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Summary:

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

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 DOl standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to verify that the product complies with the

fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 5200-5800 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID5000

Serial Number SN 07/22 DIP5G000-670

Product Condition (new / used) | New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDB&865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method is used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band
400-6000MHz

Expanded Uncertainty on Return Loss

0.08 LIN

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm)
0-300

Expanded Uncertainty on Length
0.20 mm

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

followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIQUID

Frequency, MHz
5100 5200 5300 5400 5500 5600 5700 5300

n-
u

511.dB

Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -20.29 -20 58.76 Q- 4.43 jQ
5400 -29.09 -20 53.46 Q +0.61 jQQ
5600 -31.06 -20 52.76 Q- 0.45jQ
5800 -28.48 -20 50.12 Q-3.76 j1Q

6.2 RETURN LOSS IN BODY LIQUID

Frequency, MHz
5200 5300 5400 5500 5600 5700 5800 5900

511.dB
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -21.40 -20 57.13 Q2 -4.54 Q0
5400 -26.95 -20 5447 Q-0.31;Q
5600 -31.14 =20 52.65 Q+0.81 Q2
5800 -26.91 -20 49.92 QO -4.51iQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
5000 to 6000 20.6+1 %. 20.78 40.3 1 %. 40.59 3.6 +1 %. 3.59

7 VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The 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
F .
re'?/lu:zncy Relative permittivity (&) Conductivity (o) S/m
required measured required measured
5000 36.2+10% 4.45 +10 %
5100 36.1+10% 4.56 £10 %
5200 36.0 t10 % 34.44 4.66 +10 % 4.64
5300 359+10% 4.76 +10 %
5400 35.8+10% 33.63 4.86+10 % 4.88
5500 35.6 t10 % 4.97 £10%
5600 35.5+10% 32.80 5.07 t10 % 5.12
5700 35.4110% 5.17 +10%
5800 35.3+10% 32.63 5.27 +10% 5.31
5900 35.2+10% 5.38+10%
6000 35.1+10% 5.48 +10 %
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7.2  SAR MEASUREMENT RESULT WITH HEAD LIQUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation. All SAR values are normalized
to 1 W net 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
Liquid Head Liquid Values 5200 MHz: eps' :34.44 sigma : 4.64
Head Liquid Values 5400 MHz: eps' :33.63 sigma : 4.88
Head Liquid Values 5600 MHz: eps' :32.80 sigma : 5.12
Head Liquid Values 5800 MHz: eps' :32.63 sigma : 5.31
Distance between dipole and liquid 10 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
5200 76.50 73.88 (7.39) 21.60 21.29 (2.13)
5400 - 81.47 (8.15) - 23.23 (2.32)
5600 - 78.71 (7.87) - 22.64 (2.26)
5800 78.00 74.21 (7.42) 21.90 21.50 (2.15)
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SAR REFERENCE DIPOLE CALIBRATION REPORT

SAR MEASUREMENT PLOTS @ 5200 MHz
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SAR MEASUREMENT PLOTS @ 5800 MHz
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7.3  BODY LIQUID MEASUREMENT

Frequency

MHz Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured

5200 49.0 £10 % 45.50 5.30 10 % 5.63
5300 48.9+10 % 5.42+10 %
5400 48.7 £10 % 44.78 5.53 +10 % 5.95
5500 48.6 +10 % 5.65 10 %
5600 48.5+10 % 44.85 5.77 £10 % 6.26
5800 48.2 10 % 44.45 6.00 £10 % 6.58

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values 5200 MHz: eps' :45.50 sigma : 5.63
Body Liquid Values 5400 MHz: eps' :44.78 sigma : 5.95
Body Liquid Values 5600 MHz: eps' :44.85 sigma : 6.26
Body Liquid Values 5800 MHz: eps' :44.45 sigma : 6.58
Distance between dipole and liquid 10 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
measured measured
5200 71.75 (7.18) 20.38 (2.04)
5400 75.93 (7.59) 21.44 (2.14)
5600 77.44 (7.74) 22.16 (2.22)
5800 69.01 (6.90) 19.75 (1.97)
Page: 11/14

Template ACR.DDD.N.YY.MVGB.ISSUE_SAR Reference Dipole5GHz vD
This document shall not be reproduced, except in full or in part, without the written approval of MVG. The information contained herein is to be used
only for the purpose for which it is submitted and is not to be released in whole or part without written approval of MVG.




SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.49.19.22. BES.A

BODY SAR MEASUREMENT PLOTS @ 5200 MHz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom MVG SN 13/09 SAM68 Valic!ated. No cal Valic!ated. No cal|
required. required.
COMOSAR Test Bench Version 3 NA Valid_ated. No cal Valid_ated. No cal|
required. required.
Network Analyzer ROhdeZ"S‘VfAChwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-7235 101223 05/2021 05/2024
Network Analyzer — HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Calipers Mitutoyo SN 0009732 10/2021 10/2024
Reference Probe MVG SN 41/18 EPGO333 10/2021 10/2024
Multimeter Keithley 2000 1160271 02/2021 02/2024
Signal Generator ROhdeS&M%Chwarz 106589 04/2021 04/2024
Amplifier MVG MODU-023-C-0002 Characterized pri_or to|Characterized pri_or to
test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Rohde & Schwarz | g35839 056 11/2021 11/2024
NRVD
Directional Coupler Krytar 158020 131467 Characterized pripr to [Characterized pripr to
test. No cal required. |test. No cal required.
Temperature | HUMIAY)  Testo 184 H1 44225320 06/2021 06/2024
ensor
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1 INTRODUCTION

This document contains a summary of the suggested methods and requirements set forth by the
IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards for liquid permittivity measurements
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 LIMESAR DIELECTRIC PROBE
Manufacturer MVG

Model SCLMP

Serial Number SN 06/22 OCPG 88

Product Condition (new / used) New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s Dielectric Probes are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
DO1 standards. The product is designed for use with the LIMESAR test bench only.

Figure 1 — MVG LIMESAR Dielectric Probe
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards outline techniques for dielectric
property measurements. The LIMESAR test bench employs one of the methods outlined in the
standards, using a contact probe or open-ended coaxial transmission-line probe and vector network
analyzer. The standards recommend the measurement of two reference materials that have well
established and stable dielectric properties to validate the system, one for the calibration and one for
checking the calibration. The LIMESAR test bench uses De-ionized water as the reference for the
calibration and either DMS or Methanol as the reference for checking the calibration. The following
measurements were performed to verify that the product complies with the fore mentioned standards.

4.1 LIQUID PERMITTIVITY MEASUREMENTS

The permittivity of a liquid with well established dielectric properties was measured and the
measurement results compared to the values provided in the fore mentioned standards.

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 DIELECTRIC PERMITTIVITY MEASUREMENT

The following uncertainties apply to the Dielectric Permittivity measurement:

Uncertainty analysis of Permittivity Measurement

Uncertainty Probability .. . Standard
ERROR SOURCES value (+/-%) Distribution Divisor “ Uncertainty (+/-%)
Expanded uncertainty (confidence level of 95%, k = 2) 10 %

Uncertainty analysis of Conductivity Measurement

Uncertainty Probability . . . Standard
ERROR SOURCES value (+/-%) | Distribution | DIVisor “ Uncertainty (+/-%)
Expanded uncertainty (confidence level of 95%, k = 2) 8.2%

6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR

Liquid Temperature 20+/-1°C

Lab Temperature 20 +/-1°C

Lab Humidity 30-70 %
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6.1

A lquid ol known characteristics (methanol or cthanediol) 18 measurcd with the probe and the resulls

LIQUID PERMITTIVITY MEASTTREMENT

(complex permittivity £71j&”) are compared with the reference values for this liquid.
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[2600 1235 13.24 23 100 3600 256 255 15 82
| 3000 1253 {203 21 100 000 FIELY 2B L) 0z
00 1167 [17.28 23 100 3000 FE]] 285 5 ]
4200 128 175 23 100 A0 135 290 EF g2
| 2200 1097 123 23 12.0 4400 25 204 7 8z
600 10&E [1mas 31 100 2600 798 A 1 53
4800 104D 10,60 18 100 4800 300 306 21 g2 |
| 5000 1nn 10,33 -1E 10.0 |5000 303 a1 23 8z |
| 5300 385 1l 1.7 120 330 3407 316 2E a3
|5400 358 973 ET3 [13.0 400 312 3m T g |
| UL EED EXE 1k 100 SEU0 ERLS 304 30 82 |
| 5800 914 9,25 1.0 10.0 5800 331 330 a0 832
| 6000 156 353 1.0 |10 5000 3% BT 35 8d
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR.49.20.22.BES.A

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
LIMESAR Test Bench Version 3 NA Validated. Nocal  Validated.  No cal
required. required.

Liquid “;f:;é"eme”t MVG SN 35/10 OCPG37 11/2022 11/2023
Network Analyzer | Ronde & Schwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024

Network Analyzer — | Rohde & Schwarz

Calibration kit 2V-7235 101223 05/2021 05/2024

Network Analyzer —

rk Analyz HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Temperast”re/ Humidity)  1oq16 184 H1 44225320 06/2021 06/2024
ensor
Page: 7/7

Template. ACR.DDD.N.YY.MVGB.ISSUE_Dielectric Probe vK
This document shall not be reproduced, except in full or in part, without the written approval of MVG. The information contained herein is to be used
only for the purpose for which it is submitted and is not to be released in whole or part without written approval of MVG.



NN

[ TRERN

i
CALIBRATION
CNAS L3103

/= BB 18 58 A IE %

CHINA CERTIFICATION & INSPECTION GROUP

&/ mite (FH) HEVEESHRAT

CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd

-

B O E B N

CALIBRATION CERTIFICATE

s [N $1HHL 6T
Certificate No. S423066282 Page of

EPET ek (R BIRAT

Name

BERER

Customer Information

bt R EL XN R EEE ST XL Tl — X185 5101.201.3
Address 01

BEEEIR Gt

Description

BISHIE:
Model/Type 500 35mm 9G

BB s amag

Manufacturer

BEDS B wS: /
s a ‘%— :%\ Serial No.

Information of TR
Instrument under SRS, BTF-EM-068
S Asset No.
Calibration

3z HA-
S E A 2023 /11/16
Received Date
B -
As Received IE
N SRR/ RO,
Eonclusi(;n The test or calibration results are referred to evaluate the validity of instrum

ent measurement.

ERERIERERA !

1, FPERERIERE
2, UEBE RS
3. ARERSIER—

RIERER: 2023 /11 / 16 OE: 3 E M
Cal.Date Calibrated by
seme: 20231117 e “o] At
Issue Date Inspected by
syEREE: 2024 /1115 %k p: A
Next Cal. Date Approved by ( RURTHANIE )
etk - FRYIMY B X EiEATE AT XA RS 2605 17 KI3E(Web) : http://www.ccic-mts.com
Addr : ShengHui Hongxing Chuangzhi Square, Tongren Road, Tianliao EBiE(Tel) : 0755-86139118
Community, Yutang Street, Guangming District, Shenzhen {fEE(Fax) : 0755-86139110

HBEERAS (Post No.) : 518107 HBE$5(e-mail): Calibration@sz.ccic.com
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CHINA CERTIFICATION & INSPECTION GROUP
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hig (FU) T ENRBSERAT cAron

CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd

= . 3, 4
B HE W% BB
CALIBRATION DIRECTIONS
WEFHRES: $423066282 F2HE R

Certificate No. Page of
1. AN TILREEFESEFEERIATZRSHTZ , FRISO/IEC17025 (FENFAIRIESII=EENANERAEK) IEK , AT
IFHS : No.L3103,

This laboratory is accredited to ISO/IEC 17025 {Requirements for the competence of Testing and Calibration Laboratories) ,CNAS
Accreditation Certificate No.L3103.

2 WARREEERN , FELNTREIBRMG B+ ABAREAATRE.

If there is any objection concerning the calibration, the Client should inform the issuing company within 15 days from the date of the device
under test return to the client.

3. REARNENFA , AMEFHEE. BAREIANEBHNNE.
This report may not be reproduced, except in full, without the written approval of CCIC (ShenZhen) Metrology & Testing Service Co.,Ltd.
4. REBROEERRESEENEEX , T SRERE RS HAEALNTLREIAT TR,

The results reported here in apply only to the calibrated equipment , Calibration items or parameter with ** ' is beyond the scope of our laboratory acc
reditation.

5. RRIERIRAKAE:

Procedures for the Calibration:

£08JJG(EBF)306001-2006 (stsmElimEIARESRMEENIE) V.R. of RF Coaxial Impedance standard

208 JZM 35118J-2017 (UML) Microwave components calibration method

6. NRIERTERNERIRERE

Standards Used in the Calibration:

BRERMR WS IERwmS B3R THERHYE RS

Instrument Description Asset No. Certificate No. Due Date Metrological Characteristic [Traceability institutions
. Siji&{E: U=0.12dB;SijtE
\; '
MERDHT/Vector | -y \wx 1024 JL2315557151 | 2024/03/13 | 61:0=0.9°VSWR:U=0.0|  yilitEse
Network Analyzer
30;(k=2)

NEUEE/Type- GFJGJL1002220078 Reflection: U=0.02(k= -
N Calibration Kit CCIC-WX-1006 220 2025/04/28 2);Phase:U=1°(k=2); —o=Ff

7 B RN SR A

Place and environmental conditions:
=W ZFIG LR=E SR  (235~245)C HEWEEBE: (58 ~ 68)%

Place of Calibration Temperature Relative Humidity
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CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd

® HE &5 R

CALIBRATION RESULT

Certificate No. Page of
1. IMIRIEEMEE IE®
Check on Appearance and Function : Pass

2. 50QfmEIERLE
50Q) load VSWR

pHES SCfE
Frequency Measured
(MHz) /

10 1.004

50 1.003
100 1.005
200 1.005
500 1.006
1000 1.009
2000 1.012
3000 1.017
4000 1.021
5000 1.023
6000 1.021
7000 1.018
8000 1.015
9000 1.017

3. FE®&RST
Open circuit reflex
IS soifE
Frequency Measured
(MHz) /

10 1.000

50 1.000
100 1.000

200 1.000
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cre: | CHINA CERTIFICATION & INSPECTION GROUP I e
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CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd "

-

® HE &5 R

CALIBRATION RESULT

EHBR S 5423066282 fge“ R 6 R
500 1.000
1000 1.000
2000 0.999
3000 0.998
4000 0.996
5000 0.994
6000 0.992
7000 0.989
8000 0.988
9000 0.987

4. FrE&tEN

Open phase
BHIES sCfE
Frequency Measured
(MHz) ()

10 -0.23

50 -1.11

100 -2.22

200 -4.43
500 -11.10
1000 -22.27
2000 -44.38
3000 -66.99
4000 -89.40
5000 -111.92
6000 -134.79
7000 -157.97
8000 179.05
9000 155.91

5. fERR&RSY
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CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd

® HE &5 R

CALIBRATION RESULT

Certificate No. Page of

Short circuit reflex

pHIES SEfE
Frequency Measured
(MHz) /
10 0.999
50 0.999
100 0.997
200 0.997
500 0.995
1000 0.990
2000 0.988
3000 0.987
4000 0.988
5000 0.987
6000 0.989
7000 0.991
8000 0.991
9000 0.992
6. IEIRIENL
Short phase
IS soilfE
Frequency Measured
(MHz) ()

10 179.72

50 178.71
100 177.46
200 175.00
500 167.82
1000 155.88
2000 132.23
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CCIC (Shenzhen) Metrology & Testing Service Co.,Ltd "

-

B HE &5 R

CALIBRATION RESULT

EHBRS: 5423066282 fgf R 6 R
3000 108.78
4000 89.78
5000 62.69
6000 4052
7000 18.02
8000 403
9000 2607
tAA(Notes)

1, ARERNEARRERE

Measurement Uncertainty in Calibration

1.1 {&#EJJF 1059.1-2012 MEAHEEIFESER

Conform JJF 1059.1-2012 Evaluation and Expression of Uncertainty in Measurement.
1.2 RRNEERA RARER (k=2)

The Expanded Uncertainty of the Measurement Results

——  REIEEEN(Reflective Phase) U= 17°
—— REIEREHUEE (Reflective Properties) U = 0.029
=R

End of Report





