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

Liquid Freguenc ConvF
¥ (MHz")
HL450 450 0.86
BL450 450 0.78
HL750 750 0.80
BL750 750 0.87
HL850 835 0.81
BL850 835 0.80
HL900 900 0.76
BL9O0O 900 0.87
HL1800 1800 0.96
BL1800 1800 1.01
HL1900 1900 1.04
BL1900 1900 1.1
HL2100 2100 1.00
BL2100 2100 1.16
HL2300 2300 1.11
BL2300 2300 1.23
HL2450 2450 1.11
BL2450 2450 1.32
HL2600 2600 1.03
BL2600 2600 1.19
HL5200 5200 1.18
BL5200 5200 0.97
HL5400 5400 1.17
BL5400 5400 1.00
HL5600 5600 1.20
BL5600 5600 0.95
HL5800 5800 1.15
BL5800 5800 1.05
(%) Frequency validity is ++50MHz below B0OMHz, +-100MHz from B00MHz to BGHz and +-700MHz above BGHz
SAR @ HL450 SAR @ HL5800
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6 VERIFICATION RESULTS

The figures below represent the measured linearity and axial isotropy for this probe. The probe
specification is +/-0.2 dB for linearity and +/-0.15 dB for axial isotropy.
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Descriptio Model ‘| Calibration Date Date
CALIPROBE Test : Validated. No cal alidated. No call]
Version 2 NA . .
Bench required. required.
Network Analyzer R°hdez&vfn°hwarz 100203 08/2024 08/2027
Network Analyzer Agilent 8753ES MY40003210 10/2023 10/2027
e s HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Network Analyzer — | Rohde & Schwarz
Calibration kit 7V-7235 104229 e 072028
Multimeter Keithley 2000 4013982 02/2023 02/2026
Signal Generator R°hdes&M‘°’B°hwarz 106589 03/2025 03/2028
Amplifier MVG MODU-023-C-0002 Characterized pri_c:rto Characterized priprto
test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2024 06/2027
Power Meter Keysight U2000A SN: MY62340002 10/2022 10/2025

Characterized prior to

Characterized prior to

Divectanal Goupler Kiytar 128020 8aaed test. No calrequired. test. No cal required.
Fluoroptic Thermometer| - 2Se0 e Luxtron 94264 09/2022 09/2025

P SN 32/16 \Validated. No cal Validated. No cal
Coaxialcall biNG COAXCELL_ required. required.

Waveguide MVG SN 32116 WG2_1 VaIlQated. No cal Vallqated. No cal
required. required.

- - SN 32/16 Validated. No cal Validated. No cal
Liquigransition L WGLIQ_0G600_  fequired. required.

Waveguide MVG SN 3216 WG4 _1 Vahc!ated. No cal Vallc!ated. No cal
required. required.

- - SN 32/16 Validated. No cal Validated. No cal
Hiquighiransition BN WGLIQ_0G900_  fequired. required.

Waveguide MVG SN 32/16 WG6_1 Valic!ated. No cal Valid_ated. No cal
required. required.

_ G SN 32/16 Validated. No cal Malidated. No cal
Liguicfransition MyG WGLIQ_1G500_  fequired. required.

Waveguide MVG SN 3216 WGS_1 Valiqated. No cal Validgted. No cal
required. required.
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Litid taraitian MVG SN 32/16 Validated. No cal Validated. No cal
q WGLIQ_1G800B_1 fequired. required.

A " SN 32/16 Validated. No cal Malidated. No cal
Liguid ensition MY WGLIQ_1G800H_ fequired. required.

Waveguide MVG SN 32/16 WG10_1 Vahc{ated. No cal Vallc!ated. No cal
required. required.

A " SN 32/16 Validated. No cal Malidated. No cal
Liguid transition MV WGLIQ_3G500_  fequired. required,

Wavegids MVG SN 32/16 WG12_1 Vahdgted. No cal Vallc!ated. No cal
required. required.

- - SN 32/16 Validated. No cal Malidated. No cal
Liquid gansition MY WGLIQ_5G000_  fequired. required.

Waveguide MVG SN 32116 WG 14_1 \/a|idgted, No cal Valic!ated. No cal
required. required.

o - SN 32/16 Validated. No cal Validated. No cal
Liggdansition e WGLIQ_7G000_1 fequired. required.

TemperaburelHumidly)  pegeraui 44225320 06/2024 06/2027
Sensor
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The use of the Colrac brand and the accreditation references is prohibited from any reproduction.

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.329.15.24 BES. A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBB865664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to verify that the product complies with the

fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model S1D2450

Serial Number SN 47/21 DIP 2G450-627

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

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC 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 RETURNLOSS

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
300 - 450 0.44 mm

53 YALIDATION 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.
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Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
2380 2400 2420 2440 2460

S11.dB

This document shall not be reprodiic

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -21.77 -20 49.1Q+8.1;Q
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MHz
2440 2460 2480 2500 2520
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -21.55 -20 547 Q+6.87Q
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6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 4200 +1 %. 250.0 41 %. 6.3511 %.
450 290.0 £1 %. 166.7 #1 %. 6.35 11 %.
750 176.0 1 %. 100.0 1 %. 6.3511 %.
835 161.0 £1 %. 89811 %. 3.6 11 %.
900 149041 %. 83341 %. 3.611 %.
1450 891 11 %. 51.7 11 %. 3.611 %.
1500 86.2 1 %. 50011 %. 3.6 1 %.
1640 72.0%1 %. 45.7 11 %. 3.6 £1 %.
1750 75.2 #1 %. 42941 %. 3.6 1 %.
1800 72041 %. 41.7 1 %. 3611 %.
1900 68.0 £1 %. 39511 %. 3.611 %.
1950 66.3 £1 %. 38541 %. 3611 %.
2000 64.5 £1 %. 37511 %. 3.6+l %.
2100 61.0 1 %. 35.7 1 %. 3.6 41 %.
2300 55.5 1 %. 32611 %. 3.611 %.
2450 51.5+1 %. 51.37 30.441 %. 30.45 3.641 %. 3.60
2600 48.5 1 %. 28841 %. 3611 %.
3000 41.5 +1 %. 25.0#1 %. 3.6 41 %.
3300 - - -
3500 37.041 %. 26.411 %. 3.6+l %.
3700 34.741 %. 26.411 %. 35611 %.
3900 - -
4200
4600
4900 - - -

7 VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The 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.

Tempiate ACR.DDD.N.YY.MVGB.ISSUE _SAR Reference Dipole vi
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7.1 HEAD LIQUID MEASUREMENT

Fre:ﬂt:—zzncy Relative permittivity (&) Conductivity (6) S/m
required measured required measured
300 453 +10% 087 110%
450 435 +10 % 0.87 £10%
750 418+10% 0.89110 %
835 415+10% 090110 %
900 415+H10% 097 +10%
1450 405 +10 % 120410%
1500 40.4+10 % 123410%
1640 40.2 £10 % 131$10%
1750 401 Y10 % 137410%
1800 40.0+10 % 1.40410%
1900 40.0 £10 % 1.40 £10 %
1950 40.0+10 % 1.40+10%
2000 40010 % 1.40110%
2100 39.8+10% 1.49410%
2300 395£10% 167110%
2450 39.2410% 36.4 180+10% 1.96
2600 39.0£10% 196110%
3000 385+10% 2.40 10 %
3300 382+10% 271+10%
3500 37.9410% 291 +10%
3700 37.7810% 312+10%
3900 375£10% 332$10%
4200 371 410% 3.63+10%
4600 36.7 10 % 404110%
4900 36.3+£10% 43510 %

7.2 SARMEASUREMENT 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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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=Smm/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 %

Re e 18 SAR (W/kg/W) 10 8 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
900 109 6.99
1450 29 16
1500 305 16.8
1640 342 18.4
1750 36.4 19.3
1800 38.4 201
1900 39.7 20.5
1950 405 20.9
2000 411 211
2100 436 21.9
2300 48.7 233
2450 524 55.16 (5.52) 24 24.15(2.41)
2600 553 24.6
3000 638 25.7
3300 - -
3500 67.1 25
3700 67.4 242
3900 - -
4200 5 2
4600 - -
4900 - -
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7.3 BODY LIQUID MEASUREMENT

Fre:ﬂt:—zzncy Relative permittivity (&) Conductivity (6) S/m
required measured required measured
150 61.3+10% 0.80110%
300 58.2£10% 092 £10%
450 56.7 10 % 094110%
750 555 £10 % 096 10 %
835 55.2 10 % 097 +10%
900 55.0 £10 % 105410 %
915 55.0#10 % 1.06+10°%
1450 54010 % 130410%
1610 53.8+10% 1.40410%
1800 533+10% 1521+10%
1900 53.3#10% 152+10%
2000 53.3+10% 152410%
2100 53210 % 162110%
2300 528 +10% 181410%
2450 52710 % 53.4 195110% 214
2600 52.5 +10 % 216+10%
3000 52,0110 % 273%10%
3300 51.6+10% 3.08+10%
3500 51.3+10% 331+10%
3700 51.04+10 % 35510 %
3900 50.8 10 % 378+10%
4200 50.4£10 % 413$10%
4600 49.8 +10 % 4.60 10 %
4900 49.4+10 % 49510 %
5200 49.0 +10 % 53010 %
5300 48.9 £10 % 5.42 10 %
5400 48.7 Y10 % 553 +10 %
5500 48.6 10 % 5.65 110 %
5600 48.5 +10 % 5.77 £10 %
5800 482 Y10 % 6.00 +10 %
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7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPG0333
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=Smm/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 %
Raape 1 SAR (W/ke/W) 10 g SAR (W/ke/W)
measured measured
2450 52.28(5.23) 22.68 (2.27)
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200 P
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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 Valid_ated. No cal Valid_ated. No cal
required. required.
COMOSAR TestBench|  Version 3 NA Validated. Nocal  \alidated. — No cal
required. required.
Network Analyzer R°hdez&vf/1°hwa'z 100203 08/2024 08/2027
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — Rohde & Schwarz
Calibration kit ZV-Z235 101228 CRi2RE2 GRlEngs
hletwonsAna|yzers HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Calipers Mitutoyo SN 0009732 10/2022 10/2025
Reference Probe MVG SN 41/18 EPGO333 10/2024 10/2025
Multimeter Keithley 2000 1160271 02/2023 02/2026
Signal Generator R°hdes&MsB°hwarZ 106589 04/2022 04/2025
Amplifier MVG MODU-023-C-0002 Characterized prior to [Characterized prior to
test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2024 06/2027
Power Meter Rehds 5 Schware 832839-056 1112022 1112025
NRVD
Directional Coupler Krytar 158020 131467 Characterized prior to [Characterized prior to
test. No cal required. [test. No cal required.
Tempergturs Humidity|  7oq 184 1 44225320 06/2024 06/2027
Sensor
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