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Liquid depth

The Body Liquid of 835MHz (15.4cm

e .

The Body Liquid of 2450MHz (15.3cm)

The Body Liquid of 750MHz (16.5cm)
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Appendix B: Test Setup Photos

Body worn — Front (10mm)

Body worn Right (10mm)

B,

Body worn Bottom (10mm)
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Appendix C: Probe Calibration Certificate
COMOSAR E-FIELD Probe

COMOSAR E-Field Probe Calibration Report

Ref : ACR.138.5.15.SATUA

SHENZHEN TCT TESTING TECHNOLOGY
CO.,,.LTD
1B/F., Building 1, Yibaolai Industrial Park,

QQiaotou, Fuyong, Baoan District, Shenzhen, Guangdong, China

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 07/15 EP248

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

ACCREDITED

Uondy 1, AN

Calibration Date: 01/09/2018

SRRy

This document presents the method and results from an acoredited COMOZAR Dosimetnc E-Field
Probe calibration performed in MVG USA using the CALIZAR ¢ CALIBAIR test bench, for use
with a COMOSAR system only.  All calibration results are traceable to national metrology

institutions.
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COMOSAR E-FIELD PROBE CALIBRAT ION REPORT Ref ACR1383155ATU.A
Name Function Date Signature
Prepared by : Térdbme LUC Product Manager 01/09/2018 j:‘—js"
Checked by - Téréme LUC Product Manager 01/09/2018 :;f’qf-"‘f
Approved by : Kim RUTEOWSKI Quality Manager 01/09/2018 Lot deed

Crstom er Neaw e
L Shenzhen Tongee
Distribution . Testing Lad
Issuee Date Modifications
A 01/09/2018 Initial release
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.I385.153AT.A
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Report No.: TCT180207E002

Ref ACR.13851554T0.4

1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSES
Serial Number SN 07/15 EP248
Produect Condition (new / used) New

Frequency Range of Probe

0.45 GH=z -3GH=z

Resistance of Three Dipoles at Connector

Dipole 1: R1=0.216 MQ
Dipole 2: R2=0.216 MO
Dipole 3: R3=0.217 MO

A vearly calibration interval 1s recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFOERMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and

CEL'IEC 62209 standards.

T —

Figure 1l — MV G COMOSAR Dostmetric E fleld Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The TEEE 1528, OET 635 Bulletin C, CENELEC EN50361 and CELIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristies 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/ke to 100W/kg.

Page: 4/9
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Rsf: ACR13E31354TU.A

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

34 ISOTEOFY

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 - 360 degrees in 15 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 dipole is rotated about its axis (0°-180°) in 15° increments. At each step the probe is rotated
about its axis (0°-3607).

3.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid 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.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. 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 Internati onally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

Uncertainty Probability . . Standard

ERROR SOURCES value (%) Distribution Divisor “ Uncertainty (%)

Incident or forward power 3.00% Rectangular _\E 1 1.732%
Reflected power 3.00% Rectangular *u'g 1 1.732%
Liguid conductivity 5.00% Rectangular \E 1 2.887%
Liguid permu thvity 4.00% Rectangular \,-g 1 2.309%%
Field homogeneity 3.00% Rectangular wu'_'_): 1 1.732%
Field probe positioning 5.00% Rectangular .\E 1 2.887%
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95 % confidence level k =2

Field probe linearity 3.00%% Rectangular \Jg 1 1.732%
Combined standard uncertainty 5.831%
Expanded uncertainty 12 0%

5

CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liquid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
51 SENSITIVITY IN ATR
Normx dipole | Normy dipole | Normz dipole
1 (uV/(Vimy’) |2 VAV /m)) |3 @V/(Vim))
6.77 6.10 7.10
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
96 92 96

Calibration curves
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53 SENSITIVITY IN LIQUID
Liguid Frequency Pettnittivity Epsilon (5/m) ConvF
IMHz +/-
100MHz)
HL450 450 4217 086 538
BL450 450 5765 056 557
HL750 750 4003 093 469
BL750 750 SR.ES 1.00 4 88
HLE50 235 42.19 0.90 5473
BL&ES0 235 54 67 1.01 S8l
HL200 oo 4208 1.01 4 98
BLI0ONO a0 A5.25 1.08 513
HL1200 1&00 41,688 146 431
BL130O0 1&00 5386 144 452
HL1900 1900 3845 1445 482
BL1900 1900 5332 1.56 508
HLzZ000 2000 38.26 1.38 473
BLZ0OO0 2000 5270 1.51 478
HL2450 2450 3750 1.80 458
BL2450 2450 53.22 1.89 470
HLZ600 2600 3980 1.99 443
BLZA0O0 2600 5252 223 4 A6
LOWER DETECTION LIMIT: 8mW/kg
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54 ISOTROPY

H1L900 MHz
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- Hemispherical isotropy:

HL1300 MH=
- Axial isotropy:

- Hemispherical isotropy:

0.06 dB

0.04 dB

ISOITOPY CUTVES
10- e
18- - Cal Fe——
. Dipole 230
B
o241 \1
wo-fk ]‘
" [
4 \ /
e X A

L]

-i0-h = J
10 06 <06 4 D2 00 02 04 06 0B 10

-
hE-
05~
04
02-

o-

42

Aa

a5

18-

-0

0.06 dB
0.06 dB
IS01rOpY CUTves
//_- ---‘-‘-‘--‘-\-. . Dic ¢ 01
' to-ar;r
k!
i \
'|
]
; |
\ /
- '/-
I P P

30 4B 06 44 02 40 02 04 06 OB 10

Page: &9

This document shall nof be reproduced, except in full or in part, without the written approval of MVG.
The information confaimed herein is fo be used only for the purpose for which if is submiffed and is nof fo
be released in whele or pari withouf writfan approval of MG

Hotline: 400-6611-140  Tel: 86-755-27673339

Page 79 of 145

Fax: 86-755-27673332  http://www.tct-lab.com




TCT

Report No.: TCT180207E002

COMOSAR E-FIELD PROBE CALIBRATION REPORT
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

test. Mo cal required.

E quipment Manufacturer / Identification N Current Next Calibration
Description Model cntricalion X0 calibration Date Date
Flat Phantarn MVG SN-20/9-5aM71 | Valdated. Nocal ) validated. Nocal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal ) Validated. No cal
required. required.
Network Analyzer | 'od® & SEwaArE SN100132 02/2015 02/2018
Reference Probe R e EP 94 SN 37/08 0242017 0272018
M ultimeter Keithley 2000 1188658 0X2015 02/2018
Signal Generator Agilent E4438C MY43070281 02/2015 02/2018
Amplifier Asthercomm SN 046 Characterized pri_ortu Characterized pripr to
test. Mo calreguired. [test. Mo cal required.
Power Meter HF E44134 538261458 022015 0272018
Fower Sensor HF ECP-EZ6A, US37181460 0272015 022018
Directional Coupler Narda 4716-20 01386 Characterized prior to | Characterized prior to

test. Mo cal required.

Validated. Mo cal

Yalidated. Mo cal

Waveguide Mega Industries 059y 7-158-13-T12 . .
required. required.
Waveguide Transition | Mega Industries | 0B8Y7-168-13-701 | *2idated. Nocal | Validated. No cal
required. required.

aveguide Termination

Mega Industries

069y 7-158-13-701

Validated. Mocal
required.

Yalidated. Mo cal
required.

Temperature / Humidity
Sensor

Cantrol Company

11-661-9

0272017

02/2018

Pags: 99
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Dielectric Probe Calibration

Dielectric Probe Calibration Report

Ref: ACR.156.11.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY
CO.LTD
1F, NO.1 BUILDING, YIBAOLAI INDUSTRIAL PARK.NO.1
CHONGQING ROAD,QIAOTOU VILLAGE,
FUYONG TOWN, BAOAN DISTRICT
SHENZHEN, CHINA

MVG LIMESAR DIELECTRIC PROBE
FREQUENCY: 0.3-6 GHZ
SERIAL NO.: SN 19/15 OCPG 71

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

LT
N . f':’

%, 7~ [ACCREDITED
Drulyyl W P C————

Calibration Date: 05/06/2016

Summary:

Thiz document presents the method and results from an accredited Dielectric Probe calibration
performed in MVG USA using the TIMESAR test bench. All calibration results are traceable to
national metrology institutions.
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FPrepared by : Jérome LUC Product Manager 6/5/2016 ;;',%‘5"
Checked by : Jerome LUC Product Manager 6/5/2016 Q-—?ﬁ' :
Approved by - Kim RUTKOWSKI Quality Manager 6/5/2016 omn Aurthah

Customer Name

Shenzhen TCT

Distribution : Testing Technology
Co_Lid
Issue Date Moudifications
A 6/5/2016 Initial release
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR156.1115.5ATUA

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) New

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s Daielectric Probes are built in accordance to the IEEE 1528 and CELIEC 62209 standards.
The product 1s designed for use with the LIMESAR test bench only.

Figure 1 — MVG LIMESAR Dielectric Probe

Page: 4/7
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR.136.1115.5ATUA

4 MEASUREMENT METHOD

The IEEE 1528-2003, OET 63 Bulletin C and CELIIEC 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 matenials 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.

41 LIQUID PERMITTIVITY MEASUREMENTS

The permuttivity of a liquid with well established dielectric 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 Intemationally Accepted Guides to
Measurement Uncertaimnty.

5.1 DIELECTEIC PERMITTIVITY MEASUREMENT

The following uncertainties apply to the Dhielectric Permittivity measurement:

Uncertainty analysis of Permittivity Measurement

ERROR SOURCES }nllllt;:r;::;-“-l El!::) 3;::?;::::—11;;-“ Divisor cl L'n-:e?::ir::::lti‘-%]
Eepeatability (n repeats, mid-band) 4.00% N 1 1 4.000%
Deviation from reference liguid 5.00% R V3 1 2.887%
Network analyser-dnft. linearity 2.00% R V3 1 1.155%
Test-port cable variations 0.00% u Y2 1 0.000%
Combined standard uncertainty 3.066%
Expanded uncertainty (confidence level of 95%, k=12) 10.0%

Uncertainty analysis of Conductivity Measurement

- Uncertainty Probability .. , Standard
ERROR SOURCES value (+/- f!f'c;] Distribution Divisor “ Uncertainty (+/-%0)

Fepeatability (n repeats, mid-band) 3.50% N 1 3.500%
Deviation from reference liguid 3.00% R Y3 1 1.732%
Network analyser-drift, linearity 2.00% R Y3 1 1.155%
Test-port cable variations 0.00% U Y2 1 0.000%

Combined standard uncertainty 4.072%
Expanded uncertainty (confidence level of 95%, k=12) 8.1%

FPage: 5/7

This document shall not be reproduced, exeept in full or in part, witheur the written approval of MVG.
The informarion contained herein is to be used only for the purpese for which it is submirted and is not ro
be releared in whels or part withour weitten approval of MG

Page 85 of 145

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




TCT

SAR DIELECTRIC FROBE CALIBRATION REPORT

Report No.: TCT180207E002

Fef: ACEL15611155ATUA

6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

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

6.1 LIQUID PERMITTIVITY MEASUREMENT

A liquid of known characteristics (methanol at 20°C) 15 measured with the probe and the results (complex

permuttivity £ +Hjg”) are compared with the well-known theoretical values for this liquaid.
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
Dot Model e [ I Date
. Walidated. No cal Malidated. No cal
LIMESAR Test Bench Version 3 MA required. required.
Network Analyzer | Rhode % Schwarz SN100132 0212015 0212018
Methanol CAS 67-56-1|  Alpha Aesar LotD13wgrq  [/2ldated. Nocal  NValidated.  No cal
required. required.
Temperatureand | ) company 11-661-9 82015 B/2018

Humidity Sensor
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