 7.3 2z

N
LAy
EE”" \‘\
LR \"\-.
MEEEERASS
ey iz yl 1s| ® ‘r‘w % ® W
73 BODY LIOUID MEAIUREMENT
F’E:ﬂi"‘:"' Relative permittivity (&) Conductivity [a)5,/m
required meas ured required measu red
150 o 0801 0
300 SE2EH 002350
as0 567350 004350
750 EEE 50, 006350
B3 cE.2i5H 047354
Eln] SE0isH 1.06135H
915 SE0isH 1.0615 H
1450 SA0I=H 1.3015 0
1610 SIEEH 1.4035 0
1800 533 H 152350
1800 53380 Pass 1520 PASE
2000 53350 152+
200 532 H 1.6235 %
2300 52015 1813 %
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2450 52715 H 1.05 15 %
2600 525i0 2163 H
2000 5205 H 2738 H
00 51.335 H IHEH
3700 51035 %% 35510
5200 40.0X0% s.30h0%
5300 43.9 0% sA42H0%
5400 437 Hl0% s53H0%
S5O0 48 . 6H10% 5.0 H0H
5800 48.5 0% sr7H0H
5300 48.2H0% so0H0%

74 ZSAR MEASUREMENT RESULT WITH BODY LIOUID

5 ofberame QOPEHI AR V4

FPhartoem SH 20009 SAMTL

Puche SH 151 EPGLEL

Liquid Body Liquid Vahes: eps”: 510 sigrma: 153

Dhstance between dipole certer and liquid

10.0 non

Area soan wesohition dx=Snmidy="non
Foon S can Besohrhon dx=Ernumidy=Enenid==Snwn
Frequency 1900 MH=

Iipnat ponerer A dBm

Liqnid Terrperatire 2l C

Lab Tenperatare 2l C

Lab Hunndity 45 0

Fmﬂﬂim"' 1 g 5aR (ke 10 5aR (ke
meas ured meas ured
1800 T4 (58] 2047 [2.06)

= ==y

o2 LR i T [ [ (e
Z(mm)
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8§ LIST OF EQUIPMENT

Equipment Summar

e | e
S&M Phantom MG SM-20/09-54M71 r:;L‘?igf" Mo cal ; :;L?igf" No cal
COMOSAR Test Bench|  Version 3 MA r:}:h‘?igf" Hoeal 1 ;‘ﬂigf" Mo cal
Netwark Aralyzer | P00 & Searz ShHT 00132 Q2206 (272019
Calipers Carrera CALIPER-M 0152017 0172020
Reference Probe MG EPG122 SN 181 1002017 102015
Muttimeter Keithley 2000 1185655 0162017 01 f2020
Sional Generstor | Agilent E44380 M 49070551 0102017 0112020
e | oo | oo [
Power Meter HP E44184 US38261498 0102017 0112020
P ower Sensor HP ECP-E264 US37181460 0152017 01/2020
Directional Coupler | Marda 4216-20 01 386 feﬁ_m&eg:f’fegﬂﬁﬁ feﬁapf;gzefegﬂﬁgf
L‘ﬂﬁjﬁgj@”ﬂ? Control Company 150798652 1Mems 117200
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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
o, cofrac

ETALONNAGE

Azcraditations A2-5789 and 208 |4
Scope nailahk oo www cofac fr

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG using the COMOSAR sest bench.  All calibration results are imceable 0

natsonal metrology institations.
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| Customer Name

CCIC SOUTHERN
Distribution ; TESTING CO.,
LTD
dssue 1 Nane Date | Modifications
A Jérome LUC 6/26/2020 | Initial release
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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
CEI'IEC 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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4 MEASUREMENT METHOD
The [EEE 1328, FCC KDBs and CEIIEC 62208 standards provide requirements tor reference
dipoles used for system validation measurements.  The following measurements were performed to
verify that the product complics with the fore mentioned standards.

4.1 RETURNM LOSE REQUIREMENTS
The dipele wsed tor SAR svstem validation mensurements and checks must have a retum loss of -20
dB or better.  The return loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct medhod is used
with u network analyser and its calibration kit, both with a valid [S017025 calibration.

4.2 MECHANICAL REQUIEEMEMTS
The IEEE Std. 1328 and CEFIEC 62209 standards specify the mechanical components and
dimensions of the validation dipeles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOZAR test bench emploves a 2 mm phantom shell thickness therefore the
dipoles =old for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness. A direct method 15 used with a 15017025 calibrated caliper.

] MEASUREMENT UNCERTAINTY

All uncertainties listed below represent am expanded encertainty expressed af approximately the 93%
conlidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Messurement Unceriainty,

i1 RETURN LOSS
The following uncertainties apply o the refurn loss measurement:

| Frequeney band Expanded Uneertainty on Return Loss
400-6000MH= 008 LIN

32 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements;

Length {mm) Expanded Uncertainty on Length
0 - 200 020 mim
300 - 450 (.44 mm
=i I

523 VALIDATION MEASUREMENT

The puidelines outlined in the IEEE 1528, FOC KDBs, CENELEC ENSD3a]1 and CEVIEC 62309
standards were followed o generate the measuremen! uncedainty for validation measurements

Hcan Yolume | Expanded Uncertainty
Page: 511
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g ' 19 % (SAR) W
10g 19 % (SAR) |

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fsquenoy. NI

MO W0 W0 W0 100 100 1900 1950 199D 20 |

1350

&5~
Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance |
1900 l -22.54 20 _517Q+72)Q |

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuency. MH:
1300 1E0 134D M0 130 100 150 1D N0 150 2000

'_Ao:.
[ Frequency (MHz) Return Loss (dB) Requirement (dB) __Impedance
I 1900 | -20.87 -20 | 4840 +89302

A

6.3 MECHANICAL DIMENSIONS

Freguency MH: L mm h mm dmm
required moeasured required measored required measured
-
Page: 611
: (CRDDODON VY MMVGRISSL T SAR Reterea ,',' le wis
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300 420.0 21 %. 250021 % 63521 %.
4350 250.0 £1 %. 1EE.7 21 %. 63521 %,
750 176.0 21 %. 100.0 21 %. 53541 %, )
235 l 161.0 £1 %. B9.821%. I621% ]
500 143021 %, B3.321%. 1641 % |
ld;i)k 53,151 %, 51.721%. 36!—1‘% = =
1500 5051 %, LTSS 1621 %
1640 701 %, AST L %, 361K,
1750 752K 4291 % 36=1%.
1800 72021 %, 4371 % 3621 %.
1200 €3.0 21 %. 3551 % * 3521 %,
1550 €6.321%. 38521 % 351 %,
2000 B4.521%. 37.521%. 36415,
2100 61.021%. 35.7 £1%. 31641 %.
2300 55521 %. 32621%. 36418
2450 51521 %, 30421 %, _“;6 1%
2600 48501 %, 285821 %, 16:1%
3000 415:1%. 25021 %, 3621 %
3500 37.011 % 64 11 % 3621 %,
3000 Ja 1% W64 11% 3621 %,

7  VALIDATION MEASUREMENT

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

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

7.1

HEAD LIQUID MEASUREMENT

e mpfuny

ICRDODN YV MEGERISSUE SAR Reference

'm"‘y Relative permittivity ('] Conductivity {c) S/m
required measured required measured
300 453 +10% 0.87:10%
450 435:10% 0.87:10%
750 419:10% 0.89 210 %
835 415:10% 0.50 210 %
SCO 4r1.5110% 0.97210%
1450 40.5 410 % 1.20210%
1500 40,4210 % 1.23£10%
1640 40.2=210% 131:10%
Page: 711
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[ 17% 40.1 410% 1.37410%

100 | 40.0410% 140220 %

1900 | ap010% | 433 140410% 141

1950 40,0210 % 140410% |

2000 00:10% | 140010%

2100 V5210% 145 410%

2300 95110% 167 410%

2450 92110% 1,80 410 %

2500 9.0110% 19610 %

3000 38.5410% 260210 %
| 3500 37.9:10% 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.

Software OPENSAR V5
Phantom SN 1309 SAMGS
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps” - 233 sipma : 1.41
Distance between dipole center and liquid 10.0 min
Area scan resolution dx~Emm/dy=8mm
Zoon Scan Resolution dx=Sman'dy=Smmidz=Smm
Frequency 1900 MH:z
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
g 15 SAR [W/ke/W) 10 2 SAR (W/kg/W)
required meassured required measured

300 285 124

as0 a.58 306

750 8.a9 555

B35 9.56 6.22

200 109 699

1430 9 i6

1500 0S5 16.8

1640 2 184

1750 364 193

Page: 811
fewpdare ACRDODN VY. MUGRISSULE. SAR Refevence thpode v
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1800 wa | 201 _
1900 197 | ®(397 | 205 20,45 2.04)
1950 a0.5 209
2000 a1.1 211 |
2100 3.6 219 |
2300 8.7 233
2430 524 2
2600 553 2145
3000 638 257
3500 674 75
3700 674 | 24.2
_ . - .
A4y

-2
e

55 -
T 3 5w N
L) cio 1
=  PEL T
- g s
- LY
= 5 N
- g 1 =
o8-, = 3
: HUMAAZUNRRIAER
)
7.3  BODY LIQUID MEASUREMENT
FmM| Me y Relative permittivity (') Conductivity (o) S/m
required measured required measured
130 61.9210% 0.80210%
00 58.2:210% 092:=10%
450 55.7+10% | 024 :10%
750 555:10% 095:10%
835 552:10% 0ST210%
800 S50:10% 105410%
915 550210% 106110 %
1450 S4.0210% 130210
1510 53.8210% 1.40£10%
1800 53.3210% 1.52210%
1900 $33410% 55.0 1.52210% 157
2000 $3.3210% 152210 %
2100 532210% 162:10%
Page: 911
Tewplate ACRDDDN, YEAFGRISSUE_SAR Reference Dipole 16
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|

2300 529210% 182410%
2450 | S27+10% 1.95210%
2600 525:10% 216210%
3000 520210% 273210%
3500 51.3110% 331210%
3700 51.0410% 355210%
3200 49.0410% 530410%
3300 489+10% SAZH0%
5400 487210% 553+10%
5500 455:10% S.65410%
5600 485:10% 5.77410%
5800 | 422:10% £.00 +10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 1371089 SAMGS
Probe SN 41/18 EPGO333
Liqusd Body Liquid Values: eps’ - 55.0 sigma : | .57
Distance between dipole center and liquid 10,0 mum
Area s¢an resolulion dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5Smm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20--1"C
[ Lab Te re 20 +/. 1 °C
Lab Humidity 30-70 %
il 2 £ SAR (W/kg/ W) 10 § SAR (W/kg/W)
measured measured
1500 40.69 14.07) 20.70(2.07)
"’ f \3 Y
{ J‘
Na)
\ Y
‘:
- 1 T T
-~ (8
'E PR
- g =
:: 3 16
s B soal [7] S
i NUHKEBIINXAR
| Zrm
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8 LISTOF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 3 Current Next Calibration
Description Model LU TN Calibration Date Date
y Validated. No cal Validated. No cal
SAM Phantom MVG SN-13/09-SAMGE roquired, , f°_°\’"99_-_ T
y Nalidated. No cal Validated. No ca
COMOSAR Test Bench i _Yeﬁtslor::i_ NA equired. required.
Network Analyzer R°h‘°ez,& ,sf ez 100203 0502019 052022
© Network Anatyzer - | Rohde & Schwarz |
Calibeation kit 72235 101223 052019 05"202_2
Calipers Milutoye SN 0009732 1002019 12022
Reference Probe MVG EPGO333 SN 41118 052020 05¢2021
Multimeter ' Keithley 2000 1160271 02/2020 02/2023
Signal Generator | ROMe S Schwarz 106569 | 04/2019 0412022
< ' Characternzed prior 10|Characterized prior to
AmpiTier Aet _"_" SN 046 fest. No cal reguired. [test. No cal required.
Power Meter NI-USB 5680 170100013 052099 0512022
: s, 3 Characlerized prior to |Characierized prior to
' Directional Coupler Narda 4216-20 01386 test. No cal required. |lest, No cal required
Temper Ssare ! UMISH Control Campany 150798832 1112017 1172020
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SAR Reference Dipole Calibration Report

Ref: ACR 332917 5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO.,LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/13 DIP 2G450-220

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

P et
%> [ACCREDITED
LT TR S

Calibration Date: 11/27/17

Summary:

Thez document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA uwsing the COMOSAR test bench. All cahbration results are traceable to

nafional metrology mnstitutons.
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Customer Name
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Distribution TESTING
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Issue Date Modifications
A 11/28/2017 Initial release
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1 INTRODUCTION

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 09/13 DIP 2G450-220
Product Condition (new / used) Used

A vyearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERATL INFORMATION

MVG’'s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELIEC 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 MEASUEEMENT METHOD

The IEEE 1328, FCC EDBs and CEITEC 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.

41 EETUERN LOSS REQUIEEMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE 5td. 1528 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

51 ERETUENILOSS

The following uncertainties apply fo the refurn loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 01dB

52 DIMENSION MEASUREMENT

The following uncertainties apply fo the dimension measurements:

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

33 VALIDATION MEASUREMENT

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

Ig 203 %

Page: 5/11

This document shall nat be reproduced, exceps in il or m part, without the wrinen aeeroval of MTG.
Tha informarion contamed herein 11 fo be used onjy for the purpose for which it is subminted and I nat fo
be released in whole ar part withour written approval of MTG.

CCIC-SET/T-I (00) Page 69 of 86




Report No. SET2019-01172

SAR REFERENCE DIFOLE CALIBRATION REPORT Baf ACR331017.5ATUA

10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS
6.1 ERETUEN LOSS AND IMPEDANCE IN HEAD LIQUID

Flequency,, MHz
2350 ZEE0 2400 M 2440 MED J4E00 2S00 2EA 230

[ [ T
A=
I Y O

40—
o | [ | | ] IR
- . ]

Freguency (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
2430 -27.04 -20 4050 +390)

6.2 ERETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frewerm- MHz
2350 2E0  24p0 3800 2520

a4
25
a0+
.54
00+

1254
T N N I O

-17.54
-0+
225+
-25.0
2T 5

311.|:IH

Frequency (."IJIEI.I:\‘}:IIJ Return Loss (dB) Requirement (dB) Impedance
2450 -26.02 -20 5320+40;0
63 MECHANICAT DIMENSIONS
Frequency MHz L mimi h mim d mm
required measured required measured required measured
300 420.0%1 %, 2500 X1 %, 6.35 H1 %.
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450 290.0F1 %. 166.7 31 %. 6.35 31 %.
750 176.0 1 %. 100.0 31 % 6.35 31 %.
835 16101 %. 9.8 11 %. 3.6 11 %.
900 140081 %, B33 +1 % 3.6 11 %.
1450 01 +1 %, 517+ % 3.6 11 %.
1500 B05H1 %, 5000 1 %, 3.6 11 %.
1640 701 %, 457 1 %. 3.6 11 %,
1750 75.2 1%, 4290+1 % 3.6 11 %,
1800 720+ %, 41.7 11 %. 3611 %.
1900 68.0 X1 %. 39.5 11 % 3.6 11 %.
1950 66.3 1 %. 38511 % 3.6 11 %.
2000 64.5 11 %. 37511 % 3.6 11 %.
2100 G10+1%. 35711 % 3.6 11 %.
2300 555 +1 %, 32611 % 3.6 11 %.
2450 515 +1 %, PASS 30.4 1 %. PASS 36+ %. FASS
2600 4851 %, 28811 %. 3.6 11 %,
JO00 415 +1 %, 2501 %. 3.6 11 %,
3500 37.011 % 26.4 11 %, 3611 %.
3700 34741 M. 26.4 11 %, 3.6 11 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELTEC 62209 standards state that the system validafion
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
liguid filled flat phantom_ with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASURFMENT

Fre:ﬂl:-le:nqr Relative permittivity (&) conductivity [o] 5/m
required measured required measured
300 453 15 % 0.B7 15 %
450 435 5 % 0.B7 15 %
750 419 15 % 0.B9 15 %
835 41.5 15 % 09015 %
900 41515 % 0.97 15 %
1450 40.5 15 % 12015 %
1500 40.4 5 % 12315 %
1640 40.2 15 % 13115 %
1750 401 15 % 13715 %
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1800 40035% 140+5 %
1900 400015 % 14015 %
1950 40035% 14015 %
2000 40035% 14015 %
2100 30 Bi5% 14015 %
2300 305355 16735 %
2450 30.235% PASS 1B0+5% PASS
2600 30 0+5% 18615 %
J000 38.535% 24015 %
3500 3709i5% 29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 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 QPENSAFR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122
Ligmd Head Liquid Values: eps’ - 4005 sigma : 1 .87
Distance between dipole center and ligmd 10,0 mm
Area scan resolution dx=8mm/ 'dy=8mm
Zoon Scan Resolution dx=5mm/dy=5mm/de="5mm
Frequency 2450 MH=
Input power 20 dBm
Ligwd Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
F’Tﬂﬁ“q 1 SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2_B5 154
450 4 58 3.06
750 5.49 5.55
835 058 6.22
00 10.9 600
1450 29 16
1500 30.5 16.8
1640 34.2 134
1750 36.4 19.3
1800 384 201
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1000 39.7 20.5

1950 40.5 208

2000 41.1 211

2100 43.6 219

2300 48.7 233

2450 524 52.67(5.27) 24 23.76 (2.38)
2600 55.3 246

J000 63.8 23.7

3500 67.1 25

3700 67.4 2432

m-\
B
N
= N
T 5 um ey
. b
i ]
e i 012 1 |:;—~;_‘_m X ® @
o Wit T vimmt 2 (rarl
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂu::nqr Relative permittivity {5, conductivity [o) 5/m
required measured required measured
150 61.9%5% 0.ED 15 %
300 58.2 15 % 0.92 15 %
450 56.7 15 % 094 15 %
750 55.515% 096 15 %
835 55.215% 097 15 %
00 55.0 15 % 10515 %
915 55015 % 10615 %
1450 54,015 % 13015 %
1610 53815 % 14015 %
1500 53.315% 15215 %
1900 53.335% 15215 %
2000 53.315% 15215 %
2100 53.215% 16215 %
2300 52035% 1B1+5%
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2450 52 715% PASS 15515 % PASS
2600 52.535% 21615 %

F000 52015% 27315%
3500 S1335% 33145 %
3700 51035% 35535 5%
5200 49.0 210% 5.30%10%
5300 489 £10% 542 #10%
5400 43.7 210% 5.53 £10%
5500 43.6 $10% 5.65 £10%
Se00 435 210% 5.77210%
SE00 432 #10% 6.00 £10%

74 SARE MEASUEEMENT EESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122
Ligud Body Ligud Values: eps’ : 54.6 sigma - 1.95
Distance between dipole center and liguid 10.0 mm
Area scan resclution de=8mm/dy=8mm
Zoon Scan Resolubion dex=5mm/dv="mm /dz=5mm
Frequency 2450 MH=
Ioput power 20 dBm
Ligud Temperature 21=C
Lab Temperature 21 °C
Lab Humidity 45 %
Fm:ﬂ'ﬁ”q 1 g SAR (W/kg/W) 10 g SAR [W/kg/ W)
measured measured
2450 51.42 (5.14) 23.48 (2.35)

930
B
%
BTem \"
ol o -]
3 A
g um s,
-0 \
[
=m -y
ot | o | o oW & B ) | |
L | 0 12 14 18 1B 30 XX M X B N
o s o Vimsl Z (|
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
qUuIpme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5aM71 |/3Ndated. Nocal  |alidated. — No cal
required. required.
e -
COMOSAR Test Bench|  Version 3 NA alidated. Nocal  |alidated.  Nocall
required. required.
Metwork Analyzer | o9 E__f: Ji': hwarz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 012017 01/2020
Reference Probe MY G EPG122 SN 18M1 1002017 10/2018
Multimeter Keithley 2000 1138656 01/2017 01/2020
Signal Generator Agilent E44358C MY48070551 01/2017 01/2020
. Characterized prior to (Characterized prior to
Amplifier Aethercomm SN 048 test. Mo cal required. [test. No cal required.
Power Meter HP E4418A US382614098 01/2017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
) ] Characterized prior to (Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and 0
Humidity Sensor Contrel Company 150798832 112017 1172020
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.8.20 MVGB.A

g !

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

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
Wy, cofrac

ETALONNAGE

Accraditaticns A25759 ind 226814
Scoge availabde on www cofrad.

Stmmary:

This document presents the method and results from an accredited SAR reference dipele calibratior
performeed iIn MVG using the COMOSAR test bench.  All calibration resalts are tracesble to

natianal metrodogy 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 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 2430 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN O9/13 DIP2G450-220
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GEN NFO N

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

Figure | - MVG COMOSAR Validation Dipole

Page: /11

Tewpdute ACRDODDN YYEMVGRISNUE_NAR Refervwce Dipale G
Thir docwoenr rhal oor be reprodvend, excepy te Y o 1y pars, withonr she wriron apyrore! of MG, The Igfarmanion coosmuad bezein Ir 10 Ae ased
anly for the pavpace for wkiod & ds maboniie and i3 ao ro b reloased 0 ukole ar pevr withow writios sppvoad of MPG

CCIC-SET/T-I (00) Page 79 of 86




v Report No. SET2019-01172

mvs SAR REFEREXNCE BIPOLE CALIBRATION REPORT Refs ACRITE 30 RGA A

4 MEASUREMENT METHOD
The IEEE 1528, FOU KDBs and CELIEC 622019 standards provide requirements for reference
dipeles used for svstem validation measurements. The following measurements were performed fo
verify that the product complies with the fore mentioned stundards.

4.1 RETLUEM LOSS REQLUIREMENTS

The dipole uzed for SAR system validation measurements and checks must have a return loss of =20
dB or better.  The return loss measurement shall be performed against a liquid flled flat phantom,
with the phantom constructed as outlined in the fore mentionad standardz, A direct method iz used
with a network analvser and its calibrution kit, beth with a valid 1SO17025 calibration,

4.2 MECHAMICAL REQUIREMENTS

The IEEE Sid. 1328 and CEVIEC 62209 standards specify fhe mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness
dependent.  The COMOSAR test bench employvs & 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements sct fonh fora 2
mun phantem shell thickness. A direct method is wsed with a 1501 7025 calibrated caliper.

5 MEASUBREMENT UNCERTAINTY

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

Measurement Uncertainty.

51 RETUEN LOEE

The following uncerlaintics apply to the retum 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 I.en_m‘.hm ]
0 - 300 (.20 mm
300 - 450 D44mm IS |

53 VALIDATION MEASUREMENT

The gpwidelines outlined in the IEEE 1525, FOC KDBs, CENELEC EM30261 and CELIEC 62209
standards were followed to penerate the measurement uncertainty for validation measuremenits,

Sean Volume I Expanded Uncertaingy |
| —
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o - TS |

lg 19 % {SAR)

10g ‘ 19 % (SAR)

I

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. M-z
a9 Z0) 00 A 2wk HED N MO 20 20

48

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
2450 -32.61 20 | 5230Q+03jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, NHz

440 480 22

X0 25 50

2350 2 M0 2

51t 48

00
| Frequency (MHz) | Return Loss (dB) | Requirement (dB) | Impedance
2450 -24.97 | -20 5560-0450

63 MECHANICAL DIMENSIONS

Freguency M Lmm T hmm dmm

required measured | required l measured requred measured

}’I’l’}"l' 6
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00 a00:1%. | = | 2s00u% 63521 %, |
450 290021 %, T wera% 63511 %
750 T 1o T 00k 63511 %.
835 T is0nan ' 89.6.41%, | 6%
900 T Tss0a% B33s1%. | 1641%
1450 | saax | 5171 %, 3641%
1500 05 $1%. 5001 %. 3621%.
1640 7901 %, 45721 % 3.621%.
1750 75.221%. 42921 % 3621%.
1800 72021 %. 41741 % 3641%.
T 1e0 68.0 41 %. 155 21 %. 1621 %,
1950 66.3 21 %. g B /541%. —3.6 £1%.
2000 Besarm 1.5 41%, 1641 %,
2100 51041 %. 35.721%, 3641 %
2300 $5541% 32621%. 1611%
2450 51511 %. - 30411 %, - 1I61%
2600 185 11 % 28821 % 3641 %
3000 1541%, 25021 % 3621%.
3500 37081 %. A% 3621 %.
3700 34741 %, 54 21 % 3621 %.

7T  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

'}_l ?.. S 5
“"m Y Relative permittivity (') Concuctivity {o) $/m
required measured required measured
300 453:10% 0.87:10%
450 435:10% 0.87 £10%
TS0 419410% 0.89 £10%
2as 415210% 0.90210%
560 415210% 097 210%
1450 405210 % 1.20240%
1500 404208 1.23:10%
1640 402 :10% 131£10% J
Page: 741
Tewplate (CRDODN VY, MPGRAISSTE_S AR Rifivenve Dipole 16

Txéx docwnenar shal wor be reprodared, encept bs W o 18 part. witkow rhe wrines spproval of VG The mformanion costateed keran & Az by ured
oml fov the parpore for whAfel (v (s subesimed and Ie oor 10 be redeared b wbede o par? withost waliven apyeroval of WEG

CCIC-SET/T-I (00) Page 82 of 86




\—/ Report No. SET2019-01172

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 178 £ 20.MVIGH.A
1750 01 £10% 137210 %
i 1800 40.0110% 140210 %
1900 400210% 140 :10%
1950 400210% 140 +10%
2000 £00#10% 140410%
2100 32E2:10% 149:10%
2300 395£10% 1ET210%
2450 382:10% £18 1.80£10% 158
2600 /0:10% 1.56 £10%
3000 385:210% 2.680220%
3500 37.85410% 291:10%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software —— OPENSAR V$
Phantom SN 1306 SAMGR
Probe SN 21718 EPGO333
Liguid Head Liquid Values: eps” - 41.9 sipma - 1 88
Distance between dipale center and liguid 10,0 mm
Area scan resolution xS dy=Simm
Zoon Scan Resolution dx=Smmdy=Smm/dz=Smm
Frequency 2450 MHz
_lgpu! power 20 dBm
Liquid Temperature 20+ 1°C
Lab Temperature 20+~ 1°C
Lab Humidity 30-70 %
Prog 1 g SAR (W/kg/W) 10 5 SAR (W/kg/W)
required measured required measured
00 285 1.9¢
450 4.58 305
750 8.49 555
835 9.56 622
800 109 655
1450 2 16
1500 05 168
1540 343 18.4
| 1750 5.4 19.3
Page: 8/11
Template ACRDODN Y MVGRAISSUE SAR Reference Dipale oG

Thur dovueeny sball aov fe rppvaducad, excepy 1o ) or (o pavt witkow the wrives sppvoval af MG, The inarmetion conraved derals i fo be wied
only for he pumpese or wiich U i mbadived and s 0of 3 be releared b wivale o ot whhont wriiten gepvona! of MIG,
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Rel. ACR.ITEZ20 MVGE.A

| 1800 384 203
T 1%00 1.7 205
1650 405 209
2000 411 211
2100 436 ET
2300 487 | 233
2450 52.4 53.71{5.37| 24 24.17{2.42)
2600 55.3 245
3000 63.8 257 ‘
3500 67.1 25
| 3 §7.4 242 _J
oy o
8 I
? - 1134
v
:: L 1]
= o
- an
= - S
o, PRHEHRENDDNSAD
Zhw)
7.3 BODY LIQUID MEASUREMENT
¥ T Relative permitthity (c.) Conductivity (o) §/m
required measured required messured
150 E1.9+10% 080210%
aco 58.2210% Q92210% O
as0 56.7210% 094410 %
750 555210% 056 £10%
835 55,2210 % 097 $10%
900 55.0210% 1065 +10%
a15 350+10% 1.06 210 %
1450 S40:10% 1.30£10%
1610 S32:10% 140 £10% | =
1890 513410% 152410% |
1900 53.3$10% 1.52210%
2000 53.3$10% 152210 %
2100 S$3.2210% 162£10%
Page: Wi
Fompdate MCRDDDN Y MV GHRAISSUL SAR Referenee INpe vO

This docyveent stall aoy & rgpvodced, evoept dn il or dn pard, withoat Me wailien opgvora of MVG. The igformanon contained Bercin is 1o de ased
ol or ke pompose e wlick if e ssbmited’ snd (s aod (o de relvarad kol or part mithand seritler gpovoral o MVG.
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACRIISE2OMVGE A

2300 52.9410% 1.81£10%
2430 52.7:10% 534 195+10% 2.14
2500 52.5210% 2.16:10%
2000 520210% 273:10%
1500 51.3+10% 331310%
a0 510+10% | 355410%
5200 490410% 5.30 410 %
5300 425410% 5.02410%
5800 427 410% 5.53410%
5500 8.6 410% | session .
S600 48,5210 % SI7L10%
| 5800 a8.2210% 600210%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS
| Pantom SN 1309 SAM6S
Probe SN 41/18 EPGOA33
Liguid Body Liguid Values: eps” : 53.4 sigma - 2.14

Distance between dipoke center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolubion dx=5Smm/dy=Smm/dz=5mm
Frequency 2450 MHz
Lnput power 20 dBm
Liquid Temperature 20 +/- 1°C
Lab Temperature 20+-1°C
Lab Humidity 30.70 %
F
K 1 SAR (W/ke/W) 10 £ SAR (W/ke/W)
measured measured
28%0 54.83 (5.48) 23558 (235)
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Page: 1041
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mvG SAR REFERENCE PIPOLE CALIBRATION REPORT Ref ACRITEAI0MVGE A

8 LIST OF EQUIPMENT

Equipment Manufacturer / Frerr Current Next Calibration
Deseription Mode). | |\dentifieation No:{ ‘e ipp o vion Date Date
i Validated. No cal Validated. No ca
_4SA_M Phantom MVG SN-13/09-SAMES equired. equired, ‘
A . Validated. Nocal  Malidated.  No caﬂ
COMOSAR Test Bench Version 3 NA Lequired. ) d‘rgguir ATy g
Network Analyzer | RONde & Schwarz 100203 0512019 | 082022
Network Analyzer - | Rohde & Schwarz |
Calibration kit 7V.2235 101223 05/2019 052022
Calipers Milutoyo SN 0009732 102019 1002022
Rederence Probe MVG EPGO333 SN 41/18 052020 05/2021
Multimeter Keithley 2000 1160271 0212020 02/2023
Signal Generator R°""°§M§:"”8'z 106589 04/2010 04/2022
= Characterizext prior {0 |Characlerized prior to
Amgiifier ol SN.048 test. No caf required, |test. No cal mqqt@d_
Paower Meater NI-USE 5680 170100013 052019 05/2022
s ihe "|Characterized prior to |Charactenzed prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test. No cal required.
T°"‘Was“;°s"x”””"d"y Control Company 150798832 1112017 1142020

Page: 11711

Femppdade ACRDDD N YV MVGE ISSTE SAR Befervmes hpale v

Thix dacvwwent yhailf aov de reproswoesd, except M G o M parr, winhont e wriien ayspvoral o MG, TAe Infrmaation cankaivad kvevn & & b and
o) or e psurpore for wATeO (e 1s swhetinad snd’ 15 Aoy 1 0 7oeual 21 Aol o paer mithas wrdten apyorenal of VG

—End of the Report—
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