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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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Senial Number SN 50¢20 DIP 2G600-515
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG 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.

41 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid [SO17025 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 fora 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
400-6000MH2z 0.08 LIN

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 (.20 mm
300 - 450 (.44 mm

53

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,

Page: 5/13

Tempiate ACRDDDN. YEMVGHISSUE SAR Reference Dipole vG
Thiz documere shall not be reproduced, except n full or inpad,; witirasd the wrtten approved of MVG. The iformation contawed herew 15 1o besoed
only for the purpase for wind & & submatted and & not to be refeaned ot whale ar part witha written approval of MVG.

Report No: JYTSZB-R14-2100343

JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZE2109069
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 Page 243 of 318



INT

Report No: JYTSZB-R14-2100343

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRISI42IMVGEE

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)

Return Loss (dB)

Requirement (dB)

Impedance

2600

-29.30

-20

4860-2.1Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2600

-29.09

-20

48.1 Q-29iQ

Page: 6/13

JianYan Testing Group Shenzhen

Co., Ltd.

Project No.: JYTSZE2109069

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@Ilets.com

Page 244 of 318




Report No: JYTSZB-R14-2100343

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR 151421 MVAR E

6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured

300 420041 %, 2500 41 %, 63541 %,

450 29001 % 166,7 £1 %, 635 1%,

750 1760 +1 %, 1000 £3 %, 6.35 21 %,

835 161041 %, 89.8 41 %, 3641 %.

200 149.0¢1 %, 83311 %. 3611 %.

1450 89121 %. 51711 %, 3611%,

1500 805 21 %. 50.0 11 %, 3611 %,

1640 790 21 %, 45.7 41 %, 3611 %,

1750 15221 %. 42911 %, 3611 %,

1800 720 21 %, 41.7 41 %, 3611 %,

1500 68,0 11 %, 39.5 41 %, 3641 %,

1950 66311 %, 38.5 41 %, 3641 %,

2000 645 1%, 37.541%. 3641 %,

7100 61.0 21 %. 35.7 41 %. 3611 %.

2300 555=1%. 32611 %. 36:1%.

2450 51521 %, 30.4 11 %. 3611%.

2600 485:1%, 4830 28811 %. 28.67 3611 %. 360
3000 41521 %, 25041 %, 361 %,

3300

3500 37021 %, 264141 %, 3641 %.

3700 34.7:1%, 26.4 11 %, 3611 %.

3500

400

4600

4500

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
liqud 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
"‘:4‘:;"" Relative permittivity (&) Conductivity (0) S/m
required measured required measured

300 453 £10% 087 £10 %
450 435 £10% 087 $10%
750 419 £10% 0.689 110 %
835 415 £10% 050 110 %
900 415 0% 097 £10 %
1450 405 £10% 1.20£10%
1500 404 £10 % 1.23:10%
1640 402 10 % 131410%
1750 401 £10% 137410%
1800 400 £10% 14010 %
1900 400 £10% 1.40 210 %
1950 400 £10 % 140110 %
2000 400 £10% 1.40 £10 %
2100 398 10 % 149410%
2300 39.5 £10% 167110%
2450 392 110% 1.80 410 %
2600 390 £10% 415 1.96 110 % 203
3000 385 £10% 2.40 110 %
3300 382 110% 2.71 110%
3500 379 110% 291 110%
3700 377 110% 3.12110%
3900 375 £10% 332:10%
4200 371 210% 3.63110%
4600 36,7 £10% 4.04£10%
4900 363 10 % 435 110%

72 S SASU =S WITH D J

The [EEE 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 VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liguid 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 dx=5mim/dy=S5mm/dz=5mm
Frequency 2600 MHz
Input power 20 dBm
Liquid Temperature 20+ 1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Frequency
v 12 SAR (W/kg/W) 10 g SAR (W/ke/W)
required measured required measured
300 2.85 154
450 458 3.06
50 8.9 5.5%
B34 9.56 6.2
900 109 699
1450 29 16
1500 305 163
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 405 209
2000 11 211
2100 436 219
2300 a8.7 233
2450 524 21
2600 553 55,47 (5.55) 2456 2411(241)
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
Page: 913
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73
"‘:4‘:;"" Relative permittivity (&) Conductivity (0) S/m
required measured required measured
150 619 £10% 0.80 £10 %
300 582 £10% 092 +10%
450 56.7 £10 % 094110 %
750 555 110 % 056 110 %
835 552 £10% 097 £10 %
0 550 £10% 1.05:10%
215 550 £10 % 1.06 $10 %
1450 540 £10% 130410%
1610 538 £10% 1.40 £10 %
1800 533 110% 1.52:10%
1900 533 410% 1.5210%
2000 533 £10% 152110%
2100 532 £10% 1.62410%
2300 529 +10% 1.81410%
2450 $2.7 £10% 195:10%
2600 §25#10% 527 2.16 410 % 236
3000 520 0% 2.73110%
3300 516 £10% 3.08 110 %
3500 513 110% 331110%
3700 510 £10% 355110%
3900 508 £10% 3.78110%
A200 504 £10% 413 410%
4600 4938 £210% A4.60 £10 %
4900 494 £210% 495110%
5200 490 £10% 5.30 110 %
5300 489 110% 542 410%
5400 487 110% 553410%
5500 486 10 % 565:10%
5600 485 +10% 577 110%
5800 482 +10% 6.00 110 %
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74
Softwire OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps' : 52.7 sigma : 2.36
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=5mm/dz=5mm
Freguency 2600 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30.70 %

g 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2600 55.37(5.54) 23.26(2.33)
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8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / dentificats Current Next Calibration
Description Model L - S Calibration Date Date
Validated. Nocal Validated. No cal|
SAM Phantom MVG SN-13/09-SAME8 equired. baquired.
X \Validated. No cal \ alidated. No cal
OMOSAR Test Bench Version 3 NA required, required.
Network Analyzer R°"“°z&vfn°""""’ 100203 05/2019 0512022
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 TRt o D
Calipers Mitutoyo SN 0009732 1072019 10/2022
Reference Probe MVG EPGO333 SN 4118 05/2020 0572021
Multimeter Keithley 2000 1160271 0272020 0212023
Signal Generator | RONde % Sehwarz 106589 04/2019 0412022
; Characterized prior to|Characterized prior to
ik e SAaamY SDAG test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
N Characterized prior to|Characterized prior te
Directional Coupler Narda 4216-20 01388 test. No cal required, [test. No cal required.
Temperature / Humidity) 1.4, 184 H1 44220887 05/2020 05/2023
Sensor
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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 Al calibration results sre traceable to
national metrology institutions.
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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 venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 3300 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID3300
Senial Number SN 50/20 DIP 3G300-516
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
CELIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC EKDBs and CELTEC 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.

41 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum loss of -20
dB or better. The retun loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as cutlined i the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAT REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 standards specify the mechamical 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 COMOSARE. 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.

3 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 Gudes to
Measurement Uncertainty.

51 RETURNLOSS
The following uncertainties apply to the refumn loss measurement-
Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.08 LIN

32 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm

33 VAILTDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEITEC 62209
standards were followed to generate the measurement uncertamty for validation measurements.
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Scan Volume Expanded Uncertainty

1g 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS
6.1 RETUENTOSS AND IMPEDANCE IN HEAD TIQUID

hizpary, HHr

Ay ArM it LI | TR0 M FAA0 AN AR ARy MM
]

P
'I--____-
.!__-____-

<45
R
Frequency (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
3300 -26.84 -20 L60+4510
6.2 3
Mrequersy. dlk

i CIN s | o W o | B | U i) | S .1}

811 49

Frequency (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
3300 -26.20 220 481n+45i0
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6.3 MECHANICAT DIMENSIONS

Frequency MHz L rmami ki mim dmm
e required mzsasured required measured

300 4200021 %, 25000 21 % 6ISH %

450 2900021 %. 166.7 1 %. 6ISH %

750 176,021 %. 100.0 51 % 6ISH %

B35 161021 %, EREH %, 6%

00 149,021 %. B33n % 6%

1450 B9.1 71 %, 51.7H %, 6%

1500 BD.5 =1 %. 50.0H %. I6HE

1640 a0 % 457 H %, I6HE

1750 7521 % 4280 %, I6HE

1500 T2021%. MTHE I6HE

1500 6E.0 =1 %. JB5H % I6HE

1850 66.3 21 %. JBSH % I6HE

2000 64521 %, J7EH . I6HE

HD 61.021 %. I5TH . I6HE

2300 55.5 71 %. J2EH %, 6%

2450 51521 %. o4t %, 6%

2600 48571 %. BEH %, 6%

3000 41571 %. S0H %, 6%

3300 - 3910 - 25,668 362
3500 Tkl %, 26.4H %, 6%

3700 JaTHIN. 26.4H %, I6HE

Jom - -

AR - -

A5M - -

F: =" - -

T VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELIEC 62209 standards state that the system validation
measurements nmst be performed using a reference dipole meeting the fore mentioned retomn loss
and mechanical dimension requirements. The validation measurement must be performed agamst 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 paralle] 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.

plmte ACKE DD N

.u-urbunhbwnu;
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7.1 HEAD LIQUID MEASUREMENT

F"F;"“::"' Relative permittivity (=] Conductiity jo) 5fm
required mensured required measured
300 45.3%10% DETII0%
450 43.5%10% 0ETII0%
750 419%10% 0.E9210%
835 415%10% 0.30210%
|00 41 5%10% 0.9710%
1450 20.5%10% 1.20210%
1500 204 %10% 1.23210%
1640 202 %10% 131710%
1750 20.1%10% 137210%
1500 20.0%10% 1.20210%
1500 20.0%10% 1.20210%
1550 20.0%10% 1.20210%
H000 20.0%10% 1.20210%
2100 IS EII0% 149210%
2300 35.5%10% 167210%
2450 35 2EI0% 1.80210%
2600 I50EI0% 196510%
3000 IESTI0% 2a0Ei0%
3300 IEZ2EI0% irz2 ET1E10% 2.B8
3500 ITHII0% 291F10%
3700 ITTFIIN% F12E10%
F500 ITS5EI0% F32EI0%
4200 IT1EI0% F63TI0%
4600 I6ETII0N 404 210%
4600 363 EI0% 4.35210%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 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 walues are normalized to 1 W forward power. In
bracket, the measured SAR. is given with the used imput power.
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OPEMSAR WS
SH 1309 SAMGE
SH 41118 ERGO333

Head Ligwid Values: eps’ - 372 siema - 2 88

Diisiance between dipole center and hguid 10.0 mm
dr=Smm/'dy=5Smm/dr=4mm
3300 MHz
20 dBm
20 +-1°C
2 +-1°C
30-70 %
s 15 SAR (W/kg/W) 10 5 SAR (W/kg/W)
required measured required measured
300 2185 184
450 458 3.06
750 B40 5.55
835 956 6.22
00 LIk} 6.99
1450 9 16
1500 305 168
1640 342 184
1750 36.4 153
1800 384 201
1500 £ M5
1450 405 paik )
2000 411 11
2100 436 19
2300 487 133
2450 524 24
2600 55.3 26
3000 63.E 257
3300 - 66.54 [6.65] - 75 46 [2.55)
3500 671 25
3700 674 242
3500
4200
4600
4600
Page: 213
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7.3 BODY LIQUID MEASUREMENT

F"F;"“::"' Relative permittivity (=] Conductiity jo) 5fm
required mensured required measured
150 619%10% 0.50210%
300 SE2TI0% 0.92210%
450 56.7I10% 0.54710%
750 55.5%10% 0.96210%
835 55.2%10% 0.9710%
00 55.0%10% 1.05210%
915 55.0%10% 1.06210%
1450 54.0%10% 1.30210%
1610 53.BX10% 1.20210%
1500 53.3%10% 152210%
1500 53.3%10% 152210%
H000 53.3%10% 152210%
2100 53.2%10% 1.62210%
2300 52.9%10% 1.E81710%
2450 52.7E10% 195210%
2600 52.5%10% E16E10%
3000 52.0%10% ET7ITI0%
3300 S16EI0% 453 JOEZI0% Joa
3500 51.3%10% 331T10%
3700 51.0%10% 355510%
F500 S0ETI0% ITEZI0%
4200 5004 F10% 413710%
4600 45 ETI0% 4.60210%
4600 454 710% 495510%
5200 45.0110% 5.30E10%
5300 4E9TI0% 5.42510%
5400 4E 7 EI0% 5.53510%
5500 4R 6T10% 5.65510%
5600 4R 5%10% 577EI0%
SE00 4R 2 F10% 6.00210%
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74 SAR MEASUREMENT RESULT WITH RODY LIQUID

Software OPEMSAR VS
Phantom SH 13404 SAMGE
Frobe SH 41118 EPGO333
| Liguid Body Ligquid Vahoes:
Distance between dipole center and liguid 10.0 mm
Fpon Scan Besolution d—smmidy=5Smm/'dr—4mm
| Frequency 3300 MHz
Input power 20 dBm
[ Liguid Tempersture 20 +i- 1°C
Lab Temperaiure 20 +-1°C
Lab Hurnidity 30-70 %4
Fresuency 1 5 SAR (W/kg/W) 10 g SAR [Wi/kg/ W)
measured measured
3300 61.50 6.15) 4.7 (242)

L -

" = B

T

-1 w

g e
N - .

- R
1 | PO | LR B a M 1 d
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
. . Identification No. . .
Description Model Calibration Date Date
\Malidated. Mo cal [Walidated. Mo cal
SAM Phantom MG SM-1308-5AMGE equirad. e quired.
. \Malidated. Mo cal [alidated. Mo cal
JCOMOSAR Test Banch Version 3 A L equired. e quired.
Metwork Analyzer R""“E;,MS”'““ 100203 05/2019 D&2022
Nebasork Analyzer — Rohde & Schwarz
Calibration kit _TII5 1223 052019 Ds2022
Calipers Mitutoyo 5N 0009732 102018 1V20z2
Reference Probe MG EPG0333 SN 4118 052020 052021
Multimeter Heithley 2000 1160271 022020 022023
Signal Generator R“"“E;msc“'a'z 108520 0412012 D4/2022
- Characterized prior to|Characterized prior to
Amplifier Asthercomm SN D46 test Mo cal required. [test. Mo cal required.
Power Meter MI-LISB 5680 170100013 052019 052022
L Characterized prior to|Characterized prior to
Directional Coupler Warda 4218-20 01388 fest No cal required. Mo cal required.
TE“""E'E'S“' e/ Humidityl  ocio 184 H1 44220687 D05/2020 D5/2023
Pape: 1313
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SAR Reference Dipole Calibration Report

Ref : ACR.15.16.21. MVGB.B

JIANYAN TESTING GROUP
SHENZHEN CO.,LTD.

FREQUENCY: 3500 MHZ

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

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE

SERIAL NO.: SN 50/20 DIP 3G500-517

Calibrated at MVG
Z.1. de la pointe du diable

29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
1, cofrae

ETALONNAGE

Accreditations #2-678% and #2-6814
Scope available an www cofrac fr

Technopole Brest Iroise — 295 avenue Alexis de Rochon

Summary:

national metrology institutions

This document presents the method and results from an accredited SAR reference dipele calibration
performed i MVG using the COMOSAR test bench, All calibration results are traceable to
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Prepared by : Jéréme LUC Technical Manager | 1/15/2021 F5=
Checked by : Jérdéme LUC Technical Manager | 1/15/2021 S
Approved by : Yann Toutain Laboratory Director | 2/8/2021 %M Tl
v .
ST 2021.02.0
817:58:26
+01'00'
Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,Ltd.
Issue Name Date Modifications
A Jérome LUC 1/15/2021 Initial release
B Jéréme LUC 2/8/2021 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

CEIEC 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 3500 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID3500
Senal Number SN 50/20 DIP 3G300-517
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MVG 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 retumn 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 is used
with a network analyser and its calibration kit, both with a valid [SO17025 calibration.

JICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 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 fora 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.

51 RETURN LOSS
The following uncertainties apply to the return loss measurement:

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

52 DIMENSION MEASUREMEN'T

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 ¥ b IASUREMEN

The gdelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEIIEC 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, Mz

40~ :
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3500 -25.13 -20 48.7Q2-541Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraguency Mz

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3500 -22.88 -20 S50.0€2-7210
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63
Frequency MHz Lmm hmm dmm
required measurad required measured required measured

300 3200 11 %. 2500 +1 %, 63511 %,

450 290.0 41 %, 166.7 +1 %, 6.35 +1 9%,

750 176.0 41 %, 100,011 %. 635 1%,

#35 161011 %, 898 +1%. 36:21%.

900 149.0 11 %, 83311%. 36215%.

1450 891 £1%. 517 +1%. 361 %.

1500 80.5 £1 %, 50.0 1 %, 3.6 21 %,

1640 7901 %. 457 11 %. 3621 %,

1750 75.2£1%. 42911 %. 3621 %,

1800 72011 %. 41.7 £1 %, 3611 %,

1900 68.0 £1 %. 39.5 +1 %. 3621 %

1950 66.3 £1 %. 38.5 £1 %, 36:17%,

2000 64.5 41 %, 37511 %. 3611 %,

2100 61.0 £1 %. 35.7 41 %, 3641 %.

2300 5551 %, 326 t1%. 3.621%.

2450 515 £1 %. 30.4 +1 %. 36=1%.

2600 485 £1%. 288 1%, 3611 %,

3000 415 £1 %, 25.0 £1 %, 3621%.

3300

3500 37.0£1 %. 36.95 264 +1 %, 26.46 3631 %. 361
3700 34.7¢1 %. 264 41 %. 3,621 %,

3900

4200

4600

4900

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
liqud filled flat phantom. with the phantom constructed as cutlined 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] : | "y St " CNT
. Relative permittivity {s,") Conductivity (0) $/m
required measured required measured
300 453410% 0.87 +10 %
450 435 10 % 087 +10%
750 419 10 % 0.89+10 %
839 415110% 0.90 +10 %
900 415 410% 0.97 410%
1450 405 210 % 1.20110%
1500 404 10 % 1.23410%
1640 40.2 410% 1.31110%
1750 40.1 10 % 137110%
1800 40,0 10 % 1.40 410 %
1900 400 410% 1.40 410 %
1950 400 £10% 1.40 £10 %
2000 400 £10 % 1.40 410 %
2100 398 :10% 1.49 410 %
2300 395 410 % 1.67 410 %
2450 39.2 £10% 1.80 £10 %
2600 390 110% 1.96 110 %
3000 385 +10 % 240410 %
3300 38.2 410 % 271 410%
3500 379110% 36.5 291 110% 3.07
3700 377 £10% 312410%
3900 375410% 332410 %
4200 371 410% 363410 %
4600 36.7 2:10% 404110%
4900 36.3 +10 % 1.35 +10 %

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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Soflware OPENSAR VS

Phantom SN 13/09 SAM6S

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ @ 36.5 sigma : 3.07

Distance between dipole center and liquid

10,0 mm

Area scan resolution d=8mm/dy=8mm
Zoon Scan Resolution dx = Smmvdy = Smm/dz=4mm
Frequency 3500 MHz
Input power 20 dBm
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
iz oscsd 1 SAR (W/kg/W) 108 SAR (W /kg/W)
required measured required measured
300 2.85 1.94
450 4.53 3.06
750 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 39 205
1950 405 209
2000 11 211
2100 436 219
2300 487 233
2450 524 24
2600 553 246
3000 638 257
3300
3500 671 6711 (6.71) P 24.75 (2.48)
3700 674 242
3900
4200
4600
4900
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73 SUREMENT
. Relative permittivity {s,") Conductivity (0) $/m
required measured required measured
150 619 410% 0.80 +10 %
300 58.2 £10% 0.921+10%
450 56,7 410 % 094410 %
750 55.51410% 0.96 110 %
835 55.2 410% 097 410%
S00 550:10% 1.05110%
915 S50 10 % 1.06 410 %
1450 540 410% 1.30110%
1610 538 210% 1.40£10%
1800 533 410% 1.52 410 %
1900 533410 % 1.52 410 %
2000 533410% 1.52£10 %
2100 532 +10% 162410 %
2300 529 +10% 1.81 410 %
2450 527 410% 1.95 410 %
2600 525 110% 216 £10 %
3000 520 110% 2.73110%
3300 516410 % 308410 %
3500 51.3 410% 48,6 331410 % 3.29
3700 510110% 355+10%
3900 50810 % 378410 %
4200 50.4 410 % 113410 %
4600 498 :10% 4,60 410 %
4900 49.4 110 % 1.95110%
5200 49.0 +10 % 530 410 %
5300 489 210% 542110 %
5400 487 410 % 553110 %
5500 486 110% 5.65 £10 %
5600 48,5 410 % 577 410 %
5800 48.2 210 % 600 £10 %
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74
Software OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps® : 48.6 sigma : 3.29
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smmvdy=5mm/dz=4mm
Frequency 3500 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %

Frequ
e 18 SAR (W/ke/W) 102 SAR (W /kg/W)
measured measured
3500 63.94(6.39) 24.05(2.41)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
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Equipment Manufacturer / A Current Next Calibration
Description Model  [19emtification No.| oy ation Date Date
SAM Phantom MVG SN-13/09-SAMes [Validated. Nocal Validated.  No call
required. required.
lcomosAR Test Bench Version 3 NA Valid_ated. No cal Valic!ated. No cal
required, required,
Network Analyzer | RONde & Schwarz 100203 05/2019 05/2022
Network Analyzer = | Rohde & Schwarz
Calibration kit ZV-Z235 101223 052019 0572022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RONde S Schwarz 108589 04/2019 04/2022
c Characterized prior to|Characterized prior to
e Nathiersemn SHL040 test. No cal required. [test. No cal required
Power Meter NI-USB 5680 170100013 05/2019 05/2022
qooag Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature /UMY Testo 184 H1 44220887 05/2020 05/2023
ensor
Page: 13/13

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@Ilets.com

Project No.: JYTSZE2109069

Page 277 of 318



f
’\ I Report No: JYTSZB-R14-2100343

SAR Reference Dipole Calibration Report

Ref: ACR.15.1721. MVGB B
Cancel and replace the report ACR.15.17.21 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: 3700 MHZ
SERIAL NO.: SN 50/20 DIP 3G700-518

Calibrated at MVG
Z1 de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
e, cofrae

ETALOWNAGE

Accreditations 22-6789 and 22-6814
Scope svailable on waww.cofrac &

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 sre traceable to
national metrology institutions.
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Checked by - Jérdme LUC Technical Manager | 1/152021 rEsT
Approved by - Yann Toutain Laboratory Director 232021 |~ 57 e
o
Customer Name
JianYan Testing
Distribufion : Group Shenzhen
Co Ltd
Issue Name Date Mbodifications
A Jérdme LUC 1/15/2021 Initial release
B Jértme LUC ME2021 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
CELIEC 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 3700 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID3700
Serial Number SN 5020 DIP 3G700-518
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
CELIEC 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 EKDBs and CELTEC 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.

41 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum loss of -20
dB or better. The retun loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as cutlined i the fore mentioned standards. A direct method 15 used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAT REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 standards specify the mechamical 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 COMOSARE. 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.

3 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 Guudes to
Measurement Uncertainty.

51 RETURNLOSS
The following uncertainties apply to the refumn loss measurement-
Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.08 LIN

32 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm

33 VAILTDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEITEC 62209
standards were followed to generate the measurement uncertamty for validation measurements.
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Scan Volume Expanded Uncertainty
1g 19 % (SAR)
10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1

higpary,

SRl ARM RO RN A0 En) |

EETUERN T.OSS AND IMPEDANCE IN HEAD TIQUID

HHr
TR0

L |

A

=
]
2
~Hi-!
Frequency (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
3700 -32.15 -20 492 0+2310
6.2 3
Teqaewy Moz
T N R R ) I
i)
-:-[-E
Frequency (MHz Eeturn Loss (dB) Requirement (dB) Impedance
3700 -26.49 -20 4810+43 10
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This docessenr sterll neot be reproduced, excepr o fill or in part, withour the wriren approval of WFG The fgformanon comamed berem i3 to be wed
avly o the purpose jor which ir v o omd is mor iy be released o whole or parr withoss wrigen approv of MG

JianYan Testing Group Shenzhen Co., Ltd.

Project No.: JYTSZE2109069

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@Ilets.com

Page 283 of 318



INT

Report No: JYTSZB-R14-2100343

SAR EEFERENCE DIFOLE CALIBRATION REFORT

Esf ACR 151721 MVWGEB

6.3 MECHANICAT DIMENSIONS

Frequency MHz L rmami ki mim dmm
e required mzsasured required measured

300 AX00 =1 %, 250.0 X1 % 63ISH %

450 29001 %, 166.7 21 %. 63ISH %

750 176021 %. 100021 % 63ISH %

B35 161021 %, HmEH % IEH %

200 145021 %. B33h % IEH %

1450 B9.1 1% 51.7H % IEH %

1500 BD.5 =1 %. 50.0H %. I6HE

1640 a0 % 457 H %, I6HE

1750 7521 % 4280 %, I6HE

1500 T2021%. MTHE I6HE

1500 6E.0 =1 %. JB5H % I6HE

1850 66.3 21 %. JBSH % I6HE

2000 64521 %, J7EH . I6HE

HD 61.021 %. I5TH . I6HE

2300 55501 % e % IEH %

2450 51571 % ELEha IEH %

2600 48571 %. HMER % IEH %

3000 41571 % moh % IEH %

EE] - -

3500 I7TOEL % 2E4H % IEH %

3700 IMTHL % 34.69 26.4H % 26.44 36+ % 3.58
Jom - -

AR - -

A5M - -

Fi =" - -

T VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELIEC 62209 standards state that the system validation
measurements nmst be performed using a reference dipole meeting the fore mentioned retomn loss
and mechanical dimension requirements. The validation measurement must be performed agamst 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 paralle] 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.

plmte ACKE DD N

.u-urbunhbwnu;

This docssmenr sterll nor be reprodeced, exceps o fill or in perr,
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7.1 HEAD LIQUID MEASUREMENT

F"F;"“::"' Relative permittivity (=] Conductiity jo) 5fm
required mensured required measured
300 45.3%10% DETII0%
450 43.5%10% 0ETII0%
750 419%10% 0.E9210%
835 415%10% 0.30210%
|00 41 5%10% 0.9710%
1450 20.5%10% 1.20210%
1500 204 %10% 1.23210%
1640 202 %10% 131710%
1750 20.1%10% 137210%
1500 20.0%10% 1.20210%
1500 20.0%10% 1.20210%
1550 20.0%10% 1.20210%
H000 20.0%10% 1.20210%
2100 IS EII0% 149210%
2300 35.5%10% 167210%
2450 35 2EI0% 1.80210%
2600 I50EI0% 196510%
3000 IESTI0% 2a0Ei0%
3300 IEZ2EI0% ET1E10%
3500 ITHII0% 291F10%
3700 ITTFIIN% 5.2 F12E10% 335
F500 ITS5EI0% F32EI0%
4200 IT1EI0% F63TI0%
4600 I6ETII0N 404 210%
4600 363 EI0% 4.35210%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 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 walues are normalized to 1 W forward power. In
bracket, the measured SAR. is given with the used imput power.
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OPEMSAR WS
SH 1309 SAMGE
SH 41118 ERGO333

Head Ligwid Values: eps’ - 352 siema - 3.35

Diisiance between dipole center and hguid 10.0 mm
dr=Smm/'dy=5Smm/dr=4mm
3700 MHz
20 dBm
20 +-1°C
2 +-1°C
30-70 %
s 15 SAR (W/kg/W) 10 5 SAR (W/kg/W)
required measured required measured
300 2185 184
450 458 3.06
750 B40 5.55
835 956 6.22
00 LIk} 6.99
1450 9 16
1500 305 168
1640 342 184
1750 36.4 153
1800 384 201
1500 £ M5
1450 405 paik )
2000 411 11
2100 436 19
2300 487 133
2450 524 24
2600 55.3 26
3000 63.E 257
3300
3500 671 25
3700 67.4 6536 [5.84) 132 2487 [2.50)
3500
4200
4600
4600
Page: 213
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7.3 BODY LIQUID MEASUREMENT

F"F;"“::"' Relative permittivity (=] Conductiity jo) 5fm
required mensured required measured
150 619%10% 0.50210%
300 SE2TI0% 0.92210%
450 56.7I10% 0.54710%
750 55.5%10% 0.96210%
835 55.2%10% 0.9710%
00 55.0%10% 1.05210%
915 55.0%10% 1.06210%
1450 54.0%10% 1.30210%
1610 53.BX10% 1.20210%
1500 53.3%10% 152210%
1500 53.3%10% 152210%
H000 53.3%10% 152210%
2100 53.2%10% 1.62210%
2300 52.9%10% 1.E81710%
2450 52.7E10% 195210%
2600 52.5%10% E16E10%
3000 52.0%10% ET7ITI0%
3300 S16EI0% JOEZI0%
3500 51.3%10% 331T10%
3700 51.0%10% 471 355510% j62
F500 S0ETI0% ITEZI0%
4200 5004 F10% 413710%
4600 45 ETI0% 4.60210%
4600 454 710% 495510%
5200 45.0110% 5.30E10%
5300 4E9TI0% 5.42510%
5400 4E 7 EI0% 5.53510%
5500 4R 6T10% 5.65510%
5600 4R 5%10% 577EI0%
SE00 4R 2 F10% 6.00210%
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74 SAR MEASUREMENT RESULT WITH RODY LIQUID

Software OPEMSAR VS
Phantom SH 13404 SAMGE
Frobe SH 41118 EPGO333
| Liguid Body Ligquid Vahoes:
Distance between dipole center and liguid 10.0 mm
Fpon Scan Besolution d—smmidy=5Smm/'dr—4mm
| Frequency 3700 MEz
Input power 20 dBm
[ Liguid Tempersture 20 +i- 1°C
Lab Temperaiure 20 +-1°C
Lab Hurnidity 30-70 %4
Fresuency 1 5 SAR (W/kg/W) 10 g SAR [Wi/kg/ W)
measured measured
3700 63.76 (6.38) 23.30 (2.33)

SR
s oo d
%53
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
. . Identification No. . .
Description Model Calibration Date Date
\Malidated. Mo cal [Walidated. Mo cal
SAM Phantom MG SM-1308-5AMGE equirad. e quired.
. \Malidated. Mo cal [alidated. Mo cal
JCOMOSAR Test Banch Version 3 A L equired. e quired.
Metwork Analyzer R""“E;,MS”'““ 100203 05/2019 D&2022
Nebasork Analyzer — Rohde & Schwarz
Calibration kit _TII5 1223 052019 Ds2022
Calipers Mitutoyo 5N 0009732 102018 1V20z2
Reference Probe MG EPG0333 SN 4118 052020 052021
Multimeter Heithley 2000 1160271 022020 022023
Signal Generator R“"“E;msc“'a'z 108520 0412012 D4/2022
- Characterized prior to|Characterized prior to
Amplifier Asthercomm SN D46 test Mo cal required. [test. Mo cal required.
Power Meter MI-LISB 5680 170100013 052019 052022
L Characterized prior to|Characterized prior to
Directional Coupler Warda 4218-20 01388 fest No cal required. Mo cal required.
TE“""E'E'S“' e/ Humidityl  ocio 184 H1 44220687 D05/2020 D5/2023
Pape: 1313
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Cancel and replace the report ACR.15.18.21.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: 3900 MHZ
SERIAL NO.: SN 50/20 DIP 3G900-519

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
1, cofrae

ETALONNAGE

Accreditations #2-678% and #2-6814
Scope available an www cofrac fr

Summary:

This document presents the method and results from an accredited SAR reference dipele calibration
performed i MVG using the COMOSAR test bench, All calibration results are traceable to
national metrology institutions
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[%4
e 2021.02.0
8 17:59:59
+01'00'
Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,Ltd.
Issue Name Date Modifications
A Jérome LUC 1/15/2021 Initial release
B Jéréme LUC 2/8/2021 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
CEIEC 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 3900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D3900
Senal Number SN 50/20 DIP 3G900-519
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Page: 4713
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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 retumn 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 is used
with a network analyser and its calibration kit, both with a valid [SO17025 calibration.

JICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 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 fora 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.

51 RETURN LOSS
The following uncertainties apply to the return loss measurement:

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

52 DIMENSION MEASUREMEN'T

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 ¥ b IASUREMEN

The gdelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEIIEC 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, Mz

0~

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3900 21,52 -20 157 Q+72j0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraquancy, M-z

3300 320 3340 3660 3880 3500 3920 3940 I 3380 4000

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3900 -20.21 -20 49.0 QQ+9.7102
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63
Frequency MHz Lmm hmm dmm
required measurad required measured required measured

300 3200 11 %. 2500 +1 %, 63511 %,

450 290.0 41 %, 166.7 +1 %, 6.35 1%,

750 176.0 41 %, 100,041 %, 635 1%,

#35 161011 %, 898 +1%. 36:21%.

900 149.0 11 %, 83311%. 36215%.

1450 891 £1%. 517 +1%. 361 %.

1500 80.5 +1 %. 50.0 £1 %, 3,641 %,

1640 7901 %. 457 11 %. 3621 %,

1750 75.2£1%. 42911 %. 3621 %,

1800 72041 %. 41.7 £1 %, 3611 %,

1900 68.0 £1 %. 39.5 +1 %. 3621 %

1950 66.3 £1 %. 38.5 £1 %, 36:17%,

2000 64.5 11 %, 37511 %. 3611 %,

2100 61.0 £1%. 357 41 %, 3641 .

2300 5551 %, 326 t1%. 3.621%.

2450 51.5+1%. 30.4 +1 %, 361 %.

2600 485 £1 %, 288 1%, 3611 %,

3000 415 £1 %, 25.0 £1 %, 3621%.

3300

3500 37.0£1 %. 264 £1 %, 3.6 21 %.

3700 37£1 %, 26.4 41 %, 3,621 %,

3900 3 3186 = 2111 z 361
4200

4600

4900

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
liqud filled flat phantom. with the phantom constructed as cutlined 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 ! ' SASURE J
. Relative permittivity (s/) Conductivity (o) $/m
required measured required measured
300 453 410% 087 £10%
450 435 10 % 08710 %
750 419 £10% 089:10%
835 41,5 110% 0.90 110 %
900 41.5 410 % 097 110%
1450 40.5 110 5% 1.20 410 %
1500 404 110 % 1.23+10%
1640 40.2 110 % 1.31110%
1750 40.1 £10 % 137110%
1800 400 £10 % 1.40£10%
1900 400 £10 % 1.40 £10 %
1950 400 £10 % 1.40 £10 %
2000 400 10 % 1.40 £10 %
2100 398 210% 149 10 %
2300 395 110% 1.67 110 %
2450 392 £10% 1.80 £10 %
2600 390 110% 1.96 110 %
3000 385 +10% 24010 %
3300 382 410 % 271 410%
3500 379:10% 291 110%
3700 37.7 210 % 312:10%
3900 3751:10% 346 332:10% 362
4200 371 £10% 3.63110%
4600 36,7 :10% 404110%
4900 36.3 £10% 1.35+10%
72

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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Soflware OPENSAR VS

Phantom SN 13/09 SAM6S

Probe SN 41/18 EPGO333

Liquid Head Liquid Values: eps’ | 34.6 sigma : 3.62

Distance between dipole center and liquid

10,0 mm

Area scan resolution d=8mm/dy=8mm
Zoon Scan Resolution dx = Smmvdy = Smm/dz=4mm
Frequency 3900 MHz
Input power 20 dBm
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
iz oscsd 1 SAR (W/kg/W) 108 SAR (W /kg/W)
required measured required measured
300 2.85 1.94
450 4.53 3.06
750 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 39 205
1950 405 209
2000 11 211
2100 436 219
2300 487 233
2450 524 24
2600 553 246
3000 638 257
3300
3500 671 P
3700 674 242
3900 66.92(6.69) 23.48(235)
4200
4600
4900
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73 SUREMENT
. Relative permittivity {s,") Conductivity (0) $/m
required measured required measured
150 619 410% 0.80 +10 %
300 58.2 £10% 0.921+10%
450 56,7 410 % 094410 %
750 55.51410% 0.96 110 %
835 55.2 410% 097 410%
S00 550:10% 1.05110%
915 S50 10 % 1.06 410 %
1450 540 410% 1.30110%
1610 538 210% 1.40£10%
1800 533 410% 1.52 410 %
1900 533410 % 1.52 410 %
2000 533410% 1.52£10 %
2100 532 +10% 162410 %
2300 529 +10% 1.81 410 %
2450 527 410% 1.95 410 %
2600 525 110% 216 £10 %
3000 520 110% 2.73110%
3300 516410 % 308410 %
3500 51.3 410% 331410 %
3700 510110% 355+10%
3900 50810 % 16.7 378410 % 407
4200 50.4 410 % 113410 %
4600 498 :10% 4,60 410 %
4900 49.4 110 % 1.95110%
5200 49.0 +10 % 530 410 %
5300 489 210% 542110 %
5400 487 410 % 553110 %
5500 486 110% 5.65 £10 %
5600 48,5 410 % 577 410 %
5800 48.2 210 % 600 £10 %
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74
Software OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 46.7 sigma : 4.07
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution d=Smmydy=5mm/dz=4mm
Frequency 3900 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %

Frequ
e 18 SAR (W/ke/W) 102 SAR (W /kg/W)
measured measured
3900 64.54 (6.45) 22.77(2.28)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
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Equipment Manufacturer / A Current Next Calibration
Description Model  [19emtification No.| oy ation Date Date
SAM Phantom MVG SN-13/09-SAMes [Validated. Nocal Validated.  No call
required. required.
lcomosAR Test Bench Version 3 NA Valid_ated. No cal Valic!ated. No cal
required, required,
Network Analyzer | RONde & Schwarz 100203 05/2019 05/2022
Network Analyzer = | Rohde & Schwarz
Calibration kit ZV-Z235 101223 052019 0572022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RONde S Schwarz 108589 04/2019 04/2022
c Characterized prior to|Characterized prior to
e Nathiersemn SHL040 test. No cal required. [test. No cal required
Power Meter NI-USB 5680 170100013 05/2019 05/2022
qooag Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature /UMY Testo 184 H1 44220887 05/2020 05/2023
ensor
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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
Technopdle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021

at,  cofrac
SN2 7,
ﬁ — %
N
o ETALONNAGE

Accreditations #2-678% and #2-6814
Scope available oo www cofrac fr

Summary:

This decument presents the method and resulis from an accredited SAR reference dipole calibration
performed at MV, using the COMOSAR test bench. The test results covered by accreditation are
traceable to the International System of Units (SI)
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Customer Name
JlanYan Testing
Distribution : Group Shenzhen
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Issue Name Date Modifications
A Jérome LUC 1/15/2021 [nitial release
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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 5200-5800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDS000
Senial Number SN 50/20 DIP 5G000-523
Product Condition (new / used) | New

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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mvGg

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.

41 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 flat phantom,
with the phantom constructed as outlined in the fore mentioned standards, A direct method is nsed
with a network analyser and its calibration kit, both with a valid [SO17025 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 returm loss measurement:

Frequency band
400-6000MH2

Expanded Uncertainty on Return Loss
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 CEIIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume

Expanded Uncertainty

lg

12 % (SAR)

10g

19 % (SAR)
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIOUID

Froquency MH2

S 200 LX 5400 5500 5600 SN S80K S50
: -

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 -23.48 -20 46.37€) - 561102
5400 -23.72 -20 485762+ 6.35102
5600 24.79 -20 45.54 02 + 36302
5800 -23.58 -20 4527 Q2 + 46162

6.2 RETURN LOSS IN BODY LIQUID

Froquency. MH2

5300 400 5500 3600 SN0
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -24.36 -20 45.100-352102
5400 -25.13 =20 48910+ 542102
5600 -24.16 -20 46.63 0+ 518102
5800 -22.79 =20 4474 Q0 + 495102
63 MECHANICAL DIMENSIONS
Frequency MH2 Lmm hmm d mm
required measured required measured required messured
5000 to 6000 20,621 %. 2064 203 £1 %, 40.09 3611 %. 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
liquicl 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
:"_z Y | Relative permittivity (&) Conductivity (o) $/m
required measured required measured

5000 36.2 10% 4454109

5100 36.1 110 % 456 110%

5200 36.0 +10% 34.06 4.66 110% 4.70
5300 35.9110% 4.76 110 %

5400 35.8110% 333% A4.86 110 % 491
5500 356 +10% 4.87 110%

5600 355 110% 32.77 5.07 210 % 313
5700 354 :10% 517 :210%

5800 353 +10% 32.40 527 110% 5.34
5900 352 110% 5.38 110%

6000 351 110% 548 110%
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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 VS

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

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

Head Liquid Values 5400 MHz: eps’ :33.39 sigma : 4,91
Head Liquid Values 5600 MHz: eps' :32.77 sigma : 5.13
Head Liquid Values 5800 MHz: eps' :32.40 sigma : 5.34

Distance between dipole and liquid

10 mm

Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dxAmrmv'dy=<m/dz=2mm
Frequency 5200 MHz
SA00 MHz
S600 MHz
S800 MHz
Input power 20 dBm
Liguid Temperature 20+/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Frequency {MHz) 1 2 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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73
F’n“g“" Refative permittivity (&) Conductivity (6) S/m
required measured required measured
5200 490 L10%, 45,50 5.30 410 % 563
5300 489 +10% 5.42110%
5400 487 10 % 1478 5.53410% 5.95
5500 486 +10% 565410 %
5600 485 £10% 14,85 577410 % 6.26
5800 482 £10% 4445 6.00 410 % 6.58
7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
quuid Body Liqnfd Values 5200 MHz: eps' :45.50 st:gma : 563
Body Liquid Values 5400 MHz: eps' 144,78 zigma : 5,95
Body Liguid Vahies 5600 MHz: cps' :44.85 sigma : 6.26
Body Liquid Values S800 MHz: eps' :44.45 sigma : 6.38
Distance between dipole and liquid 10 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
; 5200 MHz
Foaqpancy 400 MHz
5600 MHz
S80:0 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20 +/-1°C
Lab Humdity 30-70%
Frequency (MHz) 1 g SAR {(W/kg) 10 g 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)
S800 72.55(7.25) 21.08(2.11)
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Ref: ACR 152220 MVARE

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model  |demtiicationNo.| o i ration Date Date
Fiat Phantom MVG SN-13/00-SAMES Vahd_ated. No cal Vaud_ated. No cal
required. Fequired.
\Validated. Nocal Validated, No cal|
JCOMOSAR Test Bench Version 3 NA fequired. Fequired.
Network Analyzer | RONde % Schwarz 100203 05/2019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit ZV-2235 123 ONR DR
Calipers Mitutoyo SN 0009732 10/2019 1072022
Reference Probe MVG EPGO333 SN 4118 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Ronde % Sehwarz 106589 0472019 04/2022
Characterized prior to|Characterized prior to
Ampiiiar Anthercomm SME test. No cal required, [test. No cal required
Power Meter NI-USB 5680 170100013 05/2019 0512022
N 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 05/2020 05/2023
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