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Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable to
national metrology mstitutions
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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 1750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1750
Senal Number SN 50/20 DIP 1G750-510
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - M1'G COMOSAR Validation Dipole
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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 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit. both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

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:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN
52 MENSIO ASUREMEN
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0 =300 0.20 mm
300 - 450 0.44 mm

53 NALIDATION 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.
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Scan Volume Expanded Uncertainty

lg 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency, MHz
1650 W0 100 70 1740 WO 17RO 1800 180 1850

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1750 -20.47 =20 40,7 L2+ 1.31Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
0 1760 1780 1800 1820 1850
|

0 LRro 1740

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1750 -21.55 =20 42.40-3.410
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 4200:1% 250.0 £1 %, 6.35 £1 %,
450 290011 % 166.7 £1 %, 6.3511 %,
150 176.0 =1 % 100.0 £1 %, 6.35 £1 %.
835 161041 % 89841 %, 3.6 41 %,
900 149.0 £1 %. 83341 %, 3641 %
1450 891 11 %, SL.711%. 3611 %,
1500 80.5+1 %, 50,0 21 %. 3611 %,
1640 79.0 11 %, 457 11 %. 3611 %,
1750 75.241%, 7536 42941%. 42.48 36141 %, 3560
1800 72041 %, 41,7 21 %. 3641 %
1900 68011 %, 39511 %, 3611 %,
1950 66.3 +1 %, 38541 % 3641 %,
2000 64.5 11 %, 37511 %. 3.6 41 %,
2100 61.0 £1 %, 35741 %. 3641 %,
2300 55511 %, 32611 %. 3611 %,
2450 51.541 %, 30,441 % 3641 %,
2600 48511 %, 28841 %, 3611 %,
3000 41.5 £1.%, 25041 %, 3641 %,
3300
3500 37041 %, 26441 %. 3641 %,
3700 34711 %, 26,411 %, 3611 %,
3900
4200
4600
4900

7  VALIDATION MEASUREMENT

The IEEE Std. 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
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 described distance from the bottom surface of the phantom.
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7.1 CAD LIOUTD MEASUREME!
F'e:::::w Relative permittivity (&) Conductivity (5] S/m
required measured required measured
300 453 410% 0.87:10%
450 435 +10 % 0.87 10 %
750 419 +10% 0.89 10 %
835 415110% 0.90 £10 %
900 415 +10 % 0.97 210 %
1450 405110% 1.20410%
1500 404 +10 % 1.23:10%
1640 402 :10 % 131:10%
1750 401 110% 438 1.37110% 1.30
1800 400 £10 % 1.40:10 %
1900 400 10 % 1.40410%
1950 400 +10 % 1.40 210 %
2000 400 +10 % 1.40 :10 %
2100 398 £10 % 1.49 210 %
2300 395410 % 1.67410%
2450 392 +10% 1.80 £10 %
2600 390 +10 % 1.96 10 %
3000 385 10 % 240210 %
3300 382 410% 271410 %
3500 379 £10% 2.91:10%
3700 377410 % 312:10%
3900 375 £10 % 332:10%
4200 371110 % 3.63110%
4600 36.7 £10 % 4.04:10%
4500 363 410 % 4.35410%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V5§

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ @ 43.8 sigma : 1.30

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm’'dy=8mm

Zoon Scan Resolution

d=8mm/dv=8mm/dz=5Smm

Ref. ACR15921MVGE B

Frequency 1750 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1°C
Lab Humidity 30-70 %
bt 1 SAR (W/kg/W) 10 SAR (W/ke/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
150 8.49 L.55
835 9.56 6.22
200 109 6.99
1450 29 16
1500 305 168
1680 342 184
1750 364 36,50 {3.65) 193 1918{1.92)
1800 384 201
1900 397 205
1950 405 209
2000 111 211
2100 436 219
2300 487 233
2450 524 24
2600 553 246
3000 638 257
3300
3500 671 p o3
3700 674 242
3900
4200
4600
4900
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7.3 BODY LIQUID MEASUREMEN'

F'e:::::w Relative permittivity (&) Conductivity (5] S/m
required measured required measured
150 619 £10% 0.80=10%
300 582 #10% 0.92 210 %
450 56.7 110 % 0.94+10%
750 555 +10% 0.96 210 %
835 552 +10% 097210 %
900 550 10 % 1.05:10%
915 550 t10% 1.06:10%
1450 540410 % 1.30:10%
1610 538 110% 1.40:10%
1750 534 110% 556 1.49:210% 1.45
1800 533 410% 1.52:10%
1900 533110% 1.52:10%
2000 533 +10% 1.52:210%
2100 532110% 1.62:10%
2300 529 +10% 1.81:10%
2450 527 £10% 1.95:10%
2600 525 +10% 216:10%
3000 520 110% 2.73£10%
3300 516 410% 3.08 10 %
3500 513+10% 3.31:210%
3700 510 £10 % 3.55:10%
3900 508 t10 % 3.78+10%
4200 504 :10% 413:10%
4600 4938 +10 % A4.60:210%
4900 494 110 % 49510 %
5200 490 +10 % 5.30:10%
5300 489 110 % 5.42¢10%
5400 487 +10 % 553:210%
5500 486 410 % 5.65:10%
5600 485 +10 % 5.77:10%
5800 482 +10 % 6.00 <10 %
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74
Software OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPG0333
Liquid Body Liquid Values; eps’ ; 55.6 sigma : 1.45
Distance between dipole center and liquid 10.0 mrm
Arca scan resolution che=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5Smm
Frequency 1750 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %

F”:;:::‘“’ 1.3 SAR (W /kg/W) 10 g SAR (W/kg/W)
measured measured
1750 37.02 (3.70) 19.36{1.9)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ‘ Current Next Calibration
4% : Identification No. :
Description Model Calibration Date Date
Validated. No cal M alidated, No cal|
SAM Phantom MVG SN-13/09-SAME8 equired. equired.
; Malidated. No cal \alidated. No cal|
JCOMOSAR Test Bench Version 3 NA equired equired.
Network Analyzer | ROnde.% Schwarz 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0008732 1072019 10/2022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 022020 02/2023
Signal Generator | Ronde 5 Schwarz 106589 0412019 04/2022
s Characterized prior to|Characterized prior to
AmpiSer Asthercomm .40 test. No cal required. |test, No cal required
Power Meter NI-USE 5680 170100013 0572019 05/2022
’ Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test, No cal required
Temperature /HUMIdtY]  Testo 184 H1 44220687 05/2020 05/2023
nsor
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SID1750 - SN 50/20 DIP 1G750-510

Object:

Calibration Date:

Calibration reference:

Calibrated By:

Reviewed By:

January 14, 2022

DO1

—r

Environment of Test Site

IEEE Std 1528:2013, IEC 62209-1:2006, FCC KDB 865664

J ﬂﬂ@"ta W‘?’l (Janet Wei, SAR project engineer)

Wk’ shard

(Winner Zhang, Technical manager)

Temperature: 18 ~ 25°C
Humidity: 50~60% RH
Atmospheric Pressure: 1011 mbar

Test Data

Measurement Plot for Head TSL In 2022

1,750000000 GHz

Comparison with Original report

Items

Calibrated By JYT

Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 40.7Q+1.3jQ 41.62Q0+2.47jQ 0.920+1.17|Q 50
Return Loss for Head TSL -20.47dB -20.42dB -0.24% +20%(No less than 20 dB)

Result
Compliance

JianYan Testing Group Shenzhen Co., Ltd.

No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
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JIANYAN TESTING GROUP
SHENZHEN CO.,LTD.

No.110~116, BUILDING B, JINYUAN BUSINESS BUILDING,
XIXIANG ROAD, BAOAN DISTRICT,

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 50/20 DIP 1G900-511

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
wvrr,  cofrac

ETALONNAGE

Accreditations 52.6789 and #2.6814
Scope available on www cofrac {f

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable 1o
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the I[EEE 1528, FCC KDBs and

CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venify 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
Senal Number SN 50/20 DIP 1G900-511
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - M1'G COMOSAR Validation Dipole
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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 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit. both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

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 Infemationally 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
400-6000MHz 0.08 LIN
52 MENSIO ASUREMEN
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0 =300 0.20 mm
300 - 450 0.44 mm

53 NALIDATION 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.
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Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Frequercy, MHz
) J'w'. 1 i'. | ~ ! ".‘lf,v U 1':-I€ 1) 1 ‘.'.’.’ 0 1 '7I.‘. 1940 1960 2000
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -27.24 =20 51.20+42Q
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz

Frequency (MHz) Return Loss (dB)

Requirement (dB) Impedance

1900

-24.01

=20

46.6 L2 +5.3302
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63 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 4200:1% 250.0 £1 %, 6.35 £1 %,
450 290011 % 166.7 £1 %, 6.3511 %,
150 176.0 =1 % 100.0 £1 %, 6.35 £1 %.
835 161041 % 89841 %, 3.6 41 %,
900 149.0 £1 %. 83341 %, 3641 %
1450 891 11 %, SL.711%. 3611 %,
1500 80.5+1 %, 50,0 21 %. 3611 %,
1640 79.0 11 %, 457 11 %. 3611 %,
1750 75.2 41.%, 42941 %, 3.6 41 %,
1800 72041 %, 41,7 21 %. 3641 %
1900 68.011 %, 6823 39511 %. 39.22 3.641%. 359
1950 66.3 +1 %, 38541 % 3641 %,
2000 64.5 11 %, 37511 %. 3.6 41 %,
2100 61.0 £1 %, 35741 %. 3641 %,
2300 55511 %, 32611 %. 3611 %,
2450 51.541 %, 30,441 % 3641 %,
2600 48511 %, 28841 %, 3611 %,
3000 41.5 £1.%, 25041 %, 3641 %,
3300
3500 37041 %, 26441 %. 3641 %,
3700 34711 %, 26,411 %, 3611 %,
3900
4200
4600
4900

7  VALIDATION MEASUREMENT

The IEEE Std. 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
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 described distance from the bottom surface of the phantom.
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7.1 CAD LIOUTD MEASUREME!
F'e:::::w Relative permittivity (&) Conductivity (¢) S/m
required measured required measured
300 453 410% 0.87:10%
450 435 +10 % 0.87 10 %
750 419 +10% 0.89 10 %
835 415110% 0.90 210 %
900 415 +10 % 0.97 210 %
1450 405110% 1.20410%
1500 404 +10 % 1.23:10%
1640 402 :10 % 131:10%
1750 401 110% 1.37 210 %
1800 400 £10 % 1.40:10 %
1900 400 10 % 433 1.40410% 1.4
1950 400 +10 % 1.40 210 %
2000 400 +10 % 1.40 210 %
2100 398 £10 % 1.49 210 %
2300 395410 % 1.67410%
2450 392 +10% 1.80 £10 %
2600 390 +10 % 1.96 10 %
3000 385 10 % 240210 %
3300 382 410% 271410 %
3500 379 £10% 291:10%
3700 377410 % 312:10%
3900 375 £10 % 332:10%
4200 371110 % 3.63110%
4600 36.7 £10 % 4.043:10%
4500 363410 % 4.35410%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQOUID
The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V5

Phantormn SN 13/09 SAMG8

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ : 43.3 sigma : 1.41

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm’'dy=8mm

Zoon Scan Resolution

d=8mm/dv=8mm/dz=5Smm

Frequency 1900 MHz

Input power 20 dBm

Liquid Temperature 20+/-1°C

Lab Temperature 20 +/- 1°C

Lab Humidity 30-70 %

bt 18 SAR (W /kg/W) 108 SAR (W/ke/W)
required measured required measured
300 2.85 1.94
450 458 3.06
150 8.49 555
835 9.56 6.22
900 109 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 384 201
1900 39.7 39.60{3.96) 205 20.33(203)
1950 105 209
2000 411 211
2100 436 219
2300 487 233
2450 524 24
2600 553 746
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
4900
Page: 913
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7.3 BODY LIQUID MEASUREMEN'

F'e:::::w Relative permittivity (&) Conductivity (5) S/m
required measured required measured
150 619 £10% 0.80=10%
300 582 #10% 0.92 210 %
450 56.7 110 % 0.94+10%
750 555 +10% 0.96 210 %
835 552 +10% 097210 %
900 550 10 % 1.05:10%
915 550 t10% 1.06:10%
1450 540410 % 1.30:10%
1610 538 110% 1.40:10%
1800 533 +10% 1.52:210%
1500 533 410% 550 1.52:10% 1.57
2000 533110% 1.52:10%
2100 532 +10% 1.62:10%
2300 529 +10% 181:10%
2450 527 10 % 1.95:10%
2600 525+10% 2.16 210 %
3000 52010 % 2.73+10%
3300 S16+10% 3.08 210 %
3500 513 110% 3.31 :10%
3700 510+10% 3.55:210%
3900 508 £10 % 3.78:10%
4200 504 +10 % 413:10%
4600 498 110 % 4.60 210 %
4900 494 +10 % 4.95210%
5200 490 110 % 5.30 210 %
5300 489 £10 % 5.42:10%
5400 48.7 t10%= 553010%
5500 486 10 % 565 :10%
5600 485 +10% 5.77210%
5800 482 +10 % 6.00 210 %
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74
Software OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPG0333
Liquid Body Liquid Values; eps’ ; 55.0 sigma : 1.57
Distance between dipole center and liquid 10.0 mrm
Arca scan resolution che=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %

F”:;:::‘“’ 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1900 39.85 (3.99) 2029{2.03)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ‘ Current Next Calibration
4% : Identification No. :
Description Model Calibration Date Date
Validated. No cal M alidated, No cal|
SAM Phantom MVG SN-13/09-SAME8 squired. equired.
; Malidated. No cal \alidated. No cal|
JICOMOSAR Test Bench Version 3 NA equired equired.
Network Analyzer | ROnde.% Schwarz 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0008732 1072019 10/2022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 022020 02/2023
Signal Generator | Ronde 5 Schwarz 106589 0412019 04/2022
s Characterized prior to |Characterized prior to
AmpiSer Asthercomm .40 test. No cal required. |test, No cal required
Power Meter NI-USE 5680 170100013 05/2019 05/2022
’ Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test, No cal required
Temperature / HUmidtYl  Testo 184 H1 44220687 05/2020 0512023
nsor
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Object:

Calibration Date:

Calibration reference:

Calibrated By:

Reviewed By:

January 14, 2022

DO1

—r

Environment of Test Site

IEEE Std 1528:2013, IEC 62209-1:2006, FCC KDB 865664

J ﬂﬂ@"ta W‘?’l (Janet Wei, SAR project engineer)

Wk’ shard

(Winner Zhang, Technical manager)

Temperature: 18 ~ 25°C
Humidity: 50~60% RH
Atmospheric Pressure: 1011 mbar

Test Data

Measurement Plot for Head TSL In 2022

M 1

Comparison with Origi

1.900000000 GHz

nal report

2022-01-14 1146

Items

Calibrated By JYT

Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 51.20+4.2jQ 54.75Q+1.74jQ 3.550-2.46jQ 50
Return Loss for Head TSL -27.24dB -26.32dB -3.38% +20%(No less than 20 dB)

Result
Compliance

JianYan Testing Group Shenzhen Co., Ltd.

No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail: info-JYTee @lets.com

Project No.: JYTSZR2209087
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Ref : ACR.15.13.21. MVGB.B

Cancel and replace the report ACR.15.13.21. MVGB.A

JIANYAN TESTING GROUP
SHENZHEN CO.,LTD.

No.110~116, BUILDING B, JINYUAN BUSINESS BUILDING,
XIXIANG ROAD, BAOAN DISTRICT,

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 50/20 DIP 2G450-514

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
wvrr,  cofrac

ETALONNAGE

Accreditations 52.6789 and #2.6814
Scope available on www cofrac {f

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable 1o
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the I[EEE 1528, FCC KDBs and

CEVIEC 62209 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Senal Number SN 50/20 DIP 2G450-514
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MV'G COMOSAR Validation Dipole
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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 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit. both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

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 Intemationally 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
400-6000MHz 0.08 LIN
52 MENSIO ASUREMEN
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0 =300 0.20 mm
300 - 450 0.44 mm

53 NALIDATION 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.
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Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, MHz
2350 2380 240 i-:'.“.' 2440 2460 2450 2300 250 S50
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -29.61 =20 51.20Q+3.1)Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz

235 & 2400 2420 2440 2460 2480 2500 250
|

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -23.93 -20 55802 +2.7102
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 4200:1% 250.0 £1 %, 6.35 £1 %,
450 290011 % 166.7 £1 %, 6.3511 %,
150 176.0 =1 % 100.0 £1 %, 6.35 £1 %.
835 161041 % 89841 %, 3.6 41 %,
900 149.0 £1 %. 83341 %, 3641 %
1450 891 11 %, SL.711%. 3611 %,
1500 80.5+1 %, 50,0 21 %. 3611 %,
1640 79.0 11 %, 457 11 %. 3611%,
1750 75.241%, 42941 %, 3.6 41 %,
1800 72041 %, 41,7 21 %. 3641 %
1900 68011 %, 39511 %, 3611 %,
1950 66.3 +1 %, 38541 % 3641 %,
2000 64.5 11 %, 37511 %. 3.6 41 %,
2100 61.0 £1 %, 35741 %. 3641 %,
2300 55511 %, 32611 %. 3611 %,
2450 51.541 %, 5145 30441 %. 30.60 3641 %, 358
2600 48511 %, 28841 %, 3611 %,
3000 41.5 £1.%, 25041 %, 3641 %,
3300
3500 37041 %, 26441 %. 3641 %,
3700 34711 %, 26,411 %, 3611 %,
3900
4200
4600
4900

7  VALIDATION MEASUREMENT

The IEEE Std. 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
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 described distance from the bottom surface of the phantom.
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7.1 CAD LIOUTD MEASUREME!
F'e:::::w Relative permittivity (&) Conductivity (¢) S/m
required measured required measured
300 453 410% 0.87:10%
450 435 +10 % 0.87 10 %
750 419 +10% 0.89 10 %
835 415110% 0.90 210 %
900 415 +10 % 0.97 210 %
1450 405110% 1.20410%
1500 404 +10 % 1.23:10%
1640 402 :10 % 131:10%
1750 401 110% 1.37 210 %
1800 400 £10 % 1.40:10 %
1900 400 10 % 1.40410%
1950 400 +10 % 1.40 210 %
2000 400 +10 % 1.40 210 %
2100 398 £10 % 1.49 210 %
2300 395410 % 1.67410%
2450 392 +10% a19 1.80 £10 % 1.88
2600 390 +10 % 1.96 10 %
3000 385 10 % 240210 %
3300 382 410% 271410 %
3500 379 £10% 291:10%
3700 377410 % 312:10%
3900 375 £10 % 332:10%
4200 371110 % 3.63110%
4600 36.7 £10 % 4.043:10%
4500 363410 % 4.35410%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V§

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ : 41.9 sigma : 1.88

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

de=5Smm/dv=5mm/dz=5Smm

RefE ACR 151321 MVGE B

Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1°C
Lab Humidity 30-70 %
bt 1 SAR (W/kg/W) 10 8 SAR (W/ke /W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
150 8.49 L.55
835 9.56 6.22
200 109 6.99
1450 29 16
1500 305 168
1680 342 184
1750 364 193
1800 384 201
1900 397 205
1950 405 209
2000 111 211
2100 436 219
2300 487 233
2450 524 52,92(5.29) 24 23.68(2.37)
2600 553 246
3000 638 257
3300
3500 671 p o3
3700 674 242
3900
4200
4600
4900
Page: 913
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7.3 BODY LIQUID MEASUREMEN'

F'e:::::w Relative permittivity (&) Conductivity (6) S/m
required measured required measured
150 619 £10% 0.80=10%
300 582 #10% 0.92 210 %
450 56.7 110 % 0.94+10%
750 555 +10% 0.96 210 %
835 552 +10% 097210 %
900 550 10 % 1.05:10%
915 550 t10% 1.06:10%
1450 540410 % 1.30:10%
1610 538 110% 1.40:10%
1800 533 +10% 1.52:210%
1500 533 410% 1.52:10%
2000 533110% 1.52:10%
2100 532 +10% 1.62:10%
2300 529 +10% 181:10%
2450 527 10 % 534 1.95:10% 214
2600 525+10% 2.16 210 %
3000 52010 % 2.73+10%
3300 S16+10% 3.08 210 %
3500 513 110% 3.31 :10%
3700 510+10% 3.55:210%
3900 508 £10 % 3.78:10%
4200 504 +10 % 413:10%
4600 498 110 % 4.60 210 %
4900 494 +10 % 4.95210%
5200 490 110 % 5.30 210 %
5300 489 £10 % 5.42:10%
5400 48.7 t10%= 553010%
5500 486 10 % 565 :10%
5600 485 +10% 5.77210%
5800 482 +10 % 6.00 210 %
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7.4
Software OPENSAR VS§
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ ; 53.4 sigma : 2.14
Distance between dipole center and liquid 10.0 mrm
Arca scan resolution che=8mm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=Smm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
F”:;:::‘“’ 15 SAR (W/kg/W) 10 g SAR (W /kg/W)
measured measured
2450 54.47 {5.45) 23.42(2.349)
Yy
. % 5 &
':: 1m0
I 2 ¢ -
- =
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ‘ Current Next Calibration
4% : Identification No. :
Description Model Calibration Date Date
Validated. No cal M alidated, No cal|
SAM Phantom MVG SN-13/09-SAME8 squired. equired.
; Malidated. No cal \alidated. No cal|
JICOMOSAR Test Bench Version 3 NA equired equired.
Network Analyzer | ROnde.% Schwarz 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0008732 1072019 10/2022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 022020 02/2023
Signal Generator | Ronde 5 Schwarz 106589 0412019 04/2022
s Characterized prior to |Characterized prior to
AmpiSer Asthercomm .40 test. No cal required. |test, No cal required
Power Meter NI-USE 5680 170100013 05/2019 05/2022
’ Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test, No cal required
Temperature / HUmidtYl  Testo 184 H1 44220687 05/2020 0512023
nsor
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Dipole Impedance and Return Loss calibration Report

Object: SID2450 - SN 50/20 DIP 2G450-514
Calibration Date: January 14, 2022
Calibration reference: :JEOElE Std 1528:2013, IEC 62209-1:2006, FCC KDB 865664
Calibrated By: -T W \ . . :
y Janet 2 (Janet Wei, SAR project engineer)

Reviewed By: LJ;M Wg’

(Winner Zhang, Technical manager)

Environment of Test Site

Temperature: 18 ~ 25°C

Humidity: 50~60% RH

Atmospheric Pressure: 1011 mbar
Test Data

Measurement Plot for Head TSL In 2022

2,450000000 GHz

Comparison with Original report

ltems Calibrated By MVG CallbrI;lt;((j)szy T Deviation Limit
Impendence for Head TSL 51.2Q+3.1jQ 49.00Q+3.31jQ -2.200+0.21jQ 50
Return Loss for Head TSL -29.61dB -29.15dB -1.55% +20%(No less than 20 dB)
Result
Compliance
JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZR2209087

No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
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Ref : ACR.15.14.21 MVGB.B

Caneel and replace the report ACR.15.14.21. MVGB.A

JIANYAN TESTING GROUP
SHENZHEN CO.,LTD.

No.110~116, BUILDING B, JINYUAN BUSINESS BUILDING,
XIXIANG ROAD, BAOAN DISTRICT,

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 50/20 DIP 2G600-515

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
wvrr,  cofrac

ETALONNAGE

Accreditations 52.6789 and #2.6814
Scope available on www cofrac {f

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable 1o
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the I[EEE 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
Maodel SID2600
Senal Number SN 50/20 DIP 2G600-515
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEIIEC 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 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 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit. both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

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 Intemationally 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
400-6000MHz 0.08 LIN
52 MENSIO ASUREMEN
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0 =300 0.20 mm
300 - 450 0.44 mm

53 NALIDATION 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.
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Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Frequercy, MHz
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -29.30 =20 486 2-2.1102
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MHz
2600

&N

Frequency (MHz) Return Loss (dB)

Requirement (dB)

Impedance

2600 -29.09

=20

48.1Q2-2.9{0Q
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 4200:1% 250.0 £1 %, 6.35 £1 %,
450 290011 % 166.7 £1 %, 6.3511 %,
150 176.0 =1 % 100.0 £1 %, 6.35 £1 %.
835 161041 % 89841 %, 3,641 %,
900 149.0 £1 %. 83341 %, 3641 %
1450 891 11 %, SL.711%. 3611 %,
1500 80.5+1 %, 50,0 21 %. 3611 %,
1640 79.0 11 %, 457 11 %. 3611 %,
1750 75.2 41.%, 42941 %, 3.6 41 %,
1800 720 41 %, 41,7 21 %. 3641 %
1900 68011 %, 39511 %, 3611 %,
1950 66.3 +1 %, 38541 % 3641 %,
2000 64.5 11 %, 37511 %. 3.6 41 %,
2100 61.0 £1 %, 35741 %. 3641 %,
2300 55511 %, 32611 %. 3611 %,
2450 51.541 %, 30,441 % 3641 %,
2600 a8541%, 4830 28841 %, 28,67 3611 %, 360
3000 41.5 £1.%, 25041 %, 3641 %,
3300
3500 37041 %, 26441 %. 3641 %,
3700 34711 %, 26,411 %, 3611 %,
3900
4200
4600
4900

7  VALIDATION MEASUREMENT

The IEEE Std. 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
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 described distance from the bottom surface of the phantom.
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7.1 CAD LIOUTD MEASUREME!
F'e:::::w Relative permittivity (&) Conductivity (5] S/m
required measured required measured
300 453 410% 0.87:10%
450 435 +10 % 0.87 10 %
750 419 +10% 0.89 10 %
835 415110% 0.90 £10 %
900 415 +10 % 0.97 210 %
1450 405110% 1.20410%
1500 404 +10 % 1.23:10%
1640 402 :10 % 131:10%
1750 401 110% 1.37 210 %
1800 400 £10 % 1.40:10 %
1900 400 10 % 1.40410%
1950 400 +10 % 1.40 210 %
2000 400 +10 % 1.40 :10 %
2100 398 £10 % 1.49 210 %
2300 395410 % 1.67410%
2450 392 +10% 1.80 £10 %
2600 390 +10 % a1s 1.96 10 % 2.03
3000 385 10 % 240210 %
3300 382 410% 271410 %
3500 379 £10% 2.91:10%
3700 377410 % 312:10%
3900 375 £10 % 332:10%
4200 371110 % 3.63110%
4600 36.7 £10 % 4.04:10%
4500 363 410 % 4.35410%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 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
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V5§

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ : 41.5 sigma : 2.03

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

de=5Smm/dv=5mm/dz=5Smm

Frequency 2600 MHz

Input power 20 dBm

Liquid Temperature 20+/-1°C

Lab Temperature 20 +/- 1°C

Lab Humidity 30-70 %

bt 18 SAR (W /kg/W) 108 SAR (W/ke/W)
required measured required measured
300 2.85 1.94
450 458 3.06
150 8.49 555
835 9.56 6.22
900 109 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 384 201
1900 397 205
1950 105 209
2000 411 211
2100 436 219
2300 487 233
2450 524 24
2600 553 5547 (5.55) 246 2511 (241)
3000 638 257
3300
3500 671 5
3700 674 242
3900
4200
4600
4900
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7.3 BODY LIQUID MEASUREMEN'

F'e:::::w Relative permittivity (&) Conductivity (6) S/m
required measured required measured
150 619 £10% 0.80=10%
300 582 #10% 0.92 210 %
450 56.7 110 % 0.94+10%
750 555 +10% 0.96 210 %
835 552 +10% 097210 %
900 550 10 % 1.05:10%
915 550 t10% 1.06:10%
1450 540410 % 1.30:10%
1610 538 110% 1.40:10%
1800 533 +10% 1.52:210%
1500 533 410% 1.52:10%
2000 533110% 1.52:10%
2100 532 +10% 1.62:10%
2300 529 +10% 181:10%
2450 527 10 % 1.95:10%
2600 525+10% 527 2.16 210 % 2.36
3000 52010 % 2.73+10%
3300 S16+10% 3.08 210 %
3500 513 110% 3.31 :10%
3700 510+10% 3.55:210%
3900 508 £10 % 3.78:10%
4200 504 +10 % 413:10%
4600 498 110 % 4.60 210 %
4900 494 +10 % 4.95210%
5200 490 110 % 5.30 210 %
5300 489 £10 % 5.42:10%
5400 48.7 t10%= 553010%
5500 486 10 % 565 :10%
5600 485 +10% 5.77210%
5800 482 +10 % 6.00 210 %
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74
Software OPENSAR VS§
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values; eps’ : 527 sigma : 2.36
Distance between dipole center and liquid 10.0 mrm
Arca scan resolution che=8mm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=Smm/dz=5mm
Frequency 2600 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
F”:;:::‘“’ 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2600 55.37 {5.54) 2326(2.33)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ‘ Current Next Calibration
4% : Identification No. :
Description Model Calibration Date Date
Validated. No cal M alidated, No cal|
SAM Phantom MVG SN-13/09-SAME8 squired. equired.
; Malidated. No cal \alidated. No cal|
JICOMOSAR Test Bench Version 3 NA equired equired.
Network Analyzer | ROnde.% Schwarz 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0008732 1072019 10/2022
Reference Probe MVG EPGO333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 022020 02/2023
Signal Generator | Ronde 5 Schwarz 106589 0412019 04/2022
s Characterized prior to |Characterized prior to
AmpiSer Asthercomm .40 test. No cal required. |test, No cal required
Power Meter NI-USE 5680 170100013 05/2019 05/2022
’ Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test, No cal required
Temperature / HUmidtYl  Testo 184 H1 44220687 05/2020 0512023
nsor
Page: 13/13
Template ACR.DDD.N. YYMVGBISSUE SAR Eeference Dipole v
Thiz documers chall nat be reproduced, except n jull or in part, withoes the writen gpprovel of MYG, The informaticn contaned herem i 1o be used

anly far the pscrpase for which i & admitted and & nat to be released i whale or part withad written approval of M3,

JianYan Testing Group Shenzhen Co., Ltd.
No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail: info-JYTee @lets.com

Project No.: JYTSZ

Page 211 of 229

R2209087



INT

Report No.: JYTSZ-R14-2200198
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SID2600 - SN 50/20 DIP 2G600-515

Object:

Calibration Date:

Calibration reference:

Calibrated By:

Reviewed By:

January 14, 2022

DO1

—r

Environment of Test Site

IEEE Std 1528:2013, IEC 62209-1:2006, FCC KDB 865664

J ﬂﬂ@"ta W‘?’l (Janet Wei, SAR project engineer)

Wk’ shard

(Winner Zhang, Technical manager)

Temperature: 18 ~ 25°C
Humidity: 50~60% RH
Atmospheric Pressure: 1011 mbar

Test Data

Measurement Plot for Head TSL In 2022

2,600000000 GHz

Comparison with Original report

Items

Calibrated By JYT

Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 48.60-2.1jQ 51.840-2.75jQ 3.240-0.65jQ 50
Return Loss for Head TSL -29.30dB -29.77dB 1.60% +20%(No less than 20 dB)

Result
Compliance

JianYan Testing Group Shenzhen Co., Ltd.

No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail: info-JYTee @lets.com

Project No.: JYTSZR2209087
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Ref : ACR.15.22.21. MVGB.B

Cancel and replace the report ACR.15.22.21. MVGB.A

JIANYAN TESTING GROUP
SHENZHEN CO.,LTD.

No.110~116, BUILDING B, JINYUAN BUSINESS BUILDING,
XIXIANG ROAD, BAOAN DISTRICT,

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 5200-5800 MHZ
SERIAL NO.: SN 50/20 DIP 5G000-523

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
wvrr,  cofrac

ETALONNAGE

Accreditations 52.6789 and #2.6814
Scope available on www cofrac {f

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed at MVG, using the COMOSAR test bench. The test results covered by accreditation are
traceable 10 the International System of Units (SI)
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Prepared by - Jérdme LUC Technical Manager | 1/15/2021 )=
Checked by - Jérome LUC Technical Manager | 1/15/2021 =
Approved by - Yann Toutain Laboratory Director | 2/8/2021 ym T ol g
\’7 L PP RN
2021.0208
120301 40100
Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,Ltd
Issue Naie Date Modifications
A Jerome LUC 1/15/2021 Initial release
B Jérome LUC 2/82021 Change customer name/address
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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 venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 5200-5800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDS000
Serial Number SN 50/20 DIP 3G000-523
Product Condition (new / used) | New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEIIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 - MI'G COMOSAR Validation Dipole
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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 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 1s used
with a network analyser and its calibration kit. both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a ISO17025 calibrated caliper.

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:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
0 -300 0.20 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528 and CEIVIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements

Scan Volume Expanded Uncertainty
lg 19 % {SAR)
10g 19 % (SAR)
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS IN HEAD LICUID
Fraguency, MH:

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 -23.48 -20 46.37 (2 - 5612
5400 -23.72 -20 48.57 (2 + 6.35102
5600 -24.79 -20 45.54 0 +3.631L2
5800 -23.58 -20 45270+ 4.61 102

6.2 RETURN LOSS IN BODY LIQUID

Frequency, MMz
Yy €40 550% 60 S 5800 5500
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -24.36 =20 45.100-3.52;Q2
5400 -25.13 -20 48,91 ) + 542102
5600 -24.16 =20 46.63 2+ 5.18 102
5800 22,79 -20 44.74 Q)+ 495102
6.3 MECHANICAL DIMENSIONS
Frequency MH; Lmm hmm dmm
required measured required measured required measured
S000 to 6000 20641 %, 2064 40,341 %, a0.09 3641% 360

7  VALIDATION MEASUREMENT
The IEEE Std 1528, FCC KDBs and CEIIEC 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
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 described distance from the bottom surface of the phantom.

7.1  HEAD LIQUID MEASUREMENT
Frequen
:AHr v Relative permittivity (e/) Conductivity (a) $/m
required measured reguired measured

5000 362 410% 445 410%

5100 36.1110% 4.56 110 %

5200 36.0 +10 % 34.06 4.66 =10 % 4.70
5300 359410% 4.76 110 %

5400 358 +10% 3339 4.86 210 % 49
5500 356 £10% 497 10%

5600 355410% 32.77 5.07 210% 513
5700 354 110% 517 210%

5800 353 +110% 32.40 527 210% 5.34
5900 352 110% 538 210%

6000 351+10% 548 210%
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At those frequencies. the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation, All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.

Software OPENSAR V5§

Phantom SN 13/09 SAM6S

Probe SN 41/18 EPGO333

Liquid Head Liquid Values 5200 MHz: eps' :34.06 sigma : 4.70

Head Liguid Values 5400 MHz: eps' :33.39 sigma ; 4.91
Head Liquid Values 5600 MHz: eps' :3277 sigma : 5.13
Head Liquid Values 3800 MHz: eps' :32.40 sigma : 5.34

Distance between dipole and liquid

10 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=4mmv/dy=4m/dz=2mm

5 ' 5200 MHz
Frequency ot
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 20 +-1°C
Lab Temperature 20 4/-1°C
Lab Humidity 30-70%
Frequency (MHz) 1 ¢ SAR (W/kg) 10 2 SAR (W/kg)
required measured required measured
5200 76.50 76.67 (7.67) 21.60 22.60(2.26)
5400 - 82.01(8.20) - 23.97 (2.40)
5600 - 77.76 (7.78) - 23.08(2.31)
5800 78.00 78.36 (7.84) 21.90 22.93(2.29)
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SAR MEASUREMENT PLOTS @ 5200 MHz
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SAR MEASUREMENT PLOTS @ 5800 MHz
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73 DY LIOH MEASU N
Fre:‘v.::lncy Relative permittivity (&') Conductivity (¢) S/m
required measured reguired measured

5200 490 +10 % 4550 530210 % 563
5300 489 +10 % 5.82:10%
5400 487 10 % 44.78 5.53:10 % 5.95
5500 486 +10 % 5.65:10%
5600 485 110 % 4485 5.77 410 % 6.26
5800 482 +10 % 14.45 6.00:10% 6.58

7.4 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liguid Body Liquid Vilues 5200 MHz: eps’ :45.50 sigma - 5.63
Body Liquid Values 5400 MHz: cps' :44.78 sigma : 5,95
Body Liquid Values 5600 MHz: cps’ :44.85 sigma ; 6.26
Body Liquid Values 5800 MHz: cps” :44.45 sigma : 6.58
Distance between dipole and liquid 10 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=tmm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
["put power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+~1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 2 SAR(W/kg) 10 2 SAR (Wikg)
measured measured
5200 71.91(7.19) 21.26(2.13)
5400 76.01 (7.60) 22.21(2.22
5600 76.61 (7.66) 22.53 (2.25)
5800 72.55(7.25) 21.08(2.11)
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BODY SAR MEASUREMENT PLOTS @ 5200 MHz
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BODY SAR MEASUREMENT PLOTS (@ 5800 MHz
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LIST OF EQUIPMENT

Equipment Summary Sheet
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Equipment Manufacturer / ‘ Current Next Calibration
ol ; Identification No. :
Description Model Calibration Date Date
Malidated. No cal Malidated, No cal|
Flat Phantom MVG SN-13/09-SAME8 squired. equired.
: Malidated. No cal Validated. No cal|
JCOMOSAR Test Bench Version 3 NA equired equired.
Network Analyzer | ROnde.% Schwarz 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0008732 10/2019 1012022
Reference Probe MVG EPG0O333 SN 41/18 0512020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Ronde 5 Schwarz 106589 0412019 04/2022
” Characterized prior to|Characterized prior to
AmpiSer Asthercomm .40 test. No cal required. |test, No cal required
Power Meter NI-USB 5680 170100013 05/2019 05/2022
’ Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test, No cal required
Temperature and
Humidity Sensor Testo 184 H1 44220687 0572020 05/2023
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Dipole Impedance and Return Loss calibration Report
SID5000 - SN 50/20 DIP 5G000-523

Object:

Calibration Date:

Calibration reference:

Calibrated By:

Reviewed By:

January 14, 2022

DO1

—r

Environment of Test Site

IEEE Std 1528:2013, IEC 62209-1:2006, FCC KDB 865664

J ﬂﬂ@"ta W‘?’l (Janet Wei, SAR project engineer)

Wk’ shard

(Winner Zhang, Technical manager)

Temperature: 18 ~ 25°C
Humidity: 50~60% RH
Atmospheric Pressure: 1011 mbar

Test Data

Measurement Plot for Head TSL In 2022

RN 5.200000000 GHz

Comparison with Original report

222-01-14 17 45

Calibrated By JYT

Items Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 46.37-5.61jQ 44.050-2.41jQ -2.320+3.2jQ 50
Return Loss for Head TSL -23.48dB -23.32dB -0.68% +20%(No less than 20 dB)
Result
Compliance
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5.400000000 GHz

Comparison with Original report

Calibrated By JYT

Items Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 48.57+6.35jQ 48.100Q+6.07jQ -0.47Q-0.28jQ +5Q
Return Loss for Head TSL -23.72dB -23.78dB 0.25% +20%(No less than 20 dB)

Result
Compliance

5.600000000 GHz

Comparison with Original report

Calibrated By JYT

Items Calibrated By MVG In 2022 Deviation Limit
Impendence for Head TSL 45.54+3.63jQ 45.430+3.51jQ -0.110-0.12jQ 50
Return Loss for Head TSL -23.72dB -24.39dB 2.82% +20%(No less than 20 dB)

Result
Compliance
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Test Data

Measurement Plot for Head TSL In 2022

5.800000000 GHz

Comparison with Original report

ltems Calibrated By MVG Calibrated By JYT Deviation Limit
In 2022
Impendence for Head TSL 45.27+4.61jQ 45.600+2.19jQ 0.330-2.42jQ 50
Return Loss for Head TSL -23.58dB -25.75dB 9.20% +20%(No less than 20 dB)
Result

Compliance

—————— End of Report----
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