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TESTING CENTRE TECHNOLOGY Report No.: TCT220915E032

mvG 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;

240

M40 MBED  MB0 2500 253

2750

Freguency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450

-29.05

-20

46.7 €2 - 0.2 103

f.2

RETURN LOSS AND IMPEDANCE [N BODY LIQUID

1,48

=

Freguency, MHz

280 ) 24

80 MED  MB0 2500 2530

Freguency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450 -32.E6 =20 48.6 €1 - 1.9 L3
6.3 MECHANICAL DIMENSIONS
Frequency b Hz L mm hrmami d mm
required measured required measured required measured
300 AX0.0 21 % 250.0 £1 % 6.25 21 %
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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

Hotline: 400-6611-140

E
rqu "H;'“’ Relative permittivity ('] Conductivity {2} S/m
reguired measured required measured
30} 45315% OET =5 %
450 43525% OET =5 %
750 41 525% 0E9 5%
0I5 41 525% 0.90 =25 %
Sl 41 525% 0.97 =5 %
1450 40.525% 1.0 5%
1500 404 25% 1235 %
1640 40.2:5% 131=25%
1750 40.125% 137:25%
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1800 400 25% 14025 %
1900 400 25% 14025 %
1950 400 25% 14025 %
00 400 25% 14025 %
X100 0825 % 1495 %
300 1055 % 16725 %
2450 302 25 % PASS 18025 % PASS
2600 100:5% 19655 %
3000 IR 525K 24025 %
3500 170:5% 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 OPEMSAR V4

Phantoim SN 2009 SAMTI

Probe SN 1811 ERG122

Liguid Head Liguid Vahaes: eps’ - 38.3 sigma @ 180

Dristance between dipole center and liquid

1020 mm

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 %
F’m""" 15 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 387 0.5

1950 405 0.8

2000 411 211

2100 4316 214

2300 487 233

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

3000 638 57

3500 671 25

Hotline: 400-6611-140

7.3

BODY LIQUID MEASUREMENT

F"’:::im" Relative permittivity (8] Conduetivity ) $/m
reguired measured reguired mias eresd

150} E1025% 0.80 #5 %
300 SEIe5% 092 #5%
450 56.725% 0.94 #5 %
750 EE 5255 0.95 #5 %
k35 EE2e5% 0.97 5%
900 E5D25% 1.05 #5 %
915 EE025% 1.06 5 %
1450 54025% 1.30 55 %
1610 E1Es6% 1.40 25 %
1800 531326% 15255 %
1900 531326% 15235 %
2000 531326% 15235 %
2100 531225 % 162 5%

2450 52785 % PAGS 1.05 25 % PSS
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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
Phanton SN 20008 SAMTI
Probe SN 1811 EPG1 22
Ligquid Body Liquid Valoes: eps” | 52.7 sigrs @ 1.94
Distance betwmen dipole center and liquid 1000 mum
Area scan resolution dx=Emm/dy=Emm
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 %
F'”:,I‘E“"" 1 g SAR [W/kg/W) 10 g SAR (W/kg/W]
measured measured
2450 50.63 (5.00) 23.40 [2.37)

[ 1

an
- '
TEN \.,
Z
200-
= on 1‘.‘-‘-__"""‘-
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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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SAR Reference Dipole Calibration Report

Ref: ACR.156.10.15.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': 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-375

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

(Y s

Calibration Date: 06/05/2021

STy

This docunsent presents te method and results from an accredited SAR reference dipole calibration

performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable fo
uafiodal metrology institufions.

Page 106 of 119
Hotline: 400-6611-140

Tel: 86-755-27673339  Fax: 86-755-27673332

http:/www.tct-lab.com




TCT

SAR REFERENCE DIFDOLE CALIBERATION REPORT

Report No.: TCT220915E032

Ref ACH 15610 15SSATUL A

Nennre Fumetion Date Signiaiire
Prepared by | Térfne LUC Produet Manager 06/05/2021 :j'%;
Checked by . Jérdme LUC Product Manager 06/05/2021 ;f"f-::’
Approved by | Kim RUTKOWSKI Quality Manager 06052021 | . s
Customer Neaneg
. ) SHENZHEN TCT TESTING
Distribition
TECHNOLOGY CO., LTD
Tssuie Date Modificarions
A 06/05/2021 Initial release

Hotline: 400-6611-140

FPape: 2411

Theix doenwmenr shal! mov ba rapredusad, eveapr in fall o i parr, witbour the wrinen appeosal of WG
T informmation contaimed hareis i fo be wsed ondy Jor v parposa for whick o i3 submirsed awd i mor ro
e redeased in whols or part wisiour wrilten goproval of MG

Tel: 86-755-27673339

Fax: 86-755-27673332

Page 107 of 119

http:/www.tct-lab.com




TCT

]

Hotline:

SAR REFERENCE DIFOLE CALIBRATION REPORT

Report No.: TCT220915E032

Bef: ACR L5610, 15 5ATU A

TABLE OF CONTENTS

IOV IIOIBCEROM. ..ot m e e e emm et s ems st esm s s smemsn e neanean 4
Bevice Tnider Test o i i i i e i i i e s 4
PEO T E DRI L . s it miias it es i ms s s i A s S s 4
31 Gieneral Information 4
B e e I S S S 5
41 Return Loss Requirements 5
42  Mechanical Requirements k]
MAcasrement LINCSAIRIY. ... ...c...comiimastimiss sttt inisstsa it s tinisrsin 3
51 Return Loss o]
52 Dimension Measurement 5
53 Validation Measurement 5
Calibration Measurement Besults. ottt [
6.1  Return Loss and Impedance In Head Liguid 6
6.2 Return Loss and Impedance In Body Liguid i
6.3 Mechanical Dimensions 4
Validahion meRsrsnaent L e T
i1 Head Liquid Measurement 7
72 SAR Measurement Result With Head Ligquid B
7.3 Body Liguid Measurement 9
74  5AR Measurement Result With Body Liguid 10
L O B 11

Page: 3711

Theis docamnenr sl me be reprodced, except be ! o dn part, withou? the writnes apyproval of MG
T mjisrmaion covae inedl devedn (5 io be wsed omly for the prrpase v wiich i i5 ssbenimed aed & nar e

e relerred in kol or par withom writken appeoval af FG

Page 108 of 119

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




I C I Report No.: TCT220915E032

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACR 136 1L 15.8ATUA

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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S102600
Serial Number SN 1615 DIP 20600-375
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GEMERAL INFORMATION

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

Figure 1 = M COMOSAR Fafidation 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 1o
verify that the product complies with the fore mentioned standards.

41 RETURN LOSS REQUIREMENTS

The dipole wsed 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 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 uncertammty 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
A00-6000NHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
3= 300 (.05 mum

53 VALIDATION MEASUREMENT

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

lg 20.3 %

Page: 5711

This docsnenr sholl mor e reprodieced, excep be ful! o dn parr, withou? e writiee aporovd of MG
The ifermarion comeined heran iz oy e usod omly for vhe porpase G witich i ix el s ix 5or i
e rebewred i whele or pard wishont wrien appreval of G

Page 110 of 119

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.: TCT220915E032

Eel ACE 136 1013 SATUL A

]H_|:_l

20.1 %o

[

6.1

CALIBEATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE [N HEAD LIOUITY

2500

Frequency. MHz

EA om0 20

=80

2600 XD F) EED XED

2700

A0
8-
k.
- -
S m
e
A0
4F,
50
=
-

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

2600 -22 81 =20 5530-51i52
62 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

L

F

i

ot

Fragquency, MHz

FH0 2560

2580

300 XA IR0 BS0 26D

270

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2600 -24.71 =20 $1.500-55102
6.3 MECHANICAL DIMENMSIONS
Frequency bHz L e i ram d mm
required measured required medsu red required measured
300 A20.0 21 % 250.0 £1 % 63511 %,
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