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where

Vi=voltage readings on the 3 channels of the probe
DCPi=diode compression point given below for the 3 channels of the probe
Normi=dipole sensitivity given below for the 3 channels of the probe

Normx dipole | Normy dipole | Normz dipole
1 (uVAV/I [ 2 (WVAVmMP) | 3 (WVAV/mMm?)
0.73 0.79 0.78

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
105 109 103

52 CALIBRATION IN LIQUID

The calorimeter cell or the waveguide is used to determine the calibration in liquid using the formula
below.

E: .
liquid
ConvF = +

air

The E-ficld in the liquid is determined from the SAR measurement according to the below formula.
2 __ PSAR

E!:’quz’d S

where

o=the conductivity of the liquid

p=the volumetric density of the liquid

SAR=the SAR measured from the formula that depends on the setup used. The SAR formulas are

given below

Feor the calorimeter cell (150-450 MHz), the formula is:

SAR Lt
=r—
dt

where
¢=the specific heat for the liquid
dT/dt=the temperature rises over the time

For the waveguide setup (600-75000 MHz), the formula is:

SAR =W &

e d
a
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where

a=the larger cross-sectional of the waveguide
b=the smaller cross-sectional of the waveguide
d=the skin depth for the liquid in the waveguide
Pw=the power delivered to the liquid

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.

Liguid Freguency ConvF
(MHz*)
HL750 750 2.42
HL850 835 2.34
HL900 900 2.24
HL1800 1800 2.51
HL1800 1900 2.57
HL2000 2000 2.64
HL2300 2300 2.73
HL2450 2450 2.74
HL2600 2600 2.51
HL3300 3300 2.1
HL3500 3500 2.15
HL3700 3700 2.08
HL3900 3900 2.27
HL4200 4200 2.39
HL4600 4600 2.30
HL4500 4500 213
HL5200 5200 1.89
HL5400 5400 1.97
HL5600 5600 1.88
HL5800 5800 1.90
() Frequency validity is +-50MHz below B00MHz, +£100MHz from 800MHz to BGHz and +-700MHz above BGHz
SAR @ HI 750 SAR @ HI 5800
LU AEET T Dicle | b ' = = Dpok |
é‘m —=F i [li:\c\c i g; = /ﬂ’// iz Upek 2
e — Jeeied | - >
v . o 5
i & 1 L G ey 20 @ 5 s M oW oW 0
% 3 ﬂ:EA’-SW'k;N B R 0 o X IR,
Page: §10

Template ACR.DDD.N.YY MVGBISSUE COMOSAR Probe vid
This document shall not be reproduced, except in flll or i part, without the written approval of MG, The information contained ferei is to be used
orly for the purpaose forwhich it is submitted and is nat ta be released in whole or part withaut written approval of MVG.




SN,
® s \\;-_\_/4/’3

[ACCREDITED)

cenneate sazss o 89€ 212 of 270

Report No.: S24120305306001

Docusign Envelope [D: 223C1ATC-4751-4B95-8502-1618DC0951E2

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.2781224 BES A

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.

Lineanty

1.00-
075
050
025
0.00
025
= 50
D75
1.00-|

0

inearity Emor (dB)

50 100 150 200 250 300 350 4 o0 B';Er

E-Field (V/m)

00 450 500 5!

Linearity-+/-1.90% (+/-0.08dB)

7 LIST OF EQUIPMENT

Isolropy curve

Lt

|t

P

ol

A4 o
1 s

36 04 02

Equipment Summary Sheet

et |
000 020304050607030910

_J/

Equipment Manufacturer / Identification No Current Next Calibration
Description Model *| Calibration Date Date
CALIPROBE Test . [alidated. No cal \alidated. No cal
Version 2 NA : ;
Bench required. required.
Metwork Analyzer ROhdeZ‘g‘VfAChwarz 100203 08/2021 08/2026
Network Analyzer — | Rohde & Schwarz
Calibration kit 7v-7235 101223 07/2022 07/2025
Multim eter Keithley 2000 4013982 02/2023 02/2026
Signal Generator R°hdes‘:3‘MSB°hwarz 106589 03/2022 03/2025
) Characterized prior to |Characterized prior to
Amplifier MVG MODU-023-C-0002 |14 Nob cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 0672026
USB Sensor Keysight U20004A | SN: MY82340002 102022 10/2025
I Characterized prior to |Characterized prior to
Directional Coupler Kiytan 158020 131467 test. No cal required. |[test. No cal required.
Fluoroptic Thermometer) - 25ense Luxtron 94264 0972022 0912025
CEaALEE] MVG SN 32116 \alidated. No cal \alidated. No cal
COAXCELL_1  Fequired. Fequired.
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Waveguide MVG SN 32116 WG2_1 Valid_ated. No cal Valid_ated. No cal
required. required.

- L. SN 32/16 Malidated. No cal Validated. No cal
Kbl Gesitan e WGLIQ_0G600_1 fequired, Fequired.

ViavEGuidE MVG SN 32016 WG4_1 Valld_ated. No cal Valld_ated. No cal
required. required.

- L SN 32/16 WValidated. No cal Validated. No cal
Higuig fransition bxe WGLIQ_0G900_1 fequired. Fequired.

ViavEguids MVG SN 32116 WG6_1 Vallc!ated. No cal Valld_ated. No cal
required. required.

N . SN 32/16 Malidated. No cal Validated. No cal
Ligeis fransition MYG WGLIQ_1G500_1 fequired. required.

Waveguide MVG SN 32116 WGE_1 Valid_ated. No cal Valid_ated. No cal
required. required.

- L. SN 32/16 Malidated. No cal Validated. No cal
Higuistiegrzilian AN WGLIQ_1G800B_1 Fequired. required.

N . SN 32/16 Validated. No cal Validated. No cal
kiguiditetsiion WS WGLIQ_1G800H_1 Fequired. Fequired.

Waveguide MVG SN 32116 WG10_1 Valld_ated. No cal Valld_ated. No cal
required. required.

N " SN 32/16 WMalidated. No cal Validated. No cal
Liguid jraisition Wie WGLIQ_3G500_1 fequired. Fequired.

Waveguide MVG SN 3216 WG12_1 Vallc!ated. No cal Valld_ated. No cal
required. required.

— - SN 32/16 Malidated. No cal Validated. No cal
Liguig sraisition LA WGLIQ_5G000_1 fequired. required.

Waveguide MVG SN 32/16 WG14_1 Valid_ated. No cal Valid_ated. No cal
required. required.

- " SN 32/16 Validated. No cal Validated. No cal
LAREnRkon My WGLIQ_7G000_1 fequired. required.

Tempeeture [HumIAY  rogqaat 44235403 02/2024 02/2027
Sensor
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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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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBB65664 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 750 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID750

Serial Number SN 03/15DIP0G750-355

Product Condition (new / used) Used

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

4.1 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 [SO17025 calibrated caliper.

4.2 811 PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better. The 511 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 ISC17025 calibration.

43 SAR REQUIREMENTS
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.

5 MEASUREMENT UNCERTAINTY

5.1 MECHANICAL DIMENSIONS

For the measurement in the range 0-300mm, the estimated expanded uncertainty (k=2) in calibration
for the dimension measurement in mm is +/-0.20 mm with respect to measurement conditions.

For the measurement in the range 300-450mm, the estimated expanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions.

52 BS11 PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the S11 parameter in linear is +/-0.08
with respect to measurement conditions.

53 BSAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.

The estimated expanded uncertainty (k=2) in calibration for the 1g and 10g SAR measurement in
W/kg is +/-19% with respect to measurement conditions.
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6 CALIBRATION RESULTS

6.1 MECHANICAL DIMENSIONS
L mm h mm d mm
Measured Required Measured Required Measured Required
- 176.00 +/- 2% - 100.00 +/- 2% - 6.35 +/- 2%
6.2 S11 PARAMETER
6.2.1 311 parameter in Head Liquid
Frequency, MHz
Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance
750 -29.73 -20 52.500+ 2.21Q
63 SAR

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.

6.3.1 SAR 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 3523-EPGO-429

Liquid Head Liquid Values: eps' : 45.0 sigma : 0.87

Distance between dipole center and liquid

15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=5mm

Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
Frequency 1o SAR (W/ 10e SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
o 1W to 1W to 1W to 1W
750 MHz 0.86 8.60 8.49 0.58 5.78 5.55
\ -
\‘ |
a
| B
! w.z—\ —
" TN
5 Fos
b N
07| \h\"-_
) 10 12 14 16 18 20 22 24 26 28 30
Z {mm)
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model °| Calibration Date Date
SAM Phantom MVG SN 13/09 SAMG8 Valld_ated. No cal Valld_ated. No cal
required. required.
COMOSAR Test Bench Version 3 NA Validated. Nocal — Validated.  No cal
required. required.
Network Analyzer ROhdeZ&an‘:h""arz 100203 08/2021 08/2024
Network Analyzer — Rohde & Schwarz
Calibration kit ZV-Z7235 eea CRRd DEI2025
Calipers Mitutoyo SN 0009732 11/2022 11/2025
Reference Prabe MVG 3523-EPGO-429 11/2023 11/2024
Multimeter Keithley 2000 4013982 02/2023 02/2026
Signal Generator R°hdes&m‘°é°hwarz 106589 03/2022 03/2025
Amplifier MVG MODU-023-C-0002 Characterized prl_orto Characterized prior to
test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A SN: MY&62340002 10/2022 10/2025

Characterized prior to

Characterized prior to

Directional Coupler Kygten Ta8020 131467 test. No cal required. |test. No cal required.
Tempgraturer] Humidly) g 1aa g 44225320 06/2021 06/2024
Sensor
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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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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID835

Serial Number SN 03/15DIPOG835-347

Product Condition (new / used) Used

3 PRODUCT DESCRIFTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDDB865664 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

4.1 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the wvalidation 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.

4.2 511 PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better. The 511 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.

43  SAR REQUIREMENTS

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.

S MEASUREMENT UNCERTAINTY

5.1 MECHANICAL DIMENSIONS

For the measurement in the range 0-300mm, the estimated expanded uncertainty (k=2) in calibration
for the dimension measurement in mm is +/-0.20 mm with respect to measurement conditions.

For the measurement in the range 300-450mm, the estimated expanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions.

52 511 PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the S11 parameter in linear is +/-0.08
with respect to measurement conditions.

53 BAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.

The estimated expanded uncertainty (k=2) in calibration for the 1g and 10g SAR measurement in
W/kg is +/-19% with respect to measurement conditions.
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6 CALIBRATION RESULTS

6.1 MECHANICAL DIMENSIONS

L. mm h mm d mm
Measured Required Measured Required Measured Required
- 161.00 +/- 2% - 89.80 +/- 2% - 3.60 +/- 2%

6.2 511 PARAMETER

6.2.1 811 parameter in Head Liqud

Frequency, MHz
200 820 840 860

511.dB

Frequency (MHz) 511 parameter (dB) Requirement (dB) Impedance
835 -42.84 -20 50.50 + 0.5102
63 BSAR

The [EC/TEEE 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 pesitioned 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.

6.3.1 SAR 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.

Page: 6/8

Template ACR.DDD.N. ¥YYX.MVGBISSUE SAR Reference Dipole vL

This docwmert shall not be reprodhiced, except w il or in part, withaut the wrﬁten_approvafhofMVG. The infarmation contained herein is to be wsed
only forthe pumpose for which it is submitted and i not to be released in whole or part without written qpproval of MVG.




NTEK 6’

ACCREDITED

( Cemﬁcatewdms.DPage 228 Of 270

Report No.:

S24120305306001

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref 1 AC

R.53 2424 BES A

Software OPENSAR V5

Phantom SN 13/09 SAM6S

Probe 3523-EPGO-429

Liquid Head Liquid Values: eps' : 44.8 sigima : 0.90

Distance between dipole center and liquid

15.0 mm

Area scan resolution

x=8mm/dy=8mm

Zoon Scan Resolution

be=8mm/dy=8mm/dz=5mm

Templgte ACR.DDD.N. YY. MVGBISSUE

SAR Reference Dipole vL

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
Frequency 1g SAR (W/ 10g SAR (W/ke)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to 1W to 1W to 1W
835 MHz 0.94 9.40 9.56 0.63 6.28 6.22
\ -
\ LB
- iz
\ | B
.5 N
- 510
- Su [
.125! P e
. i1 P
] ~
] 012 14 16 18 20 22 24 26 28 30
Z {mm)
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7 LIST OF EQUIPMENT

Equipment Summary Sheet
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Equipment Manufacturer / Identification No Current Next Calibration
Description Model °| Calibration Date Date
SAM Phantom MVG S TEOGaRey [foaae0. Noesl.  Nalidaten.  No el
required. required.
COMOSAR Test Bench Version 3 NA Validated. Nocal — Walidated.  No cal
required. required.
Network Analyzer R°hdez&vfn°hwarz 100203 08/2021 08/2024
Network Analyzer — Rohde & Schwarz
Calibration kit 7\.7235 101223 0712022 07/2025
Calipers Mitutoyo SN 0009732 11/2022 11/2025
Reference Probe MVG 3523-EPGO-429 11/2023 11/2024
Multimeter Keithley 2000 4013982 0212023 02/2026
Signal Generator R°hdeS&M%°hwarz 106589 03/2022 03/2025
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 0612021 06/2024
Power Meter Keysight U2000A SN: MY862340002 10/2022 10/2025
Directional Coupler Krytar 158020 131467 Characterized prior to|Characterized prior to
test. No cal required. |test. No cal required.
Temperature! Humidly|  pags 104 1 44225320 06/2021 06/2024
Sensor
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Accreditations #2-6789 and #2-6814
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 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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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID1800

Serial Number SN 03/15DIP1G800-349

Product Condition (new / used) Used

3 PRODUCT DESCRIFTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDDB865664 D01 standards. The product is designed for use with the COMOSAR test bench

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the wvalidation 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.

4.2 511 PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better. The 511 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.

43  SAR REQUIREMENTS

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.

S MEASUREMENT UNCERTAINTY

5.1 MECHANICAL DIMENSIONS

For the measurement in the range 0-300mm, the estimated expanded uncertainty (k=2) in calibration
for the dimension measurement in mm is +/-0.20 mm with respect to measurement conditions.

For the measurement in the range 300-450mm, the estimated expanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions.

52 511 PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the S11 parameter in linear is +/-0.08
with respect to measurement conditions.

53 BAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.

The estimated expanded uncertainty (k=2) in calibration for the 1g and 10g SAR measurement in
W/kg is +/-19% with respect to measurement conditions.
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