I C I Report No.: TCT221128E011

SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR 138455 SATULA

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model Rbendificaiion No. | o oy Wit Date
Validated. Mo cal Validated. Mo cal
LIMESAR Test Bench Verson 3 MA required. required.
Network Analyzer | R0de Schwarz | gyq0915 0272021 0212024
Validated. Neo cal Validated. Mo cal
Methanol CAS 67-56-1|  Alpha Aesar LotD1awo11 | Laales ey
Lﬂﬁ;’;“é" and | ontrol Company 11.661-9 082021 0812022
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SAR Reference Dipole Calibration Report

Ref: ACR.156.9.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO.,LTD
2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL

FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,

GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERIAL NO.: 5N 16/15 DIP 2G450-374

Calibrated at MVG US
2105 Barrett Park Dr. - Keanesaw, GGA 30144

# |ACCREDITED]

Calibration Date: 06/05/2022

Sumnrary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MYG USA using the COMOSAR test bench.  All calibration results are traceable to
mational metrology mstitutions.
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Name Funcrion Date Signature
Prepared by | Jérdme LUC Product Manager (6/05/2022 ;;"'5
Checked by : Jérdme LUC Product Manager 06/05/2022 ;}.'_.'G;_-;"
Approved by: | Kim RUTKOWSKI Quality Manager | 0003720021 s czimii

Customer Name

SHENZHEN TCT TESTING
TECHNOLOGY CO., LTD

Dyseribution

Issue Daie Modifications
A 06052022 Imtial release
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SAR REFERENCE DIFOLE CALIBRATION REPORT

Report No.: TCT221128E011

Ref: ACR.156.9.13.5ATU.A
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TESTING CENTRE TECHNOLOGY Report No.: TCT221128E011

SAR REFERENCE DIFOLE CALIBRATION REPORT Reef: ACR. 1568 15.5ATULA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIIEC 62209 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 COMOSAPR 2450 MHz REFERENCE DIFOLE
Manufacturer MVG
Model SID2450
Serial Number SN 1415 DIP 2G450-374
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FOC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MG COMOSAR Falidation Dipofe
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4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles used for system validation messurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flar phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions 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.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertanty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

3.1 RETUREN LOSS

The following uncertanties apply to the return loss measunement:

Freguency band Expanded Uncertainty on Return Loss

40060000 Hz 0.1dB

3.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mim) Expanded Uncertainty on Length
3-300 0.03 mm

3.3 VALIDATION MEASUREMENT

The guidelines outlined n the IEEE 1528, FOC KDBs, CENELEC EN50361 and CEIIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 20.3 %
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10g 201 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frespmncy, MH;
Mé)  MED  MBO 2500

240

2520 2750

11,8

Freguency (MHz)

Return Loss (dB) Requirement (dB) Impedance
2450 -28.05 -20 46.7 €2 - 0.2 403
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguency, MHz

280 2800 2420 M80 MED B0 500 IE3)

1,48

=

Freguency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

24350 =32 Eb =20 4% 6 €2 - 1.940)
6.3 MECHANICAL DIMENSIONS
Frequency M Hz L mim hmm d rmen
required measured required measured required measured
300 4200 21 % 250.0 £1%. 6.35 11 %.
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450 2900 21 %. 166.7 +1%. 63541 %
750 176.0 21 %. 100.0 +1 %. 63541 %
g35 161021 %. B9E 1% 1681 %
%00 149.0 21 %. 23341 % 1681 %
1450 B9.1 41 % 51741 % 1681 %
1500 805 1% SO0 +1 %. 1681 %
1640 79.0 £1 % 5T H K. 1681 %
1750 TSR 1% 2B K. 1681 %
1800 TZO 1% ATHE 1681 %
1900 B8.0 £1 % 305 41 % 1681 %
1950 66.3 1% IBE 41 % 1681 %
2000 45 £1%. 7.5 £1 %. 1621 %
2100 L0 £1%. 357 £1 %. 1621 %
2300 555 £1%. 126 £ %. 1621 %
2450 515 $1%. PASS 0.4 £1 %, PASS 1681% FASS
2600 485 £1%. 268 £1 %. 1621 %
3000 415 1% 250 £1 %. 1621 %
3500 37.081 %, 264 £1 %. 1621 %
3700 14741 % 264 £1 %. 1621 %

7 VALIDATION MEASUREMENT
The IEEE Std. 1528, FCOC KDBs and CEVIEC 62209 standards state that the system validation

measurements must be performed using a reference dipole meeting the fore mentioned retiurn 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 descnbed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
[
rqu "H;'“’ Relative permittivity ('] Conductivity {2} S/m
reguired measured required measured
300 45.315% DET =5 %
450 43525% DET =5 %
750 419:5% DE9=5%
835 41525% 0.90 25 %
900 41515% 097 25%
1450 405:5% 1105 %
1500 404 25% 1135 %
1640 402:5% 131:5%
1750 40125% 1375 %
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SAR REFERENCE DIFOLE CALIBRATION REPORT Rel- ACR. 136813 5ATLLA
1800 40035 % 1.40 25 %
1900 40035 % 1.40 25 %
1950 40035 % 1.40 25 %
2000 40035 % 1.40 25 %
2100 0825 % 14935 %
2300 0.5 35% 16755 %
2450 302 35% PASS 18025 % PASS
2600 30,025 % 1.96 55 %
3000 IE5:5% 2405 %
3500 37.9:5% 2015 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR valwes shown below (for phantom thickness of 2 mm), within the
uncertainty tor the svstem validation. All SAR values are normahized to 1 W forward power. In
bracket, the measured SAR 15 mven with the used input power.

Sofiware OPENSAR V4
Phantorm SN M09 SAMTI
Probe SN 1811 ERGL22
Liguid Head Liguid Values: eps’ - 38.3 sigma @ 1.80
Dristance between dipole center and liquid 1000 mim
Area scan resolution dx=8mm/dy=Rmm
Loon Scan Resolution di=3mm/dy=3mm/dz=5mm
Froguency 2450 MHz
Input power 20 dBm
Liguid Temperaiure 21 *C
Labs Ternperatuse 218
Lal Humidity 45 %
Fregue
anq- 1 g SAR [W/kg/W) 10 g SAR W/ kg W)
reguired measured required measured
300 2.B5 104
450 458 106
750 849 5.55
815 8.56 622
S0 1049 699
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 iB4 201
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1900 197 05
1950 405 i L]
2000 411 11
2100 4306 18
1300 487 133
2450 524 5326 |5.38) 24 24.15 (2.49)
2600 553 M5
3000 6318 %7
3500 671 25

A }._\
:;'_'s L1} \
= T
ik ! s
7.3 BODY LIQUID MEASUREMENT
F"’:::im" Relative permittivity (8] Conduetivity ) $/m
reguired measured reguired mias eresd

150 BE1O25% 08035 %

3040 ERIs5% 00235%

450 56.7£5% 0.04 55 %

750 EE525% 0.06 35 %

K35 E5285% 09735 %

900 E5.025% 1.05 35 %

915 E5DE5% 1.06 55 %

1450 54025% 13035 %

1610 515 % 1.40 35 %

1800 531325% 15235 %

1900 531325% 15235 %
2000 531325% 1525 %
2100 53285% 161 85 %
2450 52785% PASS 10535 % PASS
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2600 E1Gs6% 316 $5 %
3000 E2Ds5% 37345 %
3500 513s6% 33185 %
5200 49,0210 % 530 £10%
5300 489 10 % 542 +10%
5400 487 210 % 553 +10%
5500 486 210 % 565 £10%
5600 485 210 % 577 +10%
5800 483 10 % .00 £10 %

74 SAR MEASURFMENT RESULT WITH BODVY LIQUID

Software

OPENSAR V4

Phantom

SN 20009 SAMTI

Probe

SN 1811 EPGLZ

Liguid

Body Liquid Valoes: eps” | 52.7 sigrs @ 1.94

Distance

berween dipole center and liquid 1000 mum

Area scan resolution

dx=Emm/dy=Rmm

Zoon Scan Resolution

du=3mm/dy=5mm/dz=5mm

Froguency 2450 MHz
Liput poswer 21y dBm
Liquid Ternperature 21 *C
Lab Temperature 21 *C
Lab Humidity 45 %
E
'“‘,::‘Tﬂ""" 1 g SAR [W/kg/W) 10 g SAR (W/kg/W]
measured measured
2450 50.63 (5.00) 23.40 [2.37)
|II.|I 1 1
IR

-

o I

-

3R \..
x
200 g
= - | T |
] BN W R DN ED
— T Z i
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& LIST OF EQUIPMENT

Equipment Summary Sheet

uipment Manufacturer urrent Next Calibration
Fanly ! | 1dentification Ne.| . C™rTe
Description Model Calibration Date Date
SAM Phantom MVG SHANp AN et Macer,  vewidied.,  Ho' o
requirad. requirad.
COMOSAR Test Bench Version 3 MA Validated. Nocal  [Validated.  No cal
required. requirad.
Network Analyzer | TO00e ;Vi‘;h“'z SN100132 02/2021 02/2024
Calipers Carrera CALIPER-01 022021 022024
Reference Probe MVG EPG122 5N 18/11 oz2r2021 nzr2022
Multimatar Keithilay 2000 1188656 0272021 0z/2024
Signal Generator Agilent E4438C MY49070581 0272021 02/2024
" Characlerized prior lo|Characterized prior o
Elner Aethsnsomm ke tesl. Mo cal required. |lest. Mo cal required.
Powar Mater HP E4418A US38261498 022021 0212024
Power Sensor HP ECP-E2BA US37181460 02/2021 022024
R Characlerized prior lo|Characlerized prior 1o
dmaione Laoupiet Hande 2128 01366 test. Mo cal required. |lest. Mo cal required.
Temperature and
Humidity Sensor Controd Company 11-661-9 022021 022024
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