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Appendix C: Probe Calibration Certificate

COMOSAR E-Field Probe Calibration Report

Ref: ACR.156.1.15.SATU.A

SHENZHEN TONGCE TESTING LAB.
1F,LEINUO WATCH BUILDING, FUYONG TOWN,
BAOAN DIST, SHENZHEN, CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 07/15 EP248

Calibrated at MV G US
2105 Barrett Park Dr. - lennesaw, GA 30144

k-

Y  [ACCREDITED)
ey e

Calibration Date: 05/11/2015

Sy
This document presents the method and results from an accredited COMOSAR Dosimerric E-Field
Probe calibeation performed in MV'G USA using the CALTSAR / CALIBAIR test bench, for use
with a COMDSAR sysiem only. Al calibraticn results are traceable to national metrology
institutions.
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COMOSAR E-FIELD FROBE CALIBRATION REPORT Ref: ACH 156115 SATUA

1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
| Manufacturer MVG —
Model 5SE5
| Serial Number SN 07/15 EP248
| Produet Condilion (new / used) New
Frequency Range of Probe 0.45 GHz-3GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.180 MQ
Dipole 2: R2=0.191 M{
Dipole 3: R3=0.17% MQ

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CEIIEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm - ]
Length of Tndividual Dipoles 4.5 mm B )
| Maximum external diameter 8 mm
| Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 mm 3

3 MEASUREMENT METHOD
The TEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIVIEC 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,

31 LINEARITY

The evaluation of the lincarity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/kg to 100W/ikg.
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COMOSAR E-FIELD PROBE CALIBRATION REFORT Rell ACR 136.1.15.8ATILA

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.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom 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°-360°),

1.5 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 Lo the analytical value at the surface,

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELVTEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigue. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Report No.: TCT160322E004

Uneertainty annlysis of the probe calibratlon in waveguide
, Uneertainty Probability Standard
ERROE SOURCES 'Ir'ﬂlue_(%} Distribution Divisor l | Uncertainty (%)
Incident or forward power 3.00% Rectangular S I 1.732%
Refleeted power 3.00% Rectangular | — \‘-'[_TT— 1 1.732%
Liguid conductivity 5.00% Rectangular - 1.l'r3_ — 1 2.887%
Liguid permittivity 4.00% Rectangular —_— ~_|"'_'% — 1 2,309%
: : e
Field homogeneity 3.00% Rectangular 1 1.732%
= _
Field probe positioning 5.00% Rectangular ..,.IE | 2.887%
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Refl ACR 136115 8ATUA

Field probe linearity 3.00% Rectangular \.n'r;} | I 1 1.732%
— 5.831%

Combined standard uncertainty

Expanded uncertainty o '
95 % confidence level k=2 | 12.0%

5 CALIBRATION MEASUREMENT RESULTS

_Calibraﬁon Parameters

Liquid Temperature 21 °C
Lab Temperature 21°C -
Lab Humidity 45 %

3.1 SENSITIVITY IN AIR

Mormx dipole | Normy dipole | Normz dipole
1 (uVAV?) | 2 (uViVim)H | 3 (LV/(Vim)")
[ 691 7.46 6.48

DCP dipole 1 [ DCP dipole 2 | DCP dipole 3 |
(mV) (mV) (mV)
97 93 94

Calibration curves ¢i=t{V) (i=1,2,3) allow to obtain H-field value using the formula:

E=\E*+E’+E}

Calibration curves

F":---. -1 B %
e
- e
L s
% et ol Dipole 1
% 400 — Dipale 2
w o FH___.-’;'_'.':"’- 13
:-’ﬁﬂ;w
o
1 _If" [
oo o1 02 03 04 05 06 07 |
Volaga V]
FPage: 679

Ihis docerment shall wof be reprodheed, exceps (i il or in pars, without the weitien approval of MG,
The infarmation comtained herein is to be wsed only for the panpaze for which it s subaitted and is ned fo
be veleased v whale or part wilhon! written approval of WG

Page 72 of 107

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




Report No.: TCT160322E004

COMOSAR E-FIELD PROBE CALIBRATION REPORT Rel ACR 1561 128ATUA

5.2 LINEARITY

Linearity
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Linearity:0+~1.94% (+/-0.09dB)

5.3 SENSITIVITY IN LIQUID

Ligquid Frequency Penmittivity Epsilon (S/m) ConvF
AMHz +/-
100MHz) -

- HL450 450 | 4368 0.87 529
BLAS0 450 58.34 0.99 5.43
HL750 750 41.82 0.90 4.74
BL750 750 5628 0.98 4.85
HLE850 835 ~ 42.59 0.90 5.05
BLESD 835 53.10 0.97 522
HL900 900 4205 0.98 4.82
BLY00 900 56.41 1.08 4.99

 HLI1800 1800 4182 | 138 4.21

~ BLI&0D 1800 53.00 1,52 4.33
HL 1900 1900 40.38 141 4.86

~_ BLI1900 1900 53.93 | 133 5.05 |

| HL2000 2000 40.12 143 4.37
BL2000 2000 53.65 154 4.51

HL2450 2450 3834 1.80 4.21
BL2450 | 2450 52.70 194 | 436 |
HL2600 | 2600 38.16 193 4.18

| BL2600 | 2600 51.55 221 [ 43l

LOWER DETECTION LIMIT: 7TmW/kg
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54 ISOTROPY

HL900 MHz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy: 0.05 di3
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRLI56.1.15.5ATU.A

6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
Validated. No cal Validated. Mo cal
Flat Phantom ) MVG SN-20/08-5AMT1 oviiiiied. required.
. Validated. Mo cal Validated, Mo cal
COMOSAR Test Bench Version 3 MA required. _ il
Network Analyzer Rh‘m;ﬁ“hwm SN100132 0212013 0212016
Referance Probe MG EP 94 SN 37/08 1002014 1062015
Multimeter Keithley 2000 1188656 1212013 12/2016
Signal Generator Agilant E4438C MY490705E1 12/2013 1272016
- . | Characterized prior tc; Characterized prior lo
Amplier Aethercomm ShdE test. Mo cal required. |test. Mo cal required.
Power Meter HF E4418A US38261488 12/2013 1212016
Power Sensor HP ECP-E28A US37181460 12/2013 12120186
- ¥ Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
- \alidated. Mo cal Validated. Mo cal
Waveguide Mega Industries | 088Y7-1568-13-7¥12 equired. required.
. = . Walidated. Mo cal Validated. No cal
Waveguide Transition | Mega Industries | 088Y7-158-13-701 re_quire 7 equired.
; - " alidated. Mo cal Validated, Mo cal
Waveguide Termination] Mega Industries | 068Y7-158-13-701 equired. entirad
Tem"“'“ég[f;g:"““’”‘"“’ Control Company 11-661-9 812012 812015
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Appendix D: Dipole Calibration Report

SID835

SAR Reference Dipole Calibration Report

Fef: ACR.156.4.15.8ATUA

SHENZHEN TONGCE TESTING LAB.
1F.LEINUO WATCH BUILDING, FUYONG TOWN,
BAOAN DIST,. SHENZHEN, CHINA
MVG COMOSAR REFRRENCE DIPOLE

FREQUENCY: 835 MHZL
SERIAL NO.: SN 16/15 DIP 0GE35-369

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

1 ey
w'y i,
.

Ao— =

oA

= ;—_"'\___;' e s
% o [ACCREDITED
Haaky et Caitraion CENT MIZAE-CZ

Calibration Date: 05/11/2015
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SAR REFERENCE DIPOLE CALIERATION REFORT Raft ACR. 1764 13.5ATUA

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 verifv that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAFR 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDB35
Serial Number SN 16/13 DIP 0GE35-369
Product Condition (new / used) MNew

A vearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

3l GENERAL INFORMATION

MVG's COMOSAR. Valhidation Dipoles are bult in accordance to the JEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench onlv.

Figure 1 — MG COMOSAR Validation Dipole
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$AR REFERENCE DIPOLE CALIBRATION REPORT Reft ACR1364.15.54TUA

4 DMEASUREMENT METHOD
The IEEE 1328 FCC KDBs and CEVIEC 62209 standards provide requirements for reference

dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

41 RETURNLOSS 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 mentionad standards,

42 MECHANICAL REQUIREMENTS
The IEEE Std. 1328 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, wirth the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipeles sold for use with the COMOSAR. test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor of k=2, traceable to the Intemnationally Accepted Guides to
Measurement Uncertamty.

51 RETURNIOSS

The following uncertainties apply to the remurn loss measurament:

Freguency bhand Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB

Lan

2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.03 mum

5.3 VALIDATION MEASUREMENT

The gmdelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CELIEC 62209
standards were followed to generate the measurement uncertainty for vahidatnon measurements,
Scan Vaolume Expanded Uncertainty

lg 20.3 %

FPage; 3:11
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Faf ACR1564 155ATUA

l0g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 EBETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Froquancy, M-z
75 TEO TH) A &} £ i} e a0 5
i} | 1
]
= 2=
-
5=
40 |
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
35 -32.78 =20 516020+ 1.7;02
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frogaency, WHz
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
£33 -23.99 -20 47100+ 56402
63 MECHANICAT DIMEMSIONS
Frequency MHz L mmn hmm o murm
required measured recpuired measured required measured
300 4200 £1 %, 250.0 £1 %, B.35 1%
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SAR REFERENCE MPOLE CALIBRATION REPORT Fef ACR.136.215.54TUA
450 2000 +1 %, 166.7 1%, 535 %1%
750 176.0 %1 %, 100.0 +1 %. 6.35 %1%
835 1610 +1 %, PASS B9.8 21 % PASS 36+ % PASS
200 149.0 +1 %, BIAl% 3621 %
1450 BO.1 1%, 517+1%. 3.621%.
1500 BOLS +1 %. S0.021%. 3.6+1%.
1540 79.0 21 %. 4571 %, 3.621%.
1750 75.2 21 %. 429+1%. 3621 %
1800 72021 %. 417 *1%. 3.621%.
1900 8.0 +1 % 33.5+1%. 3.621%.
1950 663 +1 %. 38.5:1%. 3.6%1%.
2000 54521 %. 37.5:1%. 3621%.
2100 610+1% 35711 %. 361 %
2300 5551 %. 3261 % 5.6l %.
2450 51511% 30.411%. 5611 %.
2600 485 £1 % 288+1% 361l %
3000 415 %1% 2501 %. 3.6l %,
3500 37041 %, 26411 %, 361l %
3700 34.7£1 %, 6.4+1%. 3541 %

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEUIEC 62209 standards state that the system validation
measursments must be performed using a reference dipole meetung the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nmst be performed against a
liguud filled flar phantom, with the phantom constucted as outlined w the fore mennoned standards.
Per the standards. the dipole shall be posinioned 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 ar the described distance from the bottom surface of the phantom

7.1 HEAD LIQUID MEASUREMENT

Fre;?ﬂu:znc',l Relative permittivity () Conductivity (o) 5/m
required measured required measured
300 45.3 5% D87 5%
450 4355 % 08735 %
750 419+5% 089 25%
B35 41545 % PASS 0.90 *5 % PASS
a0 41.5+5% 097 25 %
1450 40.5 %5 % 1.20 #5 %
1500 40.4 5% 1.23 +5 %
1640 40.2 5% 1.31 5%
1750 40.1%5 % 1.37 5%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.156415.5ATUA
1800 40,015 % 1,40 5%
1900 40025 % 1.40 £5 %
1950 40,025 5% 14025 %
2000 40,0 £5% 1.40£5 %
2100 398:5% 14815 %
2300 395%5% 16725 %
2450 392*5% 1B0=5%
2600 330=x5% 19625%
3000 335=25% 24025 %
3500 37.925% 29125%

7.2 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEEE Std. 1328 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mum), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4
Phantom SN 20009 SAMT]
Probe SN 1811 EPG122
Ligud Head Liquid Values: eps’ : 42.3 sigma - 0.92
Distance between dipole center and liguid 150 mm
Area scan resolution dx=8mny/dy=8mm
Zoon Scan Resolunon dx=8mm/dv=8mm 'dz=3mm
Frequency 235 MEz
Input power 20 dBm
Liguid Temperature 21 °C
Lal Temperature 21 °C
Lab Humidaty 45 95
Fre&l.:_nlaznw 1g 5AR (Wikg/ W) 10 g SAR (W kg W)
required measured required measured
300 2.85 1.84
450 458 3.6
750 B.45 5.55
835 956 9.60 (0.96) £.22 6.24 (0.62)
a0g 1058 6.99
1450 2a 16
1500 30.5 168
1ad0 34,2 124
1750 36.4 15.3
1200 B2 201
Page: 8/11
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1300 35.7 20.5
1950 40.5 20.9
2000 411 211
2100 436 218
2300 487 23.3
2450 524 24

2600 553 24.6
3000 538 25.7
3500 67.1 25

awibrm

sl
I

7.3 BODY LIQUID MEASUREMENT

Frtﬂ?‘:;'“ Relative permittivity (') Conductivity [a) 5/m
required measured required measured

150 61.9+5% 080 25 %
300 58.2 45 % 087 25%
450 5.7 5 % 09425 %
750 55.5 5% 0.96 25 %

835 55.2 45 % PASS 08T 25% PASS
Q00 55045 % 1.0 25 %
915 55045 % 1.06 25 %
1450 G405 % 13025%
1610 53.845% 1.4025%
1800 53345 % 152254
19040 53.315% 152255
2000 53345 % 152254
2100 53.245% 162 +5%
24350 52.75% 1,95 25%
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2600 52515 % 21615%

3000 5205% 273:5%

3500 513+5% 33125%

5200 49.0210% 530 =10%
5300 483 210% 5.42+10%
5400 487 210% 553210 %
3300 486210 % 5,65 £10 %
5600 4B5+10% 577 +10%
5800 48210 % £.00 210 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 2009 SAMT1
Probe SN 1811 EPG122
Liguid Body Liguid Values: eps’ ; 53.3 sigma ; 0.97
Distance between dipole center and ligud 15.0 mm
Area scan reyolution dx=Bmun/dy=8mumn
Zoon Scan Resclution dx=8mm/'dv=8mm'dz=3mm
Frequency 835 MH:z
Input powet 20 dBm
Liqud Temperatuze 21 °C
Lab Temperatue 21°C
Lab Humsdity 45 %
o ypisa) 1g SAR [W/kg/W) 10 g SAR (W/ke/ W)
measured meagured
835 9.60 (0.96) 6.36 (0,64}
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3 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / z = Current Next Calibration
Desisiption Riaiel iR S e R Dl Date
&AM Phantom e SN-I0/09-SAMT 1 Validated. Mo cal Walidated. Mo cal
required. required.
; Validated. Mo cal Walidated. Mo cal
COMOSAR Test Bench Version 3 MA equired. equired.
Network Analyzer | RMode & BCWAZ | sy1g0132 0212013 0212015
Calipers Carrera CALIPER-01 1212013 122016
Reference Probe MVG EPG122 5N 1811 1072014 10/2015
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
Charactenized prior to |Characterized prior to
Hmplfies Aetheseamm =hlikeG test. Mo cal required. |test. Mo cal required.
Power Meter HP E4418A US38261498 122013 1212016
FPower Sensor HP ECP-E26A US37181460 1212013 1212016
N Charactenzed prior to |Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. [test. No cal required
Temperature and | ¢ ot Company 11-661-9 82012 82015

Humidity Sensor
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SAR Reference Dipole Calibration Report

Ref: ACR.156.7.15.SATU A

SHENZHEN TONGCE TESTING LAB.
1F.LEINUO WATCH BUILDING, FUYONG TOWN,
BAOAN DIST, SHENZHEN, CHINA

MVG COMOSAR REFRRENCE DIPOLE
FREQUENCY: 1900 MHZ
SERIAL NO.: SN 16/15 DIF 1G900-372

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

ACCREDITED

Calibration Date: 05/11/2015

Suinciv:

Tlus docunet presents the method and resulis em an acoredited SAR reference dipols cahibranon
performued in MVEG USA using the COMOSAR test bench All calibration results are traceable 1o

national metrology insttutions.
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o Shenzhen Tongce
Distribution - ; B
Testing Lab.
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A G/5F2015 Initial release

Page: 204

Theiz decumnr shall mot b rapwodtuced, aveapr in Il oo ik pary, wither e wiriten approval of MTG
Tha iiforrmatian conraimed kerein 12 o ba wsed only for the purpase for which i iz subntiited and &2 not fo
b relea sed i whele oF pare withour weiiten agspveval of MT'G.

Hotline: 400-6611-140

Tel: 86-755-27673339

Fax: 86-755-27673332

Page 88 of 107

http://www.tct-lab.com




I C I Report No.: TCT160322E004

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR156T135ATUA

TABLE OF CONTENTS

T O e b iR 4
Z e T e o o L S B s e B T e s 4
SR o a1 B el Y o L TSy e e st N 4
3.1 General Information 4
4 Weasnirennaril WIEEINOM i eiainnaniin s sbvaasabiaanamas shnae madod 64 nid nun b i v nan b ad A 5
4.1 Retun Loss Requirements 5
4.2 Mechanical Requirements 5
5 Measuremment UNCertaliity ..o ssmsse e sanss e ies e esamse e resamseee e 5
5.1 Retum Loss 5
5.2 Dimension Measurement - - . "5
5.3 Walidation Measurement 5
& Calibration Measurement Festilis oo &

6.1 Retun Loss and Impedance In Head Liquid

6.2 Retun Loss and Impedance In Body Liquid 6

6.3  Mechanical Dimensions 6
T Validation MEASUISIIIEIIL ...ecveveve e ceeree s rreresesseesrterarssssesssesiessssassssssrnsssresannesrasssesssnss 7

7.1  Head Liquid Measurement 7

7.2 SAR Measurament Result With Head Liguid 8

7.3 Body Liquid Measurement O

7.4  SAR Measurement Result With Body Liquid 1o
8 List of EQUIPIISNE oottt rs s ss s s s nssa s esssssssnnenss L1

Page: 301

Thiz document shall net ba reproducad, exeept in fill or in part, withowt the weitten approval of MG
The mfemanon conmaiied hevein 15 1o be urad only for the popose for winieh it {5 submimed and 15 nor ro
be veleased in whole ov part withour wititen approval of MTG.

Page 89 of 107

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




o8 A 3
I ‘ I 1% im\[J JI:L‘L zmlj
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mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR156.715.SATUA

1 INTRODUCTION

This docwment contains a sununary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIIEC 62209 standards for reference dipoles used for SAR measureament 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 REFEEENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 16/15 DIP 1G200-372
Product Condition (new / used) MNew

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MVG COMOSAR Validation Dipole

Pagea: d/01
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4 MEASUREMENT METHOD

The TEEE 1528, FOC 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 retnm 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 IEEE Std. 1528 and CEUIEC 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 mun phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
nun 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 RETUEREN LOSS

The following uncertainties apply to the refun loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MH= 0.1dB

5.2  DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0,05 num

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN303461 and CELIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 20.3 %

ST
Page: 311
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10 g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Eroquoncs, MMz
1300

1300 1320 1340 1Ea0 1320 1340 1360
a

1360 1330

511, a0

Freguency (AMHz)

1900

Return Loss (dB)

Requirement (dB)

-25.64

Impedance

=20

6.2

BRETUEN LOSS AND IMPEDANCE TN BODY LIOUID

5170 +4910

oo
2B~

511,48

1600

Frequonoy, MHz

&0 1080 1900 190

16840

1620 1940 1380 1380 2000

200-
Freguency (AWHZ) Return Loss (dB) Requirement (dB) Impedance
1900 -23.50 -20 4510 +64i0
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mm b mirm d mm
required measured required measured reguired measured
300 4200 £1 %, 250.0 11 %. 5.35 11 %.
Pape: o/l
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450 290,01 %, 186.7 +1 %, 6,35 £1 %,

750 176051 %, 100,041 %, 6,35 £1 %,

833 1610 %1 %, B9.E +1 %, 3621 %,

900 149,01 £1 %, B33 %1%, 3621 %,

1450 83,1 %1%, 51,7 +1 %, 3.6 %1%,

1500 80.5 1 %. 50,0 +1 %, 3641 %,

1640 790 %1 8. 5.7 +1 %, 3621 %,

1750 75.2 #1 8, 42,9 +1%, 3641 %,

1800 72.0 41 %. 41,7 £1 %, 3641 %,

1900 65.0 41 8. PASS 39.5 41 %, PASS 3641 % PASS
1950 56.3 41 %, 33,541 %, 3.641%.

2000 64.5 £1 %. 37541 %, 3641 %,

2100 61.0#1 %. 35,7 +1%. 3521 %.

2300 35.5 1 %. 32.6+1 %, 3621 %,

2450 31.5 1 %. 30,4 +1 %, 3621 %,

2600 485 1 %. 2EE+1 %, 3.6 %1%,

3000 41.5 1 %, 25.0+1 %, 3541 %,

3500 I7.051 %, 26,4 +1 %, 3521 %,

3700 34,751 %, 26,4 +1 %, 3641 %,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCOC KDBs and CELVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned remimn loss
and mechanical dimension requirements. The validation measurement mmst 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 descnibed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

F""ﬁf{““’ Relative permittivity g,") Conductivity (o] 5/m
required measured required measured
300 453 £5% 0.37 5 %
450 43.5%5% 0.37 5%
750 419 %5% 0,39 #5 %
835 41,5 %5% 0,90 #5 %
S00 41,5 %5% 0.97 5%
1450 40,5 £5% 1.20 %5 %
1500 404 £5% 1.2345%
1520 40,2 £5% 1.31£5%
1750 40,1 5% 1.37 5%
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1800 40.0 5% 14045 %
1900 40.0 %5 % P#3S 14045 % PASS
1950 40.0 #5% 1.40 45 %
2000 40,0 #5% 1.40 %5 %
2100 39845 % 14945 %
2300 39.545% 16745 %
2450 39,2 45 % 1.80 45 %
2600 39.045% 1.96 45 %
3000 32,5 45 % 24045 %
3500 37945% 29115%

7.2 SARMEASUREMENT RESULT WITH HEAD TIOUID

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 num), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.

Software OFENSAR V4
Phantem SN 2009 SANMTL
Probe SN 1811 EPGI122
Liguad Head Liquad Valuss: eps’ : 404 s1oma : 1.41
Distance between dipole center and liquid 10.0 num
Area scan resclution dee=Bnun/'dy=Emm
Zoon Scan Resolution de=8mm/dy=8nun/dz=5mm
Frequency 1500 MH=
Input power 20 dBm
Liguaid Temperature 217
Lab Tenmperature 2M1*C
Lab Hunudity 43 %
m;':::""’ 15 SAR [W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.54
430 4.58 3.06
750 849 5.35
835 0.56 6.22
Q00 10.9 6.59
1450 29 16
1504 30.5 16.8
1640 342 18.4
1750 6.4 12,3
1800 384 20.1
FPage: 811
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1900 39.7 39.13 (3.92} 20.5 20.43 {2.04)

1950 40.5 20.9

200 41.1 211

2100 43.6 21.3

2300 48,7 23.3

2450 52.4 24

2600 55.3 246

3000 63.8 25.7

3500 67.1 25

i I _Ii1.__

& M=
=Ly \"\
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¥ Y
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1.00 =
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Zrm
7.5 BODY LIQUID MEASTREMENT
F i F i
re;u;:ty Relative permittivity (&) Conductivity (o) 5/m
required measured required measured
150 61.915% [.80 +5 %
300 582159 (.92 +5 %
450 567 5% 0.94 +5 %
750 55515 % 0.96 15 %
B35 55.2 5 % 097 +5%
901 55.0 £5 % 1.05 5%
Q15 55015 % 1.06 5%
1450 54,0 £5 % 1.30 £5 %
1610 53.5+5% 1.40 5 %
1800 53.315% 1.52 5%
1900 53345 % PASS 1.52+5% PASS
2000 53.315% 1.52 5%
2100 53.245% 1.62 5%
2450 52.745% 1.95 5 %
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2600 52.545% 216 5%
3000 320 #5% 2.735%
3500 51.345% 3,3115%
5200 450 +10 % 5.30 +10 %
5300 48,9 +10 % 5.42 +10 %
5400 48,7 +10% 5.53 £10 %
5500 486 £10 % 5.65 10 %
5600 485 +10% 5.77 10 %
5800 48,210 % 6.00 £10 %

7.4 SAR MEASURFMENT RESULT WITH BODY LIOUID

Software OFENSAR V4
Phantem SN 2000 SAMTL
Probe SN 1811 EPG122
Liguud Body Ligud Values: eps’ ; 53.9 sigma : 1.55
[hstance between dipole center and liguid 10.0 mumn
Avea scan resolubion de=8mum/dy=8nun
Zoon Scan Resolution de=8mm/'dv=8mm/dz=5mm
Fregquency 1900 MHz
Inpunt povwer 20 dBm
Liguud Temperature 21 =C
Lab Temperane 21°C
Lalb Hunudiry 45 %
Fmﬂfznw 15 SAR (W/kg/W) 10 g SAR (W/kg /W)
measured measured
1900 38.73 (3.87) 2048 (2.05)

2 [——p—

I i 1 ”.'_". 1
LB B0 A EDRMERD
bl Y
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

T
SAM Phantom MVG SN-20/00-SAMT1 Eﬁ?&g‘_ﬂ' No cal ;‘;?::ﬁf;ﬁ‘_-’ No cal
COMOSAR TestBench|  Version 3 NA ;ﬂﬁ?ﬁ' No cal ;‘;ﬁ:ﬁf‘e‘ﬁ‘f’ No cal
Network Analyzer | Rn'ode S Schwarz SN100132 0212013 0212016
Calipers Carmera CALIPER-D1 1212013 1202016
Reference Probe MVG EPG122 SN 1811 1002014 102015
Multimeter Keithley 2000 1182656 1212013 12/2016
Signal Generator | Agilent E4438C MY40070581 12/2013 1212016
R T S e
Power Meter HP E4413A US38261498 12/2013 12/2016
Power Sensar HP ECP-E26A US37181460 1212013 12/2016
Directional Coupler |  Narda 4216-20 O [ e Rt oo A
et aerand | control Company 116619 812012 812015
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SAR Reference Dipole Calibration Report
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SHENZHEN TONGCE TESTING LAB.
1F,LEINUO WATCH BEUILDING, FUYONG TOWN,
BAOAN DIST, SHENZHEN, CHINA

MVG COMOSAR REFRRENCE DIPOLE
FREQUENCY: 2450 MHZ

SERIAL NO.: SN 16/15 DIP 2G450-374

Calibrated at MVG US ]
2105 Barrett Park D, - Kennesaw, GA 30144
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Calibration Date: 05/11/2015
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This document presents the meethod and results from an aceredited SAR reference dipole calibration
performed in MVG USA vging the COMOSAR test bench.  All calibragion results are traceabls (o
national metrelogy institutions.
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1 INTRODUCTION

This document containg 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. J
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 16/15 DIP 2G450-374
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
CEVIEC 62209 standards, The produet is designed for use with the COMOSAR test bench only.

il
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4 MEASUREMENT METHOD

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

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a 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 IEEE Std. 1528 and CEVIEC 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 uncertaintics listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
~ 400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

i Leugtil_:{mm} Expanded Uncertainty on Length |
3-300 | 0,05 mm

3.3 VALIDATION MEASUREMENT

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

lg 203 %
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— 10g 20.1 % —I

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE TN HEAD LIOUID

Fieguency, MHz
220 240 MED 2550

Ap-
 Frequency (MHz Return Loss (dB) Requirement (dB) Impedance
2450 -29.05 20 | 4650-02j0

62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Feaquency, MHz
2440 2460 B0 W00 EN 2T

2350 ) Ml HE

m_ 1 5 e =
ﬁ- - . ! " I .

[ Frequency {MT—I}? Return Loss (dB) Requirement (dB) Impedance
2450 -32.86 -20 4870Q-1.9j0
6.3 MECHANICAL DIMENSIONS
Frequency MH : | L mm ' hnm d i
required measured required measured required measured
a3 120041 %, 250041 %, | smawn
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450 290.0 21 %, 166.7 1 %, 635 £1 %. -
750 1760#1%, 100.0 £1 %. 6.35 11 %. a
835 161.0 1% 80.8:1%. | 3,61 %,

300 149.0 1 %. §3.3 £1 %. 3611 %,

1450 80,141 % 51:?.. tfl_h;‘i.. 1641 %,

1500 80.5 41 %. 50.0 41 %, 3651 %,

1640 79,041 %. | asruam 3610

1750 ?.5.1 *1 % 42.9 +1 %. o1,

1800 T20%1 %, #1.7 +1 %, 3641 %,

1900 68.041 %, 30541 % 3641%.

1950 66.3£1%. 38.541 % 3641 %.

2000 64.5 11 %. 37541 %. 361 %. -
2100 61.0+1 %. 357 +£1 %, A6l %,

2300 55,5 +1%. 32.6 11 %. 3651 %,

2450 51.5 21 5. PASS 30.4 11 %, PASS 1631 % PASS

2600 #8.5 %] %%, 288 41 %, 3621 M.

3000 § 41.5+1 %, 25.0 41 %, 3611 %,

3500 woei%. | 26.4 41 %, 3611 %.

3700 34,741 %. 26.4 1% 3641 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and meehanical 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 dipale
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

Frerlqﬂu:znw Relative permittivity (e,") Conductivity [2) 5/m
required measurad required measured
300 45315% 0.8715%
450 43,55 % N 0.87 5% = |
750 41,945 % - V _{I.Eﬂ 5%
235 41 545% 09025%
ano 41,535 % 0.97:5%
1450 A0.5255% 12015 %
1500 404 +5 % 1,235 %
1640 4.2£5% 1.315%
1750 40.15% 1.3735%
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1800 0.0:5% 1.4045%

1900 40045% 14045 %

1950 4000 +5 B 3 14015 %

2000 4005% | 14045 %

2100 | 30845% 1.49 45 %

2300 3955 % 16745 % J
2450 39.215% PASS 18045 % PASS
2600 39.045 % 19645 %

3000 38,545 % 24045 %

a500 3T915% 291+5%

7.2

SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software | OPENSAR V4

Phantcm SN 20009 SAMTI

Probe SN 18/11 EPG122

Liquid Mead Liguid Yalues: eps' : 38.3 sigma @ 1.80

Distance between dipole center and liguid

10,0 mm

Area scan resolution

dy=Smm/dy=8mm

Foon Scan Resolution

dx=5mm/dy=3mm/dz=5mm

Frequency 2450 MHz
Input power | 20 dBm
Ligquid Temperature 2l *C
Lab Temperature 21
| Lab Humidity 45 %
i e 1.6 SAR (W/kg/W] 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 - 4.58 3.06
750 8.49 555 |
835 9.56 622 |
00 108 6.99
1450 29 16
1500 30.5 i6.8
1640 342 18.4
1750 36.4 19_3
1200 324 20,1
Page: 811
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1300 1.7 205 I
1950 | 405 209
2000 411 211
2100 4356 R N
2300 48.7 233
2450 52.4 53,21 (5.32) 24 24.14 (2.41)

2604 55.3 24.6

0 3000 63.8 257 1

B 67.1 a 25 ]

=
==

Fali
]
i
s
Jil
fooen T
F L
LTiE
gﬁm--— N
Fao -0
F 00 \“"‘-—
~]_|
I.Im_lil li1D121IP5IEW2;¥!¢Jﬂﬁ
e 12} Zired
7.3 BODY LIQUID MEASUREMENT
Fre;l.:{n:{nw Ralative permittivity (g.) Conductivity {a) 5/m
required measured required measured
150 61055 0.8 45 5
300 58.245% 0.92 45 %
450 56.7 25 % 0.94 :5%
750 E5.5 45 % 0.9615 %
835 S5.245% 0,97 45 %
o0 55045 % 1.05 45 %
015 55,0 45 % 1.05 25 %
1450 S4.045% 13045% |
1610 53.8455% 1.40 45 %
1800 53.3 45 % 1.52 45 %
1900 53245% 1.52:25%
2__@[![! £3.3:5% 1.5215%
2100 53.2 5% 162 £5 %
2450 SL745% | PSS 1.95 45 % BASSE
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[ 2600 52.5 45 % 21635% |

3000 | s205% - 17345 %

3500 | s13:5% 3.3145% ]
5200 48.0 £10 % 5.30 410 %

5300 18.9£10 % 5.42 10 %

5400 BT +10% | ss3:ion |

5500 485 :10% 565:10% |

5600 48.5 £10 % 577+10% i

5800 48.2 +10 % 6.00£10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software - OPENSAR Vi i
Phantom SN 20/09 SAMTI
Probe SN 18/11 ErG122
Liguid - . o Bady Liguid Values: eps' : 52.7 sigma ; 1.94
Distance between dipele center and liquid 10,0 min
Area sgan resolution : dx=Bmm/dy=Bmm
Zoon Scan Resolution AxmSmmdy=5mm/dz=5mm
| Frequency 2450 MHz
Tnput power 20 dBm
Liguid Temperature I s o
Lab Temperature 21 °C
Lab Humidity 45 % -
i 1 8 SAR (W/kg/W) 105 SRR (W/g/W) |
measured measured
2450 50.72 (5.07) J 23,43 (2.34)
— - = ¥
] i 4
T \\ e !
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