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4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CELNIEC 62209 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.

4.1 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum 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 uncertainty 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 RETURN LOSS

The tollowing uncertmnties apply te the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss
A00-6000MHz 0.1dB

5.2 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 in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETUERN LOSS AND IMPEDANCE IN HEAD LIQUID

Fraquency, MH;

P 800 2] 0 ] = L] s

7l

Frequency (MHz)

Impedance

Return Loss (dB) Reguirement (dB)

B35 -32.78 =20 3156+ 1.7302
6.2 RETURN LOSS AND IMPEDANCE [N BODY LIQUID
Fisuency. MHz
[t TED FE0 B0 B2 B0 =0 B0 ) am s

on-
257
£
75
1000

o 120

= 150

* 475+
200
L25-
EAE
275
30.0-

Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
H35 -23.99 =20 4730+ 5.6)0
6.3 MECHANICAL DIMENSIONS
Freguency b Hz L mrr h mm d mm
required measured required mieasured required measured
00 4100 21 %, 250.0 £1 % 6.35 11 %,
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450 200.0 #1 %. 166.7 +1 %. 63511 %,
750 176.0 £1 %. 100.0 £1 %. 63511 %,
B35 161.0 21 % PASS H9B 41 %, PASS 1631 % PASS
500 149.0 #1 %. 81341 %K. 3651 %
1450 B9.1 +1% 517 1%, 3651 %
1500 BOS +1%. SO0 41 %. 3651 %
1640 79.0 +1 % ST K. 3651 %
1750 75.2 #1 % 42031 %, 3621 %
1800 72.0 +1 % AT 3621 %
1900 68.0 +1 % 305 41 %, 3621 %
1850 66.3 +1%. IB5 1. 3621 %
2000 64.5 +1 % 37511 %, 3621 %
2100 61.0 +1 % IST 1. 3621 %
2300 55.5 +1%. 32621 %, 3651 %
2450 515 +1% 304 21 K. 3621 %
2600 485 1% BB 1. 3621 %
3000 415 1% 5011, 3621 %
3500 37081 % 264 21 %, 3621 %
3700 34741 % 264 21 %, 3621 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FOC KDBs and CEVIEC 62209 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
liquad filled flat phantom, with the phantom constructed as outhned 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.

7.1 HEAD LIOUID MEASUREMENT
F'“‘,;,l":"" Relative permittivity (8] Conductivity () S/m
required measured required measured
g 453 25 % 087 =5 %
450 431 5:25% 087 =5 %
750 41.9:25% 0.59 =5 %
8315 41 525% PASS 0.90 =5 % PASS
00 41 525% 0.97 =5 %
1450 405 25 % 1.20 =5 %
1500 404 25 % 12355 %
1640 402 25 % 13155 %
1750 401 25 % 13725 %
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1800 40.0:5% 1.40 25 %
1900 40.0:5% 1.40 25 %
1950 40.0:5% 1.40 25 %
000 40.0:5% 1.40 25 %
100 L5 14955 %
300 05:5% 16725 %
2450 07:5% 18025 %
2600 WB025% 1.96 25 %
000 /E5% 24055 %
3500 I79:5% 29155%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID
The IEEE 5td. 1328 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normahized to 1 W forward power. In
bracket, the measured SAR is mven with the used input power.

Software OPENSAR V4
Phantom SN 2008 SAMTI
Probe SN 1811 EMG1X2
Liguid Head Liguid Values: eps’ © 42.3 sigma : 0,92
Distance berween dipole center and liquid 15.0 mm
Arca scan resolution dx=Ermm/dy=Emm
Loon Scan Resolution dx=EBmm/dy=8mm/dz=5mm
Frequency 835 MHz
Input power 20 dBm
Liguid Termperaiune 21 °*C
Lab Temperature 21°C
Lalb Humidity 45 %
Freque
ey 1 SAR Wk W) 10 SAR W/ kg W]
required measured requined measured
300 2BS 104
450 458 EX
750 849 5.55
815 9.56 9.53(0.82) 622 E.12 [D.58)
S0 109 659
1450 29 16
1500 Ins 168
1640 342 184
1750 364 193
1800 IR4 201
Page: &11
This docsmvent sl mor be reproduced, except be full or in parr, wiohour e wei wrd af MG
vl heriein b5t be used wpose for witich i i saubaised and v nor fo

e rekerred i wiole or pars withou wrirsen appeoval of WFG

Page 169 of 229

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




TCT

SAR REFERENCE DIPOLE CALIBRATION REPORT

Report No.: TCT230214E003

Bet AUH. 1364 1354 TULA

1900 187 205
1950 405 208
00 411 211
2100 416 218
2300 487 233
2450 514 24

2600 553 246
3000 6318 257
3500 67.1 25

Hotline: 400-6611-140

=1a \L\j\;
T
" [T
- [ L ll:l':"_llil$21:l.':‘.'l2131>:l
BODY LIQUID MEASUREMENT
Fm:,luli"“" Relative permittivity (8] Conductivity (1) $/m
reguired miedsured required measuresd
150 10255 080 #5 %
300 SEIs5%W 0.82 25 %
450 56725 0.94 25 %
750 555255 0.95 £5 %
Bi5 55.3s5% PASS 0.97 #5 % PASS
900 550255 1.05 5 %
915 SE0e5% 1.06 25 %
1450 540s5% 1.30 25 %
1610 53Bs5% 1.40 25 %
1800 53.3:5% 15225 %
1900 53.3:5% 15225 %
2000 53.3:5% 15225 %
2100 53.2:5% 16225 %
2450 52 7s5% 105 55 %
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2600 52525% 21645 %
3000 52.025% 2735 %
3500 51.325% 33I185%
5200 49.0 210 % 5.30 £10 %
5300 489 210% 5.42 £10 %
5400 447 £10% 5.53 £10 %
5500 486 210 % 5.65 £10 %
5600 485 210% 577 £10 %
5800 482 #10% 6,00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIGUID

Software OPENSAR V4
Phantorm SN 20009 SAMTI
Probe SN IR EMGLY2
Liquid Body Liquid Walues: eps” : 53.3 sigma @ (.97
Dristance bertween dipole center and liquid 150 mm
Arca scan resolution du=8mm/dv=Rmm
Loon Scan Resolution dx=Emm/dy=8mm/dz=5mm
Frequency 835 MHz
Inpuit power 20 dBm
Liquid Temperaire 21 7
Lab Termperature 21 7C
Lab Humidity 45 %
F’”:,I"IE""F 1 SAR (W/kg/W] 10 g SAR W/ kg W)
measured measured
815 G.E2 [09d) 6.44 |0.55)

117k
[
1.4~
LN |
R
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s I'-"ﬁ_‘ \"x
[
- ; ]
— . [ i n LU L e U, ]

Page: Il

i, except
1L A e isaal

Page 171 of 229

Hotline: 400-6611-140 _ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




TCT

mvGg

Report No.: TCT230214E003

SAR REFERENCE DIFOLE CALIBREATION REPORT

Ref: ACR.136.4. 15 8ATLL A

& LISTOF EQUIPMENT

Equipment Summary Sheet
uipment Manufacturer / Current Next Calibration
Equip Identification No. C
Description Model Calibration Date Date
SAM Phantom MVG SN-20/00-SaM7q |‘aldated. Nacal — Walidaled. N cal
required. Fequired.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal — |Validated. o cal
requirad. Fequirad.
Network Analyzer | TT008 ;vi‘h“rz SN100132 0212021 02/2024
Calipers Carrera CALIPER-01 022021 022024
Reference Probea MV G EPG122 5N 1811 0272021 022022
Multimater Kaithley 2000 1188658 02r2021 0212024
Signal Generator Agilent E4438C MY 42070581 022021 022024
" Characterized prior to |Characlerized prior lo
Amplifies Asthercomm Sh 48 tesl. Mo cal required. |lest. Mo cal required.
Powaer Mater HP E4418A US3B261498 02r2021 0212024
Power Sansor HPF ECP-E26A US37181460 022021 022024
. Characterized prior to |Characlerized prior lo
Directional Coupler MNarda 4216-20 01386 test. No cal required. |test. No cal required.
Temperalure and
Humidity Sensor Control Company 11-661-8 022021 02/2024
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BﬁR Reference Dipole Calibration Report

Ref: ACR.156.6.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
ZONE, FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 16/15 DIP 1GR00-371

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED

Calibration Date: 06/05/2021

Summary:

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

natbonal metrology mstitutions.
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Name Function Dhate Signature
Prepared by | Jérdme LUC Product Manager 0&A052021 ';}_""_5
Checked by . Jérdme LUC Product Manager 06052021 :;;—_.q"'-'
Approved by Kim RUTKOWSKI Quality Manager 06052021 Myt
Clustomier Namie
SSHENZHEN TCT TESTING
Distribution - | TECHNOLOGY CO., LTD
Tssue Diate Muodificarions
A 06/05/2021 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rl ACR 136.6.15.5ATULA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 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 COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDIEOD
Serial Number SN 1&/15 DIP 1GEOD-371
Product Condition {new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il 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 Validation Dipofe
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 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.

4.1 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retumn loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat 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
mim phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
A0-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 (.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CELIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Franuency, MH;
1780 1600 1520

1720

1700 M0 170 T840 1BED
-

Frequency (MHz) Return Loss (dB) Reguirement (dB) Impedance
1500 23692 =20 453 0 - (L5 102
62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1700

1720

1780 1760

170

Fiequency. HHz

1800 1EA 1980 1BED

gl

1300

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -24.67 -20 47.6 02 - 5.1 42
6.3 MECHANICAL DIMENSIONS
Frequency MHz L ren h ram d rmn
required measured required measured required measured
300 420.0 #1 % 250.0 #1 %. £.35 41 %
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450 2000 #1 %. 166.7 +1%. 6.35 +1 %
750 176.0 #1 %. 100.0 +1 %. 6.35 +1 %
gas 161.0 #1 %. BAE +1 . 3621 %
300 149.0 #1 %. 833+ % 3621 %
1450 891 +1 % 517 11 %. 3621 %
1500 BO.5 +1 %. SO0 21 . 3621 %
1640 7.0 +#1 %. 457 31 %. 3621 %
1750 75.2 41 % 420 31 % 3621 %
1800 TiO# % PASS 41T FAss 168l PASS
1900 B68.0 +1 %. 305 11 K. 3621 %
1950 6.3 +1 %. IE5 11 K. 3621 %
2000 54.5 +1 % 375 11 %K. 3621 %
2100 1.0 +1 %. 357 11 K. 3621 %
2300 55.5 +1 %. 326 11 %K. 3621 %
2450 51.5+1 %. 304 21 K. 3621 %
2600 485 +1 % JEE 11 %K. 3621 %
3000 415 +1 % 250 11 %. 3621 %
3500 37081 % 26.4 11 %. 3621 %
3700 34741 % 26.4 11 %. 3621 %

T  VALIDATION MEASUREMENT

The IEEE 5td. 1528, FCC KDBs and CEVIEC 62209 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
liquad 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

F
""r;,l":‘""' Relative permittivity (8] Conductivity (2] Sim
reguired mesasured required measured
g 453 =25% 087 =5 %
450 431 5=25% 087 =5 %
750 41.9:=25% 0.59 =5 %
835 41.525% 0.90 =5 %
a0 41.525% 0.97 =5 %
1450 40.525 % 1.00 5%
1500 40.4 25 % 12355 %
1640 40.2 25 % 1.31 55 %
1750 40.125% 137 5%
Page: /1
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1800 400:5% PASS 1.40 35 % PASS
1900 400:5% 1.40 35 %

1950 400:5% 1.40 35 %
2000 400:5% 1.40 35 %
2100 LR 1.49 35 %
2300 W55 167 25 %
2450 10225 % 1.80 25 %
2600 W05 1.06 25 %
3000 IE525% 24055 %
3500 17.9:5% 20815 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID
The IEEE Std. 1528 and CELIEC 62209 standards state that the system vahdation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR 15 mven with the used input power.

Software OPENSAR V4
Phantom SN 209 SAMTI
Probe SN 111 ErMG122
Liguid Head Liguid Values: eps’ : 41.8 sigma : 1.38
Distance between dipole center and liguid 1000 mm
Areca scan resolution dx=8mm/dy=Rmm
Foon Scan Resolution dx=Bmm/dy=Rmm/dz=5mm
Freguency 1800 MHz
Input power 20 dBm
Liguid Temperature 21 °C
Lab Temperature 21 *C
Lab Humidity 45 %
Fregue
=m.;-. mmr 1 g SAR (W/kg W) 10 g SAR (W kg W)
required measured requined measured

and 2EB5 1.54

450 458 1.06

750 5439 5.55

835 9.56 B.2Z

a0 109 699

1450 29 16

1500 In5 168

1640 4.2 184

1750 I64 193

1800 IE4 I7.673.60) 201 20.23 (2.15)
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19300 107 205
1950 405 209
3000 411 11
00 4316 119
1300 487 2313
2450 524 24
3600 £53 246
3000 638 157
3500 671 25
- .'l,\_', (U1
= \ MM
%.. ;:‘ LRE S
= Sixr \
5 N
g - -
AT & 3 wt
e 8
— J
[y
— 100 -
L e s N N A e S s B A B |
2 04 B B0 e BN NX D
i T Z i

Hotline: 400-6611-140

BODY LIQUID MEASUREMENT

Fm:‘";m Relative permittivity (8] Conductivity ) Sfm
required measured required measured

150) G61025% 0.80 5 %
300 SEIs5% 0.82 85 %
450 56.735% 0.94 85 %
750 55535% 0.95 £5 %
Ei5 55.135% 0.97 85 %
900 55.085% 1.05 5 %
915 SE035% 1.06 25 %
1450 54.025% 13085 %
1610 51Es5% 1.40 25 %

1800 513s5% PASS 15285 % PASS
1900 513s5% 15285 %
2000 513s5% 15285 %
2100 51285% 16225 %
2450 517s5% 1.05 25 %
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2600 52525% 21635 %
3000 52025% 273s5%
3500 51325% 33 85%
5200 49.0 210 % 5.30 +10 %
3300 48.9 210 % 5.42 +10 %
3400 48.7 210 % 5.53 10 %
3500 48,6210 % 5.65 +10 %
S600 48.5 210 % 5.77 +10 %
SR00 482 10 % 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 2009 SAMTI
Probe SN 1811 EPG1Z2
Ligquid Body Liquid Walues: eps” : 53.0 sigrma @ 1.52
Distance berween dipole center and liquid 1000 mm
Area scan resolution dx=Rrmm/dy=Rimm
Zoon Scan Resolution dx=Bmm/dy=Bmm/dz=5mm
Froquency 1800 MHz
Input power 20 dBm
Liquid Temperature 21 *C
Lab Termperature 21 °C
Lab Humidity 45 %
F'T,I"I':""’ 1 g SAR (Wkg/W) 10 g SAR (W/kg/ W)
measured measured
1800 37.69 (3.65) 0U57 [2.000

I
Il
A
1:-:--\\
g. \\\ " -
an Ii. 11 13 -
" am- e
- ““‘-‘.‘
- wed [T T T DT T =11
- — PAEEMUDME AN AXEED
o ey
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&  LISTOF EQUIPMENT

Equipment Summary Sheet
uipment Manufacturer / Current Next Calibration
Equip Identification No. C
Description Model Calibration Date Date
SAM Phantom MVG SN-20/00-SaM71 [/2bdated. Nacal - Validated. — No - cal
required. requirad.
COMOSAR Test Bench Version 3 MA Validatad. Nocal — Valdated. Mo cal
requirad. requirad.
Network Analyzer | T0'00® ;ﬁ‘““” SN100132 02/2021 02/2024
Calipers Carrara CALIPER-O01 02/2021 0212024
Reference Probe MVG EPG122 SN 18/11 02/2021 22022
Multimater Haithley 2000 1188656 02/2021 022024
Signal Generalar Agilent E4438C MY 49070581 02/2021 n2r2024
" Characterized prior o |Characterized prior o
Amplifier Aethercomm Sk MG tesl. Mo cal required. [lesl. Mo cal required.
Powear Mater HF E44184 US38261498 02/2021 022024
Powear Sansor HP ECP-E264 US37181480 02/2021 n2r2024
. Characterized prior to |Characterized prior o
Directional Coupler MNarda 4216-20 01386 test No cal raquined. |test. Mo cal required.
Temperalure and
Humidity Sensor Contrel Company 11-661-9 022021 0272024
Page: 11711
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Ref: ACRI56.7.15.5ATUA

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
ZONE, FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 16/15 DIP 1G9%00-372

Calibrated at MVG US
2105 Barrctt Park Dr. - Kennesaw, GA 30144

ACCREDITED

Calibration Date: 06/05/2021

Summary:

This document pressnts the method and results from an aceredited SAR reference dipole calibration
performed in MYG USA using the COMOSAR text bench,  All calibration resulis are raceable 1o
mabiom] metrodogy il
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Appraved by - Kim RUTKOWSKI Cuality Manager OG052021 | m Mestml
Customer Name
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CELIEC 6220f standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SWO16/15 DIP 1G900-372
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

£ GENERAL INFORMATION

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

Figore 1 - WV COMOSAR Validation Dipofe
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 62209 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.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE S5td. 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 uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Interationally Accepted Guides to
Measurement Uncertainty.

51 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 {1.05 mm

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, FOC KDBs, CENELEC EN50361 and CEVIEC 62209

standards were followed to generate the measurement uncertamty for validation measurements.

Scan Volume Expanded Uncertainty
lg 203 %
FPage: 541
Thkis discuamment sthall mat b reprodsaces], exep in fll o e pare, witheor dh wriltes approval of LV

Tht infaormaation comaimed hireie i o be ssed aaly for the parpase for wich i i submived asd & not o
e cleasata d ol ar part withost writes approvad af MPG

Page 188 of 229

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




TCT

SAR REFERENCE DIFOLE CALIBRATION REPORT

Report No.: TCT230214E003

Rel: ACE. |57 13 8ATULA

10 g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIGUID

Fiequency, MHz
IBED 1ESD

1300 150 190 1980

40-
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
1900 2564 -20 516004490
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1800

167 V4D 1EGD 1880

Frequscy, MHz
1500 190 1340 1960 159090

Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
1900 -23.50 =20 43503+ 64400
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
required measured required mezsured required measured
300 4200 £1% 2500 41 % 63581 %
Page: 611
bt ot AR
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450 2000 £1 % 1B66.7 £1 % B35 #1 %
50 16021 % 1000 £1 % [CELESE N
f-EL 16101 & HoLE £]1 % EXES R N
S00 1490 1 % B33 41 % 1641 %
1450 9141 % BT 41 % 161 %
1500 0.5 41 % 5000 41 % 161 %
1640 T.00+1 %. 457 11 %. 16 £ %
1750 75.2 1 %. 419 i1 %. Ak el %
1800 T2 041 % 417 £1 % ERES R N
1800 BE.0 41 %, PASS 2905 41 % FASE 1681 % PSS
1520 [EESE N 385 £1 % EXES R N
2000 BL5 41 % ITS 41 % 1641 %
2100 Bl.041 % 357 41 % 161 %
2300 55541 % 336 41 % 161 %
2450 51541 % 304 $1 % 16 £ %
2600 48.5 11 % 258 11 %. Ak el %
3000 41.541 % 250 £1 % ERES R N
3500 AT % 264 11 % ERES R N
350 34 741 % b4 £1 % EXES R N

7 VALIDATION MEASUREMENT
The IEEE Std. 1528, FOC KDBs and CEVIEC 62209 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
liguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be posiboned 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.

7.1 HEAD LIQUID MEASUREMENT

Freeney Reelative permittivity [&7] Conductivity (o] 5/m
required measured required measured
300 453 85% O8T5%
L] 43515% Q8T 5%
50 41945 % 0.8945%
235 41545 % 0.90 45 %
500 4154i5% 08T5%
1450 405 5% 12025 %
1500 40.4 5% 12335%
1640 402 5% 13145%
1750 40.1 5% 13T45%
Page: 7T
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1800 400 25 % lA0i5%
1500 0.0 25 % PALY lA0 5% PALY
15950 40025 % 1lA05%
2000 40025 % lA05%
2100 98 5% 1A% 5%
2300 95 15% 1ET 5%
2450 9.2 35 % 1A0:5%
2600 05 % 18645%
3000 ELAE LY 240:5%
3500 AT9 5% 28185%

12

SAR MEASUREMENT RESULT WITH HEAD LIQUITD

The IEEE Std. 1528 and CEVIEC 6220 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phamtom 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 OPFENSAR V4

Phantom SM 208 SAMTI

Probe SM 1811 ENG122

Liguid Head Lagusd Values: eps’ @ 40.4 sigma - 1.41
[hstamee betwieen dipode centier and lguid 10.0 mm

Ared scan resolulion dx=Emm'dy=8mm

Loon Scan Resolulion

dx=Smm'd y=Emm/dr=5mm

Frequency 150k MH 2
Inpul power 20 dBm
Ligquid Temperaiure 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
Fr’::”" 1 g SAR [W/kgiW 10 g SAR [WkgW)
required measured required mezasured
0 285 154
451 458 306
750 8248 5.5%
LEL] 9.56 621
S0 e 6959
1450 9 1&
1500 305 168
1e40 4.1 184
1¥s0 6.4 153
1800 8.4 201

Hotline: 400-6611-140
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1500 |7 39.25 (1. 85) 205 20.49{2.12)
1550 205 209
2000 41.1 1.1
2100 4316 21.9
2300 48.7 233
2350 524 24
2600 55.3 24.6
3000 LER- 25.7
4500 &l 5

\ fifl !

1.3 BODY LIQUID MEASUREMENT

Fr::‘u'::'u.'r Relative permittivity &) Conductivity [o] 5/m
reguired measured required mesasured
150 195 % 0.80 £5%
300 8245 % 092 45%
450 S6.7 45 % 0.84 45 %
750 LY 0.96 5%
82315 EEI45 W 087 45%
S0 S50 45 % 1.0555%
o115 S50 45 % 106 £5 %
1450 54045 % 1.3085%
1610 3045 % 14055%
1800 53345% 153 45%
1900 53345% PASE 15385 % PASE
2000k 3345 % 16T s8%
2100 LER LY 16355 %
2450 52745 % 18555 %

Hotline: 400-6611-140  Tel: 86-755-27673339
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2600 51545% 21655%
3000 510 5% 27385%
3500 513£5% 13145%
5200 48.0410% 530410 %
5300 455 410% 543 $10%
5400 457 410% EE3 410 %
5500 A2 EL0% S5 410K
5600 AE5410% 770K
5800 452410% B0 10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Softwure OPFENSAR V4

Phanlom SN 20We 5AMTI

Probe SN 18/11 EMG122

Laguad Boely Ligquid Valees: eps” - 53.9 sigma : 1.55

hstance between dipode centier and sl

10.0 mm

Area scan resolulion

dx=Emm'dy=Emm

Loan Scan Resolution

dx=8mm'dy=Emm/de=5mm

Frequency 190 MHz
Inpul power 20 dBm
Lagund Temperalure 21 %C
Lab Temperature 21 °C
Lab Humidity 45 %
F"a"H'! i 1 g SAR [W/kg/W] 10 g SAR W,z W)
mieasured measured
1500 JE7L[3.00) 2053 (2.12)

\ fifl

:

Page: I
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& LIST OF EQUIFMENT

Equipment Summary Sheet

Equipment Manuofacturer . . Current Next Calibration
Description Moded  [|'demtificationNo.| o i orion Date Date
Malidated. Mo cal Walidated. No cal
SAM Phantom MVG SM-20V05-5AMT raquired. required.
COMOSAR TestBench|  Version 3 NA Validated. Nocal  Walidated. N cal
required. required.
Network Analyzer | Fnode ;Vi'““"‘m SN100132 02/2021 0272024
Calipers Carrera CALIPER-01 o2/2021 0202024
Reference Probe MVG EPG122 SN 18/11 22021 o22022
Multimeter Feithley 2000 1188656 o2/2021 022024
Signal Generator Agilent E4438C MY43070581 22021 0272024
) Characterized prior to | Characterized prior to
Amplifier Aethercomm 8N 45 test Mo cal required. [test. No cal required.
Power Meter HF E4418A US38261498 022024 0202024
Power Sensor HPF ECP-E2GA US3T 181460 022021 0272024
’ Characterized prior to | Characterized prior to
Directionsl Coupler Narda 4216-20 01386 test Mo cal required. |test. Mo cal required.
Temperature and ,
Humidity Sensor Contral Company 11-661-9 0252021 022024
Page: 11

Theid dinacunnead shall wof be reprodecsd, cecde i

F i Pl

iecunr e wirimes apgesial of LN

Thnt Afcrmmaaticn £

ionial Reriede & o b el sl that raeprisr B wic s i b submimed wad B sl o

b peleased bn whale ar part withost wrines appreval of MG

Page 194 of 229

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




TCT

SID2450

Report No.: TCT230214E003

BﬁR 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.: SN 16/15 DIP 2G450-374

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, (zA 30144

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MYG USA wsing the COMOSAR test bench.  All calibration resulis are iraceable to
national metrology institutions.
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Approved by Kim RUTKOWSKI Quality Manager D&/05/2021 Al
Customer Name
SHENZHEN TCT TESTING
Iyseribution :
TECHMNOLOGY CO_, LTD
Issue Dare Muodifications
A 06052021 Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FOC KDBs and
CEUIEC 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 COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID2450
Serial Number SN 1615 DIP 2G450-374
Product Condition {new / used) Used

A vearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

i1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are bult 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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