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1800 4000 25 % 1.40 #5 %
1900 400 25 % 1.40 #5 %
1950 &0.0 25 % 1.40 #5 %
2000 40.0 25 % 1.40 £5 %
o0 I0.E 25 % 1.49 55 %
2300 305 25 % 16725 %
2450 30,2 25 % PASS 1.80 #5 % PASS
2600 35,0 25 % 1.96 #5 %
i) IR5 25 % 24055 %
500 37025 % 201s5%

72 SAR MEASUREMENT RESULT WITH HEATY TIOUTD

The IEEE 5td. 1528 and CELFIEC 62209 standards state that the system vahdation measurements
should produce the SAR valoes shown below (for phantom thickness of 2 mm), within the
uncertanty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR 15 mven with the wsed mput power.

Sofiware OPENSAR V4
Phantorm Sh 29 SAMTI
Probe SM I EPGIXR
Liguid Head Liguid Values: eps’ - 38.3 sigma @ 180
Dristance berween dipole center and liguid 100 mm
Arca scan resolution dx=8mm/dyv=Rmm
Zoon Scan Resolution dx=3mm'dy=3mm/dz=3mm
F requericy 2450 MHz
Input power 20 dBm
Liguid Temperamure 21 *C
Lab Termperasiuse 215
Lab Humidity 45 B
Fr
e 1 SAR W/ ke/W) 10 g SAR (W/kg/ W)
reguired measured regquired measured
300 2.85 1.94
450 458 106
7510 B.49 5.55
B35 9.56 B.22
o0 0.9 B899
1450 29 16
1500 305 168
1640 34.2 18.4
1750 364 193
1800 384 201
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1900 3197 05
1950 405 0.0
HI00 411 211
00 416 2108
2300 4B7 233
2450 524 5326 |5.38) 24 24 15 (2.43)
2600 55.13 245
3000 63.8 257
1500 67.1 25

i Y B
il S ; £ 4 BB : .._.L CE TR
7.3 BODY LIOUID MEASUREMENT
Fr”&ﬁ"‘" Relative permittivity (') Conductivity {a) Sfm
reguired meas red reguired measured

L 50 61.925% 0.80 25 %

300 SR.235% 0.92 55 %

450 56.7 £5 % 0.04 55 %

750 55.525% 0.95 55 %

B35 55.285% 0.97 25 %

90 55.025% 1.05 25 %

915 E50e5% 1.06 =5 %

1450 54.025% 1.30 25 %

1610 53E25% 1.40 5 %

1 R 53.3:25% 1.52 35 %

191 53.3:25% 1.52 35 %

2000 53.3:25% 1.52 35 %

2100 53.2:5% 1.62 35 %

2450 52.735% PASS 1.95 25 % PASS
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260 52555% 21635 %
30040 52.0:5% 27385 %
3500 51.3:5% 331385 %
5200 43.0 210% 5.30 £10 %
5300 489 £10% 5.42 £10 %
5400 48.7 210% 5.52 £10 %
5500 486 =10% 5.65 £10 %
S6i0 485 210% 577 £10 %
SR00 482 #10% .00 £10 %

74 SAR MEASURFEMENT RESULT WITH BODY LICYUID

Software OPENSAR V4
Phantom Sh 20009 SAMTI
Probe SN 1R11 ERGL 22
Lsiquid Body Liguid YWaloes: eps™ ; 52,7 sigrs @ 1.94
Dhistance betwezn dipole center and liguid 100 mm
Area scan resolution dx=Ermmdy=Hmm
Zoon Scan Resoluiion dx=5mm.dy=5mm/dz=5mm
F reguency 2450 MHz
Inpui povwes 2 dBin
Laquid Termperature 21 *C
Lab Temporatune 21 ¢
Lab Humidiiy 45 U
i 1 g SAR [W/ke/W) 10 g SAR (W/kg/W)
meas ured measured
2450 50.63 (5.00) 13.40 [2.37)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / % 5 Current Next Calibration
Description Model Hdemtflcation No. Calibration Date Date
SAM Phantom MVG SN-2ofeEANr [Yaidated Nowal  Velhidaled.  ho ical
required. required.
COMOSAR Test Bench|  Version 3 NA Nttt daa s N e ol
required. required.
Network Analyzer Rh"defvi‘:hwam SN100132 02/2022 02/2023
Calipers Carrera CALIPER-01 02/2022 02/2023
Reference Probe MVG EPG122 SN 18/11 02/2022 02/2023
Multimeter Keithley 2000 1188656 02/2022 02/2023
Signal Generator Agilent E4438C MY49070581 02/2022 02/2023
Amplifier T —— SN 046 Characterized pri_or to |Characterized pri_or to
test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 02/2022 02/2023
Power Sensor HP ECP-E26A US37181460 02/2022 02/2023
Directional Coupler Narda 4216-20 01386 Characterized pri_or to |Characterized pri_or to
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 02/2022 02/2023
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SAR Reference Dipole Calibration Report

Ref: ACR.156.10.15.SATUA

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

‘\\\lllll'f""
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w
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Calibration Date: 06/05/2022

Swummmary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.
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Name Function Date Signature
Prepared by : Jéréme LUC Product Manager 06/05/2022 ;)%’
Checked Dy : Jéréme LUC Product Manager 06/05/2022 ¢ =
Approved by : Kim RUTKOWSKI Quality Manager 06/05/2022 , . Susbhsust

Customer Name

SHENZHEN TCT TESTING
TECHNOLOGY CO.,LTD

Distribution :

Issue Date Modifications
A 06/05/2022 Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELIEC 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 EEFERENCE DIPOLE
Manufacturer MVG
Muodel =12 600
Serial Number S 1615 DIP 20600-375
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERATL INFORMATIOMN

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

Figure 1 — MG COMOSAR Validation Dipole
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4 MEASUREMENT METHCMY

The IEEE 1528, FOC 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 ERETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a returmn 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 CELIEC 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 uncernainty 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 tollowing uncertainties apply to the return loss measurement:

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

52 DIMENSION MEASURFEMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASTUTREMENT

The puidelines outlined in the IEEE 1528, FCOC KDBs, CENELEC EN50361 and CEL'IEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainiy

g 203 %
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0g 201 %o

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICOUITY

Fregquency, MH?
250 A e 2R FAD R0 BN 0 el A0 290

:
R
-0
-
B0-
=
&
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
2600 <2281 =210 330-51 K52

6.2 RETURN LOSS AND IMPEDANCE IN BODYY LIOUID

Fraguency. MHz
2500 2520 M40 2560 A0 2R00 A0 M0 2BED EBD 20
- | i i h f

=
et
J’.I'
h.
.'_l_u-
Freguency (MHz) Heturn Loss (dB) Requirement (dB) Impedance
2600 -24.71 -2{) 51500-55i02

6.3 MECHANICAL DIMENSIONS

Frequency kHz L mm hirmm d mm

required measured required measured required measured

00 A0 21 %, 2500 £1 % §.35 11 %.
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A5D 2000 #1 % 166.7 +1 % 6.35 21 %
750 1760 21 %. 1000 +1 % 6.35 +1 %.
Ea5 161.0 =1 %. H0E 11 % 1621%
OO0 149.0 =1 %. 21311 % I621%
1450 891 1% 517 41 %. 1621 %
1500 BO.5 #1 % 50041 % 1621%
1640 79.0 #1 % 457 41 %. I621%
1750 752 1% 42041 % 1621 %
1800 72041 % 41741 % I621%
1900 6A.0 +1 % 305 41 K. 36:21%
1950 66.3 #1 % 38541 %. 1621 %
2000 64.5 41 % 37541 % I621%
2100 61.0 #1 % A5 7 41 % 16:21%
2300 55.5 11 % 12611 % 1621%
2450 51541 % 304 11 % I621%
2600 48.5 #1 % PASS 28841 %. PASS 3621 % PASS
3000 4151 % 25011 % 1621%
3500 37.081 %. 26.4 11 %. I621%
3700 34,751 % 26.4 31 %. 1621 %

7 VALIDATION MEASUREMENT

The IEEE 5twd. 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
anid mechanical dimension requirements. The validation measurement must be performed against a
liqund filled tlat phantom, with the phantom constructed as ouwthined 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 LIOUID MEASTUREMENT

Fr’:;’:g""’ Relative permittiity (') Conductivity (o} Sfm
reguired memsured required e as uresd

300 453125 % 0.87 25 %

454 43525 % 0.B7 25 %

750 41925 % 0.E9s5%

835 41 525% 0.90 5 %

90 41 525 % 0.97 &5 %

1450 40.525 % 1.70 25 %

1500 404 25 % 1.73 25 %

1640 402 =5 % 1.31+5%

1750 40.1 =5 % 1.37 85 %
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1800 4000 25 % 1.40 #5 %
1900 4000 25 % 1.40 25 %
1350 4000 5 % 1.40 £5 %
2000 4000 25 % 1.40 25 %
2100 I08 5% 1.40 #5 %
2300 30525 % 1.67 #5 %
2450 30225 % 1.80 £5 %
2500 I00:5% PASS 1.96 £5 % PASS
000 3B5:5% 24025 %
500 370 a5 % 20185 %

72 SAR MEASUREMENT RESULT WITH HEADY LIQUITTY

The IEEE 5id. 1328 and CEVIEC 62209 standards state that the system validation measurements
should produce the 5AR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All 5AR values are normalized to 1 W forward power. In
bracket, the measured SAR 15 given with the used input power.

Software OPENSAR V4
Phantorm S 20009 SAMTI
Probe SN IR ERGLY2
Liguid Head Liguid Values: eps’ © 382 sigma - 1 93
Dristance between dipole center and Figquad 10 mum
Area scan resolution dx=Ermm.dv=Rmm
Foon Scan Resolution dx=5rmm.'dv=5mm/dz=5mim
Freguency 2600 MHz
Input power 20 dBm
Liguid Termperatere 21
Lab Temperature o s
Lab Humidity 45 %
Freque
T;.,mm 1 g SAR [Wikg W) 10 g SAR (W kg W)
reguired measured reguired measured

30 2.B5 194

450 4.58 306

750 B.49 5.55

835 9.56 622

90 109 659

1450 29 16

1500 305 168

1640 34.2 184

1750 36.4 19.3

1800 3R4 201
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1900 30,7 05
1950 405 209
2000 411 211
HOD 4316 118
2300 4B7 233
2450 524 24
2600 55.3 54.31(5.36) 46 24.14 (242}
3000 618 157
3500 671 p L

=== ’
[T = |

i 1

B
:
; b
24 ERps=NEN
~ = 1] i b (1R T O i i T, 2 m
7.3 BODY LIQUID MEASUREMENT
Fr“::‘“'ﬂ""' Relative permittivity (8] Conductivity (2] Sfm
reguired measured required measured
150 E1085% 0.80 25 %
300 SEIsE% 0.92 25 %
450 56.785% 0.94 25 %
750 55.585% 0.96 25 %
B35 55.285% 0.97 25 %
900 S5.085% 1.05 =5 %
915 S5.085% 1.06 25 %
1450 S4085% 1.30 25 %
161l 51E85% 1.40 25 %
LROO 53.385% 15255 %
1900 531385% 152 #5%
2000 531385% 152 #5%
2100 53.285% 1.62 55 %
2450 51.785% 1.05 25 %
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26040 51 525% PASS 21655 % PASS
AHK) S1De5% 2735 %
3500 51385% 33185 %
520K} 49.0 =10% 5.30 10 %
5300 489 210% 547 $10%
5400 487 210% 5.53 +10%
550K} 486 £10% 5.65 +10 %
5600 485 210% 577 £10%
SB00 487 #10% 600 10 %

74 SAR MEASUREMENT RESULT WITH BODY LICLIED

Software DPENSAR V4
Phantom S 209 5AMTI
Probe SN 1IR11 EMGL2X2
Liguid Body Liguid Yalues: eps” : 51.6 sigma - 2.21
Diistance between dipole cemter and Liquid 1000 mm
Area scan resolution dx=8rmm. dyv=Emm
Foon Scan Resolution dx=5mm/dy=3mm/'dz=5mm
Frguency 2600 MHz
st povwer 20 dBm
Liguid Temperature 210
Lah Termperatune 2170
Lab Humidity a5
Fregue
T 1 g SAR (W/kg/ W) 10 g SAR [W/kg W)
measured mieasured
2600 53.26 (5.12) 389 [2.30]
i
[
ATH
e
=
E] Ll
- ™.
o Sy Y|
\"."‘n-._“h 1
i} l“.“.‘-—_""
L 1] Wie Mg o ED
" — = z |
Page: Tl
N dif i T el L il "'..'l'-.'.l\.-:"u.'u.l\.' MR
Jer L R o el I1 i sabeniined @edl s nor i

JFAIFY TTT WETRAETT el af A

Page 92 of 106

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






