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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 arc traceable to
national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EC/IEEE 62209-1528 and
FCC KDBS865664 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 SAR 750 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model 750
Serial Number 1036
Product Condition (new / used) Used

3  PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
DO1 standards.
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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 ISO17025 calibrated caliper.

42 SI11 PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better. The S11 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 1SO17025 calibration.

43 SAR REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D0 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 4/-0.44 mm with respect to measurement
conditions.

52 SIl PARAMETER

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

53 SAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 DOI 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 4/-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 SI1 parameter in Head Liguid
Frequency, NHz
0 e % 340 050
28
:x:: o
Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance
750 -28.08 -20 46.202 - 0.0i2
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 Liguid

The [EC/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 | W forward power. In
bracket, the measured SAR is given with the used input power.

Page: /8
i

Thiz dociment shall not be reprogiced, except in finll av in part, withowr the weitten approval of MVG. The igformation contabied bereis s fo be wed
auly for the purpose for wiich it is swbwisted awd is not 30 be released dn whafe or pavt withowt wrilien approval of MVG.

Page 239 of 297

2025-08-27



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Esparia

C.ILF. A29 507 456

> DEKRA

mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR262223.BES.A
Software OPENSAR V3
Phantom SN 13/09 SAM68
Probe SN £1/18 EPGO333
Liguid Head Liquid Values: eps' : 43.4 sigma : 0.92
Distance between dipole center and liquid 15.0 mm
v Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5Smm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 204/-1°C
) Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/kg
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to 1W to 1W to 1W
750 MHz 0.88 8.85 8.49 0.58 5.81 5.55
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model |\dentification No.| oy o tion Date Date
Validated. No cal \Validated. No cal
SAM Phantom MVG SN 13/08 SAME8 equired. equired.
Validated. Nocal  |Validated. No cal|
COMOSAR Test Bench Version 3 NA equired. equired.
Network Analyzer | Ronde % Schwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 1072019 10/2023
Network Analyzer — | Rohde & Schwarz
Caliration kit 2V-2235 i 0772022 O1E0%s
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 06/2027
Calipers Mitutoyo SN 0008732 11/2022 11/2025
Reference Probe MVG SN 41/18 EPGO333 012023 01/2024
Multimeter Keithley 2000 4013982 0212023 02/2026
Signal Generator | RONde & Schwarz 108589 0312022 0312025
3 Characterized prior to |Characterized prior te
AmpHifier MG MODU-023-C-0002 | ¢ o cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A | SN: MY62340002 1012022 10/2025
Characterized prior to |Characterized prior to
Directional Coupler Kryter 158020 131467 test. No cal required. [test. No cal required.
Temperature [ Humidty|  Testo 184 H1 44225320 06/2021 06/2024
ensor
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Summary:

This document presents the method and results from an acoredited SAR reforence 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 2 summary of the requirements set forth by the IEC/IEEE 62209-1528 and

FCC KDBB65664 DO! standards for reference dipoles used for SAR measurement system
validations and the measurcments that were performed to verify that the product complies with the

fore mentioned standards,

2  DEVICE UNDER TEST

Device Under Test
Device Type SAR 900 MHz REFERENCE DIPOLE
| Manufacturer SPEAG
Madel 900
Serial Number 1 D007
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1  GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
D01 standards.

Figure 1 — SAR 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 ISO17025 calibrated caliper.

4.2 S11 PARAMETER REQUIREMENTS

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

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles uscd 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 cxpanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions.

5.2 811 PARAMETER

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

53 SAR

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
Wikg is +/-19% with respect to measurement conditions,
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6 CALIBRATION RESULTS

6.1 MECHANICAIL DIMENSIONS
L mm h mm d mm

| Measured Required Measured Required Measured Required |
- 149.00 +/- 2% | - 83.30 +/-2% - 3.60 +/- 2%

6.2 S11 PARAMETER
6.2.1 Sl parameter in Head Liquid

Fraguancy Mie

Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance
900 -28.83 -20 50.4Q + 3.6j02
6.3 SAR

The IEC/IEEE 62209-1528 and FCC KDBB65664 DO! standards statc 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
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.

6.3.1 SAR with Head Liguid

The TEC/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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FTemprlaie

Software OPENSAR V5
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liguid Head Liquid Values: eps’ : 43.4 sigma : 0,98
Distance between dipole center and liquid 15.0 mm
Arca scan resolution dx=8mmvdy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 900 MHz
Input power 20 dBm
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to IW to IW to IW
900 MHz 1.06 10.58 10,90 0.68 6.81 6.99
| \
i { Wi
. I
: e BN B 1= EEE
‘ LI N
; et Fu
|I 0 £ 58
i e i B
7 i
P - .
12 DRI T A N )
Zomy
Page: 7/8

CRDDDNYEMVGRISSUY NAR Refeyence Dipade vl
Thix docoment shll uot be veproduced, except in full or in part, without the written approval of MVG. The (nformation contaued hervin s 40 be used
ouly fow the purpase for whick it is subwitted and &5 wor 1o be refeasesd in whole ar part without written appvovl of MVG.

Report No: 80955RAN.003

Page 248 of 297

2025-08-27



DEKRA Testing and Certification, S.A.U.

Parque Tecnoldgico de Andalucia, DE K RA
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Esparia

C.ILF. A29 507 456

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.262.3.23 BES.A

7 LIST OF EQUIPMENT

Equipment Manufacturer / Current Next Calibration
Description Modet  |Wdentification No| o tion Date Date
\Validated, No cal \Validated, No cal
SAM Phantorn MVG SN 13/09 SAMESB required. equired.
Validated. Nocal  Nalidated, No cal|
COMOSAR Test Bench Version 3 NA equired. roquired.
Network Analyzer | Ronde & Schwarz 100203 082021 0812024
Network Analyzer Agilent B7TS3ES MY40003210 10/2018 1072023
Network Analyzer - | Rohde & Schwarz
Calibration kit Z\-2235 101223 07/2022 07/2025
Network Anatyzer —
Calibration kit HP 85033D 3423A08186 06/2021 06/2027
Calipers Mitutoyo SN 0009732 $1/2022 11/2025
Reference Probe MVG SN 41/18 EPGO333 01/2023 01/2024
Multimeter Keithley 2000 4013982 022023 0272026
Signal Generator R°“°°S“M%°"w““ 106689 0312022 0312025
Characterized prior to |Characterized prior fo
Amplifier MVG MODU-023-C-0002 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A | SN: MY62340002 1002022 1012025
Characterized prior to |Characterized prior to
Directional Coupier Keytar 158020 131467 tesl. No cal required. [test. No cal required.
Tempereture | HUMY|  Testo 184 H1 44225320 06/2021 0612024
sor
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DEKRA TESTING AND CERTIFICATION,S.A.U.

PARQUE TECNOLOGICO DE ANDALUCIA C/ SEVERO
OCHOA

2 29590 CAMPANILLAS (MALAGA), SPAIN
SAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: 2D099

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

Calibration date: 09/18/2023
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Summary:

This document presents the method and results from an aceredited 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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I 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 measurcments that were performed to verify that the product complics with the

forc mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Type SAR 1800 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model 1800
Serial Number 2D099
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
D01 standards.
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4 MEASUREMENT METHOD

41 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.

42 iR REQUIREMENTS

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

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

53 SAR

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

The estimated expanded uncertainty (k=2) in calibration for the 1g and [0g 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

i Required
- 72.00 +/- 2% -

3.60 +/- 2%

Required Measured
41.70 +/- 2% -

62 S1I PARAMETER

6.2.1 S1) parameter in Head Liquid

Fregueeney. MHz
1720 140 VM0 I8 803 13 1840

I
|

130 1980 10

Report No: 80955RAN.003

Frequency (M11z) S11 parameter (dB) Requirement (dB) Impedance
1800 -25.23 -20 4530 +2.2iQ
6.3 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 requircments. 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/AEEE 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 valucs 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: ACR.262.5.23.BES.A
OPENSAR V5
SN 13/09 SAM6G8
SN 41/18 EPGO333
Liguid Head Liquid Values: eps': 41.7 sigma : 1.47
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mmvdy=8mm
Zoon Scan Resolution dx=8mm/dy-8mm/dz-Smm
Frequency 1800 Mz
| Input power 20 dBm
Liquid Temperature 20 +-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/k
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to IW to IW to IW
1800 MHz 3.97 39.74 38.40 2.09 20.86 20.10
Yy
: ' .
" = SN
';:: 0 \\ |
ki AR G !
e - R S
o ; 308 N
I::: - 2
e K \.\ =
7 MR URRDS MR DD
2w J
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7 LIST OF EQUIPMENT

Equipment Summary Sheet
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Equipment Manufacturer / Current Next Calibration
Description Model isatifeationlie, Calibration Date Date
\Valldated. No cal Validated. No cal
SAM Phantom MVG SN 13/00 SAMe8 | = e l
Validated. Nocal  Malidated. No cal|
COMOSAR Test Bench Version 3 NA equired. required.
Network Analyzer | Rohde & Sonwarz 100203 0812021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2019 10/2023
Network Analyzer = | Rohde & Schwarz
Calibration kit ZV-2235 101223 0712022 07/2025
Network Analyzer —
Calibration kit HP B5033D 3423A08186 06/2021 06/2027
Calipers Mitutoyo SN 0009732 1112022 11/2025
Reference Probe MVG SN 41/18 EPGO333 01/2023 01/2024
Multimeter Keithley 2000 4013982 02/2023 02/12026
Signal Generator | ROMde 5 Botwiarz 106589 03/2022 0312025
i Characterized prior to |Characterized prior to
Amplifier MVe MODU-023-C-0002 | o0y N cal required. [tast. No cal required.
Power Meter Ni-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A | SN: MY62340002 10/2022 1012025
Characterized prior to |Characterized prior to
Directional Coupler Krytar 158020 131467 test, No cal required. [test. No cal required.
Tenpaie Humidiy|  testo 184 H1 44225320 0612021 0612024
nsor
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DEKRA TESTING AND CERTIFICATION,S.A.U.

PARQUE TECNOLOGICO DE ANDALUCIA C/ SEVERO
OCHOA

2 29590 CAMPANILLAS (MALAGA), SPAIN
SAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: 756

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

Calibration date: 09/18/2023
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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

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.262.823.BES.A

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 SAR 2450 MHz REFERENCE DIPOLE
Manufacturer SPEAG -
Model 2450
Serial Number 756
Product Condition (new / used) Used

3
3l

PRODUCT DESCRIPTION

GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
DOI standards.

This

Figure 1 - SAR Validation Dipole
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4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The [EC/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 ftest 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.

42 S11 PARAMETER REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY
5.1 MECHANICAL DI

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 S11PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the SI1 parameter in linear is +/-0.08
with respect to measurement conditions.

5.3 SAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 DOI 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 measurcment in
Wrikg is +/-19% with respect to measurement conditions.
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6 CALIBRATION RESULTS

6.1 MECHANICAL DIMENSIONS

L mm 1 h mm d mm
Measured Required Measured Required Measured Required
- 51.50 +/- 2% = 30.40 +/- 2% - 3.60 -H-2%

6.2 S11 PARAMETER
6.2.1 S!11 parameter in Head Liguid

Pisaeansy, NMe
2300 M0 I A0 4 M0 W 5%

Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance
2450 -24.43 -20 44.40 - 0,92
6.3 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 DOI 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 VS
Phamntom SN 1309 SAM68
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 40.7 sigma : 1.89
Distance between dipole center and hiquid 10.0 mm
Area scan resolution dx=8mm/dy-8mim
Zoon Scan Resolution dx=Smm/dy=Smm/dz=Smm
Frequency 2450 MHz
| Input power 20 dBm
Liguid Temperature 20+-1°C
Leb Temperature 20 +/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/k
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to IW to 1W to IW
2450 MHz 5.05 50.50 52.40 2.35 23.50 24.00
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Modes  |1dentification No.) oy tion Date Date
\Validated. No cal Validated. No cal
SAM Phantom MVG SN 13/09 SAMe8 [ T2 iy 'I
[comOSAR Test Banch|  Version 3 NA :’e:“!‘“e"- o mf;zd No  cal
Network Analyzer | Ronde & Schwarz 100203 0812021 0812024
Network Analyzer Agilent 8752ES MY40003210 10/2019 1002023
Network Analyzer — | Rohde & Schwarz
Calibration kit 2V.2236 101223 07/2022 07/2025
Network Analyzer —
Calibration kit HP 85033D 3423A08186 062021 06/2027
Calipers Mitutoyo SN 0008732 11/2022 11/2025
Reference Probe MVG SN 41/18 EPGO333 01/2023 01/2024
Multimeter Keithley 2000 4013982 02/2023 0212026
Signal Generator | ROne & Sohwarz 106589 03/2022 0312025
” Characterized prior to|Characterized prior to
Ampiifier MVG MODU-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 062021 06/2024
Power Meater Keysight U2000A | SN: MY62340002 10/2022 10/2025
: Characterized prior ta |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperature /HUMIdY)  Testo 184 H1 44225320 0612021 06/2024
NSO
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DEKRA TESTING AND CERTIFICATION,S.A.U.

PARQUE TECNOLOGICO DE ANDALUCIA C/ SEVERO
OCHOA

2 29590 CAMPANILLAS (MALAGA), SPAIN
SAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: 1023

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

Calibration date: 09/18/2023
v, cofrae
S f’i/:":

ETALOMNAGE

Accreditations ¥2-6759 and 92.6814
Scope available vy w ot bt

I'he saw nf thie Cofruc beasid and the qcersditulson refeceudes s prahibiited brom any repruduction

Swummary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench, Al 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 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 SAR 2600 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model 2600
Serial Number 1023
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDB865664
D01 standards.

Figure 1 — SAR Validation Dipole
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4 MEASUREMENT METHOD

4.1 MEC ICAL REQUIRE S

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.

42 S11 PARAMETER REQUIREMENTS

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

4.3 SARREQUIREMENTS

The TEC/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.

5.2 S11 PARAMETER

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

53 SAR

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

6.] MECHANICAL DIMENSIONS
L mm h mm d mm
Measured Required Measured __Required Measured Required
- 48.50 +/- 2% - 28.80 +/- 2% - 3.60 +/- 2%
6.2 S11 PARAMETER
6.2.1 811 parameter in Head Liguid
Fratvaney NWe
W B0 S8 WX M M4 W50 BN )W
0 [
. i
45
5~ |
Frequency (MHz) S11 parameter (dB) Requirement (dB) __Impedance
2600 -23.90 -20 50.802 - 6.4iQ
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 DOl 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 Liguid Values: eps’ : 404 sigma : 2.05
Distance between dipole center and liquid 10.0 mn
Area scan resolution dx=8mm/dy=8mm
| Zoon Scan Resolution dx=5Smm/dy=5mm/dz=5mm
Frequency 2600 MHz
Input powes 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+4/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to 1W to 1W to IW
2600 MHz 5.70 57.02 55.30 2.56 25.64 24.60
Ca ¥,
[] ..;
| §
l!‘ - (L5 2%
' e gy |
;- BN
& SMEERN
. 2
e »
| ]|
ks | WRUEREARENE D
2w
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model Identifiention:No, Calibration Date Date
Validated. No cal Makdated. No ca
SAM Phantom MVG SN 13/00 SAMBB. /= CeleS Moy '|
Validated. Nocal  |Validated. No caf
|COMOSAR Test Bench Version 3 NA equired. equired.
Network Analyzer | Ronde & Schwarz 100203 08/2021 0812024
Network Anslyzer Agilent 8763ES MY40003210 10/2019 10/2023
Network Analyzer - | Rohde & Schwarz
Calibration kit Z7V-2235 101223 Q07/2022 07/2025
Network Analyzer —
Calibration kit HP 85033D 3423A08186 062021 06/2027
Calipers Mitutoyo SN 0008732 11/2022 11/2025
Reference Probe MVG SN 41/18 EPGQO333 01/2023 01/2024
Muitimeter Keithley 2000 4013982 0212023 02/2026
Signal Generator | Rode & Schwarz 106589 0312022 0312025
. Characterized prior to |Characterized prior to
Ampifier MvG MODU-023:C~0002 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A | SN: MY62340002 10/2022 10/2025
' Characterized prior to {Characterized prior to
Oirectional Coupler Kryter 158020 131467 test. No cal required. {test. No cal required.
Temparature / Humidityl  Testo 184 H 44225320 06/2021 06/2024
ensor
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- Cancel and replace the report ACR,262.10,23. BES.A

| DEKRA TESTING AND CERTIFICATION,S.A.U.

PARQUE TECNOLOGICO DE ANDALUCIA C/ SEVERO
OCHOA

2 29590 CAMPANILLAS (MALAGA), SPAIN
SAR REFERENCE DIPOLE

FREQUENCY: 5200-5800 MHZ
SERIAL NO.: 1071

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

Calibration date: 09/18/2023

ooty cofrac

0P 48

N
Tl A TORNAGE

Accredilations ¥2-6759 and 126814
Scope avallable an wow collae

Fhie use of the Cotrne heand and the acereditution rifarvnecs is prabilbiod fram sy reprodueting

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test beneh.  All calibration results are traceable to
national metrology institutions.
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Authorized by: Yann Toutain Laboratory Director | 10/13/2023 | luwa 700070400
Yann et
Toutain 1D sasses sozer
Customer Name
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Distribution : and
Certification,S.A.U.
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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 DO! standards for rcference 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 SAR 5200-5800 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Madel 5000
Serial Number 1071
Product Condition {(new / uscd) Used

3  PRODUCT DESCRIPTION
3.1  GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the [EC/IEEE 62209-1528 and FCC KDB865664
DO1 standards.
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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 ISO17025 calibrated caliper,

42 811 PARAMETER REQUIREMENTS

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

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.

5.2 S11 PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the SI1 parameter i linear is +/-0.08
with respect to measurement conditions,

53 SAR

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
Wikg is +/-19% with respect to measurement conditions,
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6 CALIBRATION RESULTS

6.1 MECHANICAL DIMENSIONS

Lmm
Measured Required Measured
- 20.60 +- 2% -

h mm d mm

Required Measured

Required
4030 +/-2% -

3.60 +/- 2%

6.2 S1] PARAMETER

6.2.1 S11 parameter in Head Liguid

Foscpaancy. NHr
b 500 5620 by )

Sam 5)m

~ Frequency (MHz) s parameter (dB) Requirement (dB) Impedance
5250 -29.68 -20 50.1Q 4+ 3.3;Q2
5600 -23.87 20 4630-491Q
5750 -29.21 -20 48.8Q +3.2iQ
5800 -29.40 20 53.5Q-0.0jQ
6.3 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 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,

6.3.1 SAR with Head Liquid

The IEC/IEEE 62209-1528 and FCC KDBB865664 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 SAMGE
Probe SN 41/18 EPGO333
Liquid Head Liquid Values @ 5250 MHz: eps': 34.3 sigma : 493
Head Liquid Values @ 5600 MHz: cps': 33.8 sigma : 5.30
Head Liquid Values @ 5750 MHz: eps' : 33.6 sigma : 5.44
Head Liquid Values (@ 5800 MHz: cps': 33.7 sigma : 5.50
' Distance between dipole center and liquid 10.0 mm
Avea scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=dmm/dy=4mm/dz=2mm
Frequency 5250 Miiz
5600 MHz
5750 MEz
5800 MHz
Input power 20 dBm
Liguid Temperature 20 +/-1°C
Lab Temperature 20+-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W 10g SAR (W/kg
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to IW to 1W to IW
5250 MHz 7.70 77.01 - 2.25 22.55 -
5600 MHz 7.64 76.38 78.30 2.25 22.48 23.20
5750 MHz 7.56 75.64 - 2.25 22.51 -
5800 MHz 7.57 75.70 78.00 222 22.16 21.90
SAR MEASUREMENT PLOTS @) 5250 MHz
\ W
CEWEEY
L
o ¥ s
‘ ::: ; 1009 \
i . N
. \\
- BTN EEEERD
Zow) 1
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Rel: ACR.262.10.23.BES.B

SAR MEASUREMENT PLOTS @ 5600 MHz
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SAR MEASUREMENT PLOTS @ 5750 MHz
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer / st Current Next Calibration
Description Model  [roendfication No.| ¢y botion Date'| . Date
Malidated. No cal Validated. No call
SAM Phantom MVG SN 13/09 SAM6E8 Fequired. required.
: Validated. No cal \Validated. No cal
COMOQSAR Test Bench Version 3 NA equired. required.
Network Analyzer | Rohde & Schwarz 100203 08/2021 08/2024
Network Analyzer Agllent 8753ES MY40003210 10/2018 1002023
* Network Analyzer ~ | Rohde & Schwarz
Calibration kit Zv-2235 joiea2 i bl
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 06/2027
Calipers Mitutoyo SN 0009732 11/2022 11/2025
Reference Probe MVG SN 41/18 EPGO333 01/2023 01/2024
Multimeter Keithley 2000 4013982 0212023 02/12026
Signal Generator | RoNde & Schwarz 106589 03/2022 03/2025
) Characterized prior lo |Characterized prior to
Ampiifies MVG MODU-023-C-0002 |40y * No cal required, |test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Keysight U2000A | SN: MY62340002 1072022 10/2025
7 Characterized prior to |Characterized prior o
Directional Coupler Krytar 155020 131467 test, No cal required, |test, No cal required.
Temperaturo / HUmidly|  Testo 184 H1 44225320 06/2021 06/2024
ensor
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