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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
CALIPROBE Test ; Validated. No cal Malidated. No cal
Version 2 NA : 3
Bench required. required.
Network Analyzer ROhdez&VfAChwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2019 10/2023
Network Analyzer —
el : HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Network Analyzer — | Rohde & Schwarz
Calibration kit 7v-7235 10428 Hizbz hrelea
Multimeter Keithley 2000 4013982 02/2023 02/2026
Signal Generator R°hdeS&MSB°hwarz 106589 03/2022 03/2025
: :, 2 Characterized prior to |Characterized prior to
Amplinen WG MEDUsR2-G20002 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

Directional Coupler Krytar 158020 131467 test. Nocal required [test. Mo cal reguired.
Fluoroptic Thermometer] =™ asegfg Lixran 94264 00/2022 09/2025

: SN 32116 Malidated. No cal WValidated. No cal
Cobdalesll MXS COAXCELL_ 1  fequired. Fequired.

Waveguide MVG SN 32/16 WG2_1 Valld_ated. Nao cal Valld_ated. No cal
required. required.

s o SN 32/16 Validated. No cal Malidated. No cal
Liguid transon v WGLIQ_0G600_1 fequired. required.
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Waveguide MVG SN 32/16 WG4_1 Valiqated. No cal Valiqated. No cal
required. required.

L " SN 32/16 Validated. No cal Validated. No cal
Liquid transition e WGLIQ_0G900_1 Fequired. Fequired.

Waveguide MVG SN 32/16 WG6_1 Valld_ated. Na cal Valld_ated. No cal
required. required.

- " SN 32/16 Malidated. Nao cal Validated. No cal
Liguig fransiion BN WGLIQ_1G500_1 fequired. Fequired.

WavegLide MVG SN 32/16 WGS_1 Valld_ated. No cal Valld_ated. No cal
required. required.

o o SN 32/16 Validated. No cal Validated. No cal
Lighid transiion MNG WGLIQ_1G800B_1 fequired. Fequired.

L " SN 32/16 Validated. No cal Validated. No cal
Hquid trensition v WGLIQ_1GBO00H_1 Fequired. required.

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

o i SN 32/16 Malidated. Nao cal Validated. No cal
Lighid transiion MNG WGLIQ_3G500_1 fequired. required.

Waveguide MVG SN 32116 WG12_1 Valld_ated. No cal Valld_ated. No cal
required. required.

_— " SN 32/16 Validated. No cal WValidated. No cal
Hgid fransiion W WGLIQ_5G000_1 Fequired. required.,

Waveguide MVG SN 32116 WG14_1 Valiqated. No cal Valiqated. No cal
required. required.

L " SN 32/16 Validated. No cal Validated. No cal
Liguid transition Mvs WGLIQ_7G000_1 fequired. quired.

Temperature/ HumidRyl o181 1 44225320 06/2021 06/2024
Sensor
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BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 03/15DIP2G450-352

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

Calibration date: 02/21/2024
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Accreditations #2-6789 and #2-6814
Scope available on www.cofrac.fr

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

Summar i

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench. All calibration results are traceable to

national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EC/IEEE 62209-1528 and
FCC KDB865664 D01 standards for reference dipeles used for SAR measurement system
validations and the measurements that were performed to verify that the product complies with the

fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model S1D2450

Serial Number SN 03/15DIP2G450-352

Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

4.1 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical compenents
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.

4.2 811 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.

S MEASUREMENT UNCERTAINTY

5.1 MECHANICAL DIMENSIONS

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

52 811 PARAMETER

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

53 BAR

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

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

6.1 MECHANICAL DIMENSIONS

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

6.2 811 PARAMETER

6.2.1 S11 parameter in Head Liqud

Frequency, MHz
2400 2420 2440 2450 2430 2500 2520

511.dB

Frequency (MHz) S11 parameter (dB) Requirement (dB) Impedance
2450 -29.27 -20 53.600 + 0.1jQ2
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 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 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V5

Phantom SN 13/09 SAM68

Probe 3523-EPG0O-429

Liquid Head Liquid Values: eps' : 42.1 sigma : 1.83

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=Smm/dy=5mm/dz=5rmm

Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency 1o SAR (W/ 102 SAR (W/kg)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W 1o 1W to1W to 1W
2450 MHz 5.00 50.05 52.40 2.38 23.80 24.00
\ =
\ L
N
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Page: 7/8

Template_ACR.DDI.N. YE.MVGB.ISSUE_SA

R Reference Dipole v

This documert shall not be reprodhiced, except it full or in part, withowt the written approval of MV G, The informetion contained herein is to be wsed
only forthe purpase for which it is submitted and 5 not to be released i whale or part withaw written approval af MVG.

Report No.: S24041701505001




\\_J/
R \. T
ik Certificate #4298.01

NTEK i’

(accrepiTED)

Page 65 of 74 Report No.: S24041701505001

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref : ACR.53.22.24BES. A

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ’| Calibration Date Date
SAM Phantom MVG Si Eepangy (Eedtet. Nasal.  Maiddied. o sl
required. required.
COMOSAR Test Bench Version 3 NA Validated. Nocal — Malidated.  No cal
required. required.
Netwark Analyzer R°hdezg\‘/fn°hwarz 100203 0872021 08/2024
Network Analyzer — Raohde & Schwarz
Calibration kit ZV-2235 101223 0712022 07/2025
Calipers Mitutoyo SN 0009732 11/2022 11/2025
Reference Probe MVG 3523-EPGO-429 1172023 11/2024
Multimeter Keithley 2000 4013982 0212023 02/2028
Signal Generator R°hdeS&MSB°hwarZ 106589 03/2022 03/2025
Amplifier MYG MO DU-023-C-0002 Characterized prior to|Characterized prlprto
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 102025
N Characterized prior to |Characterized prior to
Directional Coupler Kiytar 15020 131467 test. No cal required. [test. No cal required.
Tempergtured Humidilty a5 184 B 44225320 06/2021 06/2024
Sensor
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Calibration date: 02/21/2024
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Summary:

This document presents the method and results from an accredited SAR reference waveguide
calibration performed at MVG, using the COMOSAR test bench. The test results covered by
accreditation are traceable to the International System of Units (SI).

Page: 1/9




NTEK JLil’

« laccrEbiTE)  page 67 of 74 Report No.: S24041701505001
Certificate #4298.01

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref | ACR.53.31.24 BES.A

Name Function Date Sicnature
_ ) 2/22/2024 /
Prepared by : Pedro Ruiz Measurement Responsible f il
2/22/2024 =
Sk . Jérdéme Luc Technical Manager &
approved by
Authorized by: Yann Toutain Laboratory Director 2/27/2024 R PR
Signature
Ya nn numérique de Yann
i Toutain ID
Toutain |D pate:202402.27
08:5845 40100
Customer Name
SHENZHEN NTEK
Brewabopson: TESTING
riribuiton TECHNOLOGY
CO., LTD.
Issue Name Date Modifications
A Pedro Ruiz 2/22/2024 Initial release

Page: 2/9

Template ACR.DDD.N.YY¥.MVGB.ISSUE _SAR Reference Waveguide vL
This documert shall not be reprodhiced, except it full or in part, withowt the written approval of MV G, The informetion contained herein is to be vsed
only forthe purpase for which it is submitted and 5 not to be released i whale or part withaw written approval af MVG.




N,

A °r|| ®§t
. Z =
N EK jblu ACCRERITER)  Page 68 of 74 Report No.: S24041701505001

Certificate #4298.01

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref | ACR.53.31.24 BES.A

TABLE OF CONTENTS

1 IIHEOAUCHOIL ...ttt et et 4
2 DEVICE LAET TS o vouvs vonssmmmsssmmsmammnssnsmmsss st s s s R4 o O 4
3 Product DESCIPION ....oeoeiiii ettt e e et ee et st 4
3.1 General Information 4
4 Measurement Method ... 4
4.1 Mechanical Requirements 4
42 511 parameter Requirements 4
4.3 SAR Requirements 5
5 Measurement UNCErTaimty ......coocovi it e e 5
5.1 Mechanical dimensions 5
52 311 Parameter 5
53 SAR 5
6 Calibration Results. ... 5
6.1 Mechanical Dimensions 5
6.2 311 parameter 6
6.3 SAR 6
T Listol EQUIPHIETIE o v vossssmerimnsnsnsismnssims s e messs 1408 0830005 #4a0 5 0880 w53 Wi 9
Page: 3/9

Template ACR.DDD.N.YY¥.MVGB.ISSUE _SAR Reference Waveguide vL
This documert shall not be reprodhiced, except it full or in part, withowt the written approval of MV G, The informetion contained herein is to be vsed
only forthe purpase for which it is submitted and 5 not to be released i whale or part withaw written approval af MVG.




. .rl ® }
L] .f'
N EK jblw % ACCRERITER)  Page 69 of 74 Report No.: S24041701505001

Certificate #4298.01

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref | ACR.53.31.24 BES.A

1 INTRODUCTION
This document contains a summary of the requirements set forth by the I[EC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards for reference waveguides used for SAR measurement system
validations and the measurements that were performed to verify that the product complies with the

fore mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG

Model SWGS500

Serial Number SN 13/14 WGA 33

Product Condition (new / used) [ Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Waveguides are built in accordance to the IEC/IEEE 62209-1528
and FCC KDB865664 D01 standards.

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.

4.2 811 PARAMETER REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a 311 of -8 dB or
better. The 511 measurement shall be performed against a liquid filled flat phantom, with the
phantom constructed as outlined in the fore mentioned standards. A direct method is used with a
network analyser and its calibration kit, both with a valid ISO17025 calibration.

Page: 4/9

Template ACR.DDD.N.YY¥.MVGB.ISSUE _SAR Reference Waveguide vL
This documert shall not be reprodhiced, except it full or in part, withowt the written approval of MV G, The informetion contained herein is to be vsed
only forthe purpase for which it is submitted and 5 not to be released i whale or part withaw written approval af MVG.




R 2
2

NS

o T e
N i EK jl:ulﬂ 7 [BecRiITE  page 70 of 74 Report No.: S24041701505001

""""" Certificate #4298.01

=
%,

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref | ACR.53.31.24 BES.A

43  SAR REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore-mentioned standards.

S  MEASUREMENT UNCERTAINTY

5.1 MECHANICAL DIMENSIONS

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

52 811 PARAMETER

The estimated expanded uncertainty (k=2) in calibration for the 511 parameter in linear is +/-0.08
with respect to measurement cenditions.

53 BAR

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

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

6 CALIBRATION RESULTS

6.1 MECHANICAL DIMENSIONS

Frequency L (mm) W (mm) Lt (mm) ‘W (mm)
(MHz) Required | Measured | Required | Measured | Required | Measured | Required | Measured
4039 + 2019 + 81.03 + 6198 +
3800 0.13 . 0.13 ) 013 . 0.13

Matching layer

Figure 1: Validation Waveguide Dimensions

Page: 5/9

Template ACR.DDD.N.YY.MVGB.ISSUE _SAR Refevence Waveguide vi
This documert shall not be reprodhiced, except it full or in part, withowt the written approval of MV G, The informetion contained herein is to be vsed
only forthe purpase for which it is submitted and 5 not to be released i whale or part withaw written approval af MVG.




CA orll ®ﬂac-MRA @!
. e
N EK jtlu G ACCRERITER Dage 71 of 74 Report No.: S24041701505001

Certificate #4298.01

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref | ACR.53.31.24 BES.A

6.2 8511 PARAMETER

6.2.1 S11 parameter In Head Liquid

Frequency, MHz

5800 5500

-20-
Frequency (MHz) S11 parameter Requirement (dB) Impedance
(dB)

5200 -9.64 -8 25.80 02 - 6.58 700
5400 -14.01 -8 51.53 Q2+ 20.60 Q2
5600 -16.83 -8 44.12 €) - 12.35 jQ2
5800 -14.91 -8 3853 0+11.211Q
63 BSAR

The IEC/IEEE 62209-1528 and FCC KDBE65664 D01 standards state that the system validation
measurements must be performed using a reference waveguide meeting the fore mentioned return
loss and mechanical dimension requitements. The validation measurement must be performed with
the matching layer placed in the open end of the waveguide, with the waveguide and matching layer
in direct contact with the phantom shell.

6.3.1 SAR With Head Liquid

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation. All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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Phantom SN 13/09 SAM68

Probe 3523-EPGO-429

Liquid Head Liquid Values 5200 MHz: eps' :34.16 sigma : 4.42

Head Liquid Values 5400 MHz: eps'
Head Liquid Values 5600 MHz: eps’
Head Liquid Values 5800 MHz: eps’

:33.63 sigma : 4.64
:33.12 sigma : 4.87
:32.57 sigma : 5.12

Distance between dipole waveguide and liquid

0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=4Imm/dy=4m/dz=2mm

Frequency 5200 MHz
5400 MHz
5600 MIIz
5800 MH=z
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab Temperature 20 +-1°C
Lab Humidity 30-70%
Frequency 1 g SAR (W/kg) 10 g SAR (W/kg)
(MHz)
Measured | Measured Target Measured | Measured Target
normalized | normalized normalized | normalized
to 1W to 1W to 1W to 1W
5200 16.26 162.5% 159.00 5.62 56.21 56.90
5400 15.98 159.81 166.40 5.50 55.00 58.43
5600 17.91 179.15 173.80 6.10 61.01 59.97
5800 18.22 182.20 181.20 6.13 61.32 61.50
SAR MEASUREMENT PLOTS @ 5200 Ml1z
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SAR MEASUREMENT PLOTS @ 5400 MHz
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SAR MEASUREMENT PLOTS @ 5600 M1z
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model °| Calibration Date Date
SAM Phantom MVG N iEiossAMes [Foudated. Nawal  Malicated.  No ieal
required. required.
COMOSAR Test Bench|  Version 3 NA validated. Nocal — Walidated.  No cal
required. required.
Network Analyzer R°hdez‘g\‘lfn°hwarz 100203 082021 08/2024
Network Analyzer — Rohde & Schwarz
Calibration kit TV-7235 101223 0712022 07/2025
Calipers Mitutoyo SN 0009732 11/2022 11/2025
Reference Prabe MVG 3623-EPGO-431 11/2023 11/2024
Multimeter Keithley 2000 4013882 0212023 02/2026
Signal Generator R°hdes&M‘°é°hwarz 106589 03/2022 03/2025
Amplifier MYG MO DU-023-C-0002 Characterized priar to|Characterized prl_orto
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
Directional Caupler Krytar 158020 131467 Characterized prior to|Characterized prl_orto
test. No cal required. [test. No cal required.
Temperatured Humidly|  1aqs 184 B 44225320 06/2021 06/2024
Sensor
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