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I C I Report No.: TCT220915E032

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref- ACR.156.4.13.54TU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the 1EEE 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 Tvpe COMOSAR 835 MHz REFERENCE DIFOLE
Manufactarer MVG
Model SIDE35
Serial Number SN 1615 DIP (WGE3I5-369
Product Condition (new / used) Used

A vearly calibration interval 1s recommended.

3 FRODUCT DESCRIPTLION

KN GEMERAL INFORMATION

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

Figure 1 - WG COMOSAR Validation Dipole
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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 RETUREN 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
mim phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertamnties 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 following uncertainties apply to the return loss megsurement:

Frequency band Expanded Uncertainty on Return Loss
AHb-6HHMHz .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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I g 20.1 %a
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, MH;z
Ml B0 BN BN @0 BN W0 N0 95

A0-

15~

=

0

-

-

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
B35 -32.78 -20 5150+ 170

62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

11,

Frsquency. MHz

7E0 B0 L

70

841 0 B0 a0 a

&5

Freguency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

%35 -23.59 =20 47.3 02 + 5.6 502
6.3 MECHANICAL DIMENSIONS
Erequency MH: L mm hmm d rmm
required mexured required measured required measured
300 20021 % 250.0 £1 % 6.35 11 %
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450 200.0 21 %. 166.7 +1%. 6.35 21 %,
750 176.0 21 %. 1000 +1 . 6.35 31 %,
B35 161.0 21 %. PASS H9.E 11 %. PASS 1621 % PASS
00 143.0 21 %. 83311 %. 3621 %
1450 B9.1+1%. 51.7 11 %. 3621 %
1500 BO.S +1%. 5001 %. 3621 %
1640 79.0 £1%. 457 31 %. 3621 %
1750 75.2+1%. 42531 % 36321 %
1800 72041 %. 41711 % 3621 %
1900 8.0 +1%. 395 +1 %. 3621 %
1850 66.3 +1%. 385 41 % 3621 %
2000 645 +1%. 37541 %. 3621 %
2100 61.0+1%. BT % 3621 %
2300 55.5 +1%. 3611 % 36321 %
2450 515 +1%. 304 11 %. 3621 %
2600 485 +1%. 8B 31 % 3621 %
3000 415 +1%. 25011 %. 3621 %
3500 37.081 % 26.4 11 %. 3621 %
3700 .71 % 26.4 11 %. 3621 %

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

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 constricted as outhined 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 LIQOUID MEASUREMENT

F"M"""i""' Relative permittivity (8] Conductivity ] 5fm
required measured reguined measured
3ng 45325 % 0ET 5%
450 431585 % 0ET#5 %
750 41035 % 0.E9 25 %
835 41525 % PASS 0.00 25 % PASS
900 41525 % 09785 %
1450 40525 % 1.20 25 %
1500 40425 % 1.23 15 %
1640 40.255% 13125 %
1750 40.125% 137 15 %
Page: 711
This docsment sholl mor he reprodieced, excap be fil! o n pary, without che writfen spproved of MG

5 v bt iasieal o
ttaen approval of MVG

fear the privpose o wiich ir i subavined and is nor o

Page 68 of 119

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




TCT

Report No.: TCT220915E032

SAR REFERENCE DIFOLE CALIBRATION REPORT Bl ACR. 156415, 5ATULA

1800 A00e5% 14025 %
1500 A00e5% 14025 %
1950 A00e5% 14025 %
00 A00e5% 14025 %
X100 I0Es5% 14925 %
300 39.5:5% 16725 %
2a50 39.2:5% 1.80 25 %
200 35.0:5% 1.96 25 %
000 IB5:5% Tl es %
E500 I79:5% o185 %

72 SAR MEASURFMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalwes shown below (for phantom thickness of 2 mm), within the
uncerfainty 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.

Sofiware OPENSAR V4

Phantom SN 20709 SAMTI

Probe SN IE11 ERG122

Liguad Head Liguid Values: eps’ : 42.3 sigma : 0192
Distance between dipole center and liquid 15.0 mm

Area scan resolution

dx=Emm/dy=Rinm

Zoon Scan Resolution

dx=Emm./dy=Emm/dz=5mm

Froguency

835 MHz

It powver 20 dBm
Liguid Terrperaene 21 %C
Lab Temperature 21 °C
Lab Humidity 45 %
Fm&'ﬁ” 1 SAR {W/kg/W) 10 g SAR (W kW)
required measured requined measured
30} 2.B5 184
450 4.58 306
750 8.49 5.55
5§35 9.56 9.53 (0.E2) 6.22 B.12 [0.58]
S0 109 699
1450 29 16
1500 s 168
1640 342 134
1750 igd 193
1800 IE4 201
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1900 30,7 05
1950 405 09
2000 411 211
2100 43.6 219
2300 487 233
2450 524 24

2600 553 246
3000 638 57
3500 671 25

"‘ I

- “-‘ 4 4 ¥
': 1] ,!..-..“6,‘-.,:_-'-. A A
) - e 2 el
73 BODY LIQUID MEASUREMENT
Fm",;;‘;"‘" Relative permitthity 6] Eonducthity (o} Sfm
reguired mesasured reguired measured
150 61525 % 0.B0 5%
300 58.235% 0.9245%
450 56.7 25 % 0.54 5%
750 55.525% 0.95 £5 %
B35 55.235% PASS 0.97 £5% PASS
9100 S5.025% 1.05 5%
915 55.045% 1.06 £5 %
1450 54.025% 1305 %
1610 51 E25% 1.40 £5 %
1800 53.335% 152 $5%
1900 53.335% 152 $5%
2000 53.325% 152 $5%
2100 53.215% 162 5%
2450 51.735% 1.95 £5 %
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2600 E1585% 21635 %
3000 E1De5% 27385 %
3500 5E1325% 13155 %
5200 490210 % 5.30 £10%
5300 439 210 % 5.42 $10%
5400 487 210 % 553 +10%
5500 486 210 % 565 £10%
5600 485 210 % 577 +1D%
5800 483 10 % .00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIOQUID

Software OPENSAR V4
Phantom SN 20708 SAMTI
Probe SM 111 ERGLT2
Ligquid Body Liguid Values: eps” : 51.3 sigma : (L97
Distance berwen dipole center and liquid 15.0 mm
Arca scan resolution dx=8mm/dyv=Rrmm
Zoon Scan Resolution du=Emm/dv=8mm/dz=5mm
Frequency 835 MHz
Input poswer 20 dBm
Liquid Termsperature 21 *C
Lab Temperature 21 *C
Lalb Humidity 45 %
F'“";,I‘E"""' 1 g SAR [W/kg/W) 10 g SAR W/ kg/ W]
measured measured
835 SLG2 [091) 6.44 {0.55)
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B LIST OF EQUIPMENT

Equipment Summary Sheet
t Manu rer Next Calibration
Equipmen facturer | Identification No. Current L
Description Model Calibration Date Date
SAM Phantom MVG ENRANy Poamen. atel vesaes... oo
Faquirad. required.
COMOSAR Test Bench Version 3 NA pERCHm o e, e
raquirad. required.
Network Analyzer | 10008 ;Ui‘;h"arz SN100132 0212021 Dziz024
Calipers Carrera CALIPER-I1M 022021 0212024
Reference Probe MVG EPG122 8N 18/11 022021 022022
Multimeter Kaithlay 2000 1188656 022021 0212024
Signal Generalor Agilent E4438C MY 42070581 022021 0212024
h Characterized prior to |Characterized prior o
Amper Pusthear.cimm i G tesl. Mo cal required. |test. Mo cal required.
Power Meter HF E44184 US382614928 022021 0212024
Pawer Sensor HP ECP-E28A US37181460 022021 0212024
a2 Characterized prior to |Characterized prior o
Directicnal Coupler MNarda 4216-20 013846 tesl. No cal raquired. [test. No cal required.
Tamperalure and
Humidity Sensor Controd Company 11-661-9 0272021 0272024
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ISAR 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 1G800-371

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

ACCREDITED)

A T T

Calibration Date: 06/05/2021

Summary:

mational metrology mstitutions.

This document presents the method and results from an aceredited SAR referemce dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration resulis are traceable to
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SAR REFERENCE DIFOLE CALIBRATION REFORT Bef- ACR.136.6.13.50TU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 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 COMOSAR 1300 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1EDD
Serial Number SM 1615 DIP 1GEM-371
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 Validation Dipole
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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 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 liguid filled flat phantom,
with the phantom constucted as outhined in the fore mentioned standards.

4.2 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 phantoan 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 uncertanties listed below represent an expanded uncertuinty 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
A00-6000MHz 0.1 dB

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 CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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10g

20.1 %

[

6.1

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

I.T!:I:I 1

§11.08

720

Franuency, MHz

0 170

170

1800 TG0 1EED

1820

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
LE00 -36.92 -20 48.3 02 - (1.5 jC3
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1760

1780

Frequsncy. HHz
1800 1820 16840

1BED

1 BED

1300

Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
1300 -24.67 =20 4760 -5.1 02
6.3 MECHANICAL DIMENSIONS
Frequency bHe L ren h rman d men
required measured required measured required measured
300 420041 % 250.0#1 % £.35 +1 %.
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450 200.0 #1 %, 166.7 £1 %. £.15 41 %.
750 176.0 21 % 100.0 £1 %. £.15 41 %.
B35 161021 % B0 41 %, 168l %
200 140.0 21 % #1341 %. 168l
1450 B9.1+1 % 1T % 161 %
1500 BO.5 +1 % 50.0 21 %. 168l
1640 70041 % 457 11 %, 163l %
1750 TE241 % 420 31 %, 163l %
1800 T20# % PASS 41T 411 % FASS 162l % PASS
1900 BA.0+1% 05 21 %. 163l %
1850 B6.3 +1% IRE 21 % 163l %
2000 B4.5 +1 % 175 21 %. 1631 %
2100 61.0+1 % 157 21 %. 1631 %
2300 55.5 41 % 12621 %. 1631 %
2450 515 +1% 0.4 21 % 1631 %
2600 485 1% JHE 21 %. 1631 %
3000 41541 % 15.0 11 %. 1631 %
31500 37.081 % 264 21 %. 1631 %
1700 AT K 264 21 %. 1631 %

T  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC KDBs and CENIEC 62209 standards state that the system vahidation
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
liquod 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 described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

[
""r;l'f‘""' Relative permittivity (8] Conductivity (2] S/m
reguired mesasuned reguired measured
30D 45.3=25% 0.87 =5 %
450 431 525% 0.87 =5 %
750 415925 % 0.59 =5 %
835 41 525 % 0.90 =5 %
a0 41 525 % 0.97 =5 %
1450 40525 % 1.5 %
1500 404 25% 1.2355 %
1640 40.2=25% 1.31 55 %
1750 40.1=25% 13755 %
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