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COMOSAR E-Field Probe Calibration Report
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MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 18/21 EPGO354
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29280 PLOUZANE - FRANCE

Calibration date: 05/20/2021
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ETALONNAGE

Accreditations 22-6789 and #2-6814
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Summary:

This document presents the method and results from an accredited COMOSAR. E-Field Probe
calibration performed at MVG, using the CALIPROBE test bench_ for use with a MVG COMOSAR
system only. The test results covered by accreditation are traceable to the International System of
Units (SI).
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1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 18721 EPGO354
Product Condition (new / used) New
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.202 MQ

Dipole 2: R2=0.217 MQ

Dipole 3: R3=0.225 MQ

2 PRODUCT DESCRIPTION

21  GENERAL INFORMATION

MVG’s COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDB865664
D01, CENELEC EN62209 and CELIEC 62209 standards.

Figure 1 — MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDB865664 D01, CENELEC EN62209 and CEI/IEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/kg to 100W/kg.
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32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWERDETECTION LIMIT

The lower detection limit was assessed using the same measorement set up as used for the lineanty
measurement. The required lower detection limit is 10 mWikg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom m the test confisuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees m 13-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipele 1s rotated about its axis (0°-120%) in 15° increments. At each step the probe 15
rotated about its axis (0°-3607).

31 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the Liqud when the probe is oniented normal to the mterface. To evaluate this
effect, the liqnd filled flat phantom is exposed to fields from either a reference dipole or wavegmde.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following umcertainty
approximation formula based on linear and exponential extrapolations between the surface and 4, +
4, along lines that are approximately normal to the surface:

SAR oy o] = BAE f"*'-*-: RS [, — 40 ) < 10 mn

where

SARmmq, 15 the uncertainty in percent of the probe boundary effect

dhe is the distance between the surface and the closest zoom-scon measurement
point, in millimetre

Actep 15 the separation distance between the first and second measurement points that
are closest to the phantom surface, in nullimetre, assuming the boundary effect
at the second location is negligible

& 15 the minimum penetration depth in millimetres of the head tissue-equivalent
hiquids defined in this standard 1e., &= 14 mm at 3 GHz;

ASABy. m percent of SAR is the deviation between the measured SAR value, at the
distance g, from the boundary, and the analyhcal SAR value.
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The measured worst case boundary effect SARuncertamty{%a] for scanming distances larger than
4mm is 1.0% Limit 2%).

4 MEASUREMENT UNCERTAINTY

The guidelines cutlined m the IEEE 1328, OET 653 Bulletm C, CENELEC EN30361 and CELTEC
62200 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigue. 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.

Uncertainty analysis of the probe calibration in wavesmde

Uncertaimty | Probability . . Standard
ERROR SOURCES valne (3%) Distributs Divisor Uncertainty (%)

Expanded nncertainty 145
95 % confidence level k=2

5 CALIBEATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature W+-1°C
Lab Temperature W+-1°C
Lab Humidity 30-70 %

31 SENSITIVITY TN ATR

Nomx dipole | Normy dipole | Norme dipole
1 (V/(Vim)®) | 2 @VIVimy) | 3 uVitvim)®)
0.36 0.87 0.90

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) (m'V) (mV)
107 101 105

Calibration curves ei=f{V) (i=1,2.3) allow to obtain E-field value using the formmula:

E=\E*+E*+E}
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Calibration curves
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53 SENSITIVITY IN LIQUID

(MHz +-
1

HL450" 150 152
BLA50" 150 T.E7
HLT50 750 E]
BL750 750 LEl
HLE50 [EE L.68
BLES0 B35 1az
HLO0D E] L.e&
BLO0 00 EH
HL1450 450 2.25
BL1450 450 754
HL1750 1750 207
BL1750 1750 720
HLI1900 1000 214
BLI1D0D 1000 723
HL2100 2100 2.00
BL2100 2100 337
HL2300 2300 7.23
BL2300 1300 BT
HL2450 7450 7.23
BI2450 7450 T
HL2600 T600 7.15
BL2600 T600 738
HI3300 3300 2.02
BL3300 3300 2.10
HL3500 3500 2.11
BL3500 3500 2.20
HL3700 3700 213
BL3700 3700 228
HL3000 3000 236
BL3900 3000 248
HLA4200 4200 258
BL4200 4200 2.63
HIL 4600 4600 244
BLA600 1600 2.60
HLA200 4000 234
BL4900 4000 2.32
HL5200 5200 186
BL5200 5200 175
HL5400 5400 2.07
BL5400 5400 104
HL5600 5600 2.20
BL5600 S600 2.11
HL5800 5500 z.m
BL5800 5200

* Frequency not cover by CUFRAC scope, calibration not aceredited

LOWEE. DETECTION LIMIT: 8BmWikg
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
e Identification No. . .
Description Muodel Calibration Date Date
\Validated. Mo cal [Validated. Mo ca
Flat Phantom MG SM-20/D8-5AMT1 L equired. e quired.
. \Malidated. Mo cal [Walidated. Mo cal
|COMOSAR Test Bench Version 3 NA  equired.  equired.
Network Analyzer R”"“E;,MSD“'"“'Z 100203 052019 052022
MNebwork Analyzer — Rohde & Schwarz
Calibration kit UFII5 101223 052019 02022
Multimeter Heithley 2000 1160271 022020 022023
Signal Generator R”"“E;msc“'"a'z 108589 D4/2019 D4/2022
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN D48 test Mo cal required. [test. Mo cal required.
Power Meter HMI-LUISB 5680 170100013 052019 Ds2022
L Characterized prior to |Characterized prior to
Directional Coupler Narda 4218-20 01386 fest No cal required. Mo cal required.
. . \Malidated. Mo cal \Malidated. Mo cal
Waveguide Mega Industries DEeYT-158-13-712 equirad. e quired.
. . . \Malidated. Mo cal \Malidated. Mo cal
Wawveguide Transition | Mega Industries EaYT-158-13-701 = quirad. e quired.

B - . \Malidated. Mo cal \Malidated. Mo cal
[Waveguide Termination| Mega Industries EeYT-158-13-701 equired. equired.
Temperature [ Humidity]  roc4, 184 11 44220887 0512020 052023

Sensor
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No0.110~116, BUILDING B, JINYUAN BUSINESS BUILDING,
XIXIANG ROAD, BAOAN DISTRICT,

SHENZHEN, GUANGDONG, PR CHINA
MVG COMOSAR REFERENCE DIPOLE
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Calibration date: 01/14/2021
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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 institutions
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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 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Senial Number SN 50420 DIP 0G750-506
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

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 return 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 Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS
The following uncertainties apply to the returm loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 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 VALIDATION MEASUREMENT

The guidelines 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

g

19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency, MMz

7™ 70 300

S06S) 60 W 7AW TAC

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -25.31 -20 54.00Q-37;Q
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MMz

650 660
Pt 2l

740
&0

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

Impedance

750 -27.14

-20

5420+ 1.4j0
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Ref ACR15521.MVGE E

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

300 4200 11 %, 2500 £1 %, 63521 %,

450 2900 £1 %, 166,7 £1 %. 6351 %,

750 176021 %, 177.03 1000 £1 %, 100.34 63521 %, 635
835 161.0 £1 %, 89.8 41 %, 3.6 +1%.

900 149.0¢1 %, 83311 %. 3611 %.

1450 891 :1%. 51.7 41 %, 3611%,

1500 80521 %. 50.0 11 %, 3611 %,

1640 79.0 21 %, 457 41 %, 3611 %.

1750 715221 %. 42911 %, 3611 %,

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

1%00 68,0 11 %, 39.5 £1 %, 3641 %,

1950 663 11 %, 38.5 41 %, 3641 %,

2000 645 1 %, 37.5 41 %. 3611 %,

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

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

2450 51.5 21 %. 30.4 11 %. 36+1%.

2600 485 =1 %, 28841 %. 3611%.

3000 41521 9%, 25041 %. 3641 %.

3300

3500 37021 %, 26441 %, 3641 %,

300 34.7:1%, 26.4 11 %, 3611 %.

3500

4200

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
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positicned 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.

Template ACRDDDN. YEMVGHEISSUE _SAR Reference Dipole w3
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7.1
F";‘;:"" Relative permittivity (&) Conductivity (o) /m
required measured required measured

300 453 £10% 087 +10 %
as50 435 110% 08710 %
750 419 £10% 418 0.89 110 % 0.82
835 415 £10% 050 110 %
900 1.5 090% 0.97 10 %
1450 40.5 £10 % 1.20:10%
1500 404 210 % 1.23:10%
1640 402 10 % 131+410%
1750 401 210% 1.37410%
1800 400 £109% 1.40:10%
1900 400 £10% 1.40 210 %
1950 400 £10% 140 110%
2000 400 £10 % 1.40 £10 %
2100 398 110% 1.49410%
2300 39.5 £10 % 167 +10%
2450 392 110% 180410 %
2600 390 $10% 1.96 110 %
3000 385 £10% 240110 %
3300 382 110% 2.71110%
3500 379 110% 291 110%
3700 377 110% 312 1:10%
3900 375 £10% 332:10%
4200 371 210% 3.63410%
4600 36.7 £10% 4.04 £10%
4900 363 10 % 435 :10%

72 S SASUREME ESU WITE ) J

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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Ref ACRI155 21 MVGEE

Soflware OPENSAR VS
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liguid Head Liquid Values: eps® : 41.8 sigma : 0.82
Distance between dipole center and liquid 15.0 mm
Arca scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5Smm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 20+« 1°C
Lab Temperature 20+~ 1°C
Lab Humidity 30-70 %
Frequency
e 18 SAR (W/ke/W) 10 g SAR (W/kg/W)
required measured required measured
300 2,85 1594
450 a4.58 3.06
750 8.9 8.57(0.86) 555 5.56 (0.56)
B34 9.5 6.22
9S00 109 6.99
1450 29 16
1500 305 163
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 40.5 209
2000 111 211
2100 a36 219
2300 a8.7 233
2450 524 2
2600 553 2456
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
Page: 913

Tempiate ACRDDDN. YEMVGHISSUE_SAR Reference Dipole w3
Thiz docmere shall not be reprodced, except n full or i pad; withad the written approved of MVG. The ifomation contawed herew i 1o be soed
only forthe purpase for winch 2 i submited ond & not te be refeazed o whale ar part withaut writken approval of MVG.

JianYan Testing Group Shenzhen Co., Ltd.

Project No.: JYTSZE2112008

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 120 of 189



’
’\ I Report No: JYTSZB-R14-2100329

Ref ACR155 21 MVGR B

SAR REFERENCE DIPOLE CALIBRATION REPORT

- ; 3
6 N | |
N
l:: 19 N i1
48 - | |
. 23
o £ | |
. - N '
" |
N |
pus 2 i
ol | | I N‘\
X NRUMERIIZIZNSZXN
2y

Page: 10/13

Tempiate ACRDDDN. YEMVGEISSUE_SAR Reference Dipole v
Thiz docwmere shadl not be reprodiced, except »n fll or i pad, withad the written approved of MVG. The mfomation contned herewn i 10 besoed
oy for the puipase for wind & & submuted wond & not to be refeaned or whale ar part withaut written approval of MVG.

JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZE2112008
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 121 of 189



Report No: JYTSZB-R14-2100329

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRI3321MVAEE

73
F";‘;:"" Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 0.80 +10 %
300 582 110% 092 +10%
450 56.7 £10% 0.94 110 %
750 555 £10% 52.9 056 110 % 0.89
835 552 10 % 0.97 10 %
900 550 £210% 1.05:10%
9215 550 £10 % 1.06 +10 %
1450 540 £10% 130410 %
1610 538 £10% 1.40 £10 %
1800 $3.3 £10% 1.521:10%
1900 533 410% 1.52+10%
2000 533 £10% 152110%
2100 532 :10% 1.62110%
2300 529 +10% 1.81410%
2450 $2.7 110 % 195+10%
2600 525 110% 216 410 %
3000 520 $10% 2.73110%
3300 516 £10% 3.08110%
3500 513 110% 331110%
3700 510 £10% 355110%
3900 508 £10% 3.78110%
A200 504 £10% 413 110%
4600 498 210% A4.60 £10 %
4900 494 210% 4.95110%
5200 490 £10 % 5.30 110 %
5300 489 0% S542410%
5400 487 110% 553410%
5500 4856 £10% 565110%
5600 485 £10% 577110 %
5800 482 +10% 6.00 +10 %
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74
Softwire OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps' : 52,9 sigma : 0.89

Distance between dipole center and liquid

15,0 mm

Area scan resolution

d=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=5mm

Ref ACR 153

Freguency 750 MHz
Input power 20 dBm
Liquid Temperature 20 +/-1°C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
Frequency
v 1.2 SAR (W/ke/ W) 10,8 SAR (W /kg/W)
measured measured
750 8.62(0.86) 5.73(0.57)

\" 4
! E
o N

e 2
o8
s 2
- o
wn 06
-
M ra
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / I ~ Current Next Calibration
X - entification No.| _, -
Description Model Calibration Date Date
\Validated. Nocal Validated, No cal
SAM Phantom MVG SN-13/09-SAMES equired. Fequired.
\Validated. No cal Validated. No call
JCOMOSAR Test Bench Version 3 NA fequired. Fequired.
Network Analyzer R”degﬁ"“” 100203 05/2019 052022
Network Analyzer ~ | Rohde & Schwarz
Calibration kit 7V-2235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGQO333 SN 41118 05/2020 05/2021
Multimeter Keithley 2000 1160271 0272020 02/2023
Signal Generator | RONde % Schwarz 106589 04/2019 04/2022
- Characterized prior to|Characterized prior to
Ampitfier AsEeropmm SN048 test, No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
Characterized prior to|Characterized prior to
Dicactional Coupler Marda 4216-20 01386 test. No cal required. [test. No cal required.
Temperature / Humidity]  Testo 184 H1 44220887 05/2020 0512023
ensor
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Caneel and replace the report ACR,13.6.21, MVGEB.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: 835 MHZ
SERIAL NO.: SN 50/20 DIP 0G835-507

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

Calibration date: 01/14/2021
ooy, cofrac
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ETALONNAGE

Accreditations #2-6789 mnd 42.6814
Scope available on www.cofrac fY

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed i MVG using the COMOSAR test beach.  All calibration results are traceable 10
national metrology nstitutions
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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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID83S
Serial Number SN 50/20 DIP 0GR35-507
Product Condition (new / used) New

3 PRODUCT DESCRIPTION
3.1 G 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 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 is 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 speafy the mechamical components and
dimenstons 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 Infernationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

I'requency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

52 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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN50361 and CEI/IEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Page: 5/13

Template ACR.DDON. YYMVGBISSUE SAR Reference Dipole vG
This docaumsess ehud) rat be rprodoced, except vt fidl or inpart, without the written approval of MO, The infanuation comtained feerein i to be wsed
amly forthe purpace far wivch 1t is adwetted and & not 10 be celeased i whole orpart without written approes! of MVG.

JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZE2112008
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 129 of 189



INT

Report No: JYTSZB-R14-2100329

SAR REFERENCE DIPOLE CALIBRATION REPORT Ret: ACR.10.621.MVGA B
Scan Volume Expanded Uncertainty

lg 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MH;

Ml ! L 520 840

40~ !
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -30.14 -20 51302-28i02
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequancy. MH;
10
15
5
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -30.96 -20 4720 -0.410Q
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63 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
reguired measured required measured required measured

300 4200 :1 % 2500 £1 %, 6,35 £1 9%,

450 2900 £1 %, 166.7 1 %. 6,351 %,

150 17601 %, 1000 1 %. 635 £1 %,

835 161,041 %, 161.29 89.8+1 %, 89.25 3641 %, 359
900 149.0 £1 % 83341 % 3.6 41 %.

1450 891 41 %, S1.7+41 %, 3.6 11 %,

1500 80.5 41 %, S00:1% 3.6 41 %,

1640 79.0 41 %. 4571 % 3.6 1%,

1750 75.2 11 %. 42911 %. 3611 %,

1800 120 1 %. AL7 £1 %, 3.6 £1 %,

1900 68.011 %, 395 £+1°%. 3.6 11 %,

1950 66.3 11 %, 385 +1 %, 3.6 £1 %.

2000 61511 %, 37.5:1%. 3611 %,

2100 61.0 41 %, 5741 % 3.6 41%,

2300 55.541%. 32641% 3.6 41 %,

2450 51.541%. 30441 % 36 +1%,

2600 48,5 +1 %. 28841 % 3.6 11 %,

3000 41.5 41 %. 25.0 £1 %, 3.6 11 %,

3300

3500 37.041 %. 26811 %, 3611 %,

3700 34,741 %, 26441 % 3641 %,

3900
4200
4600
4500

7  VALIDATION MEASUREMENT

The [EEE 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, wath the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 MEASU o
‘":;:w Relative permittivity (s') Conductivity [0} $/m
required measwed required measured
300 453 210% 0.87210%
450 435110% 0.87 :10%
750 419 410% 0.89:10%
835 415:0% 1406 0,90 :10 % 0,89
900 415210 % 097 :10%
1450 405 =10 % 1.20:10%
1500 404 =10 % 1.23 210 %
1640 402 210 % 1.31:10%
1750 401 :10% 137:10%
1800 400 210 % 1.40:10%
1900 400 110 % 1,40 :10%
1950 400 110 % 1,40 :10%
2000 400 210 % 1.40 +10 %
2100 398 :10% 149:10%
2300 395:210% 167:10%
2450 392:10% 1.80:10%
2600 390:10% 1.96 10 %
3000 385:10% 240 210 %
3300 382:10% 21 :10%
3500 379:10% 291:210%
3100 317 :10% 312:10%
35900 375410% 332:10%
4200 371 0% 3.63:10%
4600 367 £10 % 4.04:10%
4300 363210% 435:10%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID
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 V5
Phantom SN 13/00 SAMGS
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 40.6 sigma : .89
Distance between dipole center and liquid 15.0 mm
Arca scan resolution dx=8mm/dv=8mm
Zoon Scan Resolution dx=8mm/dy=8muvdz=Smm
Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 20 +-1°C
Lab Temperature 204/-1°C
Lab Humidity 30-70 %
Frequency
g% 18 SAR (W/ke/W) 10 ¢ SAR (W /kg/W)
required measured required measured
300 285 194
450 4.58 3.06
750 8.49 5.55
835 9.56 9.57(0.96) 6.22 6.04{0.60)
900 109 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 384 201
1900 397 205
1550 05 209
2000 411 71
2100 436 s
2300 487 233
2450 524 24
2600 553 246
3000 638 257
3300
3500 671 25
3100 674 242
3900
az20
4600
4900
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73 QRY JEASUREMEN'
ol Relative permittivity (&) Conductivity [0} §/m
required measwed required measured

150 61.9 210% 0.80:10%

300 582110% 0.92:10%

450 56.7 110 % 0.94:10%

750 555410 % 0,96 +10 %

835 552:10% 523 0.97 £10% 0.94
900 550 :10% 1.05:10%

915 55.0 210 % 1.06 210 %

1450 540 +10% 1.30:10%

1610 538:10% 1.40:10%

16800 533:10% 1.52:10%

1900 533110% 1.52 10 %

2000 533110% 1.52+10%

2100 53210 % 1.62 410 %

2300 529:10% 1.81:10%

2450 527:10% 1.95:10%

2600 525:10% 216:10%

3000 520:10% 273:10%

3200 516:10% 3.08:10%

3500 513:10% 331:10%

4700 510 :10% 3.55:10%

3500 50.8:10% 3.78:10%
4700 504410 % 413:10%
4600 498 410 % 460 £10%
4900 494:10% 4.95:10%

5200 490210 % 53010 %
5300 489 +10% 5.42:10%

5400 487 :10% 553:10%

5500 486 110% 565:10%

5600 485 :10% 5.77:10%

5800 482:10% 6.00:10%
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7.4
Software OPENSAR V5
Phantom SN 13/00 SAMG8
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ © 523 sigma ; 0.94
Distance between dipole center and liguid 15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=5Smm

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70%
s 1.8 SAR (W/ke/W) 102 SAR (W /ka /W)
measurad measured
835 9.77{0.98) 636 (0,64)

\: ¥

.
w
- ;
'8y @10
o -
oW Zas
| - %
B T \\
‘.-
o ¢ N
0.3+ B
i NNUENRIDIEZANASER
Z e
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 1d Current Next Calibration
: = entification No.
Description Model 3 Calibration Date Date
SAM Phantom MVG SN-13/00-SAMEBE Valic!ated. No cal Valiqated. No cal
required. required.
Validated. Nocal  MNalidated. No cal|
JCOMOSAR Test Bench Version 3 NA required. Fequired.
Network Analyzer | Ronde % Schwarz 100203 052019 052022
Network Analyzer — | Rohde & Schwarz
Calibration kit 7v-2235 W2z O2018 052922
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 4118 052020 052021
Multimeter Keithley 2000 1160271 02/2020 0212023
Signal Generator R°""°£dsa°"“’a'z 106589 04/2019 04/2022
; Characterized prior te|Characterized prior to
AmpHfier Asthercomm SN.040 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 052022
i Charactenzed prior to|Characterized prior to
Directional Coupler Narda 4218-20 01386 test. No cal required. |test. No cal required.
Temperature /HUMIAY  Testo 184 H1 44220687 05/2020 0512023
ensor
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Cancel and replace the report ACR.15.9.21 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: 1750 MHZ
SERIAL NO.: SN 50/20 DIP 1G750-510

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
svre,  cofrae

ETALONNAGE

Accreditations #2-6789 wnd #2-6314
Scope available on www cofuc fr

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed m MVG using the COMOSAR test bench  All calibration results are traceable to
national metrology institutions
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Name Function Date Signature
Prepared by : Jéréme LUC Technical Manager | 1/15/2021 ;jr;}"'
Checked by ; Jétdéme LUC Technical Manager | 1/15/2021 7=
Approved by | Yann Toutain Laboratory Director | /82021 ym oz
74
2021.020
8 17:52:01
+01'00'

Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,,Ltd.
Issue Name Date Modifications
A Jerdme LUC 1/15/2021 Initial release
B Jérome LUC 2082021 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 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
Senial Number SN 50/20 DIP 1G750-510
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

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 return 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 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

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 (.20 mm
300 - 450 0.44 mm

53 VALIDATION 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

g 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency. MMz

€80 1700 1720 1740 1760 1780 1800 1820 1850

45

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1750

-20.47

-20

40.7Q+ 130

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuency, Mz

1653 1680 1700 1720 1740 0 17K 1500 1820 1250
f h H 1

Impedance
424 Q-341Q

Return Loss (dB) Requirement (dB)
-2155 -20

Frequency (MHz)
1750
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured

300 42001 %, 2500 41 %, 63521 %,

450 2900 £1 %, 166,7 £1 %. 63521 %,

750 176011 %, 1000 £3 %, 63521 %,

835 161.0 £1 %, 89.8 41 %, 36 +1%.

900 149.0¢1 %. 83311 %. 3611 %.

1450 89.1:21%. 51.7 41 %, 3611%,

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

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

1750 75.2:1%. 7536 42911%, 4248 3611 %. 360
1800 72,0 21 %, 41.7 41 %, 3611 %,

1500 68,0 11 %, 39.5 £1 %, 3641 %,

1950 663 11 %, 38.5 41 %, 3641 %,

2000 64.5 1 %, 37.5 41 %. 361 %,

2100 61.0 21 %. 35.7 11 %. 3611%.

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

2450 51521 %, 30.4 11 %. 3.611%.

2600 48521 %, 28811 %. 3611%.

3000 415 21 %, 25041 %. 36+1%.

3300

3500 37021 %, 264 41 %, 3641 %.

3700 34721 %, 26.4 11 %, 3611 %.

3500

4200

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 positicned 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 (o) S/m
required measured required measured

300 453 £10% 08710 %
450 435 +10% 087 +10%
750 419 £10% 0.89 110 %
835 415 £10% 050 110 %
900 415 0% 09710 %
1450 405 £10 % 1.20:10%
1500 404 10 % 1.23:10%
1640 402 10 % 131410%
1750 401 £210% 438 137410% 130
1800 400 £109% 1.40£10%
1900 400 £10% 1.40 210 %
1950 400 £10 % 140110 %
2000 400 £10% 1.40 £10 %
2100 398 £10% 149410%
2300 39.5 £10% 167 +10%
2450 392 110% 1.80 410 %
2600 390 £10% 1.96110%
3000 385 £10% 2.40110%
3300 382 110% 2.71 110 %
3500 379 110% 291 110%
3700 37.7 110% 3172 110%
3900 375 £10% 332:10%
4200 371 910% 3.63410%
4600 36.7 £10% 4.04 £10'%
4900 363 t10% 435 :10%

72 S SASUREME ESL WITH HEAD J

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 13/00 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
Arca scan resolution dx=8mim/dy=8mm
Zoon Scan Resolution dx=8mim/dy=8mm/dz=5mm
Frequency 1750 MHz
Input power 20 dBm
Liquid Temperature 20+ 1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
Frequency
g 12 SAR (W/kg/W) 10 g SAR (W/ke/W)
required measured required measured
300 2.85 1594
450 a4.58 3.06
50 8.9 5.5%
B34 9.5 6.22
900 105 699
1450 29 16
1500 305 163
1640 342 184
1750 364 36.50 (3.65) 193 19.18(192)
1800 384 201
1900 39.7 205
1950 40.5 209
2000 11 211
2100 36 219
2300 a8 233
2450 524 24
2600 553 2456
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
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73
"‘:4‘::“' Relative permittivity (&) Conductivity (o) S/m
required measured required measured
150 619 £10% 0.80 £10 %
300 582 110% 092 +10%
450 56.7 £10 % 0.94 110 %
750 555 £10% 056 110 %
835 552 £10% 097 £10 %
900 550 £10% 1.05:10%
9215 550 £10 % 1.06 £10 %
1450 540 £10% 130+10%
1610 538 £10% 1.40 £10 %
1750 534 £210% 556 1.49:10% 145
1800 533 410% 1.52+10%
1900 533 £10% 1521:10%
2000 533 £10% 152110 %
2100 532 110% 1.62110%
2300 529 +10% 181+10%
2450 527 10% 195410 %
2600 525 +10% 216 +10%
3000 520 £10% 273410%
3300 5146 110% 308 110%
3500 513 110% 331110%
3700 510 t10% 3.55110%
3900 508 110% 3.78 110 %
4200 504 110% 413 110%
4600 498 £10% 4.60£10%
4900 194 £10% 495 :10%
5200 490 £10 % 53010 %
5300 489 110% 542 110 %
5400 48.7 110 % 553:10%
5500 4856 10 % 565+10%
S600 485 110% S77T4a0%
5800 432 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' : 55,6 sigma : 1.45
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mim/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Freguency 1750 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %

i 15 SAR (W/ka/ V) 10 8 SAR (W/ke/W)
measured measured
1750 37.02{3.70) 19.36 (1.94)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipme Manufacturer/ | o o .| Current Next Calibration
Description Model.  |Wentiication No.| ooy ition Dute Date
SAM Phantom MVG SN-13/09-SAMeg [/alidated. Nocal Validated.  No call
Fequired. Fequired.
: Validated. Nocal  Malidated. No cal|
OMOSAR Test Bench Version 3 NA Fequired. equired.
Network Analyzer | Rohde % Schwarz 100203 05/2019 052022
Network Analyzer = | Rohde & Schwarz
Calibration kit ZV-2235 013523 aR01% Dava0az
Calipers Mitutoyo SN 0009732 1072019 10/2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multim eter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | Rohde & Bohwarz 106589 0412019 0412022
; Characterized prior to|Characterized prior to
AmpRier Asthercomm SH,048 tesi. 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 01380 test. No cal required. |[test. No cal required.
T““W‘S'"" [Humidityl  yesto 184 H1 44220687 05/2020 05/2023
ensor
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Cancel and replace the report ACR.15.10.21. 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: 1900 MHZ
SERIAL NO.: SN 50/20 DIP 1G900-511

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

Calibration date: 01/14/2021
ooy, cofrac
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ETALONNAGE

Accreditations #2-6789 mnd 42.6814
Scope available on www.cofrac fY

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed i MVG using the COMOSAR test beach.  All calibration results are traceable 10
national metrology nstitutions
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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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 50/20 DIP 1G900-511
Product Condition (new / used) New

3 PRODUCT DESCRIPTION
3.1 G 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 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 is 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 speafy the mechamcal 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 1s 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:

I'requency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

52 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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN50361 and CEI/IEC 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 MH;

40-

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -27.24 -20 §51.2 Q2+ 4.21Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Foquency. M-z

1500 N 184 1880 1880 1500 1590 134 1560 1580 JX0

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -24.01 -20 46.6 Q)+ 530
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63 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
reguired measured required measured required measured

300 420.0+1 % 250.0 +1 %. 6,35 £1 %,

450 2900 £1 %, 166.7 11 %, 6,35 +1 %,

150 17601 %, 1000 1 %. 635 £1 %,

835 161.0 £1 %, 898 1%, 3.6 11 %,

900 149.0 £1 % 83301 % 3.6 41 %.

1450 89.1 41 %. 51741 %, 3.6 11 %,

1500 80.5 41 %, S00:1% 3.6 41 %,

1640 79.0 41 %. 4571 % 3.6 1%,

1750 75.2 11 %. 42911 %. 3611 %,

1800 120 21 %. ALT7 1%, 3.6 1%,

1500 68.0 +1 %, 6823 39,5 £1%. 39.22 3641 %, 359
1950 66.3 11 %. 38541 %, 3611%.

2000 61511 %, 37.5:1%. 3611 %,

2100 61.0 41 %, 35741% 3.641%,

2300 55.541%. 32641% 3.6 41 %,

2450 51.541%. 30441 % 36 +1%,

2600 48.5 1 %. 288:1% 3.6 11 %,

3000 41.5 41 %. 25.0 £1 %, 3.6 11 %,

3300

3500 37.041 %. 26411 %, 3611 %,

3700 34,741 %, 26441 % 3641 %,

3900
4200
4600
4500

7  VALIDATION MEASUREMENT

The [EEE 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, wath the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7. ] MEASI "
"";";“’ Relative permittivity (g) Conductivity (o} $/m
required measwed required measured
300 453210% 0.87:10%
450 435110% 0.87 :10%
750 41,9 410% 0.89 410 %
835 415410% 0.90 +10 %
900 415:10% 0.97£10%
1450 405 =10 % 1.20:10%
1500 104 :10% 1.23:10%
1640 402 :10% 1.31:10%
1750 401 :10% 1.37:10%
1800 400 210 % 1.40:10%
1900 40,0 110 % 413 1.40 110 % 1.41
1950 400 110 % 1.40 +10 %
2000 400 410 % 1.40 410 %
2100 398410% 1.49 210 %
2300 395:10% 1.67:10%
2450 392:10% 1.80:10%
2600 39.0410% 1.96 210 %
3000 385:10% 24010 %
3300 382410% 271:10%
4500 379:10% 291:10%
3700 37.7:10% 312:10%
3900 375410% 332410%
4200 371 410 % 3.63410%
4600 367 410 % 4.04:10%
4900 363210% 435:10%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID
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 V5
Phantom SN 13/00 SAMGS
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 dx=8mm/dy=8mm/dz=Smm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20 +-1°C
Lab Temperature 204/-1°C
Lab Humnidity 30-70 %
Frequency
g% 18 SAR (W/ke/W) 10 ¢ SAR (W /kg/W)
required measured required measured
300 285 194
450 4.58 3.06
750 8.49 5.55
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 39.60{3.96) 205 20.33(203)
1550 05 209
2000 411 71
2100 436 219
2300 487 233
2450 524 24
2600 553 246
3000 638 257
3300
3500 671 25
3100 674 242
3900
a200
4600
4500
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73 QRY JEASUREMEN'
ol Relative permittivity (&) Conductivity (0} $/m
required measwed required measured

150 61.9 210% 0.80:10%

300 582110% 0.92:10%

450 56.7 $10% 0.94:10%

750 555410 % 0,96 +10 %

835 552:10% 0.97£10%

900 550 :10% 1.05:10%

915 55.0 210 % 1.06 210 %

1450 540 +10% 1.30:10%

1610 538:10% 1.40:10%

16800 533:10% 1.52:10%

1900 533110% 55.0 1.52:10% 1.57
2000 533110% 1.52:10%

2100 53210 % 1.62 410 %

2300 529:10% 1.81:10%

2450 527:10% 1.95:10%

2600 525:10% 216:10%

3000 520:10% 273:10%

3200 516:10% 3.08:10%

3500 513:10% 331:10%

4700 510:10% 3.55:10%

3500 50.8:10% 3.78:10%
4700 504410 % 413:10%
4600 498 410 % 460 £10%
4500 494410% 495+10%

5200 490210 % 530 <10 %
5300 489 +10% 5.42:10%

5400 487 :10% 553:10%

5500 486 :10% 565:10%

5600 485 :10% 5.77:10%

5800 482:10% 6.00 £10%
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7.4
Software OPENSAR V5
Phantom SN 13/00 SAMG8
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 55,0 sigma : 1.57
Distance between dipole center and liguid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5Smm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 4+-1°C
Lab Humidity 30-70%

s 1.8 SAR (W/ke/W) 102 SAR (W /ka /W)
measurad measured
1900 39.85(3.99) 2029{2.03)

" B
T l?": :S\\

- 00

" - \\

- T ‘\
- 310
- 200 P~
" A N

450 [
0 ‘ IR REERREFFEE S B
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / e Current Next Calibration
Description Model  |'dentification No.| oy ation Date Date
SAM Phantom MVG SN-13/09-SAMeg [Validated, No cal Validated.  No call
Fequired. required.
Validated. Nocal  |alidated. No cal|
JCOMOSAR Test Bench Version 3 NA equired. Fequired.
Network Analyzer | Rohde % Schwarz 100203 0512019 0512022
Network Analyzer - Rohde & Schwarz
Calibration kit IV-2235 101223 05/2018 0572022
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 | Rohde & Schwarz 106589 04/2019 0412022
> Characterized prior to|Characterized prior to
Ampifar Aatherconim S 046 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
. Charactenized pnor to|Characterized prior to
Okectionsl Couplar Narde 4216-20 01358 test. No cal required, [test. No cal required.
Temperature /HUMIdRY)  Testo 184 H1 44220687 05/2020 052023
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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
Technopdle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
corrac

ETALONNAGE

Accreditations #2-6789 mnd #2-6814
Scope available on www cofrac Iy

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 institutions
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Checked by : Jérdme LUC Technical Manager | 1/15/2021 =
Approved by . Yann Toutain Laboratory Director [ /82021 %,w Tocdzon
[
2021020
817:56:05
+01'00'

Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,Ltd.
Issue Name Date Modifications
A Jerdme LUC 1/15/2021 Initial release
B Jérome LUC 2082021 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 verify 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
Senial Number SN S0/20 DIP 2G450-514
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

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 return 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
400-6000MHz 0.08 LIN

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 (.20 mm
300 - 450 0.44 mm

53 VALIDATION 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. MMz
2460

2150 2380 2800 N0 2440 2

45

2480 2500 2520 2550

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -29.61 -20 5120 +3.11Q2
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MMz

2350 2330 2400 242 2440
y )\ .

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

Impedance

2450 -23.93

-20

5580 +2.7j0
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured

300 42001 %, 2500 41 %, 63521 %,

450 2900 £1 %. 166,7 £1 %. 63521 %,

750 1760 1 %, 1000 £3 %, 63521 %,

835 161.0 £1 %, 89.8 41 %, 36 +1%.

900 149.0¢1 %. 83311 %. 3611 %.

1450 89.1:21%. 51.7 41 %, 3611%,

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

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

1750 15221 %. 42911 %, 3611 %,

1800 72,0 21 %, 41.7 41 %, 3611 %,

1500 68,0 11 %, 39.5 £1 %, 3641 %,

1950 663 11 %, 38.5 41 %, 3641 %,

2000 64.5 1 %, 37.5 41 %. 361 %,

2100 61.0 21 %. 35.7 11 %. 3611%.

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

2450 51.521%. 51.45 30.4 41 %. 30.60 3641 %. 358
2600 48521 %, 28811 %. 3611%.

3000 415 21 %, 25041 %. 36+1%.

3300

3500 37021 %, 264 41 %, 3641 %.

3700 34721 %, 26.4 11 %, 3611 %.

3500

4200

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 positicned 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 (o) S/m
required measured required measured

300 453 £10% 08710 %
450 435 +10% 087 +10%
750 419 £10% 0.89 110 %
835 415 £10% 050 110 %
900 415 0% 09710 %
1450 405 £10 % 1.20:10%
1500 404 10 % 1.23:10%
1640 402 10 % 131410%
1750 401 £210% 137410%
1800 400 £109% 1.40£10%
1900 400 £10% 1.40 210 %
1950 400 £10 % 140110 %
2000 400 £10% 1.40 £10 %
2100 398 £10% 149410%
2300 39.5 £10% 167 +10%
2450 392 110% 419 1.80 410 % 188
2600 390 £10% 1.96110%
3000 385 £10% 2.40110%
3300 382 110% 2.71 110 %
3500 379 110% 291 110%
3700 37.7 110% 3172 110%
3900 375 £10% 332:10%
4200 371 910% 3.63410%
4600 36.7 £10% 4.04 £10'%
4900 363 t10% 435 :10%

72 S SASUREME ESL WITH HEAD J

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 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

Arca scan resolution dx=8mim/dy=8mm
Zoon Scan Resolution dx=5mm/dy=S5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+ 1°C
Lab Temperature 20+-1°C
Lab Humidity 30-70 %
o 12 AR (W/ke/W) 10 2 SAR (W/ke/W)
required measured required measured
300 2.85 194
450 a4.58 3.06
50 8.9 555
B3% 9.56 6.22
900 109 699
1450 29 16
1500 305 163
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 40.5 209
2000 11 211
2100 36 219
2300 a8 233
2450 524 5292(5.29) ) 2368(237)
2600 553 246
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
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73
"‘:4‘::“' Relative permittivity (&) Conductivity (o) S/m
required measured required measured
150 619 £10% 0.80 £10 %
300 582 110% 092 +10%
450 56.7 £10 % 0.94 110 %
750 555 £10% 056 110 %
835 552 £10% 097 £10 %
900 550 £10% 1.05:10%
9215 550 £10 % 1.06 £10 %
1450 540 £10% 130+10%
1610 538 £10% 1.40 £10 %
1800 $3.3 110% 1.521:10%
1900 533 410% 1.52+10%
2000 533 £10% 152110%
2100 532 £10% 1.62110%
2300 529 410% 1.81 410 %
2450 $2.7 £10% 534 195+10% 214
2600 525 110% 216 210 %
3000 520 £10% 2.73110%
3300 516 £10% 3.08 110 %
3500 513 110% 331110%
3700 510 £10% 355110%
3900 5048 £10% 3.78110%
4200 504 £10% 413410%
4600 498 210% A4.60 £10 %
4900 494 £10% 4.951:10%
5200 490 £10 % 5.30 110 %
5300 489 110% 542 410%
5400 48.7 110 % 553410%
5500 4856 £10% 565:10%
5600 485 +10% 577110 %
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' : 53.4 sigma : 2.14
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 2450 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %

Frequency
gy 1 SAR (W/ka/W) 108 SAR (W/kg/W)
measured measured
2450 54.07 {5.05) 7342(2.34)
\_ ? "
!
N 2
29
e
™ 1o
‘-
- 'fm,
}:: g\ om0 \
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 4 _ Current Next Calibration
Description Modet  [ldentification No.| oy stion Date Date
SAM Phantom MVG SN-13/00-SAMes [/alidated. Nocal Validated.  No cal
required. required.
Validated. Nocal  Malidated. No call
JCOMOSAR Test Bench Version 3 NA equired. equired.
Netwark Analyzer | RRohde % Schwarz 100203 05/2019 05/2022
Network Analyzer — | Rohde & Schwarz

Calibration kit 7V-2235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 4118 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 0272023
Signal Generator | RONde & Schwarz 106589 0472019 04/2022

‘ Characterized prior to|Characterized prior to

AmipMer Athsrcomm SN0 test, No cal required. [test, No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022

IR Characterized prior to|{Characterized prior to

Diractional Coupler Narda 4216-20 01388 test. No cal required. [test. No cal required.
Temperature / HumidhY|  Testo 184 H1 44220887 0512020 05/2023

ensor
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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
Technopdle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/14/2021
corrac

ETALONNAGE

Accreditations #2-6789 mnd #2-6814
Scope available on www cofrac Iy

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 institutions
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Name Function Date Signature
Prepared by : Jéréme LUC Technical Manager | 1/15/2021 ;jr;}"'
Checked by : Jérdme LUC Technical Manager | 1/15/2021 =
Approved by . Yann Toutain Laboratory Director [ /82021 %’.&up Tocdzin
7y
e 2021.02.0
817:56:49
+01'00"

Customer Name
JianYan Testing
Distribution : Group Shenzhen
Co.,,Ltd.
Issue Name Date Modifications
A Jerdme LUC 1/15/2021 Initial release
B Jérome LUC 2082021 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 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 5020 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 return 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
400-6000MHz 0.08 LIN

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 (.20 mm
300 - 450 0.44 mm

53 VALIDATION 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

g 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency. MMz
0 2600 2620 2640 2660 2680 2700

45

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2600

-29.30

-20

486 0-2.11Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2600

-29.09

-20

48.1 0Q-29iQ
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6.3
Frequency MHz Lmm hmm dmm
required measured required measured required measured

300 420041 %, 2500 £1 %, 63541 %,

450 290.0 +1 %. 166,7 £1 %. 63521 %,

750 176011 %, 1000 £3 %, 63521 %,

835 161.0 £1 %, 89.8 41 %, 36 +1%.

900 149.0¢1 %. 83311 %. 3611 %.

1450 89.1:21%. 51.7 41 %, 3611%,

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

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

1750 15221 %. 42911 %, 3611 %,

1800 72,0 21 %, 41.7 41 %, 3611 %,

1500 68,0 11 %, 39.5 £1 %, 3.6 41 %,

1950 66311 %, 38.541 %, 3641 %,

2000 64,5 +1 %, 37.5 41 %. 3641 %,

2100 61.0 21 %. 35.7 11 %. 3611%.

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

2450 51521 %, 30.4 11 %. 3.611%.

2600 48.5+1%, 4830 28811 %. 28.67 3611 %. 360
3000 41521 %, 2501 %, 36+1%.

3300

3500 37,021 %. 26441 %, 3641 %.

3700 34721 %, 26.4 11 %, 3611 %.

3500

4200

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 positicned 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 (o) S/m
required measured required measured

300 453 £10% 08710 %
450 435 +10% 087 +10%
750 419 £10% 0.89 110 %
835 415 £10% 050 110 %
900 415 0% 09710 %
1450 405 £10 % 1.20:10%
1500 404 10 % 1.23:10%
1640 402 10 % 131410%
1750 401 £210% 137410%
1800 400 £109% 1.40£10%
1900 400 £10% 1.40 210 %
1950 400 £10 % 140110 %
2000 400 £10% 1.40 £10 %
2100 398 £10% 149410%
2300 39.5 £10% 167 +10%
2450 392 110% 1.80 410 %
2600 390 £10% 415 1.96110% 2.03
3000 385 £10% 2.40110%
3300 382 110% 2.71 110 %
3500 379 110% 291 110%
3700 37.7 110% 3172 110%
3900 375 £10% 332:10%
4200 371 910% 3.63410%
4600 36.7 £10% 4.04 £10'%
4900 363 t10% 435 :10%

72 S SASUREME ESL WITH HEAD J

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 VS

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

Arca scan resolution dx=8mim/dy=8mm
Zoon Scan Resolution dx=5mm/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 %
o 12 AR (W/ke/W) 10 2 SAR (W/ke/W)
required measured required measured
300 2.85 194
450 a4.58 3.06
50 8.9 555
B3% 9.56 6.22
900 109 699
1450 29 16
1500 305 163
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 40.5 209
2000 11 211
2100 36 219
2300 a8 233
2450 524 )
2600 553 5547 (5.55) 246 2411(241)
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
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73
"‘:4‘::“' Relative permittivity (&) Conductivity (o) S/m
required measured required measured
150 619 £10% 0.80 £10 %
300 582 110% 092 +10%
450 56.7 £10 % 0.94 110 %
750 555 £10% 056 110 %
835 552 £10% 097 £10 %
900 550 £10% 1.05:10%
9215 550 £10 % 1.06 £10 %
1450 540 £10% 130+10%
1610 538 £10% 1.40 £10 %
1800 $3.3 110% 1.521:10%
1900 533 410% 1.52+10%
2000 533 £10% 152110%
2100 532 £10% 1.62110%
2300 529 410% 1.81 410 %
2450 $2.7 £10% 195+10%
2600 525 110% 527 216 210 % 2.36
3000 520 £10% 2.73110%
3300 516 £10% 3.08 110 %
3500 513 110% 331110%
3700 510 £10% 355110%
3900 5048 £10% 3.78110%
4200 504 £10% 413410%
4600 498 210% A4.60 £10 %
4900 494 £10% 4.951:10%
5200 490 £10 % 5.30 110 %
5300 489 110% 542 410%
5400 48.7 110 % 553410%
5500 4856 £10% 565:10%
5600 485 +10% 577110 %
5800 482 +10% 6.00 110 %
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Softwire OPENSAR VS
Phantom SN 13/09 SAM6S
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps' : 527 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 %

s 18 AR (W/ke/ W) 10 8 SAR (W/ke/W)
measured measured
2600 55.37(554) 2326 (2.33)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer/ |, . ’ Current Next Calibration
Identification No.| :
Description Model Sevie N Calibration Date Date
SAM Phantom MVG SN-13/09-SAMES \Validated. Nocal Validated. No cal|
Fequired. Fequired.
X \Validated. No cal \ alidated. No cal
OMOSAR Test Bench Version 3 NA required, required.
Network Analyzer R°“d°z&vf,‘°h“'z 100203 05/2019 052022
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 s i i
Calipers Mitutoyo SN 0009732 1072019 10/2022
Reference Probe MVG EPGO333 SN 4118 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 0272023
Signal Generator | Rohde % Sehwarz 106589 04/2019 0412022
Characterized prior to|Characterized prior to
AmpEier Samarcomm Sl test. No cal required, [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 0572022
N Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01388 test. No cal required, [test. No cal required.
Temperature / Humidity) 1.5 184 H1 44220887 05/2020 05/2023
Sensor
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