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7  VYALIDATION MEASUREMENT

The [ELLE Std. 1528, OLET 65 Bulletin C and CEFIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole mecting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled tlat 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 HLEAD LIQUID MEASURLEMLENT

Fre:ﬂu:zncy Relative permittivity (g,") Conductivity (o) $/m
required measured reguired measured
300 45.3 5 % D.87 £5 %
450 43,515 % D.87 +5 %
750 41.5 5 % D.89 5 %
835 41,5 15 % 0.50 5 %
500 41.5 15 % 0.97 +5 %
1450 40,5 15 % 1.20+5 %
1500 AD.4 5 % 1.2345%
1640 40.2 £5 % 1.31+5%
1750 40.1 15 % 137 5%
1800 40.0 15 % 140 5 %
100 A0.0 15 % 1.40 5 %
1950 40.0 15 % 140 +5 %
2000 AD.0 5 % 1.40 45 %
2100 39.8+5 % 1.49 +5 %
2300 39.5 5 % 1.67 +5 %
2450 35.2+5 % PASS 1.8D 5 % PASS
2600 39.0+5 % 1.96 +5 %
3000 38.5+5 % 2405 %
3500 37.945 % 29145 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The [EELE Std. 1528 and CLEFIEC 62209 standards state that the system validation measurements
should produce the SAR walucs shown below (for phantom thickness of 2 mm), within the
uncertainty for the system wvalidation.  All SAR valucs arc normalized to 1 W forward power. In
bracket, the measurcd SAR is given with the used input power.

Soliware OPENSAR V4
Phantom SN 2009 SAM7]
Probe SN 1811 EPG122
Liguid Head Liquid Values: cps’: 39.0signa: 1.77
Distance between dipole center and Jiguid 10.0 mim
Arca scan resolution dx=8nm‘dy=8m
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Zoon Scan Resolution dx=8nm/dy=8m/d=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 217C
Lab Temperature 21:2C
Lab Humidily 45 %
F'el‘\‘d“:z"c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.54
450 4,58 3.06
750 8.49 5.55
835 5.56 6.22
500 10.8 6.599
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 15.3
1800 33.4 20.1
1500 35.7 205
1950 40.5 20.9
2000 41.1 21.1
2100 43.6 21.9
2300 48.7 233
2450 52.4 53.89 (5.39} 24 24,15 (2.42}
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25
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7.3 BODY LIQUID MEASURLEMENT
Fre:qu:zncy Relative permittivity (§,') Conductivity (o) $/m
required measured required measured

150 61.9 £5 % D.80 £5 %

300 58.2 15 % 0.92 £5 %

450 56.7 £5 % 0.94 5 %

750 55.5 5 % D.96 £5 %

835 55.2 15 % 0.97 £5 %

900 55.0 £5 % 1.05 £5 %

915 55.0 45 % 1.06 £5 %

1450 54.0 45 % 13045 %

1610 5385 % 140 5%

1800 5335 % 15245 %

1900 53.3 45 % 15245 %
2000 53.3 £5 % 152 45 %
2100 53.245 % 162 45 %
2450 52.7 5 % PASS 1.95 +5 % PASS
2600 52.5 5 % 21645 %
3000 52.0 45 % 27345%
3300 51.3 45 % 33145%
5200 49.0 £10 % 5.30 £10 %
5300 48.9 10 % 5.42 £10 %
5400 48.7 +10 % 5.53 +10 %
5500 48.6 +10 % 5.65 £10 %
5600 48.5 £10 % 5.77 +10 %
5800 48.2 +10 % 6.00 £10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Soliware OPENSAR V4
Phantom SN 2009 SAM7]
Probe SN 18/11 EPG122
Liquid Body Liquid Values: cps’: 53.0sigma: 1.93
Distance between dipole center and liquid 10.0 ma
Arca scan resolution dx=8nm‘dy=8mm
Zoon Scan Resolution dx=8nm’dy=8mid=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature ]
Lab Temperature 21°C
Lab Humidity 45 %
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F'e&“:z"c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 54.65 (5.46) 24.58 (2.46)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Report No.: LCSA071923013EB

Equipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
SAM Phantom Satimo SN-20/09-SAM71 [/lidated. Nocal — Validated.  No caly
required. required.
. Validated. No cal \Validated. No cal|
COMOSAR Test Bench Version 3 NA required. required.
Network Analyzer | Rhode % Schwarz SN100132 0212021 02/2024
Calipers Carrera CALIPER-01 1212018 1212021
Reference Probe Satimo EPG122 SN 18/11 1042021 1042022
Multimeter Keithley 2000 1188656 1212018 1242021
Signal Generator Agilent E4438C MY48070581 1212018 1242021
Amplifier Aeisreomm SN 046 Characterized pripr to|Characterized pripr to
test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1212018 1242021
Power Sensor HP ECP-E26A US37181460 1212018 1242021
s Characterized prior to|Characterized prior to
Directlonal Coupler Narda 4216-20 01386 test. No cal required. [test. No cal required.
Temperature and o
Humidity Sensor Control Company 11-661-9 8/2021 812024
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SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 38/18 DIP 2G600-468

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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ZImms Calibration CERT #224602

Calibration Date: 09/22/2021

Summary:

This document presents the method and results (rom an aceredited SAR reference dipole calibration
perlformed in MVG USA using the COMOSAR (est bench. All calibration results are traccable o
national metrology institutions.
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Name Function Date Stgnature
Prepared by : Jéréme LUC Product Manager 09/28/2021 ﬁ/
Checked by : Jéréme LUC Product Manager 09/28/2021 2/5
Approved by Kim RUTKOWSKI Quality Manager 09:28/2021 hum Aurthaud

Customer Name
Shenzhen LCS
Distribution : Compliance Testing
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Issue Date Mod fications
A 09282021 itial releasc
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1 INTRODUCTION

This document contains a summary of't
CLEFIEC 62209 standards for reference
the measurements that were performed

standards.

2 DEVICE UNDER TEST

he requircments sct forth by the [EEL 1528, FCC KDBs and
dipoles used for SAR mcasurcment system validations and

to verify that the product complics with the fore mentioned

Device Under Test

Device Type COMOSAR 2600 MHz REFERENCL DIPOLLE
Manutacturer MVG

Modcl SID2600

Serial Number SN 38/18 DIP 2G600-468

Product Condition (new / uscd) Uscd

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

ER GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles arc built in accordance to the [EEL 1528, FCC KDBs and

CLEFIEC 62209 standards. The product

is designed for use with the COMOSAR test beneh only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEL 1528, FCC KDBs and CEFIEC 62209 standards provide requirements tfor reference
dipoles used for system validation measurements. The following measurements were performed to
verity that the product complics with the fore mentioned standards.

4.1  RLETURN LOSS REQUIREMLENTS

The dipole used for SAR system validation mecasurcments and checks must have a return loss of -20
dB or better. The return loss measurcment shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEELE 8td. 1528 and CLEFIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test beneh employs a 2 mm phantom shell thickness thercfore the
dipoles sold for usc with the COMOSAR test beneh comply with the requirements sct forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertaintics listed below represent an expanded uncertainty expressed at approximately the 95%
contidence level using a coverage factor of k=2, traccable to the Internationally Aceepted Guidces to
Mecasurement Uncertainty.

5.1  RETURN LOSS

The following uncertaintics apply to the return loss measurcment:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASURLEMENT

The following uncertaintics apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 VALIDATION MEASUREMLENT

The guidelines outlined in the [EELE 1528, FCC KDBs, CENLELEC ENS0361 and CEFIEC 62209
standards were followed to gencrate the measurement uncertainty for validation measurements.
Sean Volume Expanded Uncertainty

g 203 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RLETURN LOSS AND IMPLEDANCL IN HEAD LIQUID

Frequency. MHz
2620

2560 2580 2600 2640 2660 2680 2700

2520

2500

= |
. - |
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -29.14 -20 492 Q0+34jQ
6.2 RLTURN LOSS AND IMPEDANCLE IN BODY LIQUID
2600 2620 2660 2680 2700
Q-
-70- .
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -29.47 -20 47.5Q+2.2jQ
6.3 MUECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420.0 £1 %. 250.0 +1 %. 6.35 +1 %.
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450 290.0 £1 %. 166.7 £1 %. 6.35 +1 %.
750 176.0 £1 %. 100.0 £1 %. 6.35 +1 %.
835 161.0 £1 %. 89.8 +1 %. 3.6 +1 %.
900 149.0 £1 %. 83.3 +1 %. 3.6 1 %.
1450 89.1 +1 %. 51.7 +1 %. 3.6 1 %.
1500 80.5 +1 %. 50.0 +1 %. 3.6 +1 %.
1640 79.0 £1 %. 45.7 £1 %. 3.6 1 %.
1750 75.2 +1 %. 42.9 £1 %. 3.6 1 %.
1800 72.0 +1 %. 417 £1 %. 3.6 1 %.
1900 68.0 +1 %, 39,5 +1 %. 3.6 £1 %.
1950 66.3 1 %. 38.5 +1 %. 3.6 1 %.
2000 64.5 +1 %. 37.5 +1 %, 3.6 1 %.
2100 61.0 £1 %. 35.7 £1 %. 3.6 £1 %.
2300 55.5 +1 %. 32.6 +1 %. 3.6 £1 %.
2450 51.5 +1 %. 30.4 +1 %, 3.6 1 %.
2600 48,5 +1 %. PASS 28.8 £1 %. PASS 3.6 +1 %. PASS
3000 41.5 1 %. 25.0 +1 %. 3.6 1 %.
3500 37.0£1 %. 26.4 +1 %. 3.6 1 %.
3700 34.7£1 %. 26.4 +1 %, 3.6 +1 %.

7  VYALIDATION MEASUREMENT

The [ELEE Std. 1528, FCC KDBs and CEFIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole mecting the fore mentioned return loss
and mechanical dimension requirements. The validation mecasurcment must be performed against a
liquid filled tlat phantom, with the phantom constructed as outlined in the forc 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 tlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fremeznw Relative permittivity (&) Conductivity (5) $/m
required measured required measured
300 453 15 % D.87 £5 %
450 43.5 5 % D.87 #5 %
750 41.9 15 % D.89 £5 %
835 41,515 % D.50 +5 %
500 41.5 15 % D.97 +5 %
1450 40,5 5 % 1.20#5 %
1500 AD.4 15 % 1.23+5%
1640 40.2 15 % 1.3145%
1750 A0.1 15 % 137 5%
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1800 A0.0£5 % 14045 %
1500 40045 % 14045 %
1950 40.0 45 % 14045 %
2000 40045 % 14D +5 %
2100 39.8 +5 % 149 +5 %
2300 39,55 % 167 5%
2450 39,245 % 18015 %
2600 39.0 45 % PASS 196 +5 % PASS
3000 3B.5 45 % 24045 %
3500 37.9 45 % 29145 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The [ELELE Std. 1528 and CLEFIEC 62209 standards state that the system validation mcasurements
should produce the SAR walucs shown below (for phantom thickness of 2 mm), within the
uncertainty for the system wvalidation.  All SAR valucs arc normalized to 1 W forward power. In
bracket, the measurcd SAR is given with the used input power.

Soliware OPENSAR V4
Phantom SN 2009 SAM7]
Probe SN 18/11 EPGI22
Liquid Head Liquid Values: eps’: 39.8 sigma @ 1.99
Distance between dipole center and ligquid 10.0
Arca scan resolution dx=8nm‘dy=8mm
Zoon Scan Resolution dx=51mnddy=>5mmid=>5mm
Frequeney 2600 MHz
Input power 20 dBm
Liquid Temperature FIUE
Lab Temperature 215E
Lab Humidily 45 %,
Frem!zncv 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.54
450 4,58 3.06
750 8.49 5.55
835 5.56 6.22
500 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 15.3
1800 33.4 0.1
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1500 39.7 20.5
1950 405 20.9
2000 41.1 211
2100 436 21.9
2300 48.7 23.3
2450 52.4 24
2600 55.3 56.91 (5.65} 24.6 24.65 (2.47}
3000 63.8 25.7
3500 67.1 25
3700 67.4 24.2

1073
800 \
200 Gl | g M
w m g i K
J f: \\\
e | i ] a%0-) Tl |
0 2 6 8 10 12 L‘[m":; 1820 22 24 26 28 30
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂu:zncy Relative permittivity (g,") Conductivity (o) $/m
required measured required measured

150 61.9+5 % D.80 £5 %

300 58.2+5 % 0.92 5 %

450 56.7 5 % 0.94 +5 %

750 55.5 15 % 0.96 15 %

835 55.2 15 % 0.97 £5 %

500 55.0+5 % 1.05 +5 %

915 55.0 5 % 1.06 +5 %

1450 S54.0 5 % 13045 %

1610 53.8+5 % 1405 %

1800 53.3+5 % 1.52+5%

1500 53.345 % 1.52+5%

2000 53.3+5 % 1.52+5%

2100 53.2+5 % 1.62 +5 %
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2300 52945 % 1815%
2450 52.7 +5 % 1955 %
2600 52.515 % PASS 2165 % PASS
3000 52.0 45 % 27345 %
3500 51.3 45 % 33145%
3700 51.0 45 % 3,555 %
5200 49.0 £10 % 5.30 +10 %
5300 48.9 £10 % 5.42 +10 %
5400 48.7 £10 % 5.53 +10 %
5500 48.6 £10 % 5.65 +10 %
5600 48,5 £10 % 5.77 £10 %
5800 48.2 10 % 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Soliware OPENSAR V4
Phantom SN 20609 SAM7]
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’: 52.5 signa: 2.23
Distance beiween dipole center and liguid 10.0 mm
Arca sean resolution dx=8nmidy=8mm
Zoon Scan Resolution dx=51nnddy=>5mmid=Sm
Frequency 2600 MHz
Input power 20 dBm
Liquid Temperature 2126
Lab Temperature 21°C
Lab Humidiiy 45 %,
"e[‘\‘d":z"c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2600 54,14 (5.41} 24.13 (2.41}

AR Vit Guaghacalirineace

Sudace Fisdynt ey

9393~
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2041 Corwed )
= 600
4 és
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200
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FCC ID: 2AFIW-E750V2C6

SAR REFERENCE DIPOLE CALIBRATION REPORT

Rel: ACR.2Z7T34I8.8ATU. A

8

LIST OF EQUIPMENT

Equipment Summary Sheet

Report No.: LCSA071923013EB

Equipment Manufacturer / [dentification No Current Next Calibration
Deseription Model | Calibration Date Date
Validated. No cal Validated. No cal|
SAM Phantom MVG SN-20/09-SAM7 1 required. required,
COMOSAR Test Bench|  Version 3 NA palidated: Nojeal.  alldated,, Ny~ cof
required. required.
Network Analyzer Rh°de§vi°hwarz SN100132 06/2021 06/2024
Calipers Carrera CALIPER-01 0142020 01/2023
Reference Probe MVG EPG122 SN 18/11 08/2021 0812022
Multimeter Keithley 2000 1188656 01/2020 01/2023
Signal Generator Agilent E4438C MY48070581 01/2020 01/2023
Amplifier ASTRE ST SN 046 Characterized pripr to |Characterized pripr to
test. No cal required. [test. No cal reguired.
Power Meter HP E4418A US38261498 1142020 1112023
Power Sensor HP ECP-E26A US37181460 01/2020 01/2023
Directional Coupler | Narda 4216-20 01386 Characterized priof to(Characterized priof to
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 1142020 1142023
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5.1SID3500 Dipole Calibration Ceriticate

SAR Reference Dipole Calibration Report

Ref : ACR.42.15.42.BES.A

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAQO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 3500 MHZ
SERIAL NO.: SN 06/22 DIP3G500-646

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

Calibration date: 02/11/2022
v, cofrac

ETALONNAGE

Accreditations #2-6789 and #2-6814
Scope available on www.cofrac. fr

I

The use of the Cofrac brand and the acereditation references is prohibited from any repi

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 : Jérdme Luc Technical Manager | 2/11/2022 ﬁ/
Checked by : Jérdme Luc Technical Manager | 2/11/2022 ﬁ/
Approved by : Yann Toutain Laboratory Director 2/11/2022 onn TOLTAIY
2022.02.11

12:02:03 +01'00'

Customer Name
Shenzhen LCS
Distribution : ‘| Compliance Testing
Laboratory Ltd.
Issue Name Date Modifications
A Jérbme Luc 2/11/2022 Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBR65664 D01 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

Serial Number SN 06/22 DIP3G500-646

Product Condition (new /used) | New

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/TEEE 62209-1528 and
FCC KDB865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — M¥YG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a 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 UIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 ISO17023 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, fraceable to the Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertaintics apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements,
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Scan Volume Expanded Uncertainty

lg 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
3420 3440 3460 3480 3500 3520 3540 3560

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3500 -25.97 -20 5340 -3.7iQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MHz
3400 3420 3440 3460 3480 3500 3520 3540 3560 3580

S11.dB

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3500 -23.22 =20 5640-25iQ
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6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm dmm
reguired measured required measured required measured

300 420.01 %. 250.0 11 %. 6.35 1 %.

450 250,041 %. 166.7 11 %. 6,351 %,

750 176.011 %. 100.0 11 %. 6.35 1 %.

835 161.011 %. 89.83 11 %. 3.611%.

900 145.0 11 %. 83.3+1%. 3.611%.

1450 89.1+1%. 51.7+1%. 3.611%.

1500 86.2 11 %. 50.011%. 3.611%.

1640 79.011%. 45.7 1 %. 3.611%.

1750 75.211%. 42911 %. 3.611%.

1300 72,011 %. 41,7 11 %. 3.611%.

1900 68.0 11 %. 38511 %. 3.611%.

1950 66.3 11 %. 385+1%. 3.611%.

2000 64.511%. 3751 %. 3.61+1%.

2100 61.011%. 35.7+1%. 3.611%.

2300 55.511%. 32611%. 3.611%.

2450 51.511%. 30.4 11 %. 3.611%.

2600 48511 %. 28.811%. 3.611%.

3000 41,5 11 %. 25,011 %. 3.611%.

3300 - - -

3500 37.041 %, 3692 264 £1%. 26,55 3.521%. 357
3700 34,741 %. 26.4 11 %. 3.611%.

3900 - - -

4200 - - -

4600 - - -

4500 - - -

7 VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

Fre:ql.:zmv Relative permittivity (&) Conductivity (o] S/m
required measured required measured
300 45,3110% 0.87 110 %
450 435110 % 0.87110%
750 41,9110% 0.89110%
B35 41,5110 % 0.90110%
900 41,5110 % 0.97110%
1450 40.5 110 % 1.20110%
1500 40,4 110 % 1.23410%
1540 40,2 110 % 1.31410%
1750 40,1110 % 1.37410%
1800 40,0110 % 1.40110%
1900 40,0110 % 1.40110%
1950 40.0110 % 1.40110%
2000 40,0110 % 1.40110%
2100 39.8110% 1.49110%
2300 39.5410% 1.67 110 %
2450 39.2110% 1.80110%
2600 39.0110% 196 110 %
3000 385410% 240110 %
3300 38.2110% 2.71110%
3500 37.9110% 371 291110% 3.05
3700 37.7110% 3.121410%
3900 37.5410% 3.32110%
4200 37.1110% 3.63110%
4600 36.7110% 4.04110%
4500 36.31410% 4.35110%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 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 arc nommalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.
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Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 37.1 sigma : 3.05
Distance between dipole center and liquid 10.0 mm
Area scan resolution th=8mm/dy=8mm
Zpon Scan Resolution dx=5mm/dy=5mm/dz=4mm
Frequency 3500 MH=z
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+-1°C
Lab Humidity 30-70 %
Froqency 1€ AR (W/ke/W] 10 ¢ SAR (W/ke/W)
required measured required measured
300 2,85 154
450 4.58 3.06
750 3.49 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 397 205
1950 405 209
2000 411 211
2100 435 219
2300 487 233
2450 524 24
2600 553 245
3000 63.8 25.7
3300 - -
3500 67.1 68.97 (6.90) 25 25,38 (2.54)
3700 674 2432
3900 - -
4200 - -
4600 - -
4900 - -
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7.3 BODY LIQUID MEASUREMENT

Fre:ql.:zmv Relative permittivity (&) Conductivity (o] S/m
required measured required measured
150 619110% 0.80110%
300 58.2110% 0.92110%
450 56,7110 % 0.94110%
750 55.5110% 0.96110%
B35 55,2110 % 0.97110%
900 55.0110% 1.05110%
915 55,0410 % 1.06 110 %
1450 54.0110% 1.30110%
1510 53.8110% 1.40110%
1800 53.3110% 1.52110%
1900 53.3110% 1.52110%
2000 53.3110% 1.52110%
2100 53.2110% 162110 %
2300 52.9110% 1.81110%
2450 52,7110 % 195110%
2600 525110% 216410 %
3000 52.0110% 2.73110%
3300 51.6110% 3.08110%
3500 51.3410% 48.6 3.31110% 3.29
3700 51.0110% 3.55110%
3500 50.8110% 3.781410%
4200 50.4110% 4.13110%
4500 49,8110 % 4.60110 %
4900 49,4110 % 4.95110%
5200 49,0110 % 5.30110%
5300 48.9110% 5.42110%
5400 43,7110 % 5.53110%
5500 48.6110% 5.65110%
5600 48.5110% 5.77110%
5800 48,2110 % 6.00 110 %
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74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPG0333
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=5mm/dy=5mm/dz=4mm
Frequency 3500 MHz
Input power 20 dBm
Liquid Temperature 20+-1°C
Lab Temperature 20+-1°C
Lab Humidity 30-70 %
Freamency 18 SAR (W/ke/W) 10 g SAR (W/ke/W)
measured measured
3500 69.30 (6.93) 26.07 (2.61)
\ -
m:
b | |
15.92-)
.':i« 1a00-\
. 12,00
7::5 Z100
ais £ 800
:f‘: E)
2mo 4.00
N ouE
0.10- |
0 2 10 12 14 16 18 20 22 24 26 28 30
Z {mm)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . A Current Next Calibration
Description Model AT Calibration Date Date
Validated. No cal WMalidated. No cal
SAM Phantom MVG SN 13/09 SAME8 required. required.
. Malidated. Nocal  Malideted.  No cal|
JICOMOSAR Test Bench Vergion 3 NA required. required.
Network Analyzer | Rohde & Schwarz 100203 08/2021 0812024
Network Analyzer Agilent 8753ES MY40003210 102019 1072022
Network Analyzer — | Rohde & Schwarz
Calibration kit V7235 101223 05/2019 05672022
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0672027
Calipers Mitutoyo SN 0009732 10/2019 1012022
Reference Probe MVG SN 41/18 EPGO333 10/2021 1072022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RoNde & Sohwarz 106589 0412019 0472022
. Characterized prior fo (Characterized prior to
Amplifier MVG MODU-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter R"hdeN&RVS[‘;hwa'z 832839-056 11/2019 11/2022
. Characterized prior fo |Characterized prior to
Directional Coupler Krytar 158020 131467 test Nocal required. [test. No cal required.
Te'“"e’as":’e [Humidity) 1ot 184 H1 44225320 06/2021 06/2024
nsor
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SAR Reference Dipole Calibration Report
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SHENZHEN NTEK TESTING TECHNOLOGY CO., LTD.
BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 3700 MHZ
SERIAL NO.: SN 09/12 DIP 3G700-361

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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10/15/2021

Summan g

This document presenrs the method and results fom an accredired SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibranion resnlts are raceable mw

natonal metrology mstintions
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1 INTRODUCTION

This document contains a sumunary 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

standlards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 3700 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID3700
Serial Number SN 09/12 DIP 3G700-361
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEI'TEC 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, FOO KDBs and CEVIEC 622090 standards provide requirements for seference
dipeles nsed for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

41 ERETUEN LOSS REQUIREEMENTS

The dipole used for SAR svstem validation measurements and checks must have a retun loss of -20
dB or better. The retum loss measurement shall be performed against a Lhigquad filled flat phantom,
with the phantoin constructed as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The TEEE Std. 1328 and CEUVIEC 62209 standards specify the mechanical components and
dimensicons of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent, The COMOSAR test bench employs a 2 mun phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements st forth for a 2
nunt phantom shell thickness.

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
Measnrement Uncerfainty,

5.1 RETUEM LOSS

The followimng mcertainties apply to the retim loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASTREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0,05 mam

53 VNVALIDATION MEASUREMENT

The gnidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CELVTEC 62209
standards were followed to generate the measuiement uncertmnty for validation measurements,
Scan Volume Expanded Uncertainty

lg 203 %
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10 g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency. MHz
£ 360, 3620 ErZ-'i 3660 JNe 320 30 I 380 33;"2
-30.0-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
3700 -20.85 | -20 549Q-83)Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MHz

)

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

3700 -23.23 . -20 50.6Q-7.0;Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm ' h mm dmm
required measured required messured required measured
300 420.0 21 %. 250.0 £1 %. 635 11 %. |
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450 29000 21 %, 166.7 +1 % 651 %

750 176.0 21 % 10000 £1 % 63511 %

215 161.0 21 %, BO.B 41 %, 36 £1 %

400 149.0 £1 %. B3.3 1%, 3.6 £1%.

14500 80141 % S1.741%. 16 +1%

1500 80.5 +1 % 5000 +1 %, 3.6 £1%.

1640 70041 % 457 1%, 3611%

1750 75241 % 42941 %, I6+1%

1800 TR0+ % 41.7 +1%. 3.6 £1%.

1900 BE.0+1 % 30541 %. 16 +1%

1950 B6.3 +1 % 365 +1%. 3.6 £1%.

2000 64,5 +1 %, TS 1% 36 £1 %

20 G1.0+1 %, 5,7 41 %, 36 £1 %

2300 35,51 % 32,6 +1%. 3.6 1%,

2450 51541 % 30,4 +1 %, 36 £1 %,

00 48.5 +1 % 258 +1%. 3.6 £1%.

34000 415141 % 25041 % 3611%

GO0 AT.041 %, 26,4 +1 %, 3.6 1%,

3700 34.741 % PASS 6.4 11 %. PASS I6+1% PASS

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the svstem walidation
measuraments wmst be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements.  The validation measurement must be performed against a
Ligpuiel filled flat phantom. with the phaintom constmcted as outlined w the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantow, with the dipole
lenigth centered and parallel to the longest dimension of the flat phantom, with the top swrface of the
dipole at the described distance firom the botrom surface of the phaitom,

7.1 HEAD LIQUID MEASUREMENT

"";‘::"" Relative parmittivity [£,] Canductivity [o) 5/m
reguired measured raquired rreasured
300 453 5% 087 5%
450 4315+5% D7 5%
75400 415 £5 % 0,80 +5 %
B35 415+5%% 0.90 45 %
) 415 5% 097 +5 %
1450 A05 5% 12045 %
1500 404 +5% 12345%
1640 A2 +5% 131 45%
1750 401 +5% 13745 %
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1300 40.0 £5% 140 5%
14900 A0.0 £5% 140 £5 %
1950 A0.0 £5% 140 £5%
0010 40.0 +5 % 140 t5%
2100 198 +5% 145 5%
2300 305 £5% 167 5%
2450 9.2 £5% 1BD +5%
3400 380 45% 2E1£5%
3600 3T815% 302 £5%
700 ITT 5% PASS 112 5% PSS

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation.  All SAR valoes are normalized to 1 W forward power. In
bracket, the measured SAR 15 given with the used mpur power.

Software DOPENSAR VY
Phantom SN 20008 SARMTL
Probe SN 1811 EPGI22
Liquid Head Liquid Values: eps' : 378 sigma - 5.25
Distance between dipole center and Liguid 100
Avea scan resolution dx=8nmmndy==_um
Zooil Scail Resolution dx="5mandy=>51mm'dz=5mmn
Frequency 3700 MHz
Input power 20 dBm
Liquugd Temperature 217
Lab Temperatre 2150
Lab Hummidary 45 %
F
S 1 g SAR (W kg W) 10 g SAR (W/kg/W)
reguired measured reguired measured

300 285 1.94

450 4,58 3,06

50 8.49 5.55

&35 0,56 6.22

200 10.9 6,99

1450 29 16

1500 305 16.8

1640 34.2 18.4

1750 36.4 18.3

1an0 8.4 0.1
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1900 39.7 0.5
1950 405 0.9
2000 41.1 1.1
2100 43.6 1.9
2300 487 133
2450 534 24
2600 553 146
3400 664 25.1
AG00 67.3 4.6
3700 674 66.30 [6.63) M2 206 (2.42)
4
\ J!_H'F
' _[T!!s!::.f'-
e
a0
? o
e PN
i P
1.5 T J
0oz o4 MR IBERAZAXAD
2
T3 BODY LIQUID MEASUREMENT
"!hq;::w Relative permittivity [£) Conductivity (o] 5/m
required roveasured required rmeasured
150 (1.9 5 % LED +5 %
300 58.2 15 % .92 15 %
450 56,7 15 % 0.5 +5 %
750 55.5 45 % .96 +5 %
B35 35,215 % 09713 %
200 55,045 % 1.05 45 %
015 55.045 % 1.06 45 %
1450 .05 % 1.30 45 %
1610 531845 % 140 45 %
1800 53,345 % 1.52 45 %
1900 53,345 % 1.52 +5%
2000 53,345 % 1.52 +5 %
2100 53.245% 162 45 %
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2300 52.9 +5% 1.81 +5%
2450 2.5 £5% LU5 5%
2600 525 +5% 116 +5%
3400 51.5+5% 120 +5%
3600 51.2 5% 3.4315%
700 51.1 £5% PASS 3.5515% Pass
5200 40,0 410 % 530 +10 %
5300 46,9 210 % 542 £10 %
5400 48.7 110 % 553 £10 %
5500 486 410 % GoB5 +10 %
5600 485 110 % 577 +10 %
5300 46,2 110 % 600 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phaitein SM 2009 SAMTI
Prabe SM 18711 EMG122
Liqud Body Liqud Values: eps” @ 51.3 sigma : 3.56
Ihstance berween dipole center and Liguad 100 mm
Area scan resolution che=3mum/'dy="8mm
Zoon Scan Resolution d=5ma'dy=51mm'dz=5mm
Frequency 3700 MHz
Input powed 20 dBm
Liquid Temperature 21 °C
Lab Temperatme 21 °C
Lab Huamicity 45 %
F
e 1.g SAR [W/ke/W) 10 g SAR (W/kg/W)
maasured measured
700 62,36 [6.24) 213.56 (2.35)
I
\ fi
IR
Y
P Fuom
— Taw— T
ERRE n E AL "‘-\
-~ [
=l = Rt URERTR 1;-:1_—1 &A@
2 )
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

e e e P e

SAM Phantor MVG sN-20109-sam71 [ 20eS Noal - [aldaed. Mo ca

COMOSAR Test Bench|  Version 3 NA :‘::'Lﬁf;;‘f’ Na cal ﬂ:‘j’ix‘;‘f' Mo ca
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SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA
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FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 49/16 WGA 43
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Calibration Datc: 09/22/2021

Summary:

This document presents the method and results [rom an aceredited SAR relorence waveguide
calibration performed in MVG USA using the COMOSAR (est beneh. All calibration resulls arce
traccable to national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements sct forth by the IELEL 1528 and CLEFILEC
62209 standards for reference waveguides used for SAR mcasurement system validations and the

measurements that were performed to verify that the product complics with the forc mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE
Manutacturer MVG
Modecl SWGS500
Serial Number SN 49/16 WGA 43
Product Condition (ncw / used) | Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

ER GENERAL INFORMATION

MVG’s COMOSAR Validation Waveguides are built in accordance to the IEELE 1528 and CELIEC
62209 standards.
4 MEASUREMENT METHOD

The IEELE 1528 and CEIFIEC 62209 standards provide requirements for reference waveguides used
for system validation measurcments. The following measurements were performed to verity that the
product complics with the fore mentioned standards.

4.1  RLETURN LOSS REQUIREMENTS

The waveguide used for SAR system validation measurements and cheeks must have a return loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open cnd of the waveguide, with the waveguide and matching layer in dircet contact with the
phantom shell as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEELE 1528 and CLEEILEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specificd dimensions arc as shown in Scction 6.2. Figurc 1 shows how the
dimensions relate to the physical construction of the waveguide.
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5 MEASUREMENT UNCERTAINTY

All uncertaintics listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traccable to the Internationally Aceepted Guides to
Mcasurcment Uncertainty.

5.1  RETURN LOSS

The following uncertaintics apply to the return loss measurcement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEELE 1528 and CEFIEC 62209 standards were followed to gencrate
the measurcment uncertainty for validation measurcments.

Sean Volume Expanded Uncertainty

6 CALIBRATION MEASUREMENT RESULTS

6.1 RLETURN LOSS IN HEAD LIQUID

5100 5200 5300 0 0 ) 5700 5800

S11.dB
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -9.15 -8 2057 QA+ 11.55 Q)
5400 -11.21 -8 7527 Q+4.08 Q2
5600 -14.50 -8 3301 Q-8.72jQ
5800 -12.26 -8 53.07 Q+2341jQ
6.2 RLETURN LOSS IN BODY LIQUID

5100

5900

5200

S11.4B

Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -8.59 -8 19.38 QA +13.50 jQ)
5400 -10.58 -8 77.13Q+181Q
5600 -13.39 -8 30950 -7.75Q
5800 -11.37 -8 54.79 QA + 2547 Q)
6.3 MLECHANICAL DIMENSIONS
Frequenc L (i) W{mm) Lt (mm) Wi (mm) T mm)
v 2_1117) Require | Measure Require | Measure Require | Measure Require Measure Require Measure
F M d d d d d d d d d d
= 40.39 - 20,19 — 81.03 - 61.98 _ S -
5200 013 PASS 13 PASS 013 PASS 013 PASS 33 PASS
i 40.39 - 20,19 - 81.03 - 6198 ;
5800 013 PASS 013 PASS .13 PASS 0.3 PASS 434 PASS

* The tolerance for the matching layer is included in the retum loss measurement.
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