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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 %
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Refl ACR. 15715 5ATULA

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

:
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR. 156715 5ATUA

& 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
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Report No.: TCT221214E020

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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Name Furncilon Dare Signature
Prepared by Jérome LUC Product Manager 06/05/2021 ‘;}""}
Checked by : Jérdme LUC Product Manager 06/05/2021 ;}ﬁ
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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TCT
TESTING CENTRE TECHNOLOGY Report No.: TCT221214E020

mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.136.5.13.54TU.A

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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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.136.8.13.54TULA

4 MEASUREMENT METHOD

The IEEE 1328, 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 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 uncertamnty 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 following uncertainties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss
A00-H000MH z 0.1dB

32 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

33 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 Yolume Expanded Uncertainty

g 203 %

Page: 5711

This docssvenr sl mor be reprodiced, excent b ! or o parr, wioour de weitnee agyonon of MG,
The iermarion covmea ined herain (s i be used omly for dhe parpase G witich i is sshevitnes and ix nor o
b rekevwred i ikale or par without weirsen appeeval of PG

Page 236 of 266

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




TCT

SAR REFERENCE DIFOLE CALIBRATION REFORT

Report No.: TCT221214E020

Bell ACE. 13659 5. 5ATUA

0g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MH:z
2480 B0

200 el

2420 240 (00 25

811, dft

Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 29,03 .20 4670 -02{0
62 RETURN LOSS AND IMPEDANCE [N BODY LIQUID
Frequency, MH:z
230 20 D) 20 Ma0 MED  24B0 500 253D
-
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -32.56 =20 48.6 02 - 1.9 10}
63 MECHANICAL DIMENSIONS
Freguency b Hz L rmirm hi Frm d rmrm
requined measured required measured requined measured
00 A0 21 % Z50.0 +1 %, 6.35 11 %,
Page: &/11
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as0 290.0 #1 %. 166.7 +1%. 63541 %
750 176.0 #1 % 100.0 +1 %. 63541 %
g35 161.0 #1 % H9E 41 % 1651 %,
800 149.0 #1 % 83341%. 1651 %,
1450 9141 % 517 41 %. 1651 %,
1500 B0.5 1% 500 41 %. 1651 %,
1640 9.0 41 % 5T 4% 1651 %
1750 TEI 41 % 42841 % 1651 %
1800 TLO % ATH%E 1651 %
1900 68.0 1 %. 395 41 %. 1651 %
18950 66.3 +1%. 385 41 %. 1651 %
2000 64.5 21 % 37.5 11 %. 1621 %.
2100 1.0 21 % 35.7 11 %. 1621 %.
2300 555 1% 326 21 %. 1621 %.
2450 51531 %, PASS 30.4 21 %. PASS 1621 % PASS
2600 48,5 11 % 25.8 11 %. 1621 %.
3000 415 21 % 25.0 11 %. 1621 %.
3500 I7.081 % 26.4 11 %. 1621 %.
3700 M7 % 26.4 11 %. 1621 %.

7T VALIDATION MEASUREMENT
The IEEE 5td. 1328, FOC KDBs and CEVIEC 62209 standards state that the system vahdation

measurements mist be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the

dipole at the descrnibed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

E
":1"';""' Relative permittivity (8] Conductivity {a} Sfm
required mieasured required measured
1L 45325 % DET 5%
450 43525 % DET 5%
750 419:5% 0E9:5%
835 41525% 0.90 25 %
900 41525% 0597 :5%
1450 40525 % 13025 %
1500 40425 % 12325 %
1640 40.225% 131:5%
1750 40125% 13725 %
Page: 7711
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72

1800 400 25% 14025 %
1300 400 25% 14025 %
1950 400 25% 14025 %
i) 400 25% 14025 %
X100 30Es5% 14925 %
300 305:5% 16725 %
2450 302:5% PASS 18025 % PASS
2600 300:5% 19625 %
3000 3B5:5% 24085 %
3500 379:5% 20185 %

SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software

OPFENSAR V4

Phantorm

SN V09 SAMTI

Probe

SN I#I1] ERGlLY2

Liquid

Head Liguid Vahaes: eps’ @ 38.3 sigma :

18D

Dristance berween dipole center and liquid

1020 mm

Arca scan resolution

dx=8mm/dy=Rmm

Loon Scan Resolution

dx=5mm/dy=3mm/dz=5mm

Hotline: 400-6611-140

]
e rekemned in whole or par withowt writsen appeoval of W FG

Tel: 86-755-27673339

Froquency 2450 MHz
Input power 20 dBm
Liguid Temperature 21 *C
Lab Termperature 21 °C
Lab Humidity 45 %
v 18 SAR (W/kg/W) 10 g SAR (W/ke/W)
reguired measured reguired measured
300 2BS 104
450 458 106
750 249 5.55
815 9.56 622
S0 1049 659
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 IR4 201
Page: &/11
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1300 387 205

1350 405 209

00D 411 211

100 4316 218

2300 487 233

2450 524 53.26(5.38) 24 24 15 (2.49)
2600 553 246

3000 6318 257

3500 671 25

\ ™

7.3 BODY LIQUID MEASUREMENT

Fm:;‘"li"qr Relative permittivity (8] Conductivity (] Sfm
reguired miesasured reguired measured

150) G1.025% 0.80 5 %
300 SEI85% 0.92 85 %
450 SE.75% 0.04 85 %
750 S5 G255 0.95 £5 %
B35 55.185% 0.97 £5 %
900 55025 % 1.05 #5 %
915 SE035% 1.06 £5 %
1450 S4.025% 13045 %
1610 S1Es5% 1.40 #5 %
1800 51325% 15285 %
1900 51325% 15285 %
2000 51325% 15285 %
2100 §12s5% 162 #5 %

2450 517s5% PASS 1.05 #5 % PASS

Hotline: 400-6611-140

Tel: 86-755-27673339

Fax: 86-755-27673332
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2600 51535% 21645 %
3000 51.0s5% 2735 %
3500 513s5% 331e5%
5200 490 £10% 5.30 £10 %
5300 489 =10 % 5.42 £10 %
5400 487 =10% 5.53 +10 %
5500 486 210 % 565 £10 %
5600 485 510% 577 £10 %
5800 483 s10% £.00 £10 %

74 SAR MEASURFEMENT RESULT WITH BODY LIQUID

Software OPEMNSAR V4

Phantorm SN 20009 SAMTI

Probe SM 1811 EPG1 X2

Ligquid Body Liquid Walues: eps” : 32.7 sigma @ 1.94

Dristance berween dipole center and liquid

10,0 mm

Area scan resolution

dx=Ermm/dy=Rimm

Zoon Scan Resolution

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

Frequency 2450 MHz
Input power 20 dBm
Ligquid Temperaiure 21 7C
Lab Temperature 21 7
Lalb Humidity 45 %
Fregue
”:,““""" 1 & SAR W/ kg/W] 10 g SAR (W/kg W)
measured measured
2450 50.63 (5.04) 13.40 [2.37)

Wl

W AR A o

Hotline: 400-6611-140

atbced, eNcoyw 4o Al
1 i poe e Al

s i whole ar pars withaut WiTten apgpe

Tel: 86-755-27673339

Page: I

v L T, wiiour dee wrkines aponovl of MG
¢ purrpase o witich ir is ssherined amd Ls nor io
i af M

Fax: 86-755-27673332

Page 241 of 266

http://www.tct-lab.com




TCT

mvGg

Report No.: TCT221214E020
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
uipment Manufacturer / Current Next Calibration
Equip ldentification No. C
Description Model Calibration Date Date
SAM Phantom MVG SN-20/00-SaM71 [/2Mdated. Nacal - Validated. — No - cal
required. required.
COMOSAR Test Bench Version 3 A Validatad. Nocal  Validated. Mo cal
required. required.
Network Analyzer | TT008 ;ﬁ‘“““ SM100132 02/2021 2f2024
Calipers Carrara CALIPER-O01 022021 0212024
Reference Proba MV G EPG122 5N 18/11 02r2021 ozf2022
Multimeter Haithley 2000 1188656 022021 022024
Signal Generalor Agilent E4438C MY 42070581 022021 D2r2024
" Characterized prior io|Characterized prior lo
Amplifier Aethercomm SN 4G lesl. Mo cal required. |lest. Mo cal required.
Powear Mater HF E4418A US3BZ61498 0272021 022024
Pawer Sansor HP ECP-EZ26A US37181480 02/2021 0272024
' . Characterized prior to|Characterized prior o
Directional Coupler Marda 4216-20 01386 test N cal raquired. |test. No cal raquired.
Temperalure and
Humidity Sensor Contrel Comipany 11-661-9 0272021 0272024
Page: 11711
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SAR Reference Dipole Calibration Report
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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: 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-375

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
.q‘*'\"L_;"y,
n"'m\“:—:l"-r-'"::_
o E —_
iaﬁﬁ [ACCREDITED]

Calibration Date: 06/05/2021

Sumanary.

This docunsent presents the method and results from an accredited S AR reference dipole calibration
performed in MYVG USA wsing the COMOSAR test bench.  All calibration results are traceable 1o
natsonal metrology instinitions.
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACK 136 10.15.8ATLLA

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 2600 MHz REFERENCE DIPOLE
Manufacturer MV
Muodel S1D2600
Serial Number SN 1&/15 DIP 2G600-375
Product Condition {new / used) Used

A yearly calibration interval is recommended.

3

PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are bult in accordance to the IEEE 1528, FOC KDBs and
CEIIEC 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 15328, 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 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 Swd. 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.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Fregquency band Expanded Uncertainty on Return Loss
A00-6000MH 2 0.1dB

52 DIMENSION MEASUREMENT

The tollowing uncertainties apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 VALIDATION MEASUREMENT

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

lg 20.3 %
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