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COMISAR E-FIELD PROBE CALIBRATION REFORT

Report No.: TCT210412E036

Ret: ACR.197 .1 20.MVGE A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROEE
Manufacturer MVG
Model SSE2
Serial Number SN 3620 EPGO346
Product Condition (new [ used) New
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.217 MQ
Dipole 2: R2=0.245 MQ
Dipole 3: R3=0.219 MO

X PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MV G's COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDBBa5664
D01, CENELEC ENa2209 and CELTEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

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

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDBE8a3664 D01, CENELEC EN62209 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics 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 o cover the SAR range 0.01W/ kg to [O0W ke,
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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 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limit is 10 mW/kg.

i4 150TREOPY

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 in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 13-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liguid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis ((°—1807) in 15 increments. At each step the probe is
rotated about its axis (0°-3807).

3.1 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponentizl decay in the liquid when the probe is oriented normal to the interface. To evaluae this
effect, the liguid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
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 uncertainty
approximation formula based on linear and exponential extrapolations between the surface and d,, +
d,., along lines that are approximately normal to the surface:

lah, + ) fodea)

SAR gy [ ]= AR, !Edm{, 3 for [y, +8pp) < 10 mm

where

SARyncertainty is the uncertainty in percent of the probe boundary effect

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

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

8 is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, ie., 6= 14 mm at 3 GHz;

ASARRe in percent of SAR is the deviation between the measured SAR value, at the

distance dp,e from the boundary, and the analytical SAR value.
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The measured worst case boundary effect SARuncerainty[%] for scanning distances larger than
4mm is 1.0% Limit ,2%).

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the [EEE 1528, OET &5 Bulletin C, CENELEC EN30361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide techmigue. All uncertainties lisied below mepresent an
expanded uncertainty expressed at approximately the 93% confidence level using a coverage factor
of k=2, traceable to the Iniemationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in wave guide

. : S Uncertainty Prohability . R Standard
ERROR SOURCES valwe (%) Distribution Divisor o Uncertainty (%)
Expanded uncertainty 14
@5 % confidence level k = 2 o

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liquid Temperature W+-12C
Lab Temperature W+-12C
Lab Humidity 30-80 %

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
L (uVOVm® | 2 (pViivim)®) | 3 vivim)®)
081 071 0.80

DCP dipole | | DCP dipole 2 | DCP dipale 3
(mV) (mV) (mV)
115 112 112

Calibration curves ei=f{V) (i=1,2.3) allow to obtain E-field value using the formula:
E=\E +E +ES
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Calibration curves
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53 SENSITIVITY IN LIQUID

Liguid Fraquency ConvF Epesilon ( 5/m) Permittivity
(MHz +/-

HLT50 750 1.71 0.3

BL7 50 750 1.78 0.98

HL200 ] 1.91 0.93

BLIOO K] 1.96 0.98

HL 1800 1 BO0 208 1.29

BLIEMD 1 BONK 216 1.47

HL20:00 2000 203 142

BL20M 000 210 1.52

HIL2450 4500 231 1.80

BL2450 24500 237 1.97

HL26G00 2600 2.16 1.89

BL2GM 000 2.23 118 54.42
HL5200 5200 201 445 36.68
BL5204 5200 2.08 5.46 4902
HL5#00 SE00 206 5.08 348l
BLS5EM SBO0 213 612 47 81

LOWER DETECTION LIMIT: 8mW/kg
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54 150TROPY
HL 1804 MHz
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& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Mext Calibration
Description Mode  |Liewiification No.| o g o Diute Date
. Nalidated. Mo cal Walidatad. Mo cal
Flat Phantom MG SN-20100.SAMT1 [/ 2256 M
. Validated. Mo cal Walidated. No cal
COMOSAR Tast Banch) Varsion 3 NA iy o quired.
Network Analyzer | Fonoe 2 Bchwarz 100203 052019 05/2022
Metwork Analyzer— | Fohde & Schwarz ' '
Calibration kit ZV-2235 101223 0529 0572022
Multimetar Kaithiey 2000 1160271 0212020 02/2023
Signal Genarator RG“"BE&M%:““E 106580 04/2010 042022

Characterized prior to |Characierized prior fo

Amplifier Agthercomm SM 046 test. Mo cal required. |test. Mo cal required.
Power Matar NI-USE 5680 170100013 0512019 05/2022
Diractional Couplor | Marda 421620 01326 gg?aﬁfggggﬂﬁ;f Efﬁgfig[m?
Wavaguide Meaga Indusiries | 060Y7-158-13.712 ﬂ’jgﬂd No cal 'ﬂj?ﬁfﬁd No cal
Waveguide Transition | Mega Indusiries | 060Y7-158.13-701 ;‘gﬁfﬂf‘f‘f No cal ;ﬂ:ﬁﬂd No cal
Waveguide Termination| Mega Industries | 060Y7-158-13-701 El’udlféf‘jd No cal ﬂjﬁg‘g‘j No cal
Temparaiura | HUMIEW|  Tasto 184 i 44220687 0512020 05/2023
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Dielectric Probe Calibration

Dielectric Probe Calibration Report

Ref: ACR.138. 433 SATUA

SHENZHEN TONGCE TESTING LAB.
TCT TESTING INDUSTRIAL PARK, FUQIAO 5TH INDUSTRIAL

ZONE, FUHAI STREET, BAOAN DISTRICT, SHENZHEN CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

FREQUENCY: 0.3-6 GHZ
SERIAL NO.: SN 19/15 OCPG 71

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

._.|||||,-,r
SN,

lacA @D
g
/}; " [ACCREDITED
".

C allhratmn Date: 06!0%!2018

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

Summary:

This document presents the method and results from an accredited Dielectric Probe calibration
performed in MVG USA using the LIMESAR test bench. All calibration results are traceable to
national metrelogy institutions.
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Name Function Date Signature
Prepared by ; Jéréme LUC Product Manager 06/05/2018 //‘fés:’
e
Checked by - Jéréme LUC Product Manager 06/05/2018 jf"-‘r
Approved by : Kim RUTKOWSKI Quality Manager 06/05/2018 [ , = fctisct/is

Customer Name

Distribution - SHENZHEN TONGCE
FITIDUTION - TESTING LAB
Issue Date Modifications
A 06/05/2018 Initial release
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Report No.: TCT210412E036

SAR DIELECTRIC PROBE CALIBRATION REPORT

1 INTRODUCTION

This document contains a summary of the suggested methods and requirements set forth by the IEEE
1528 and CEVIEC 62209 standards for liquid permittivity measurements 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 LIMESAR DIELECTRIC PROBE
Manufacturer MVG
Model SCLMP
Serial Number SN 19/15 OCPG 71
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s Dielectric Probes are built in accordance to the IEEE 1528 and CELIEC 62209 standards.

The product is designed for use with the LIMESAR test bench only.

Figure 1 — MVG LIMESAR Dielectric Probe

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not fo
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CETVIEC 62209-1 & 2 standards outline techniques for

dielectric property measurements. The LIMESAR test bench employs one of the methods outlined in
the standards. using a contact probe or open-ended coaxial transmission-line probe and vector
network analyzer. The standards recommend the measurement of two reference materials that have
well established and stable dielectric properties to validate the system. one for the calibration and one
for checking the calibration. The LIMESAR test bench uses De-ionized water as the reference for the
calibration and either DMS or Methanol as the reference for checking the calibration. The following
measurements were performed to verify that the product complies with the fore mentioned standards.

4.1 LIQUID PERMITTIVITY MEASUREMENTS

The permittivity of a liquid with well established diclectric properties was measured and the
measurement results compared to the values provided in the fore mentioned standards.

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 DIELECTRIC PERMITTIVITY MEASUREMENT

The following uncertainties apply to the Dielectric Permittivity measurement:

Uncertainty analysis of Permittivity Measurement

ERROR SOURCES :a[ll:zl(t-:-l.-"l-??g) Il:;llsolrjat::::n Divisor o Unc e?tt: :.1.1(1? l((—lt-.-'- %)
Repeatability (n repeats, mid-band) 4.00% N 1 1 4.000%
Deviation from reference liqud 5.00% R V3 1 2.887%
Network analyser-drift, linearity 2.00% R 3 1 1.155%
Test-port cable variations 0.00% U V2 1 0.000%
Combined standard uncertainty 5.066%
Expanded uncertainty (confidence level of 95%,k=2) 10.0%

Uncertainty analysis of Conductivity Measurement

AR Uncertainty Probability .. , Standard
ERROR SOURCES value (+/- ‘?»'i;) Distrib uti(;n Divisor “« Uncertainty (+/-%)

Repeatability (n repeats, mid-band) 3.50% N 1 1 3.500%
Deviation from reference liquad 3.00% R W3 1 1.732%
Network analyser-dnft. linearity 2.00% R V3 1 1.155%
Test-port cable variations 0.00% U V2 1 0.000%

Combined standard uncertainty 4.072%
Expanded uncertainty (confidence level of 95%,k=2) 8.1%

Page: 5/7

This document shall not be reproduced, except in full or in part, without the written approval of MTG.
The informarion contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.

Page 81 of 108

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




I C I Report No.: TCT210412E036

SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR1384.33. SATUA

6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Hunudity 44%

6.1 LIQUID PERMITTIVITY MEASURFMENT

A liquid of known characteristics (methanol at 20°C) is measured with the probe and the results (complex

permittivity £'+je”) are compared with the well-known theoretical values for this liquid.

40 -|
Anatytical value
3 1 =
a0 Meas ued velus
."_“25
=
E 20
o5
10 =
5
0 - - - :
200 1440 2580 3720 4860 000
Frequency (MHZ)
45
]
35
£ 3
23
=25
=
i
E
,§ 18 Analvtical value
1 L
Measured valus
05 H
0
300 1440 2580 3720 4850 5000

Fraquency (MHz)

Page: 6/7

This document shall not be reproduced, except in full or in part, without the written approval of MTG.
The information contained herem is to be used only for the purpose for which it is submitted and is not fo
be released in whole or part without written approval of MI'G.

Page 82 of 108

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




I C I Report No.: TCT210412E036

SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR1384.33. SATUA

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model *| Calibration Date Date
. Validated. No cal Validated. No cal
LIMESAR Test Bench Version 3 NA required. required.
Network Analyzer Rh"dez'?‘vic“warz SN100132 02/2018 02/2021
Methanol CAS 67-56-1|  Alpha Aesar Lot D13W011 Validated. Nocal | Validated. No cal
required. required.
Temperature and
Humidity Sensor Control Company 11-661-9 09/2018 09/2019
Page: 7/7
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Appendix D: Dipole Calibration Report
SID 835

SAR Reference Dipole Calibration Report

Ref: ACR.156.4.15.SATU.A

SHENZHEN TONGCE TESTING LAB.

TCT TESTING INDUSTRIAL PARK, FUQIAO STH INDUSTRIAL
ZONE, FUHAI STREET, BAOAN DISTRICT, SHENZHEN
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 16/15 DIP 0G835-369

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

w AR
\ \\_-/ /

, ¥ ACCREDITED
"JJ'”|||'L\" ERT £2145

Calibration Date 06 IJR 2018

‘x> ,f
= "‘\.
f,-',l”, II.“:\\

Summanry:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench  All calibration results are traceable to
national metrology institutions.
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Checked by : Jéréme LUC Product Manager | 06/05/2018 JE=
Approved by - Kim RUTKOWSKI Quality Manager 06/05/2018 | Authasih
Customer Name
SHENZHEN TONGCE
Distribution : TESTING LAB
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A 06/05/2018 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR1564.15.54TU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to 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 SIDE3S
Serial Number SN 16/15 DIP 0G835-369
Product Condition (new / used) Used

A yearly calibration mterval 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
CELIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MV'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEUIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURNIOSS REQUIREMENTS

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

4.2 MECHANICAT REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm 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
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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

Scan Volume Expanded Uncertainty

1

20.3 %

g
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10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, bMHz
340 860 230 =11 920 935

511.dB

.40_
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -32.78 -20 51.50+1.7i0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
820 40

511.dB

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -23.99 -20 4730+5610

6.3 MECHANICAT DIMENSIONS

Frequency MHz L mm hmm d mm
required measured required measured required measured
300 420.0 1 %. 250.0 £1%. 6.35 11 %.
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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 1610 £1 %, PASS £9.8 £1 %, PASS 3641 %, PASS
900 149,0 +1 %, 83.341 %, 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%, 429 +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 11 %.
2000 64.5 £1 %, 37.5+1 %, 3.6 +1%.
2100 61.0 +1 %, 35.7 +1 %, 3.6 +1 %
2300 55.5+1 %, 326+ %. 3.6+1%.
2450 51.5+1%, 30.4+1%. 3.6 +1%.
2600 43,5 +1 %, 28.8+1 %, 3.6 +1%.
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 VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASUREMENT

FreauHezncy Relative permittivity (£,') Conductivity (g} 5/m
required measured required measured
300 4535 % 0.87 £5%
450 A43.5#5% 0.87 £5%
730 41.9%5% 0.89 5%
835 41.5%5% PASS 0.90 5% PASS
900 41.5#5% 0.97 £5%
1450 40.535% 1.20+5%
1500 40.4 5% 1.23+5%
1640 40.2 5% 1.31+5%
1750 40.1%5% 137 5%
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1800 40.015% 14045 %
1500 40.015% 14045 %
1350 40.0£5 % 1.40 5%
2000 40.0 £5 % 1.40+5%
2100 33.815% 1.49+5%
2300 33.5#5% 1.67 £5%
2450 39.24#5% 1.80+£5%
2600 35.0£5% 1.96+5%
3000 38545% 24015%
3500 37.9%5% 2.9115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CETIEC 62209 standards state that the system wvalidation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm). within the
uncertainty for the system wvalidation. All SAR wvalues are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Ligud Head Liquid Values: eps’ - 42 3 s1gma - 0.92

Distance between dipole center and liquid

15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21 °C
Lab Hunudity 45 %

Fre&ﬁ"“" 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.83 194
450 4,58 3.06
730 8.49 5.55
835 9.56 9.53 (0.82) .22 6.12 {0.58)
300 109 6.99
14350 25 15
1500 30.3 16.8
1640 34.2 184
1750 364 15.3
1800 384 20.1
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1900 39.7 20.5
1950 40.5 209
2000 411 21.1
2100 43,6 219
2300 48,7 233
2450 52.4 24
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25
o l;
) e
1.
e N
e e
S | e | az) = | .
I " o 0z E 8 10 12 121[nl3 L= el e s S e 1
7.3 BODY LIQUID MEASUREMENT
Freat:_lezncy Relative permittivity (e/') Conductivity (o) S/m
required measured required measured
150 61.9 5% 0.80 5%
300 58.2 £5 % 0.9245%
450 56.7 £5% 0.9445%
750 55.5 £5 % 0.96 5%
835 55.2 5% PASS 0.97 5% PASS
900 55.0 5% 1.05+5%
915 55.0+5% 1.06 +5%
1450 54,05 % 1.30+5%
1610 53.8£5% 1.4015%
1800 53.35% 1.52+5%
1900 53.3#5% 1.5215%
2000 53.3£5% 1.52+5%
2100 53.2#5% 1.62 5%
2450 52.7 5% 1.95+5%
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2600 52.55% 2.16+5%
3000 52.015% 27315%
3500 51.3%5% 3.3145%
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 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liqud Body Liquid Values: eps” : 53.3 sigma - 0.97

Distance between dipole center and hquid

15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %

Frea“HeZ"c"' 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
835 5.62 (0.91) 6.44 (0.59)
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification N Current Next Calibration
Description Model enttication X0\ calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 [/alldated. Nocal - Validated. - No - cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  |Validated.  No cal
required. required.
Network Analyzer | Fnode & Schwarz SN100132 02/2018 0212021
Calipers Carrera CALIPER-01 02/2018 0212021
Reference Probe MVG EPG122 SN 18/11 02/2018 02/2019
Multimeter Keithley 2000 1188656 02/2018 02/2021
Signal Generator Agilent E4438C MY49070581 02/2018 02/2021
Amplifier Aethercomm SN 046 Characterized pr|prto Characterized prior to
test. No cal required. |test. No cal required.
Power Meter HP E4418A UsS38261498 02/2018 02/2021
Power Sensor HP ECP-E26A US37181460 02/2018 02/2021
Directional Coupler Narda 4216-20 01386 Characterized pr|prto Characterized prior to
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 02/2018 0272021
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SAR Reference Dipole Calibration Report

Ref: ACR.156.7.15.SATU.A

SHENZHEN TONGCE TESTING LAB.

TCT TESTING INDUSTRIAL PARK, FUQIAO 5TH INDUSTRIAL
ZONE, FUHAI STREET, BAOAN DISTRICT, SHENZHEN
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 16/15 DIP 1G900-372

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

,‘\C-\ll.llllllfr?,
SR

L G [ACCREDITED
Yef A
fidpy |l Calibration CERT #2253

Calibration Date: 06/05/2018

Stmmanry:

This decument presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR. test bench  All calibration results are traceable to

natiomal metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.156.7.15.5ATUA

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 16/15 DIP 1G900-372
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, 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 CEIIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The TEEE Std. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm 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
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 NVALIDATION 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.
Scan Volume Expanded Uncertainty

1 20.3 %

i}
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10

g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

Hotline:

6.1 RETURNLOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, Hz
1300 1820 1840 1860 18RO 19000 19200 1540 196D 1980 2000
.40_
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -25.64 -20 51,6 Q2 +4910
6.2 RETURNLOSS AND IMPEDANCE IN BODY TLIQUID
Frequency, MHz
1820 1840 18E0 1BBOD 1900 1920 1940 1900 1980 2000
- rr e r
00 [ Y N O
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -23.50 -20 4850+ 6410
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured reguired 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 %, £.35 +1 %,
835 1610 +1 %, 89.8 1%, 3.6 11 %.
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%, 429 +1%. 3.6 +1%.
1800 72.0+1%. 417 +1%. 3.6 +1%.
1900 68.0 +1 %. PASS 39.5 1 %. PASS 3.6 41%. PASS
1950 66.3 +1 %, 38.5+1 %, 3.6 +1%.
2000 64.5 £1 %, 37.5+1 %, 3.6 £1%.
2100 61.0 +1 %, 357 +1%. 3.6 +1%.
2300 55.5+1%, 326+ %. 3.6 +1%.
2450 51.5+1 %, 30.4+1%. 3.6+1%.
2600 48,5 +1 %, 28.83+1 %, 3.6 +1%.
3000 415 1%, 25041 %, 3.6 11 %.
3500 37.0:1%. 26.4 +1 %, 3.6 11 %.
3700 34.7+1%. 26.4+1%. 3.6 +1%.

7 VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASUREMENT

FreglluHechy Relative permittivity (e.") Conductivity (o) 5/m
required measured required measured
300 45315 % 0.87 15 %
430 43515 % 0.87 £5 %
750 41.9#5% 0.89 5%
835 41.5%5% 0.90 5%
900 41,535 % 0.97 £5%
1450 40315 % 1.205%
1500 40.4 5% 1.23+5%
1640 40.2 #5% 1.31+5%
1750 40.1#5% 137 5%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.1567.15.5ATU A

1800 4005 % 1.40+5%
1300 40.0 £5 % PASS 1.40+5% PASS
1350 40.0 £5 % 1.40+5%
2000 40.0 £5 % 1.40+5%
2100 39.8£3% L4915%
2300 39.5%5% 1.67 £5%
2450 39.2%5% 1.80£5%
2600 39.05% 196+5%
3000 385%5% 2.40%5%
3300 37.915% 291%5%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Liquid Head Liquid Values: eps’ : 40.4 sigma : 1.41

Distance between dipole center and liquad

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dv=8mm/dz=5mm

Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 21 °C

Lab Temperature 21°C

Lab Humidity 45 %

F'ea”;""" 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 194
430 4,58 3.06
750 8.49 5.55
835 3.36 6.22
900 10.9 6.99
1450 29 16
1300 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
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Hotline: 400-6611-140

1900 39.7 39,26 (2.89) 20.5 20.49 (2.12)
1950 40.5 20.9
2000 411 21.1
2100 43.6 219
2300 48.7 23.3
2450 52.4 24
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25
N ]
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7.3 BODY LIQUID MEASUREMENT
Fre&u}_lezncy Relative permittivity (') Conductivity (o) S/m
required measured required measured
150 61.9£5% 0.80 5%
300 58.2+5% 0,92 +5%
450 56.7 £5 % 0.94 5%
750 55.5+5% 0.96 +5 %
835 55.2+5% 0.97 5%
200 55.0£5% 1.055%
015 55.0+5% 1.06 +5%
1450 54.0+5% 1.30+5%
1610 53.8£5% 140 +5%
1800 53.3£5% 1.5245%
1900 53.315% PASS 1.52+5% PASS
2000 53.3#5% 1.52 +5%
2100 53.2£5% 1.6245%
2450 52.7#5% 195 +5%
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2600 52.515% 2.1645%
3000 52.0+5% 27345%
3500 51.315% 3.3145%
5200 49.0+10% 5.30 #10 %
5300 48,910 % 5.42 £10 %
5400 48.7 +10% 5.53 #10 %
5500 48.6 +10% 5.65 #10 %
5600 48.5+10 % 577 #10%
5800 48.2+10% 6.00 10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Liqud Body Liquid Values: eps” - 53.9 sigma : 1.55

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dv=8mm/dz=5mm

Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 21 °C

Lab Temperature 21 °C

Lab Hunuidity 45 %

Ly Bk

FreauHezncv 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1900 38.71 (3.70) 20.53 (2.12)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
Description Model Identification No. Calibration Date Date
SAM Phantom MVG SN-20/09-sAM71 |/alidated. Nocal - Validated. - No cal
required. required.
COMOSAR TestBench|  Version 3 NA Validated. Nocal  Validated.  No  cal
required. required.
Network Analyzer Rhweg‘vi‘:hwarz SN100132 02/2018 02/2021
Calipers Carrera CALIPER-01 02/2018 0272021
Reference Probe MVG EPG122 SN 18/11 02/2018 02/2019
Multimeter Keithley 2000 1188656 02/2018 02/2021
Signal Generator Agilent E4438C MY49070581 02/2018 02/2021
- Characterized prior to|Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A UsS38261498 02/2018 02/2021
Power Sensor HP ECP-E26A US37181460 02/2018 02/2021
Directional Coupler Narda 4216-20 01386 Characterized prior to Characterized prior to
test. No cal required. [test. No cal required.
Temperature and | o) Company 11-661-9 02/2018 02/2021

Humidity Sensor
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Appendix E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 vO1 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.
SAR System Validation Summary

COND. | COND. — —
S PERM. | PERM. CW Validation Mod. Validation

Freq. Probe Peak to
[MHZ] S/IN Probe Probe Mod. Duty | average
linearity | isotropy type factor | power
ratio

Date
type (o) (er) sensitivity

SN
04/06/2021 835 gggg Head 42.3 0.89 PASS PASS PASS | GMSK | PASS N/A

346

SN
04/07/2021 835 gg/ég Body 55.13 0.95 PASS PASS PASS | GMSK | PASS N/A

346

SN
04/06/2021 | 1900 ég’ég Head | 4031 | 138 PASS PASS | PASS | GMSK | PASS | N/A

346

SN
04/07/2021 | 1900 sggg Body 53.11 1.56 PASS PASS PASS | GMSK | PASS N/A

346

NOTE: While the probes have been calibrated for both a CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a periodic duty cycle, such as OFDM according to
KDB 865664.
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Appendix F: The Check Data of Impedance and Return Loss

The information are included in the SAR report to qualify for the three-year extended

calibration interval;

Impedance in head liquid

Date: 04/06/2021

Freq. (MH2) Teomp Dipole Impedance Re(z) Dipole Impedance Im(z)
(C) | measured | Target | A (#5Q) | measured Target A (£5Q)
835 22 52.30 51.60 0.7 2.30 1.70 0.6
1800 22 46.50 48.60 2.1 0.60 -0.50 1.1
1900 22 50.30 51.70 -1.4 4.20 4.90 -0.7
2450 22 45.90 46.50 -0.6 -0.36 -0.20 -0.1
2600 22 54.7 55.1 -0.4 5.00 5.10 -0.1
Impedance in body liquid Date: 04/07/2021
Freq. (MH2) Teomp Dipole Impedance Re(z) Dipole Impedance Im(z)
(C) | measured | Target | A (#5Q) | measured Target A (35Q)
835 22 49.3 47.1 2.2 6.3 5.60 0.7
1800 22 46.5 47.2 -0.7 -6.1 -5.10 -1.0
1900 22 50.3 48.1 2.2 5.3 6.40 -1.1
2450 22 45.9 48.7 -2.8 0.6 -1.90 25
2600 22 52.3 51.8 0.5 5.7 5.5 0.2
Return loss in head liquid Date: 04/06/2021
Freq. (MH2) Teomp Return loss(dB)
(<) measured Target A (£20%)
835 22 -30.35 -32.78 -7.41
1800 22 -37.89 -36.92 2.63
1900 22 -24.33 -25.64 -5.11
2450 22 -30.95 -29.05 6.54
2600 22 -22.01 -22.81 -3.51
Return loss in body liquid Date: 04/07/2021
Freq. (MH2) Teimp Return loss(dB)
(C) measured Target A (£20%)
835 22 -25.99 -23.99 8.34
1800 22 -23.66 -24.67 -4.09
1900 22 -21.65 -23.50 -7.87
2450 22 -34.65 -32.86 5.45
2600 22 -23.56 -24.71 -4.65

Hotline: 400-6611-140

Tel: 86-755-27673339

Fax: 86-755-27673332

Page 107 of 108

http://www.tct-lab.com




TCT

Report No.: TCT210412E036

i Freq. | Temp er / relative permittivity a(s/m) / conductivity p
iquid .
(MHz) | (C) | measured | Target | A (#5%) | measured | Target | A (#5%) | (kg/m3)
835 22 42.30 41.50 1.93 0.89 0.90 -1.11 1000
1800 22 40.50 40.00 1.25 1.36 1.40 -2.86 1000
Head | 1900 22 40.31 40.00 0.78 1.38 1.40 -1.43 1000
2450 22 38.99 39.20 -0.54 1.88 1.80 4.44 1000
2600 22 38.85 39.00 -0.38 1.93 1.96 -1.53 1000
835 22 55.13 55.20 -0.13 0.95 0.97 -2.06 1000
1800 22 53.60 53.30 0.56 1.50 1.52 -1.32 1000
Body | 1900 22 53.11 53.30 -0.36 1.56 1.52 2.63 1000
2450 22 52.10 52.70 -1.14 2.01 1.95 4.00 1000
2600 22 52.31 52.50 -0.36 2.12 2.16 -1.85 1000
Calibration
Test Equipment Manufacturer Model Serial Number Calibration f-dlibration
Date Due
(D.M.Y) (D.M.Y)
Signal Generator Angilent N5182A MY47070282 | Sep. 28, 2020 | Sep. 27, 2021
Multimeter Keithley Multimeter 2000 4078275 Sep. 28, 2020 | Sep. 27, 2021
Network Analyzer Agilent 8753E US38432457 | Sep. 28,2020 | Sep. 27, 2021
Power Meter Agilent E4418B GB43312526 | Sep. 28, 2020 | Sep. 27, 2021
Power Sensor Agilent E9301A MY41497725 | Sep. 28, 2020 | Sep. 27, 2021
Power Amplifier PE PE15A4019 112342 N/A N/A
Temperast‘érnesé rH“m'd'ty Control company | TH101B 152470214 | Sep. 28,2020 | Sep. 27, 2021
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