SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR49.11.22.BES.A

7.1 HEAD LIQUID MEASUREMENT

F
rel?/lu:zncy Relative permittivity (s;) Conductivity (o) S/m
required measured required measured
300 453 +10% 0.87 £10 %
450 43.5+10% 0.87 10 %
750 41.9+10% 0.89 10 %
835 41.5+10% 0.90£10%
900 41.5+10% 0.97 £10 %
1450 40.5+10% 1.20£10%
1500 40.4 £10 % 1.23+10%
1640 40.2 10 % 1.31+£10%
1750 40.1+10% 1.37+10%
1800 40.0+10% 1.40£10%
1900 40.0+10% 1.40£10%
1950 40.0£10 % 1.40£10%
2000 40.0+10 % 1.40+10%
2100 39.8110% 1.49+10%
2300 39.5110 % 1.67 £10 %
2450 39.2+10% 36.4 1.80£10 % 1.96
2600 39.0+10% 1.96 £10 %
3000 38.5+10 % 2.40£10 %
3300 38.2110% 2.71+10%
3500 37.9110% 291+10%
3700 37.7+10% 3.12+10%
3900 375110 % 3.32+10%
4200 37.1+10% 3.6310%
4600 36.7+10% 4,04 £10 %
4900 36.3110% 4.35+10%

7.2  SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR49.11.22.BES.A

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 36.4 sigma : 1.96
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Fre:'/l“:zncy 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
1900 39.7 20.5
1950 40.5 20.9
2000 41.1 211
2100 43.6 21.9
2300 48.7 23.3
2450 52.4 54.40 (5.44) 24 23.86 (2.39)
2600 55.3 24.6
3000 63.8 25.7
3300 - -
3500 67.1 25
3700 67.4 24.2
3900 - -
4200 - -
4600 - -
4900 - -
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR49.11.22.BES.A

7.3  BODY LIQUID MEASUREMENT

Frel?/lu:zncy Relative permittivity (s;) Conductivity (o) S/m
required measured required measured
150 61.9+10 % 0.80 £10 %
300 58.2+10 % 0.92 10 %
450 56.7 +10 % 0.94+10 %
750 55.5+10 % 0.96 £10 %
835 55.2+10 % 0.97 £10 %
900 55.0 10 % 1.05+10 %
915 55.0+10 % 1.06 £10 %
1450 54.0 +10 % 1.30+10 %
1610 53.8+10 % 1.40 10 %
1800 53.3+10% 1.52+10%
1900 53.3+10% 1.52+10 %
2000 53.3+10 % 1.52+10%
2100 53.2+10% 1.62+10%
2300 52.9+10 % 1.81+10%
2450 52.7+10 % 53.4 1.95+10 % 2.14
2600 52.5+10 % 2.16 10 %
3000 52.0+10 % 2.73+10 %
3300 51.6 +10 % 3.08 +10 %
3500 51.3+10% 3.31+10%
3700 51.0+10 % 3.55+10 %
3900 50.8 +10 % 3.78+10 %
4200 50.4 +10 % 413 +10 %
4600 49.8 +10 % 4.60 £10 %
4900 49.4+10 % 4.95+10 %
5200 49.0 £10 % 5.30+10 %
5300 48.9 +10 % 5.42 +10 %
5400 48.7 £10 % 5.53+10 %
5500 48.6 £10 % 5.65+10 %
5600 48.5+10 % 5.77 10 %
5800 48.2+10% 6.00 £10 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR49.11.22.BES.A

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: eps’ : 53.4 sigma : 2.14
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Fre:/lul_fzncy 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 53.84 (5.38) 23.26 (2.33)
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR.49.11.22.BES.A

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 Valid_ated. No cal Valid_ated. No cal|
required. required.
COMOSAR Test Bench Version 3 NA Valid.ated. No cal Valid_ated. No cal|
required. required.
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 — 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 ROhdeg‘MséChwarz 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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CALIBRATION CERTIFICATE
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Certificate No. S424079462 Page of
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Name

BERER

Customer Information

bt RN MELZX R AEE LA KESL TR — X145 5101.201.3
Address 01

{XEEEFR: Coaxial mechanical calibration partsE4HRBOEF

Description

BISHIE:
Model/Type 50Q 35mm 9G

BB esrseamag

Manufacturer

BEDS B wS: /
s E ‘%— :%\ Serial No.

Information of ffSTERES
Instrument under SRR S: BTF-EM-068
S Asset No.
Calibration

3z HA-
B A 2024 /10/25
Received Date
=z | 7] ‘2(.
h‘qﬁﬁ.""" 1IE%/Normal
As Received
N SRR/ RO,
Eonclusk;n The test or calibration results are referred to evaluate the validity of instrum

ent measurement.

IERERIERERA:

1. IEBERERIERE
2, UEREE— G
3. AERSIER—K

-

HE-F 4 i 13—aEmh
RotEEEE: 2024/ 10/ 25 Rt 2\ E X%
Cal.Date Calibrated by
s 2024/ 10/ 30 e 1T A%
Issue Date Inspected by
syERsEE: 2025/ 10 / 24 &k o
Next Cal. Date Approved by ( RURTHANIE )
etk SFRYIM B X EiEATE AT XA RS 2605 17 RItkE(Web): http://www.ccic-mts.com
Addr: ShengHui Hongxing Chuangzhi Square, Tongren Road, Tianliao EBiE(Tel): 0755-86139118
Community, Yutang Street, Guangming District, Shenzhen {EE(Fax): 0755-86139110

HBEERES (Post No.): 518107 tB$5(e-mail): Calibration@sz.ccic.com
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CALIBRATION DIRECTIONS
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Page of

1. %%ﬁiiﬁ%%ﬁgé@ﬁi%ﬂﬂ%ﬁ%ﬁ% FFAISO/IEC17025 (HEMFIRELIS =R NANEBRAEK) BEK, AT
UEHS: No. o

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

2. MIFBHIREERIITIREERRBAIS (SI) B,
The calibration results in this certificate are traceable to International System of Units(SI)
3. WARRREEE TN, EEANTREIERMGZ BE+RABRARLAEHRE.

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.

4. RERLENFE], MEEHEE. BARENNEBNRS.
This report may not be reproduced, except in full, without the written approval of CCIC (ShenZhen) Metrology & Testing Service Co.,Ltd.
5. FEBREERRASHWENEE X, # ' SHREREHSHAEALNTLREIATEER.,

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.

6. RIRBIERIRAAIE:

Procedures for the Calibration:

e hOE ISR AEEB o e

208 JJF 1495-2014 (REMBOHT{UIREMTE) C.S. for Vector network analyzer

JF(EI)76-2014 (HEi$OSSEROENSE) C.S. for Two-port Microwave Devices

7. AR AERE RN E R ERR R

Standards Used in the Calibration:

AR R BTR/ B SHE WS IERHRS BRI THERSS pEREDIRE
Instrument Description/Model Asset No. Certificate No. Due Date | Metrological Characteristic [Traceability institutions

RIZEIHT{/Vector Net Sijt&{aE: U=0.12dB;SijtR

work Analyzer CCIC-WX-1024| JL2402278931 |2025/02/05 |{si: U=0.9%VSWR: U=0.0 R
E5071C 30;(k=2)

NERIEEM/Type-N

Calibration Kit Y GFJGJL100222007 Reflection: U=0.02(k= _
85054B celc-N006 8220 2025/04/28 2);Phase:U=1°(k=2); —o=Hr

8. RUtEth R FEA R

Place and environmental conditions:

M g =ZRPIE LR=E BE: (225~ 23)C FEMSEE: (55~ 60)%

Place of Calibration

Temperature Relative Humidity
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1. IMRRIERBHEGE: IEHE
Check on Appearance and Function: Pass

2. S50QHEHIEKEL
50Q load VSWR

SR SCME
Frequency Measured
(MHz) /
10 1.004
50 1.005
100 1.007
200 1.006
500 1.007
1000 1.011
2000 1.012
3000 1.018
4000 1.021
5000 1.023
6000 1.023
7000 1.019
8000 1.016
9000 1.017
3. FHE&REY
Open circuit reflex
SR SCE
Frequency Measured
(MHz) /
10 1.000
50 1.000
100 1.000

200 1.000
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CALIBRATION RESULT
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Certificate No. Page of
500 1.000
1000 1.000
2000 0.999
3000 0.998
4000 0.995
5000 0.993
6000 0.991
7000 0.989
8000 0.987
9000 0.987

4, FESHELZ

Open phase
SR SCE
Frequency Measured
(MHz) (®)

10 -0.22

50 -1.12

100 -2.23

200 -4.42
500 -11.10
1000 -22.27
2000 -44.37
3000 -67.00
4000 -89.40
5000 -111.91
6000 -134.79
7000 -157.98
8000 179.05
9000 155.91

5. FEREET
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Short circuit reflex

I ES SCME
Frequency Measured
(MHz) /
10 0.999
50 0.998
100 0.997
200 0.996
500 0.994
1000 0.990
2000 0.988
3000 0.988
4000 0.988
5000 0.988
6000 0.990
7000 0.992
8000 0.990
9000 0.992
6. fEERMENI
Short phase
SR SCHE
Frequency Measured
(MHz) (®)

10 179.74

50 178.69

100 177.44

200 175.02

500 167.80

1000 155.90

2000 132.22
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RS 5424079462 fgf R 6 R
3000 108.77
4000 89.80
5000 62.70
6000 40.54
7000 18.00
8000 405
9000 -26.09
15288 (Notes)

1. RXRERNUNERHER

Measurement Uncertainty in Calibration

1.1 {&HBJIF 1059.1-2012 MEFREETFESER

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

The Expanded Uncertainty of the Measurement Results

—— REIREMBNI(Reflective Phase) U=17°
—— REIEREHE(E (Reflective Properties) U = 0.029
=R

End of Report
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Dielectric Probe Calibration Report

Ref : ACR.41.5.25.BES.A

BTF TESTING LAB (SHENZHEN) CO., LTD.

F101,201 AND 301, BUILDING 1, BLOCK 2, TANTOU
INDUSTRIAL PARK, TANTOU COMMUNITY

SONGGANG STREET, BAO'AN DISTRICT, SHENZHEN,
CHINA
MVG LIMESAR DIELECTRIC PROBE

FREQUENCY: 0.15-7.5 GHZ
SERIAL NO.: SN 06/22 OCPG 88

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

Calibration date: 02/05/2025
wrr,  cofrac

ETALONNAGE

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

The use of the Cofrac brand and the accreditation references is prohibited from any reproduction.

Summary:

This document presents the method and results from an accredited Dielectric Probe calibration
performed at MVG, using the LIMESAR test bench. The test results covered by accreditation are
traceable to the International System of Units (SI).
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Docusign Envelope ID: 8FC27CB6-8F2D-40E8-888F-4F32BBB1F3C6

MmvVG SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR.41.5.25.BES.A

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) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MVG LIMESAR Dielectric Probe
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Docusign Envelope ID: 8FC27CB6-8F2D-40E8-888F-4F32BBB1F3C6

SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR.41.5.25.BES.A

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 Ethanediol 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.

41 LIQUID COMPLEX PERMITTIVITY MEASUREMENTS

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

5 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty associated with a SAR probe calibration using the
waveguide or calorimetric cell technique depending on the frequency.

The estimated expanded uncertainty (k=2) in calibration for relative permittivity is +/-10% with
respect to measurement conditions.

The estimated expanded uncertainty (k=2) in calibration for conductivity (S/m) is +/-8.2% with
respect to measurement conditions.

6 CALIBRATION RESULTS

Measurement Condition

Software LIMESAR
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %

6.1 LIQUID COMPLEX PERMITTIVITY MEASUREMENT

A liquid of known characteristics (methanol or ethanediol) is measured with the probe and the results

(complex permittivity &’+je””) are compared with the reference values for this liquid.
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MmvVG SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR.41.5.25.BES.A

35.08- T T T 4.53-
\\ Reference value 4.00- #_‘4
z 2000 Measured valus J;.." 300- ‘/'
.E 25.00 g7 i
£ S B o
E 20.00 T 2.00 P
E 15.00 \.___ g 1.00- / Reference value |
’ \"h‘.‘_____ ’ // Measured valus
9.64-, 1 0.01-; | | ! 1
150 1000 2000 3000 4000 5000 6000 7500 150 1000 2000 3000 4000 5000 6000 7500
Frequency (MHz) Frequency (MHz)
Frequency PMetha_ngl Metha_ngl Difference | . . Frequency Me‘ha’?".' Me‘ha’?".' Difference | . .
(MHz) emittivity  Permittivity ) Limit (=~ %) MHz) Conductivity Conductivity ) Limit =~ %)
(Reference)  (Measure) (Reference)  (Measure)
150 3452 3508 -16 100 150 0.01 0.01 55 82
500 33.73 418 -1.3 100 500 014 015 -7.0 82
850 32.20 3249 05 100 850 037 0.39 57 8.2
1200 30.57 3052 0.2 10.0 1200 067 0.65 14 82
1550 28.17 2817 0.0 100 1550 1.04 1.08 42 8.2
1500 25.91 2581 04 10.0 19500 136 140 -25 82
2250 2402 23.86 0.7 100 2250 174 1.79 29 82
2600 22.00 2179 09 100 2600 204 207 -1.7 82
2950 20.53 2043 0.5 100 2950 232 235 -1.3 82
3300 15.03 18.85 04 100 3300 257 261 -1.5 82
3650 17.44 1744 0.0 100 3650 284 288 -14 82
4000 15.76 15.84 05 100 4000 315 3.20 16 8.2
4350 1475 1484 0.5 10.0 4350 333 338 -1.7 82
4700 1382 1382 0.7 10.0 4700 348 3.52 -1.2 8.2
5050 1257 13.08 0.9 100 5050 360 363 0.8 82
5400 1218 1227 0.8 100 5400 370 3.7 0.2 82
5750 11.44 11.51 06 100 5750 378 374 1.0 82
6100 10.88 10.50 0.2 100 100 387 378 22 82
6450 1052 1047 04 100 6450 395 3.8 16 8.2
6300 10.23 1011 13 10.0 6300 409 3.88 50 82
'IE.D'E 9.81 25 100 7150 429 4M 6.5 8.2
7500 10.01 9.64 a7 10.0 4.53 419 76 82
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Docusign Envelope ID: 8FC27CB6-8F2D-40E8-888F-4F32BBB1F3C6

MmvVG SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR.41.5.25.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 Valld_ated. No cal Vahd_ated. No cal
required. required.
Liquid rgf(‘;f:reme”t MVG SN 35/10 OCPG37 01/2025 02/2026
Network Analyzer ROhdez&V‘:’AChwarz 100203 08/2021 08/2026
Network Analyzer — | Rohde & Schwarz
Calibratio kit \-7235 101223 07/2022 07/2027
Tempe”’g‘éfsé :"”m'd'ty Testo 184 H1 44235403 10/2024 10/2027

Page: 7/7

Template. ACR.DDD.N.YY.MVGB.ISSUE_Dielectric Probe vL
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.



	BTF-EM-068+Coaxial mechanical calibration parts同轴机械校准件+2024-10-25+S424079462+50Ω 35mm 9G
	ACR.41.5.25.BES.A_OCPG_88



