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Summary:

This document presents the method and results from an accredited SAR roference dipole calibration
performed in MVG using the COMOSAR test hench.  All calibration results are tracesble to

nattonal 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 uwsed for SAR measurement system
validations and the measurements that were performed to verify that the product complics with the
fore mentioned stundards.

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 KDBS65664
DO1 standards.

Validation Dipole

Figure 1 - SAR
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4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 DO1 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 o liquid filled flat phantom, with the
phantom constructed as outlined in the forc mentioned standards. A direct method is used with a
network analyser and its calibration kit, both with a valid 1SO17025 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 complics 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 cstimated expanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions.

5.2 Sl PARAMETER

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

5.3 SAR
The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB$65664 DO1 standards were
followed to generate the measurement uncertainty for validation measurements.

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

6.1 MECHANICAL DIMENSIONS
L mm hmm d mm

Measured | Required Measured Required Measured Required
- 176.00 +/- 2% - 100.00 +- 2% - 6.35 +i- 2%

1

6.2 Sil PARAMETER

6.2.1 811 parameter in Head Liguid

Preqeency N
2 WO TN M0 TR MO o & s |

1.e8

14 No
__Frequency (MHz) S11 parameter (dB) | Requirement (dB) Impedance
750 28,08 | -20 46.2Q - 0.0i2
63 SAR

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurcments 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 stendards,
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 IEC/IEEE 62209-1528 and FOCC KDBE65664 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.
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Software OPENSAR V3§
Phantosmn SN 13/09 SAM68
Probe SN 41/18 EPG0O333
| Liguid Head Liguid Values: eps': 43.4 sigma : 0.92
Digtance between dipole center and liquid 15.0 mm
' Area scan resolut dy=8mm/dy=8mm
Zoon Scan R de=8mm/dy=8mm/dz=Smm
Frequency 750 MHz
[nput power 20 dBm
Liguid Temp 20 44-1°C
) Lab Temy 204-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (W/k 10g SAR (W,
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to IW to 1W to IW
750 MHz 0.88 8.85 8.49 0.58 5.81 5.58
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

ooy wn' ACK, T

N YV ATEGRINSUE SN Kefey

Equipment Manufacturer / Current Next Calibration
Description Modet  [\deatification No.| o ior ration Date Date
Validated. No ¢al Validated, No
SAM Phantom MVG SN 13100 SaMe8 [/ 1S Hgror “’1
NValldated. Nocal  |Validated. No call
ICOMOSAR Test Bench Version 3 NA equired. required.
Network Analyzer | Flonde. Sohwarz 100203 0812021 0812024
Network Ansiyzer | Agilent B763ES |  MY40003210 10/2010 1012023
Network Analyzer - | Rohde & Schwarz
ikt b 101223 0712022 0712025
Network Anatyzer —
ot i HP 85033D 342308186 0612021 0612027
Calipers Mitutoyo SN 0008732 112022 1112025
Reference Probe MVG SN 41/18 EPGO333 0112023 01/2024
Mutimeter Keithley 2000 4013982 0212023 0212026
Signsl Generator | Fonde S Schwarz 106589 0312022 0312025
Characterized prior 1o |Characterized prior to
Ampilfier MvG MODU-023-C-0002 | .o, " no cal required. {test. No cal required.
Power Meter NI-USB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY82340002 1072022 1012025
X Characterized prior 1o |Characlerized prior 1o
Directionat Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
T““”’“s':"fsér”““”“y Testo 184 H1 44226320 0612021 06/2024
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Swurmmary:

Thix document presents the method amd results from an accredited SAR reference digiole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traccable to
national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 622091528 and
FCC KDB865664 DO! 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 900 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model 900
Serial Number 1D007
Product Condition (now / used) Used

3 PRODUCT DESCRIPTION

3.1 GENE TION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and FCC KDBS65664
D01 standards.

“ Figuﬁ 1 - SAR Validation Dipole
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4 MEASUREMENT METHOD

4.1 UIREMENTS

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 SI1PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better. The SI1 mcasurement 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 I1SO17025 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 complics with the fore-mentioned standards.

5 MEASUREMENT UNCERTAINTY
5.1 MECHANICAL DIMENSIONS

For the measurement in the range 0-300mm, the cstimated 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 1o measurement
conditions,

5.2 Sl 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 KDB8635664 D01 standurds were
followed to generate the measurement uncertainty for validation messurements.

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
L mm hmm d mm
Measured _ Required Measured | Required Measured | Required
- 149.00 +/- 2% - 83.30 +/- 2% - 3.60 +/- 2%

6.2 S11 PARAMETER

6.2.1 S1) parameter in Head Liguid

Pregawacy, NHz
" ¥ L L M ) N

1.ct

' Frequency (MHz) S11 parameter (dB) | Requirement (dB) Impedance
900 _-28.83 ‘ -20 5040 +3.6/Q2
63 SAR

The IEC/IEEE 62209-1528 and FCC KDB865664 DOI 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 IEC/IEEE 62209-1528 and FCC KDB865664 D0 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 measurcd SAR is given with the used input power.
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Software OPENSAR V35
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liguid Head Liquid Values: eps': 43.4 sigma : 0.98
Digtance between dipole center and liguid 15.0 mm
Arca scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx~8mam/dy=Emmy/dz=Smm
Frequency 900 MH2
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/K
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to 1W to IW to 1W
| 900 MHz .06 10.58 10.90 0.68 6.81 6.99
| \ m
| \ =

1890 —

- e\ =
.3.”. 1w \‘
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer/ Current Next Calibration
Description Model  [1dentification No.| o ation Date Date
Vahdaled. Nocal  |Vaidated.  No
SAM Phantom MVG SN 13109 SAMes |20 Maoreny jl
Validated. Nocal  Malidated. No cal
COMOSAR Test Banch Version 3 NA fequired, equired.
Network Analyzer | Ronde & Schwarz 100203 0812021 0812024
Network Analyzer | Agllent 8753ES MY40003210 1012019 1072023
Network Analyzer = | Rohde & Schwarz
oimabrlad s s 101223 0772022 0712025
Network Analyzer —
i HP 85033D 3423A08186 06/2021 06/2027
Calipers Mautoyo SN 0009732 1112022 1172025
Reference Probe MVG SN 41/18 EPGO333 0112023 0172024
Muttimeter Keithiey 2000 4013982 0212023 0212026
Signal Generator | Rohde & Schwarz 106589 0312022 032025
Characterized prior to |Characierized prior 1o
Amplies e MODU-023-C-0002 | o4 "Ny cal required, |test. No cal required.
Power Meter NIUSB 5680 170100013 0672021 0612024
Power Meter Keysight U2000A | SN: MY62340002 1012022 102025
: Characterized prior to |Characterized prior o
Directionel Coupier Krytar 188020 Lkild test. No cal required. [test. No cal required.
Te"""“’s":" ! Humidity)  rosto 184 H1 44225320 0612021 0612024
Nsor
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SAR Reference Dipole Calibration Report
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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
Technopdle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 09/18/2023
s, cofrac

e
S0/

ETALONNAGE

Accredilabons #2.0T39 and #2485 14
Scope wenllibk oo wuw solne

The eae ol the Culeac brund sed the seevoditation referenees I preildded from wity reproduceion

Sumimary:

This document presents (he method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are truceable to
national metrology institutions.
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mvg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR262.523.B1S.A

I INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBE65664 DO 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 1800 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model 1800
Serial Number 2D09%9
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
DOI 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 [SO17025 calibrated caliper.

42 SIIP

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better, The SI1 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 KDBB65664 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 S1IPARAMETER

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 MECHANICAL DIMENSIONS

L mm h mm d mm

Measured Required | Measured | Required Measured Required
-~ | 72,00+ 2% - | 41,70 +/- 2% - 3.60 +/- 2%

6.2 S11 PARAMETER

6.2.1 S11 parameter in Head Liquid

Fraquency. M
e na 170 ne wn " 1L v %40

sNn.em

Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance

1800 -25.23 -20 4530 +22iQ
6.3 SAR

The IEC/IEEE 622091528 and FCC KDB865664 DO] 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

63,1 SAR with Head Liguid

The TEC/IEEE 62209-1528 and FCC KDBB865664 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 | W forward power. In
bracket, the measured SAR is given with the used input power.
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> DEKRA

Ref. ACR 262.523 BES. A

Software OPENSAR VS
Phantom SN 13109 SAMOS
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps™: 41.7 sigma : 1.47
Distance between dipole center und liguid 10.0 mm _
Area scan resolution dx-8mm/dy-Bmm
Zoon Scan Resolution dx~Sinm/dy=Bmm/dz-5mim
F 'y 1800 MHz
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab T ature 20+/-1°C
Lab Humidity 30-70 %
Frequency 1g SAR (WK 10g SAR (W/k
Mensured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W o IW to IW to IW
1800 MHz 3.97 39.74 38.40 2.09 20.86 20.10
\ = |
) v
| r wlol
= A |
iy = "! \\
|:: ! e
i = =
"y B MK N I:h;l xnnH
Tl |
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

LYV VGRINSTE N

un
my "

Equipment Manufacturer / s Current Next Calibration
Description Model it o Calibration Date Date
Nalidated. No cal \akdated, No cal
SAM Phantom MVG SN 13109 SAM68 | o Co Faciiod.
: Validated. Nocal  Walidated. No call
COMOSAR Test Bench Version 3 NA required. ocuired,
Network Analyzer | Rohde & Scnwarz 100203 0812021 0812024
Network Analyzer Agilent 8753ES MY40003210 1012019 102023
Network Analyzer — | Rohde & Schwarz
provegkorbredon N.22%5 101223 07/2022 07/2025
Network Analyzer -
Combeation kit HP 850330 3423A08186 06/2021 0612027
Calipers Mitutoyo SN 0009732 11/2022 1112025
Reference Probe MVG SN 4118 EPGO333 01/2023 01/2024
Multimeter Kaithley 2000 4013982 02/2023 0212026
Signal Generator | Ronde S Sohwaz 108589 0312022 03/2025
. : Characterized prior to |Characterized prior to
Ampiifler MVG MODU-023-C-D002 | 0} No cal required. [test. No cal required.
Power Meter NI-USB 2680 170100013 06/2021 06/2024
Power Meter Keysight UZ000A | SN: MY62340002 1012022 1042025
Characterized prior to |Characterized prior to
Directional Coupler Krytar 158020 131467 Soul, Nocel redulredt 1tedt. 1o cal rsciilred.
T“"“’"‘g‘:e { Humidlty|  roei0 184 H1 44225320 0672021 0642024
NSO
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SAR Reference Dipole Calibration Report

Ref: ACR.262.9.23.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: 2600 MHZ
SERIAL NO.: 1023

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
cofrac

ROURTN
SNA g,

ETALONNAGE

Actrodistions A2.6729 and A2.081¢
Scope available oo 9w g ol

| bz e of thir Cnfrag Seannd snd e aceredizgtion veforeiices b priubibited frum any teprnduction

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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Nanie Function Date Signature

Prepared by ; Cyrille ONNEE | Measurement Responsible |#/18/2023 | —5=5

Checked & , . 9/18/2023 =

approved by: Jéréme Luc Technical Manager ?%’

Authorized by: Yann Toutain Laborstory Director 9/19/2023 e TTeAA

Signature
Yann numérique de

Yann Toutain 1D

Toutain |Dopate: 2023.09.19
1002

Customer Name
DEKRA Testing
Distribution : and
Certification,S.A.U,

17 020

Issue Name Date _ Modifications
A Cyrille ONNEE 9/18/2023 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.262.9.23.BES.A

1 INTRODUCTION

This document contains & 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 KDB365664
D01 standards.

Flguré 1-SAR Valltlatmn Dipole

N AUL LY
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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 1SO17025 calibrated caliper.

42 S1| 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 SARREQUIREMENTS

The IEC/IEEE 622091528 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.

§ 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 messurement conditions.

For the measurement in the range 300-450mm, thc cstimated 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 estmated expanded uncertainty (k=2) in calibration for the SI1 parameter in lincar is +/-0.08
with respect 1o measurement conditions.

53 SAR

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 DO! standards were
followed 10 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

i L mm ! “hmm d mm
Measured Required Measured Required Measured Required
- 48.50 +/- 2% - 28.80 +/- 2% - 3.60 +/- 2%

6.2 S]1IPARAMETER
6.2.1 S parameter in Head Liquid

Fragaency N
L L A T T e s s e i

:fifggp_enq (MHz) S11 parameter (dB) Requirement (dB) Impedance 2
2600 -23.90 -20 1 S50.8Q2-6.4i2
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 surfuce of the phantom,

63.1 SAR with Head Liquid

The [EC/IEEE 62209-1528 and FCC KDB865664 DOI standards state that the system validation
measurements should produce the SAR valucs 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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mvaG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR 262921 BES.A
Soflwate OPENSAR V5
Pl SN 13409 SAM6R
Probe SN 41/18 EPGO333
Ligusd Head Liguid Values: eps’ : 40.4 sigma : 2.05
Digance between dipole center and liquid 10.0 mm
Area scan resolution dx=Smm/dy=8min
Zoon Scan Resolution dy=Smm/dy=Sirun/de=Smm
Freguency 2600 MHz
Input power 20 dBm
Liguid Temperature 20 +-1°C
Lab Temperature 204/-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 1W to IW o IW
2600 MHz 5.70 57.02 55.30 2.56 25.64 24.60
\ =
y v
! - CES -
.:: "
ws
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T
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model  [\dentification No.| o iy, o tion Date Date
Validated. Nocal  Validated.  No cal
SAM Phantom MVG SN 13109 Sames /9001 .
\Validated. No cal \Validated. No
COMOSAR TestBench|  Version 3 NA binseoed sy ""T
Network Analyzer | Ronde 2 Schwarz 100203 082021 0812024
Network Analyzer | Agilent8763ES |  MY40003210 102019 102023
Network Analyzer - | Rohde & Schwarz
K A it 101223 0712022 0712025
Network Analyzer —
ok Andyss HP 850330 3423408186 0612021 0612027
Calipers Mitutoyo SN 0009732 112022 1112025
Reference Probe MVG SN 41/18 EPGO333 0112023 0172024
Muitimeter Keithiey 2000 4013982 0212023 022026
Signal Generator | RoNde & Schwarz 106589 0312022 032025
Characterized prior to |Characlerized prior to
Ampiiier MVG MODU-023-C-0002 |,y "N 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 10
Directional Coupler Krylar 158020 131467 test, No cal required. |test. No cal required.
7""“’“5“”' Humidily|  yoeip 184 H1 44225320 0612021 0612024
ensor
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SAR Reference Dipole Calibration Report

Ref: ACR.24.6.24. 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: 3300 MHZ
SERIAL NO.: 8761

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

Calibration date: 18/01/2024
o, cofrac

= z

)

o

4
"Dt

FTALONNAGE

Acceeditations £2.6755 and 026314
Scope mvadablo o o ol

Thie use of the Cofine lirand and the seerediistion references is arobibitod foum dny repraduciion.

Summary:

This document presents the method and results from an aceredited SAR reference dipote calibratton
performed in MVG using the COMOSAR test bench. All calibration results are traceable to
national metrology Institutions.
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SAR REFERENCE DIFOLE CALIBRATION REPORT REF: ACR24.624.085 A

1 INTRODUCTION

This document contains a summary of the requirements sct forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 DOl standards for refercnce 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 3300 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model D3300V2
Serial Number 8761
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.

4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The IEC/[EEE 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 thickncss, A direct method is used with a ISO17025 calibrated caliper.
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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 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 forc-mentioned standards,

S MEASUREMENT UNCERTAINTY
5.1 MECHANICAL DIMENSIONS

For the measurement in the range 0-300mm, the estimated expanded uncestainty (k=2) in calibration
for the dimension measurement in mm is +/-0,20 min with respect to measurement conditions,

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

52 S1LPARAMETER

The estimated expanded uncertainty (k=2) in calibration for the 811 parameter in lincar 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
W/kg is +/-19% with respect to measurement conditions.

6 CALIBRATION RESULTS
6.1 MECHANICAL DIMENSIONS

L mm h mm d mm

Measured Required Measured Required Measured Required
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62 Sl PARAMETER

6.2.1 S11 parameter in Heed Liquid

Faevuency, M
0)3’0 A0 WD N 00 1N M N8 DA 0 MW

St

i

_j"rve_quq_qu (MHz) S11 parameter (dB) Requirement (dB) Impedance
3300 -38.61 ) -20 51.1Q + 0.5jQ
6.3 SAR

The [ECAEEE 62209-1528 and FCC KDB865664 DOl 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 D1 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.

[Software OPENSAR V3
Phastom SN 13/0% SAM68
Probe SN 3523 EPGO<29
Liquid Head Liquid Values: eps' - 39.5 sigma : 2.58
Distance between dipole center and liquid 10,0 mm
Arca scan resolution dx=8mm/dy=8mm ~
Zoon Scan Resolution N dx=dmm/dy-dmm/dz=2mm
Frequency 3300 MHz
Input power . 20 dBm
Liquid Temperature 204.1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
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REF :ACRMA24HES A

Fn:quéncy 1g SAR (W/k 10g SAR (W/k
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to 1W to 1W to 1W
3300 MHz 6.41 64.06 65.20 2.62 26.19 25.70
\E = 4
N
g 5 —— -
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ey 2w
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7 LIST OF EQUIPMENT
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NAWR Keferens

Equipment | Manufactarer/ | . i Current | Next Calibration
Description "Model| ., (dentification Noub ooy eicn Date: Date
Validated. No cai \Valldated. No cal
SAM Phantom MVG SN 1300 SAME8 |\ o\ Wt
: Validated. Nocal  [Validated.  No ca
COMOSAR Test Bench|  Version 3 NA ooy -
Network Analyzer | Fiohde & Schwarz 100203 0812021 0812024
Network Anatyzer — | Rohde & Schwarz
DT Aney e bl 101223 0712022 0712025
Calipers Mitutoyo SN 0008732 11/2022 1172028
Reference Probe MVG 3523-EPGO-429 112023 1112024
Mukiimeter Keithioy 2000 4013982 0212023 0212026
Signal Generator | RoNe & Schwarz 106589 0312022 0312025
? Characterized prior to (Characlerized prior to
Anpiie Mve MODU-023-C-0002 {001 "N cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY62340002 1012022 10/2025
N Characterized prior to |Characterizad prior to
Direc¥onel Coupler |  Krytar 168020 131467 test. No cal required. [test. No cal required.
Ternaoshm. Humidity|  vaeto 184 H1 44225320 06/2021 0612024
enNsor
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SAR Reference Dipole Calibration Report

Ref: ACR.24.7.24 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: 3500 MHZ
SERIAL NO.: 8762

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

Calibration date: 18/01/2024
cofrac

Y
SN
= -~

z el
Yl N
FTALONNAGE

“ndatih?
Aceraditstions 82-6739 and 12-6314
Scope available om = ww cofrw fr

(e uye of the Cnleac beand sod 1By acereditation sefivenses iv prubibited fram uny reprvduciim,

Suntmary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG using the COMOSAR 1est bench,  All calibration results are traccable to
national metrology institutions.
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACR24I2U4DESA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 DO1 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 3500 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model DV3500V2
Senal Number 8762
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 KDBR65664
DO1 standards.

Figure 1 - R Validation Dipole

4 MEASUREMENT METHOD

4.1 . > 20U ENTS

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.
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42 S1IPARAMETER 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 KDBR65664 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 cxpanded uncertainty (k=2) in
calibration for the dimension measurement in mm is +/-0.44 mm with respect to measurement
conditions,

52 SII 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 DO0! standards were
followed to generate the measurement uncertainty for validation measurements.

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

6 CALIBRATION RESULTS
6.1  MECHANICAL DIMENSIONS

L mm h mm d mm
Measured Required Measured Required Measured Required
- 37.00 +/- 2% - 26.40 +/- 2% - 3.60 +/- 2%
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6.2 S11 PARAMETER

6.2.1 Sl parameter in Head Liquid

Fraguency, Ml
ME 34 W0 D X0 M BE E0

Frequency (MHz) | S11 parameter (dB) Requirement (dB) Impedance |
3500 | -30.49 20 5200+23jQ |
63 SAR

The TEC/IEEE 62209-1528 and FCC KDB865664 DOI standards state thut the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation meagsurement 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 FOC 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,

Software | OPENSAR V5

Phantom SN 13/0% SAM68

Praobe SN 3523 EPGO42Y

Liquid Head Liquid Values: eps': 39.7 sipma @ 2.82
| Distance between dipole center and liquid 10.0 mm

dx-8mm/dy~8mm
dx~4mm/dy-4mm/dz=2mm

[ Frequency 3500 Miiz
_Input power_ 20 dBm
Liquid Temperature 2044 1°C
Lab Temperature 20+ 1°C
Lab Humidity 30-70 %
Puage: 65
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Frequency 1g SAR (W/k 10g SAR (W/k;
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to IW o 1W to IW
3500 MHz 632 63.23 67.10 2.53 25.28 25.00
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7 LIST OF EQUIPMENT
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Description Model |, [etification Noo| o b Soio Date | Date.|
Malidated, No cal Validated. No
SAM Phantom MVG SN 1300 SAMes [\ e ot
. Validated. Nocal _ [Validated.  No
[COMOSAR Test Bench|  Version 3 NA oy e
Network Analyzer R°”"°;‘ws:"m 100203 0812021 0812024
Natwork Analyzer - | Rohde & Schwarz
i Anelyze e 101223 0712022 0712025
Calipers Mitutoyo SN 0009732 11/2022 1112025
Reference Probe MVG 3523-EPGO-429 1412023 1112024
Muttimetar Keithley 2000 4013982 0212023 0212026
Signal Generator | onde & Schwarz 108580 0372022 0312025
3 Characterized prior to |Characterized prior to
Amplifier Mve MODU-023-C-0002 | ¢) "o cal required. |test. No cal required.
Power Meter NIUSB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY62340002 102022 1012026
: Characterized prior to |Characterized prior to
Directional Coupler | Krytar 158020 131467 R e ot e
Temperature  Humldityl  Testo 184 H1 44225320 0612021 0612024
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SAR Reference Dipole Calibration Report

Ref: ACR.24,8.24 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: 3700 MHZ
SERIAL NO.: 8763

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

Calibration date: 18/01/2024
oty cofrac
S
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e SRR

Accroditatmns #2-6759 mnd 426514
Seops availible oo wvw oltac B
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Summary:

This document presents the method and resalts from an aceredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench. Al calibration resulls 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 KDBR65664 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 3700 MHz REFERENCE DIPOLE
Manufacturer — SPEAG
Madel D3700V2
Serial Number 8763
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

SAR Validation Dipoles are built in accordance to the IEC/IEEE 622091528 and FCC KDB865664
DO/ standards,

4 MEASUREMENT METHOD

4.1  MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FOC KDB865664 DO 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 & 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.
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42 Sl 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 sgainst a liguid 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

The [EC/IEEE 62209-1528 and FCC KDBR65664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complics 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 SIIP

The estimated expanded uncertainty (k=2) in calibration for the SI1 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
Wikg is +/-19% with respect to measurement conditions,

6 CALIBRATION RESULTS
6.1 MECHANICAL DIMENSIONS

L mm h mm d mm
Measured Required Measured Required Measured Required
- 34,70 +/- 2% - 26.40 +/- 2% - 3.60 +/- 2%
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6.2 S11 PARAMETER

6.2.1 Sl parameter in Head Liquid

Frnquency, Wels
o)“l BN B0 W BN W WD

Frequency (MHz) S11 parameter (dB) | Requirement (dB) Impedance
3700 =2726 -20 46.9Q + 2.8iQ
63 SAR

The TEC/IEEE 62209-1528 and FCC KDB865664 DO! 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 paralle! to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surtace 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 normelized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR VS

Ph SN 1309 SAMGS

Probe SN 3523 EPGO429

Liguid Head Liguid Values: eps’ - 39.5 sigma : 2.97

Distance between dipole center and liguid 10.0 mm |
| Arca on__ dx=8mm/dy=8mm == H
| Zoon Scan Resolution dx~dmm/dy=dmm/dz-2mm =2
Frequency N | 3700 MHz =
Input power == 20 dBm

Liguid Temperature 20 +/- 1 °C B

Lab Temperature | 20 4/- 1°C

Lab Humidity | 30-70 %
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Frequency Ig SAR (W/k 10g SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to IW to 1W to 1W
3700 MHz 6.52 65.23 67.40 2.54 2542 24.20
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer / i : Current Next Calibration
Deseription Model | |dentfication Now| ooy SionDate | | Date
Validated. Nocal  |Validated.  No cal
SAM Phantom MVG SN 13/09 SAMES hequired., hequired.
Malidated. No cal  |Validated.  Ne¢ call
COMOSAR Test Bench Version 3 NA equired. foquired.
Network Analyzer | RONde & Schwarz 100203 0812021 0812024
Natwork Analyzer - | Rohde & Schwarz
A e 101223 0772022 0712025
Calipers Mitutoyo SN 0009732 1912022 1112025
Reference Probe MVG 3523-EPGO-429 1172023 1112024
Nultimetes Keitsiey 2000 4013082 0212023 0212026
Signal Generator mé‘h'sﬂ“""" 106589 0312022 0372025
i Characterized prior to |Characlerized prior 10
s Ve MODU-023-C-0002 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY62340002 102022 1012025
e Characterized prior to |Characterized prior o
Dicaclionsl Coupler |  Krytar 158020 191407 fest, No cal required. [test. No cal required.
Temperature / Humidityl 1., 184 41 44226320 0612021 0612024
Sensor
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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: 3900 MHZ
SERIAL NO.: 8764

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

Calibration date: 18/01/2024
oy, cofrac
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Sunmimary.!

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 3900 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model D3%200V2
Serial Number 8764
Product Condition (nesw / used) Used

3  PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

R !
; 3, LR TN R i
Figure 1 — SAR Valtdation Dipole

4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDBR65664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom sheli
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.
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42 S11P

The dipole used for SAR system validation measurements and checks must have a S11 of -20 dB or
better, The SI1 measurement shall be performed against a liquid flled 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 SAR REQUIREMENTS

The IEC/TEEE 62209-1528 and FCC KDB863664 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 mcasurcment 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 SlIPARAMETER

The estimated expanded uncertainty (k=2) in calibration for the S11 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 KDBB65664 DO1 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.

6 CALIBRATION RESULTS
6.1 MECHANICAL DIMENSIONS

L mm h mm d mm

Measured Required Measured Required Measured Required
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62 S11 PARAMETER
6.2.1 S1I parameter in Head Liquid

Fanquency, Wt
W00 NN MO WK BX M) BN WD I 90 w0
P ‘ .

—— 40+ —
Frequency (MHz) | S11 parameter (dB) Requirement (dB) Impedance
3900 27.53 20 [ s100+41j0
6.3 SAR

The IEC/IEEE 62209-1528 and FCC KDB865664 DOI 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 1EC/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 values are normalized to | W forward power. In
bracket, the measured SAR is given with the used input power,

Soflware | OPENSAR V5

Phantom SN 13/09 SAM68

Probe | SN 35/23 EPGO429
| Liquid | Head Liquid Values: eps': 37.7 sipma : 3.25
| Distance between dipole center and liquid 00mm

Area scan resofution

Zoan Scan Resolution n/dy=

Frequency 3000 MH2
| Input power = 20 dBm

Liquid Temperature ) 20+/-1°C

Lab Temperature . _l20+-1°C

Lab Humidity 30-76 %
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Frequency 1g SAR (W 10g SAR (W
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
twwlIW | tolW to 1W to IW
3500 MHz 6.63 66.30 67.60 2.50 2498 23.30
i 2 9
5 \ » G
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I'.': g
“n i 00
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7 LIST OF EQUIPMENT

Equipment | Manufacturer/ [ o | Current
Description. | | Modet: | dentification No.| ey ition Date | |
Validated. Nocal  Maldated. No cal
SAM Phantom MVG SN 13/09 SAM68 | = S EF il
Nalidated, Nocal  \Validated. No call
COMOSAR Test Bench Version 3 NA irod. irod.
Network Analyzer | RONde % Schwarz 100203 082021 082024
Network Analyzer - | Rohde & Schwarz
Camteaticn ot TV-T298 101223 0712022 0712025
Calipers Mitutoyo SN 0000732 1112022 11/2025
Reference Probe WG 3523-EPGO-429 11/2023 1172024
Multimeter Keithley 2000 4013982 0212023 0272026
Signal Generator R°"""S"NSB°““"” 106589 0312022 0312026
Characterized prior to | Characterized prior 1o
Ampiifier Mva MODU-023-C-0002 | ot 'No, cal required. |test. No cal required,
Power Meter NIUSB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY62340002 10/2022 1002025
. Characterized prior to |Characterized prior to
Directional Coupler Krytar 158020 131487 test. No cal required, |test. No cal required
Temperature [ HUmGIY|  Testo 184 H1 44225320 0612021 0672024
Page: 8/8
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SAR Reference Dipole Calibration Report

Ref: ACR.24.10.24. BES.A

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

PARQUE TECNOLOGICO DE ANDALUCIA C/ SEVERO
OCHOA

229590 CAMPANILLAS (MALAGA), SPAIN
SAR REFERENCE DIPOLE

FREQUENCY: 4200 MHZ
SERIAL NO.: 8765

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

Calibration date: 22/01/2024
o, cofrac

! FIALONNAGE

Accredisntions #2-6759 sod A2-6814
Soope available 0o waw colfi It

Tl 0 pras biran [ cdieation encex [y probibited from any repradaction

Summary:

This document peesents the method s results from an sceredited SAR reference dipole ealibration
performed in MVG using the COMOSAR test beneh,  All calibration results vre traceable to
national metrology Institutions.
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Prepared by : Pedro Ruiz Measurement Responsible L2528 / ' ;’ Aisy
Checked & ) 1/25/2024
approved by: Jérbme Luc Technical Manager fﬁ’
Authorized by: Yann Toutain Laboratory Director | 1/26/2024 Yo TOUTRAY
Signature
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DEKRA Testing
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1 INTRODUCTION

This document contains a summary of the reguirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 DO1 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to verify that the product complics with the
fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Type SAR 4200 MHz REFERENCE DIPOLE
Manufacturer SPEAG
Model D4200V2
Senial Number 8765
Product Condition {new / used) Used

3 PRODUCT DESCRIPTION

3.1 NE ‘ORMATION

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

Figurel —SAR .Valid&n‘oln Dl-ﬁlola

4 MEASUREMENT METHOD

4.1 : QUIREMEN

The [EC/IEEE 62209-1528 and FCC KDB865664 DU 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 & 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 1ISO17025 calibrated caliper.
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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 2
network analyser and its calibration kit, both with a valid ISO17025 calibration.

43 SAR REQUIREMENTS

The [EC/IEEE 62200-1528 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 mcasurement 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,

52 S11 PARAMETER

The estimated cxpanded uncertainty (k=2) in calibration for the S11 parameter in lincar is +/-0.08
with respect (o messurement conditions.

53 SAR

The guidelines outlined in the [EC/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 lg and 10g SAR measurement in
Wikg is +/-19% with respect 10 measurement conditions.

6 CALIBRATION RESULTS
6.1 MECHANICAL DIMENSIONS

L mm h mm d mm

Measured Required Measured Required Measured Required
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6.2

Sil PARAMET

a3

A

6.2.1

S11 pagameter in Head Liquid

Frquancy, Wrly
4N an ua Qu oW

A

a0 a8 an  un

$1.d8

: Frquggg\j.__(lf\:{ Hz) S11 parameter (dB) Requirement (dB) Impedance
4200 -22.36 20 4440 +4.5]Q
63 SAR

The IEC/EEE 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 KDB863664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom (hickness 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.,

| Software OFENSAR V5
Phantom SN 13/09 SAM68
Probe SN 35723 EPGO429
Liquid Head Liquid Values: cps’: 36.7 sagma ; 3.49

Distance betweesn dipole center and liquid

_10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=4mm/dy=4mm/dz-2mm

Frequency 4200 MHz
| Input power 20 dBm
Liguid Temperature 20 +/-1°C ]
Lab Temperature 204/-1°C
Lab Humidity 30-70 %
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T

Wi ACRINHLN.

Frequency 1g SAR (W/k 10g SAR (W
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to IW to 1W to 1W to IW
4200 MHz 7.04 70.43 66.40 2.42 24.21 22.20
- r
hS | - =
ues | %5
g b
1. { g 1% 3
b
":.' i x4
1
- It =
Ad ® 1) s EXEE]
L
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment wtion No.|  Current | Next Calibration
Description Identification No.| ¢ iy ationDate | Date
Validated. No cal  Maidated. No cal
SAM Phantom MVG SN 13100 SAMEB |, o Lo " ouod, |
: Validated. Nocal  Malidated.  No
COMOSAR Test Banch Version 3 NA required. Featied: caf
Network Analyzer """"'Z"ws" werz 100203 0812021 08/2024
Network Analyzer — | Rohde & Schwarz
il gl 101223 0772022 07/2025
Calipers Mitutoyo SN 0006732 1112022 1172025
Refererce Probe MVG 3523-EPGO-429 112023 1112024
Multimetar Keithley 2000 4013082 02/2023 0212026
Signal Generator | RoNde & Schwarz 106589 0372022 0312025
Characterized prior to |Characterized prior 0
Ampiifier Mve MODU-023-C-0002 {,.04 "No cal required, |lest. No cal required.
Power Meter NIUSB 5680 170100013 062021 0642024
Pawar Meter Keysight U2000A | SN: MY62340002 1012022 102025
Characterized prior to |Characterized prior to
Directional Coupler Krytar 158020 131467 1est. No cal required. |test. No cal required.
[Temperature / Humidityl  yoce; 484 11 44225320 0612021 0612024
Sansor
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