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COMOSAR E-Field Probe Calibration Report
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T T Cafibration CEFT $2185.07
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Saracey:

This document presents the method ard wsults fiom an accredited COMOS AR Dosimetne E-Field
Probe calibration performed in MVG US4 using the CALIS AR J CALIBAIR test berch, for use
with a COMOSAR system only.  All calbrabion remalts are tacedle to national metmlogy
s Hinhons.
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¢ OMOSAR E-FIELD FROBE CALTER ATION REFOR T Ref: ACRZ453.10.2ATTLA
1 DEVICE UNDER. TEST
Device Under Test

Device Type COMOZAR DOSIVETEIC E FIELD FEOBE
Nanufacturer NV
Ilodel aEE2
seral Mumber S 41418 EPGO534
Product Condition (new ! used) Mesar
Frequency Fange of Probe 045 GHz-aGHz
Resistance of Three Dipoles at Connector | Dipole 1 E1=0.191 WG

Dipole 2: R2=0.216 ML

Dipole 3: B3=0.197 L]

2 yearly calibration interval is recommended.
2 PRODUCT DESCRIPTION

41 GEMNERAL INFORDA TION

NV GEs COMOEAR E field Probes are built in accordance to the [FEE 1528 and CEVIEC 62209
staridards.

Figure 1 - A6FG COMOSAR Dosimetric B field Dipole

Probe Lengh 330 mm
Length of Individual Dipales 2mm
Dlasimum extemal diameter B 1mim
Probe Tip External Diameter 2.5 mm
Digtance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The IEFE 1338 and CEVIEC 62209 standards provide recommended practices for the probe
calibrationz, including the performance charactenstics of interest and methods by which to assess
theiraffect. All calibrations / measurements perfonmed mest the fore mentioned standards.

31 LINEARITY

The evaluation of the linearity was done in fee space using the wawvegude, performing a power
sweep to cover the BAR range 0.01W) g to 100W oz,
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COMOSAR E-FIELD FROEE CALIERATION REFORT Bef: ACR3453. 15 50TTLA

32 EBEMEITIVITY

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

3.3 LOWER DETECTIONLIMIT

The lower detection limmit was assessed using the sarne measuretnent set up as used for the linearty
measuretnent. The required lower detection limitis 10 mWizg

34 IS0OTROPY

The axial isotropy was evalvated by exposing the probe to a reference wave fom a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checlrs. The probe was rotated along its main am=is from 0 - 360 degrees in 15 degree
steps. The hendsphencal isotropy 12 determined by nserting the probe ina thin plastic box filled
with tissue-equivalent liquid, with the plastic box illummnated with the fields from a halfwave dipole,
The dipole 1z rotated about its axiz (0°-180%) in 157 incremnents. At each step the probe iz rotated
aboat it asas (0°-360™).

3% BOUNDARY FFFECT

The houndary effect 15 defined as the dewiation between the SAR measured data and the expected
exponential decay in the liquid when the probe iz oriented nommal to the interface. To evaluate this
effect, the Loquid filled flat phantom is exposed to fields from either a reference dipole or waveguide,
With the probe normal to the phantom surface, the pealt smatial avermge SAER iz measured and
cormpared to the analytical walue at the surface,

4 MEASUREMENT UNCERT AINTY

The muidelines milined in the I[EFE 1518 and CEVIEC 62209 standards were followed to generate
the measuternent uncettainty associated with an E-field probe calibation using the waveguide
techrique. All uncertainties listed below represent an expanded uncettainty expressed at
approzimately the 95% confidence level usng a coverage factor of k=1, traceable to the
Internationally Accepted Guides to Measurement Uncertainty,

Uncertaindy analysiz of the prob e cal®hration nwarerunde
Uncertaindy Prohahilidy .. . Standard
ERROR SOURCES value (%) Distrihution Divisor ci Une indty (%)

Incident cr foreramd powrer 3.00% Fectanglar -\B | 1 1.732%
FReflected powrer 3.00%% Fectanglar 1.."3: | 1 1.732%
Liguid conductvity 5000 Fectanglar \|"3_ | 1 2.887%
Liquid penwittivity 4 0t Fectanglar \.-'5 | 1 2.30%%
Field homogereity 3000 Fectangnlar -"B | 1 1.7532%
Field pwobe posihoning 5.00% Rectangmlar x-'l?_l | 1 28870
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Field piobe lineanty 3000 Fectangnlar u'g | 1 17320
Comb ined standard uncertaindy 5.831%
Expanded uncertainty 12.0%

95 % comfidence level k=2 '

5 CALIBRATION MEASUREMENT RESULT S

Calibration P arameters
Ligquid Temperature 21°C
Lah Temnperature 21°C
Lab Hurnidity 45 %

51 BEMNGITIVITY N ATR

Mortrez dipole | Moty dipale | Monnz dipole
L (VA F) | 3 QA | 3 (A iy
0.60 0.86 075

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(raV) (1o (1o
110 110 10%

Calibration cures ei=fV) (1=1,2,3) allow to obtain H-fleld value using the formuala:
E=E'+E'+E]

Calibration curves

L

- [apols 3

E-Fi=id [Wom)

L

by

oo ofe ebe 06 O0E ele 032 04048
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52 LINEARITY

Lorrzanty

53 BEMSITHITY I LICTTID

Liquid Frequency Permithvity Epsilon(5fm) ComvF
MHz +/-
100MH =
HL450 450 4545 .56 142
ELA50 450 5880 0.50 145
HL750 750 40,76 083 143
EL750 750 5870 0ss 149
HLES0 235 4086 052 148
BLES0 235 56,35 0.59 153
HLS00 200 4234 085 151
EL200 200 5325 105 158
HL1450 1450 42.30 1.23 155
EL1450 1450 51.80 135 157
HL1&0 10 40,04 1.50 158
BL1&40 10 5346 138 143
HL1800 1800 3956 1.40 1&0
EL1200 1300 5284 145 1 a6
HL1200 1900 367 138 124
BL1%00 1900 5284 1.59 128
HL2000 2000 38.71 1.42 127
BL2000 2000 5205 1.52 125
HL2300 2300 4010 169 213
BLZ300 2300 5467 185 220
HL2450 2450 38.74 1.50 127
BL250 2450 54491 157 202
HL2&00 2800 3298 1.89 125
BL2500 2800 5442 218 122
HL3300 3500 3796 287 173
BL3500 3500 5340 328 179
HL3M0 3700 EXNE 3.10 174
BL3700 3700 5335 3581 181
HL 520 5200 3668 4.45 12&
BL5200 5200 4902 5.46 192
HL 5400 5400 3a.08 469 207
BL5400 5400 49 55 553 212
HL 5800 Se00 3534 485 214
BL5500 Se0n 4760 577 221
HL 5800 SEO0 3481 5.08 209
BL5200 SO0 4781 512 216

LOWEER DETECTION LINVIT: SmiWilg
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54 [E0TROPY

HL 900 MHz
- Awial isotropy 0.05 dB
- Hetmispherical isotropy 0.05 db
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HL 5600 MHz
- Awial 1sotropy: 0.06 dB
- Hetrdspherical isotropy 0.10dB
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COMOSARK E-FIELD PROBE CALIBRATION REPORT

Ref: ACE3453 10.54TTTA

6 LIST OFEQUIPMENT

Equipment Sumrm:

Equipment Mamnufacturer / Identification No Current Next Calbration
Descrip tion Model | Calibration Date Date
Flat P hartom MYG SN-20M08-SAM 71 ;ﬂiid' Mo el E‘Z'E:Zd' Mo cal
COMOSAR Test Bench Version 3 M A, Eﬂﬂiid' Mo el ;‘;'ﬂf‘;';d' Mo cal
Metwork Analyzer | FPOUE g‘vi‘:hwarz SH1 001 32 0202019 022022
Reference Proke MYG EP 94 SN 37/08 10/2018 1042019
M uiltim eter Keithley 2000 1188656 01/2017 012020
Signal Generator Agilent E 44380 M 49070551 0142017 0142020
. Characterized priar to [Characterized prior to
Am plifier Aethercom m =M 046 test. Mo cal required. test. Mo cal required.
Power Meter HP E44184 US38261495 0172017 0142020
P ower Sensor HP ECP-E264 US37181460 0172017 0142020
. . Characterized prior to [Charactenzed prior to
Directional Coupler Marda 4216-20 01388 test. Mo cal required. [test. Mo cal required.
Wiaveguide Megs Industries | 069715513712 E‘wiid' Mo el Eﬂﬁf‘;';d' Mecal
Waveguide Transition | Mega Industries | 069%7-158-13-70q [/ dated. Nocal alicated. o cal
equired. equired.
avequide Termination| Mega Industries | 0B3%7 -158-13-701 jﬂizd' Mo cal ;"ﬂf‘;zd' Mocal
Temperagt”re FHUmIGLY| -~ ol company 150798532 1172017 112020
& n=ar
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR3329.17.5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO.,LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/13 DIP 2G450-220

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

et i, Wi FE -
'-,,"E-._‘\ .~ |ACCREDITED
."'r;ll_ll“ l..'l,'.';""I Calibration SEFT ETILID

Calibration Date: 11/27/17

Summary:

Thus document presents the method and results from an accredited SAFR reference dipole calibration
performed in MVG USA uwsing the COMOSAR test bench. All cabhbration results are traceable to

nafional metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR332017SATUA

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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID2450

Serial Number SN 09/13 DIP 2G450-220

Product Condition (new /used) | Used

A vyearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERATL 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 — MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUEREMENT METHOD

The IEEE 1528, FCC KEDBs and CELTEC 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 EETURN LOSS EEQUIREMENTS

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

42 MECHANICAL FEQUIREMENTS

The IEEE 5td. 1528 and CELTEC 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 uncerfainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty.

51 ERETUERN LOSS

The following uncertainties apply to the refurn loss measurement:

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

52 DIMENSION MEASURFMENT

The following uncertainties apply fo the dimension measurements:

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

53 VALIDATION MEASUREEMENT

The guidelines outlined in the IEEE 1528, FCC EDBs, CENELEC EN30361 and CELTEC 62200
standards were followed to generate the measurement nuncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10g

201 %

6 CALIBRATION MEASUREMENT RESULTS

6.1

EETUEN 1LOS5 AND IMPEDANCE IN HEAD LIOUID

2350
o

- |
N [ @ | ]

=

Flequency, MHz

20

2400

440

MED DdA00 20D 2R

x50

Beturn Loss (dB)

Requirement (dB)

Impedance

2450

-27.94

-20

4050+3950

6.2 EBETUEN LOSS AND IMPEDANCE IN BODY LIQUID

511,48

-17.54
=200
2254
-Za.0+
-2T5H
00

Fraguency, MHz
Z3A0 MO0 22 M40

2350 24E0 a0
aa-
L
-
754
EE

425~
T N N I O

2dB0 2500 2520

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450

-26.02

-20

5320+4010

6.3 MECHANICAL DIMENSIONS

Frequency MH:z

L mum

h mim

d mm

required

measured

required measured

required measured

300

420.0 %1 %.

250.0 H1 %

6.35 31 %.
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SAR REFERENCE DIFOLE CALIBRATION REFORT Ref ACRIILDITIATUA
450 290.0 £1 %. 166.7 31 % 6.35 ¥1 %.
750 176,021 %. 100.0 1 %. B.35+1%.
835 161031 %. BO.8 £1%. 3.6 1 %.
900 149011 %. B33 11%. 3.6 11 %.
1450 B9.1+1%. 517 +1%. 3.6 11 %.
1500 BO.5 +1%. 50.0+1 %. 36 +1%.
1640 TO.O+L %, 457 ¥1%. 36 +1%.
1750 T52+1%. 32041 %. 36 +1%.
1500 72011 %, 417 11 %. 3.6 11 %.
1900 68.0 £1 %, 39.5 11 %. 3.6 ¥1 %.
1950 66.3 £1 %, 38.5 11 %. 3.6 ¥1 %.
2000 54.5 1%, 37.541%. 3.6 1 %.
2100 B10+1%. 35741 %. 3.6 +1%.
2300 55.5 +1%. 32641 %. 3.6 +1%.
2450 51.5 +1%. PASS 30431 %. PASS EN-E=11 PASS
2500 4B5+1%. 28841 %. 36 +1%.
3000 415+1%. 25.0+1%. 36 +1%.
3500 37041 % 26.4 11 %. 3.6 11 %.
3700 347H % 26.4 11 %. 3.6 11 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELTEC 62209 standards state that the system validation
measurements nmst be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nist be performed against a
ligquid 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 MEASURFMENT

Fre:ﬂl:inq Relative permittivity (s,") Conductivity (o) 5/m
required measured required measured
300 453 15 % 0.E7 5%
450 435 15 % 0.E7 15 %
750 41915 % 0.B9 15 %
835 415 5% 0.90 15 %
900 41.5 5% 0.97+5 %
1450 40.5 +5 % 12045 %
1500 40.4 +5 % 12345 %
1640 40.2 5% 13145 %
1750 401 15 % 13715 %
Page: 7111
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1500 40,0 15 % 1.40 15 %
1800 40,035 % 14015 %
1950 40.0 15 % 1.40 15 %
2000 20.035% 14015 %
2100 39.835% 14915 %
2300 30515% 167 15 %
2450 302355 PASE 18015 % PASE
2600 3o035% 19615 %
3000 3B515% 2.40 15 %
3500 379i5% 29115 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAER V4

Phantom SN 20/09 SAMTI

Probe SN 18/11 EPG122

Ligmd Head Liquud Values: eps’ - 40.5 sigma : 1.87

Distance between dipole center and ligmd

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Besolubion

drx=5mm/dy="mm/dz=5mm

Frequency 2450 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
F";‘::“"" 1 SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 285 184
450 458 3.06
750 5.49 5.55
835 9.56 6.22
00 109 G699
1450 29 15
1500 30.5 16.8
1640 34.2 184
1750 36.4 19.3
1500 384 20.1
Page: 811
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1900 39.7 205

1050 40.5 200

2000 411 211

2100 43.6 219

2300 48.7 233

2450 52.4 52.67 (5.27) 24 23.76 (2.38)
2600 55.3 246

J 000 63.8 25.7

3500 67.1 25

3700 67.4 242

m-\
Bl
N
- N
T 5 am \\
i N
e | o LEE T |
:oa 042 1418 B D 2 M X ® @D
F Wissi [ Vissi 2 [ran|
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂl::_-:nqr Relative permittivity {s.") conductivity [o) 5/m
required measured required measured
150 61.0%5% 0.BD 15 %
300 58.2 35% 092 15%
450 56.7 15 % 09415 %
750 55.515 % 096 15 %
835 55.215% 097 15 %
300 55.0 5% 1.05 5%
915 55.0 35 % 1.06 5 %
1450 54,015 % 13015 %
1610 53815 % 14015 %
1800 53.335% 15215 %
1900 53.335% 152 +5%
2000 53.335% 15215 %
2100 53.215% 16215 %
2300 52.0%5% 1B1+5%
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2450 52 735% PASS 158515 % PASS
2600 52515 % 21615 %
3000 52.015% 27315 %
3500 51.335% 33145 %
3700 51.015% 35515 %
5200 49.0 #10% 5.30 t10%
5300 439 t10% 5.42 t10%
5400 48.7 H10% 5.53 #10%
3500 43,6 210% 5.65 Z10%
SE00 435 t10% 5.77 f10%
SE0Q 432 f10% 5,00 £10%

74 SARE MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 SAMT]

Probe SN 18/11 EPG122

Ligmd Body Ligmd Values: eps’ : 54.6 sigma - 1.95

Distance between dipole center and liguid

10.0 mm

Area scan resclution

dr=8mm/dy=8mm

Zoon Scan Resolution

dx=Smm/dy=5mm /d==5mm

Frequency 2450 MH=
Input power 20 dBm
Ligqud Temperature 21°C

Lab Temperature 21 °C

Lab Humdity 45 %

Frequen
:1H‘ ¥ 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
2450 51.42 (5.14) 23.48 (2.35)
- ==
- - |
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B -—g
T g \-
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2 Y
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e | o | D T |
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quIpme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 [/3Ndated. Nocal - Waldated. — No - cal
required. required.
COMOSAR Test Bench Version 3 NA .-’allc!ated. Mo cal -."aln:l_ated. Mo call
required. required.
Network Analyzer R““’dezs: Ji':“”"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-D1 012017 01/2020
Reference Probe MV G EPG122 SN 1811 1002017 10:2018
Multimeter Keithley 2000 1188656 0142017 01/2020
Signal Generator Agilent E4438C MY49070581 0142017 01/2020
. Chiaracterized pricr to (Characterized prior to
Ampiifier Acthercomm SN 045 test. Mo cal required. [test. No cal required.
Power Meter HP E44184 LIS38261498 012017 01/2020
Power Sensor HP ECP-E264A UsS37181460 012017 01/2020
. ) Characterized pricr to (Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 1112017 11/2020
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<Justification of the extended calibration>

If dipoles are verified in return loss(<-20dB, within 20% of prior calibration),and in impedance
(within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration
interval can be extended.

Body 2450MHz
Date of
Return Loss (dB) Delta (%) Impedance | Delta(ohm)
Measurement
2017.11.27 -26.02 - 53.2 -
2019.11.26 -25.55 11.43 50.04 -3.16

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz
Tre1 dBMag 10dB/ Ref0dB  Cal 1 Tre1 Smith Ref1U  Cal 1
S11 S11

—10

=D

-10

L 20 -

-30

--40

- -50

60

-70

Ch1  Start 2.35GHz Pwr 0dBm Stop 2.55 GHz Ch1  Start 2.35GHz Pwr 0 dBm Stop 2.55 GHz

1/1/2003, 12:59 AM

1/1/2003, 12:33 AM

—End of the Report—




