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COMOSAR E-Field Probe Calibration Report
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MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 43/15 EP276

Calibrated at MVG US
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Calibration Date: 11/27/17

Summary:
This decument presents the method and results from an aceredited COMOSAR Dosimetric E-Field

Probe calibration perfermed in MYG USA using the CALISAR 7 CALIBAIR est bench, for wse
All calibration results are troceable to natienal metrelogy

with o COMOSAR svstern only
institutions.
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.332.1.17SATUA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG

Model SSES

Serial Number SN 43/15 EP276

Product Condition (new / used) Used

Frequency Range of Probe
Resistance of Three Dipoles at Connector

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

CEVIEC 62209 standards.

A yearly calibration interval is recommended.

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

| 0.7 GHz-3GHz
Dipole 1: R1=0.213 MQ
Dipole 2: R2=0.208 MQ
| Dipole 3: R3-0.213 MQ

-

3  MEASUREMENT METHOD

the fore mentioned standards.

3l

LINEARITY

Figure 1 - MVG COMOSAR Dosimetric E field Dipole
Probe Length | 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter & mm
Probe Tip External Diameter S mm
Distance between dipoles / probe extremity | 2.7 mm_

The IEEE 1528, OET 65 Bulletin C, CENELEC ENS50361 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 evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01 W/kg to 100W/kg,

Thix docawent shal! mot e rpeosiced, exoapt i Jwll or i part, withow the werten appooal of MG
The information contaivesd Aevein i dor e s ouly for the paeepvese for wivich if ic swbvitied and i nof to

b refeared m whofe ar part withowt wrrten apyvenal of VG
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mvis COMOSAR E-FIELD PROBE CALIBRATION REPORT Ruf: ACR.332.1.17.8ATLLA

32 BENSITIVITY
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 lineanty
measurement, The required lower detection limit is 10 mW/ kg,

i4  ISOTROPY

The axial 1sotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the Dat phantom i the test configuration suggested Tor system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 depree
steps.  The hemisphenical isotropy 15 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 hall wave dipole.
Ihe dipole is rotated about its axis (0°—1807) in 15° increments. At each step the probe is rotated
about 1ts 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 liqud 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 s measured and
compared to the analyvtical value at the surface.

4 MEASUREMENT UNCERTAINTY

Fhe guidelines outlined in the IEEE 15328, OET 63 Bulletin C, CENELEC EM50361 and CELIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigue. All uncertainbies histed 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,

Uncertninty analbysis of the probe calibration in waveguide

. — Umeertainiy Probability .. . Standard

ERROR SOURCES value (%) Distribution Divisor . Uncertainty (%)
[nerdent oF forward power 3 Riectangular \,"i | 1.732%
Reflected power LG Rectangular \,'E I 1.732%
Liquid conductivity AL Rectangular u'lﬂ I 2H8 TN
Liquid permanmiviry 4 (ki Rectangular \,"i I 2304
5 '

Field homogeneity 1% Rectangular h I 1L.732%
Freld probe posiioning 5 Rectangular 1..'5 I 28T

Fage: 549
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COMDSAR E-FIELD PROBE CALIBRATION REPORT Bef: ACRK 332117 5ATU A
Field probe lincarity 100 Rectangular 3 1.732%
Combined standard uncertainty 58314
_IZ\.|n.ur||:|_r|l anceriainly 12.0%
95 % confidence level k=2

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liguid Temperature 21°C
Lab Temperature | 2150
Lab Humidity | 45 %

5.1 SENSITIVITY IN AIR

Mormx dipole | Normy dipole | Normez dipole
LuVAVmP) | 2 (uVAVmP) | 3 (uVi(Vimy)
3.2 3.33 6.4l

DCP dipole 1| DCP dipole 2 | DCP dipole 3
(m) (mW1 imV)
a5 a5 us

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

E= |'£: +J';'_f +E_::

Calibwation curves

Ed5- A
5 1 e
T i ] _.J-g.':- -
= _ Dl
1 _-__ C z
E: =
1m0 '-_‘,.-f-"u‘ﬁ
1=f
oD as 210 DEF D3 X DN 03 040 044

Wiollage M|

Page: G
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

mvG

Raf: ACRK.332.1.17.5ATUA

5.2 LINEARITY
Linearity
1.00-
i
@ 0s0
5 025
R R e e e S s o S
E 025
5 050
075
-1.00- |
0 50 00 150 200 %0 30 38T
EFieded [¥/m]
Lingarity I+~1 50% (+-0 07dE}
3.3 SENSITIVITY IN LIQUITY
(ALTALE| Frequency ‘ermittivity | “psalon [(S'm [ ConvF
(MHz +:-
LOOMHz)
HL730 150 42,09 {91 4,80
BL T30 V50 55,649 095 4,504
[ HLESD B33 42.71 080 4.50 |
| BLESD B35 57.52 1.03 5.8 |
LG ey 41,94 {93 4,95
FEL 0 iy EET .0 5.14
HL 1 B 1800 462 1.39 4.29
BL 1800 1800 53.22 14T 4.43
HL 1] 1500 41.22 1.37 4.73
| BAL1900 1900 0,99 1,52 4,81 |
HL2{KH) 2000 400,39 1.3 4.36
BL2000 2000 54,39 1.54 4,649
HL2 30 2300 AR 10 1.74 4.59
BL2300 2300 53,33 |86 4.77
HL2450 2430 40,46 |.&T 4406
| BL2430 2450 54.62 .03 , 4.6 I
[ HLI6M 2600 1K.46 201 _ ENT |
| BL2a00 2600 51,98 216 4,28 |

LOWER DETECTION LIMIT: TmW/kg

Page: 79
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.332.1.17SATUA

54

ISOTROPY
HL900 MHz

- Axial 1sotropy:

- Hemispherical isotropy:

HL1800 MHz
- Axial isotropy:
- Hemispherical isotropy:

0.04 dB
0.07 dB

Farbeopry CLrmes

0.04 dB
0.08 dB

Vaashocgry Curmes
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COMOSAR E-FIELD PROBE CALIBREATION REFORT

Ref: ACRK.332.1.178ATUA

6 LIST OF EQUIPMENT

Waveguide Transition

Mega Indusiries

069YT-158-13-TH

| i ot o] e | G
Flat Phantom MVG SN-20/09-San71 [ 0ad Nocal - altaed. - Nocal
COMOSAR Test Banch Versian 3 M, ::'q'ﬁf::d No cal :“;ﬂ:ﬁf‘é;" No ool
Network Analyzer | [node ;_’:l,i':hwm SN100132 02/2016 02/2019
Reference Probe MVG EP 94 2N 3708 1wWzoy 102018
Multimeter Kaithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E44380C MY 49070581 0172017 01/2020
ampster | Asheromm | sosa e e e mases
Power Meter HP E4418A, US38261498 01/2017 01/2020
Power Sensor HF ECP-E26A LS3T181460 0172097 /2020
Directional Coupler | Marda 4216-20 01386 &r;fra““:fzgffg;:ﬁ;:f E:i’“;fﬁf;s:ﬁ;:
Waveguide Mega Industries | 069YT-158-13-712 EEE‘:‘T" Mo cal :‘:'_,::j:f;?' Mo cal
Validated. Mo cal “alidated. Mo cal

required

required,

Waveguide Termination

Temperature ! Humidity

Meaga Indusines

OBOYT-158-13-701

Walidated, Mo cal
required.

Validated, MNocal
required.

1 1
Sensor Contral Company 150798832 M20AT 112020
Piage: 89
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SID750 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref ; ACR.332.31T.SATLLA

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: 750 MHZ
SERIAL NO.: SN 23/15 DIP 0G750-378

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

7 [ACCREDITED
-'..|..'-"-'. —— S ——

Calibration Date: 11/27/17

.Th'n'rl.l'.li'f.'.lj'.'

This document presents the method and resulits from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench,  All calibration results are trageabls o
national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REFORT Rell ACR 332 ITSATU.A

1 INTRODUCTION

This document contains & summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CENEC 62200 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.
p DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR 750 MHz REFERENCE DIFOLE
Manufacturer MV G
Model =S10750
Serial Number | 5N 23/15 DIP 06 750-378
Product Condition (new / used) Llsed

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il GEMERAL INFORMATION

MWVGs COMOSAR Validation Dipoles are built in accordance to the 1EEE 1528, FCC KDBs and
CEVIEC 62209 standards, The product 15 designed for use with the COMOSAR test bench only,

Figure 1 - MMG COMOSAR Validation Dipale

Fagrees 4000

Thix decument shell sl fie reprodiiced, evcepd il ar i part, wikhon’ dhe warten approval af WG
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he releaied in whole o R WAk iR .rH'xr.llullm' MG
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mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIGTINTATIA

4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for svstem validation measurements, The following measurements were performed to
verify that the product complics with the fore mentioned standards,

4.1  RETURN LOS5 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 5td. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipales, 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 fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 953%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty

5.1 RETLURNLOSS
The following uncertainiies apply to the refurn loss measurement:

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

3.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length

3300 005 mumn

33 VALIDATION MEASUREMENT

The puidelines outlined in the [EEE 1328, FOCC KDBs, CENELEC EN50361 and CELIEC 62209
standards were followed to generate the measurcment uncertainty for validation measurcments,
Scan YVolume Expanded Uncertainty

lg 203 %

Pagree: 300
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACRIIIITSATU A
10g | 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQLUID
Fracuesncy, MHz
BSNGE)  EAD  F0 M TD TR0 7RO BDD B2 540 65D
8-
10+
18-
(=] I
L4 .
L|_.
15
:‘-- - -
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
TE0 o e =20 49,1 €3 - 0.3 jX2
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID
Fragusncy. MHz
BSNEE) EA0 70 7 TAD M0 7O BD0 B2 640 85D
-0
5
L]
= 20
j_.
5-
LL.
Freguency (MHz) | Return Loss (dB) Requirement (dB) | Impedance
T50 -27.32 =20 468 00+ 2.7 02

6.3 MECHANICAL DIMEMSIONS

Freguancy MHz L h mm

required mizasured required measured required

a0 A2000 21 %, 2500 £1 %, B35 t1%.

.I"'.Ji,:l" fd o

i fre reproviced, evcepd n il or i g, wiifemt A weniten aporeved af MG

[UNER R W o e perpase fer wiicl or s sufemiried and 17 nor e
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SAR HEFERENCE DIPDLE CALIBRATION REPORT Bt ACRIIZAITSATLLA
450 2900 £1 %, 166.7 1%, 63541 %,
750 1760 81 %. PASS 100.0 £1 %, PASS .35 41 %. PASS
535 1610 £1 %, CEEESE 1641,
1 1480 51 %, B33 41 % 1E41 %,
1480 9.1 51 %, 51,741 M. 1E41 %,
15650 8.5 &1 %, 50,0 41 M 1E41 %,
' 1640 8.0 £1 %. 45741 % 1641% |
1750 752 £1%. 42951 %, 1641%.
1500 T2O£L%. ALT£1 %, 1641%.
1900 8.0 £1 %, 39541 %. 1641%.
1950 B5.3 1 %. IR % 1641%.
000 6.5 1 %. IT5 41 % 1641%.
2100 1.0 +1 %. 35741 % 1641%.
7300 555 +1 %, 32641 % 1641%.
2450 515 +1 %, 304 1% 1641%.
2600 185 1%, IRE+1 % 1641%.
00 415 +1%. 15041 % 1641%.
3500 IT L% 26441 % 1641%.
3700 T % 26441 %. 1641%.

T  VALIDATION MEASUREMENT

The IEEE Sul. 1328, FOC KDBs and CEFIEC 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
hguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standands.
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

F":;H"I"" Relative permittivity (e,7] Conductivity () 5/m
required measured required maasured
300 45.345% 0.8715%
450 43.545% 0.8715%
750 41.915% PASS 0.89153% P55
B35 41545% 0.9015%
00 41545% 0975%
1450 40545% 12015%
1500 404 45 % 123 45%
1640 40.245% 13145%
1750 40,1 45% 1.3745%

Page: 741
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SAR REFERENCE DIFOLE CALIBRATION REFORT

Bef: ACR 3322 1TSATU A

1800 40.0 45 % 14045 %
1800 40,0 25 % 14025 %
1550 A0.0 15 % 14D 15 %
2000 40,0 25 % 14025 %
2100 ECE LR 14545 %
2300 39535 % 16715 %
2450 39245 % 18045 %
2E00 19045 % 196 45 %
3000 38515 % 2,40 15 %
3500 A7.045% 29145%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62201 standards state that the system validation measurcments
should produce the 5AR wvalues shown below (for phantom thickness of 2 mm), within the
unceriainiy for the sysiem 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 M09 SAMTI

Probe SW IR EPGIE2

Liguid Heaad Laguid Valwes: eps’ 2 42,1 sioma : 0,91
Dhstance between dipole center and liguid 15,00

Ares sean resolulion

dx=8mmdy=8mm

Fosom Scan Besolution

dx=Rmm'dy=8mmide=5mm

Frguency 750 MHz
Tpausl power 20 B m
Liguid Temperatune a1
Lab Termperaiure a1
Lab Humadity 45 %
Frequancy 1 SAR (Wi/kg/W) 10 £ SAR (W/kg/W)
raiguired migasured rajuired e asured
300 2,85 1.54
450 458 3.06
750 849 B.62 |0.86] 555 5.B5 (0L5T)
/35 9.56 6.22
and 108 5.599
1450 29 15
1500 30.5 16.8
1640 3.2 18.4
1750 364 143
1800 8.4 21
Pogre: 8401
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18010 387 0.5
1850 40.5 24
2000 411 211
2800 4316 4
2300 487 113
2450 52.4 24
ZEQD 55.3 26
3000 63.8 257
3500 a7.1 5
30 674 24.2
| o
14 \ Ponoq Pow
14 ‘\
—— i [l
= BRI
e "‘"-
ot | g | a B
[ ! UG N2 HNHES S
F - ¥ s g
T3 BODY LIQUID MEASUREMENT
F"':_I‘:I"""' Relative permittivity (£,] Conductivity {o} Sim
reguired measired reguired e asured
150 6105% 08045 %
300 58.745% 0.92 15 %
450 56.7 5% 0.94 15 %
750 555 35 % PASS 0.96 15 % PASS
835 55.115% 0.97 15 %
00 55.0 5% 1055 %
915 55.0 5% 10635 %
1450 S4.045% 13045 %
1610 53.545% 14045 %
1800 53.3 5% 1.5245%
1800 533 45% 15245 %
20500 £33 45% 1.52 45 %
2100 53.2 5% 16245%
2300 525 45% 18145 %

Poagree: W00 T
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2450 52T 45% 195 45%
FEO0 £2.545% 11B45%
3000 SZO45% 17345%
3500 £1.345% 33145%
3700 £1.0 45 % 35540
5200 49,0 £10 % 530210 %
5300 485 510 % 542 510 %
S400 407 £10 % 55310 %
5500 456210 % 565210 %
SEQD 48.5 410 % 577210 %
5800 48.2 £10 % 6,00 £10 %

T4 SARMEASUREMENT RESULT WITH BODY LIOLUILD

Software OPFENSAR Wi
Phaniom Sh D SAMTI
Probe SMOIR D EPGI2R
Liguid Body Liguid Values: eps’ : 557 sigrma : 0,95
[gtance between dipole center and liguid 15.0 mm
Avreir scan resnlulion i =Emirmddy=Smm
Foom Sean Besolution d=Bmrm'dy=8mmide=5mm
Frisguency 750 MH=
[ipsl povwier 20 el Him
Liguid Temperature A
Lab Termperalure A
Lab Humidiy 45 U5
Fremency 15 SAR (W/kg/W) 105 SAR (W/ka/W)
Fveagured easured
750 B.68 (0.87) 580 [0.58)
eI F i
L e
14 \' - - - booa
1 \'\
— . 8 [
an - : T o \\"h
H"n
§ ne = = a4 "“-“. [
s = [ B ! -"'-i |
oz 45 8 (P L . | e . .
F -y T & ]

FPape: T
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& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 1d Current Next Calibration
entification Mo,

Description Model Calibration Date Date

SAM Phantom MVG SN-20/00-5AM71 |Yaidated. Nocal - Walidated. — No - cal

requirad. requirad.
. walidated. Nao cal Walidated. Mo cal
COMOSAR Tast Banch Version 3 A required. required.

Natwork Analyzer | To10d8 ;ﬁ““““’z SM100132 02/2016 02/2019
Calipars Carrera CALIPER-OM 02017 0172020
Reference Probe MVGE EPG122 SM 1811 1W2017 02018
Multimeter Haithley 2000 1188656 2017 012020
Signal Generator Agilen E44380C MY 45070581 oz2my 02020

) Characterized prior 1o Characlenzed prior o

Amplifier Aethercomm SN 045 fest. Mo cal required. [test. Mo cal required.
Power Meter HF E44184 US38261498 0152017 0172020
Powear Sensor HF ECP-E26A USaT181460 2017 012020

- rI:halral::hﬂr'l::sll:! prior ln'Characiarizad pricr to

16- 1
Diractional Coupler | Narda 4216-20 01386 lest. Mo cal required. |lest. Mo cal reguired,
Temperature and

Contrel Company 180798832 112017 1142020

Humidity Sensor

Fape: 11T
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SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ret: ACR.332.4 17.58ATLA

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: 835 MHZ
SERIAL NO.: SN 09/13 DIP 0G835-217

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

ooy [ACCREDITED
r'-'-'nln'-'-'.'. - -

Calibration Date: 11/27/17

.Tn'n'n'!lﬂi'f.'lj'.'

This docurment presents the method and results feom an acoredited SAR reference dipole calibration
performed in MYG USA wsing the COMOSAR test bench, All calibrabion resulis are troceabls to

natioisal metrolegy institations.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIIZANTSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID&35
Serial Number | SN 09/13 DIP 0G835-217
Product Condition (new / used) Used

A yearly calibration interval i1s 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

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CEVIEC 62209 sandards provide requirements for reference
diprles 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 bemer. 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 [EEE Std. 1528 and CEFIEC a2209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employvs a 2 mm phantom shell thickness therefore the
dipoles 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 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty

5.1  RETURMN LOSS
The following uncertainties apply to the refurn loss measurement:

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

32 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length

3 =300 005 mum

33 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements,
Scan Volume Expanded Uncertainty

lg 203%

Pogree: 5001
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10 g 20.1 %
6 CALIBEATION MEASUREMENT RESULTS
6.1  RETURM LOSS AND IMPEDANCE IN HEAD LIQUID
Fragquancy, MHz
% B0 @0 GB0 B0 W0 S0 E5
-
A0
15~
=
1;'.
-
.l_|_.
Frequency (MHz) Return Loss (dB) Hequirement (d &) Impedance
®is -21.04 -20 FOT0+0.2 02

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIOUID

Fisquency. MHz

[ TRl 7D B0 B0 B4 G0 B0 Al

& 125~
= 150
“ATs

i

U T

el
-
275
20
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
L EN] -25.17 =20 5510+270
6.3 MECHANICAL DIMENSIOMS
Freguency MHz L mm hmm dmm |
required measured required measured required measured |
nan 4300021 %, 25000 1 %, 6.35 +1%. |
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450 290.0 £1 %, 166.7 #1 %, £.35 1%

750 1760 #1 %, 100.0 #1 %, £.35 41%.

B35 1610 £1 %, FASS B9LE +1 % PAZS LE+1H, PASS
&0 1480 51 %, 3.2 41 % 1641,

1450 £9.1 41 %, 51741 % 16415,

1500 80,5 +1 %, 50,0 41 %, 1641 %,

1640 78.0 £1 %, 45711 % 1641% |

1750 75.2 £1%. 42941 % I641%.

1800 72.0+1 %, ALT+1 % I641%.

1900 £8.0 £1 %. 39541 %, I641%,

1950 653 £1 %, 38541 %. I641%,

2000 £4.5 £1 %, 37541 % I641%.

2100 6.0 +1 %, 35741 % I641%.

2300 55.5 1 %. 32641 %. 1641,

2450 515 +1 %, 30,4 +1 % I641%.

2600 485 £1 %, 28.8+1 % I641%.

3000 415 +1 %, 25041 % I641%.

3500 37.041 %. 26.4 £1 %, 1641,

3700 T % 264 1 % I641%.

T  VALIDATION MEASUREMENT

The IEEE Std. 1528, FOCO KDBs and CEVIEC 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
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
lenmgth 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

F":;'H'I"" Relative permittivity |e,] Conductivity (o) Sfm
required measured required e asured
300 45.345% 087 15%
450 43.545% 087 +5%
750 41.945% 08915 %
B35 41543% PASS 03015 % FA55
any 41.545% 097 5%
1450 40545% 12045%
1500 40445 % 123 5%
1640 40.245% 1.3145%
1750 40,1 45% 13T 25 %

Pogree: T
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1800 40,045 % 1.40 25 %
1500 40,045 % 1.40 25 %
1550 40015 % 140 15 %
2000 40,045 % 1.40 25 %
2100 I9815% 1.45 35 %
2300 39,015 % LE7 5%
2450 39,245 % 18045 %
ZE00 39,045 % 196 25 %
3000 38.535% 2A0E5H
3500 37045 % 291 35 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62200 standards statc that the svstem validation measurcments
should produce the SAR wvalues 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 OPENSAR V4

Phantom S MU0 SAMTI

Proke SR EPGI22

Lgpuacd Hemd Liguid Vilwes: eps” 40,7 sigma : (0,92
[Matance between dipole center and liguid 15.0 mm

Area scan resolution dx=Emmdy=8mm

Foom Scan Resolution

dx=Fmm'dy=Bmmidz=5mm

Fregquency A35 MHz
[l povwer 20 dBin
Liguid Temperature 2100
Lab Temperaiure 2100
Lab Humidiy 45 By
F":“‘:T"“' 12 SAR (W/kg/W) 10 £ SAR (W/lk/W)
reguired measisrad regulred e asured
300 2.85 1.54
450 4,58 3.06
T30 B.49 5.35
835 9.56 5.61 [0.96] G6.22 G6.19 (0.E2)
aon 109 5.59
1450 29 16
1500 30.5 16.8
16430 3.2 18.4
1760 364 19.3
1800 k4 Ml
Pagree: 87101

Thiv docusment shall not be reproviced, evcepy in el ar i pare, withont e wrtten appraval af MFG.
The infrmanion comaimed evein (5 &0 be noed ondy for the perpose e wiich iof is subseined and 15 not e
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100 107 205
18501 ans 209
2000 411 211
2100 FIT 219
2300 487 213
2450 524 L
200 553 246
2000 618 257
3500 7.1 15
1700 674 243
& iamr Lyren e i

WG N R NE R A
|

T3

BODY LIOUID MEASUREMENT

Fr':ﬂ:""" Relative permittivity £ Conductivity (o) 5fm
reguired measwred reguired measured
150 61.915% 0.8015%
300 58.215% 0.92 15%
450 S6.T15% 0.94 5%
750 55.515% 096 15%
835 55.215% PASS 0.97 15% PASS
0D 55.015% 1.0515%
915 55.015% 1.0645%
1450 S4.015% 13045%
1610 53.510% La015%
1800 53.345% 15245%
1500 £33145% 1.5245%
000 33145% 1.5245%
2100 53.245% LE245%
2300 PR E LY 1.8145%
Fagree; Wi T
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450 52,745 % 1.95 45 %
BB 52545 % 21645 %
FO0 52015 % 27315%
BE0 51.345% 33145%
£ 51.045% 35545 %
5200 49.0 210 % 530 £10%
5300 48.9810% 542 810 %
S40H0 40.7210% 553210 %
5500 48,6 210 % 565 210 %
SE00 405 810 % 577810 %
SE00 407 510 % .00 810 %

74 SAR MEASUREMENT RESULT WITH BODY LICYID

Sofiware UPEMSAR W4
Phantom SR 20000 SAMTI
Probe SM IR EPGI22
Ligqud Body Liguid Values: eps’ : 551 sagrma ;10
Digtance between dipole center and liguid 15,0 min
Area scan resolution dx=Bmmdidy=8mm
Foom Sean Besolution dx=Hmm'dy=8mmidz=5mm
Freguency B35 MHz
[ipust puvwier 20 dBm
Liguid Temperature 21
Lab Termperature 210
Lab Humidity 45 Y
F'*:ﬂ“H"T”" 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
rrseadured measisred
835 5,29 0,94 B.A7 [0.65)

02 Lg 8 UGN EHE SRS
! — ¢ = ]

Poage: [V
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& LIST OF EQUIPMENT

Equipment Summary Sheet

e I
SAM Phantom MVG SN-20/09-SAMT1 :‘ﬂﬂf‘;i‘_’ No cal :‘;ac:if::’;z‘_j No cal
COMOSAR Test Bench Version 3 N :“:'t::ﬂf:f' No-cal :‘:::j::f' No cal
Metwork Analyzer | To"0de zs‘vi“hw“rz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0172017 0172020
Reference Prabe MVG EPG122 SN 18/11 1002017 102018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E44380 MY 49070581 o1/2017 | 012020
ot | maveconn | swoss|Chmerea s o Graractriador
Power Metar HP E44188 US38261498 01/2017 01/2020
Power Sensor HP ECP-E2BA LIS3T181460 01/2017 01/2020
Directional Coupler Marda 4216-20 01386 Characterized priae to|Gharacterized prior 46

lesl. Mo cal reguired. | test. No cal reguired.
Control Company 180798832 1207 11/2020

Temperature and
Hurnidity Sensor

Page: 11T
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SID1800 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.332.6.17.SATU.A

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: 1800 MHZ
SERIAL NO.: SN 09/13 DIP 1G800-216

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
N 'LJ Ys,

'\-.\H__'_/f

ilaemo;

/’_—“‘a
N

“ady, 1\

Calibration Dﬁte 11;’27;’17

oy W ACCREDITED

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed 1n MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.
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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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 09/13 DIP 1G800-216
Product Condition (new / used) Used

A vearly calibration interval is recommended.
3 PRODUCT DESCRIPTION

31 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 — MVG COMOSAR Validation Dipole

Page: 4/11

This document shall not be reproduced, except in fuil or in part, without the written approval of MVG.
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4 MEASUEREMENT METHOD

The IEEE 1328, FCC KDBs 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 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.

42 MECHANICAL REQUIRFMENTS

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 phanfom 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 MEASUEEMENT 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 ERETUEN LOSS
The following uncertainties apply to the refurn loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 01dB

52 DIMENSION MEASURFMENT

The following vncertainties apply to the dimension measurements:

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

53 VAILIDATION MEASURFMENT

The guidelines outlined in the IEEE 1528, FCC EDBs, CENELEC EN30361 and CELTEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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20.1 %

10 g

6 CALIBRATION MEASUREMENT RESULTS
EETUREN LOSS AND IMPEDANCE IN HEAD TIOUTD

Flaauency, MHz
170 1800 180

6.1

1740 4780 1840 186D 1REO 1500

1720

1700
o

m_
-
. | |
Frequency (AMHz) Return Loss (dB) Requirement (dB) Impedance
1800 -21.94 -20 HIND+530
6.2 EBETUEN LOSS AND IMPEDANCE IN BODY LIOUID
Flecuency, MHz
I:I1E‘[I[I 1720 170 ATRD 1vED 1200 s 340 18RD 1ERO 1A00
3]_
|
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -24.11 -20 H30+1250
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420.0 %1 %. 250.0 H1 % 6.35 11 %.
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hiiz documant shall not be reproduced, except in fuil or i part, without the written approval af MTG.
od harein it o be wsed only for the purpose for which 1t is submitted and It ot fo

Tha informari :
be released in whole or part withous wrirten approval of MTG.

CCIC-SET/T-I (00) Page 38 of 76



Report No. SET2018-05895

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACR33161T3ATUA
450 2000 21 % 166.7 31 % 6.35 +1%.
750 176.0 £1 %. 100.0 1 % 6.35 +1%.
835 161.0 %1 % B9.B 11 %. 3.6 11 %.
900 1450 £1 %, E3.3 11 %. 3.6 11 %.
1450 89.1+1%. 51.7 t1%. 3.6 11 %.
1500 B0S5 1%, 5000 1 %. 3.6 11 %.
1540 FO0E1L %, 457 +1 %, 3.6 11 %
1750 752 H1 %, 420 +1 % 3.6 11 %
1800 72.0+1%. PASS 417 +1%. PASS 3611 %, PASS
1200 68.0 1%, 39.5 11 %. 3.6 11 %.
1950 66.3 1%, 3851 %. 3.6 11 %.
2000 645 +1%. 375 LY 3.6 11 %
2100 61.0+1%. 357 H1 % 3.6 11 %
2300 5551 %, 326+ % 3.6 11 %
2430 51.5 1%, 30.4 11 %. 3.6 11 %.
2600 485 11 %. 28811 %. 3.6 11 %.
J000 41511 %. 25011 %. 3.6 11 %.
3500 37.031 % 2641 % 3.6 11 %
3700 34781 ¥ 264 1%, 3.6 11 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CEVIEC 62200 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
licuid 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 phanfom. with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Frea:inqr Relative permittivity (s.') Conductivity (o) 5/m
required measured required measured
300 45.3 5% D.E7 X5 %
450 43515% DETI5 %
750 41915% D.E9+5 %
835 41515 % 0.90 15 %
00 41.5 15 % 0897 15 %
1130 0.5 5% 12015 %
1500 20.435% 12335 %
1640 402 15% 13145%
1750 40135 % 13745 %
Page: 7111
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1E00 40,035 % PASS 14015 % PASS
1900 40035 % 14015 %

1950 400 15 % 14015 %
2000 40035 % 14015 %
2100 398 35% 14915 %
2300 395 15% 16715%
2450 302 35% 1B0+5%
2600 3a.035% 19615 %
J000 385 15% 24015 %
3500 37035% 291#5%

72 SAR MEASURFMENT RESULT WITH HEAD TIOUID

The IEEE 5td. 1528 and CELTEC 62209 standards state that the system wvalidation 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 1 W forward power. In
bracket, the measured SAFR. is given with the vsed input power.

Software OPENSAR V4
Phantom SN 20009 SAMTL
Probe SN 1811 EPG122
Ligud Head Liquid Values: eps’ - 40.6 sigma - 1.39
Distance between dipole center and ligmd 10,0 mm
Area scan resclution dx=Bmm 'dv=8mm
Zoon Scan Resolution dr=8mm/ 'dy=8mm dz=5mm
Frequency 1800 MH=
Input power 20 dBm
Ligwd Temperahre 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
Fm:ﬂ':_ﬁ"q 1 g SAR [W/kz W) 10 g SAR [W/kg W)
required measured required measured
300 285 104
450 4 58 306
750 5.49 5.55
835 058 6.22
900 10.9 6.99
1450 29 16
1500 30.5 165.8
1640 342 134
1750 36.4 193
1800 3g4 37.35 (3.73) 201 19.83 [1.98]
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1900 39.7 20.5
1950 40.5 0.9
2000 41.1 21.1
2100 43.6 219
2300 48.7 233
2450 52.4 24
2600 55.3 246
J000 63.8 25.7
3500 67.1 25
3700 67.4 242

A n-\\
5
— Fum \
2 \\
w 3 o Y 1
| co| e B D B 4B b oW ey ST )
0o oa 0012 1416 1B M 2 M X B D
B Wi - Yiesi Z jwrar|
7.3 BODY LIQUID MEASUEEMENT
Freau:{nqr Relative permittivity (") Cconductivity (o) 5/m
required measured required measured
150 61.9 15 % 0.B0 15 %
300 58.2 5 % 09215 %
450 56.7 15 % 0.94 15 %
750 55.5 15 % 0.96 15 %
835 55.2 15 % 0.97 15 %
900 55015 % 1.05 15 %
915 55015 % 1.06 15 %
1450 54,015 % 13045 %
1610 53.B15% 1.40 15 %
1500 53.3 5% PASS 15215 % PASS
1900 53.3 15 % 15215 %
2000 53.3 15 % 15215 %
2100 53.215% 162 15 %
2300 52015 % 18115 %
Page- 0/11
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24350 52715% 159515 %
2600 52535% 21615 %
3000 52035% 27315 %
3500 51.335% 33145 %
3700 51.0i5% 35515 %
5200 49.0 210 % 5.30 f10%
5300 439 £10% 5.42 B10%
5400 437 210% 5.53 f10%
5500 436 £10% 5.65 £10%
5600 485 H10% 5.77 #10%
3800 48,2 £10% 5.00 £10%

74 SAR MEASUEREMENT RESULT WITH BODY LIQUID

Software OFENSAR V4

Phantony SN 20709 SAMT1

Probe SN 18/11 EPG122

Ligued Body Ligmd Values: eps” - 53.2 sigma - 1.47

Distance between dipole center and liqmd

10.0 mm

Area sean resolution

de=8rmm/dy=8mm

Zoon Scan Resolution

drr=8mm/dv=8mm/dz=Smm

Frequency 1800 MH=
Input power 20 dBm
Ligwd Temperature 21°C

Lab Temperature 21 =C

Lab Humidity 45 %

F"“‘Eﬂﬁ"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
1800 37.68 (3.77) 20.26 (2.03)

B s [ vissi

By
Tum N
E ]
Fam ™
[l
=m b,
M~
i X X o nEa- e, |
[ | 0012 14 18 1B 3 2 M X B W
2 [wanf
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipime Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN.20/09-5aM7q |/2Ndated. Nocal — Validated.  No  cal
required. required.
pre .
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated.  No call
required. required.
Network Analyzer R"Ddeg: Ji'z hwarz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0112017 0142020
Reference Probe MVG EPG122 SM 1811 1062017 1042018
Multimeter Keithley 2000 1188656 01/2017 0142020
Signal Generator Agilent E4438C MY 43070581 0112017 0142020
. Characterized prior to (Characterized prior to
o
Amplifier Aethercomm SN 046 test. Mo cal required. [test. No cal required.
Power Meter HP E44154 US358261498 0142017 0142020
Power Sensor HP ECP-E28A US37T181460 0112017 0142020
. ) Characterized prior to (Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and -
Humidty Sensor Contrel Company 150798832 1172017 1172020
Page:- 11/11
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SAR Reference Dipole Calibration Report
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CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MV G COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/13 DIP 1G000-2118

Calibrated at MYVS US
2105 Barrett Parkc Dr. - Kennesaw, GA 30144
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Calibration Date: 1172717

ACCREDITED

Semary:

This domirent presents the method and eslts fiom an accredited 5 AE mference dipals cahibration
perftmred in MVG US4 using the COMOSAR testbench. Al calibration reslts awe bacesble to
rabonal wetrolog ¥ imstbatons.
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1 INTRODUCTION

This docwmernt containe a summary of the requirem ents set forth by the JEEE 1528, FOC KDBE s and
CEIMIEC 62209 standards for reference dipoles used for 3AR meamwement system validations and
the measwements that were performed to verify that the product complies with the fore mentioned

standar ds.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOZ AR 1900 MHz REFERENCE DIFOLE
M amdf actarer Y G
Il odel AlD 1900
2 erial Mumber AN 09415 DIF 1G900-218
Procuct C ondition (new £ used) Uszed

& yeatly calibrationinterval is recommended.

3 FRODUCT DE SCRIPTION

3l GENERAT INFORWMATION

MV G’s COMOBAR Validation Dipoles are alt in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product is designed for use with the COMOZAR test bench only.

Figure 1 — MFG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1328, FCC EDEBEs and CELIEC 62209 standards provide recpiremerts for reference
dipoles used for system validation measurements. The following measw emerts were performed to
werify that the product complies with the fore menti oned standards,

41 EETUENW LOE3 REQUIEEMEN TS

The dipole used for SAR system walidation meama etnerts and checks must have a rebien loss of -20
dB o better. The retwrn loss measurement shall be performed azsinst a liguid filled flat phantom,
with the phattom constucted as outlined in the fore menti oned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 3td. 1328 and CELIEZ 62209 standards specify the mechanicd components and
dimensions of the validation dipoles, with the dimensions frequency and phantorm shell thickness
dependent.  The COMOSAR test bench emplows a 2 mm phardom shell thickness therefore the
dipoles sold for use with the COMOSEATR test bench comply with the requirements set forth for a2 2
min phartom shell th chne ss,

5 MEASTREMENT UNCERTAINTY

A ancertairties listed below represent an ex panded uncertainty expressed at gope aximately the 93%
cotifi detice lewel using & coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement UTneertanty

51 EETUEN LOE3
The foll rwing uncertainties goply to the retirnloss measr ement:

Frequency hand Expanded Uncertainty on Return Loss
400-A0000IHz 0.1 4B

52 DIMENEION MEASUREMENT
The foll owing wncertainties goply to the dimensi on meamurem ents:

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

533 VALIDATION MEASTREMENT

The guidelines outlined in the [EEE 1528, FCC EDBs, CENELEC EN30361 and CELIEC 62209
standar ds were followed to generate the measurement uncertanty for vali dation meamwem erts,
Scan Volume Expanded Uncertainiy

g 203 %
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10g 01 %

6 CALIBRATION MEASUREMENT RESULTS

A1 EREETUERW LO&E3 AND IMPEDANCE TN HEAD TIOTID

Frequarey, MHz
10 1830 1ES0 130 1520 10 1580 1560 2000

1.k

e
Frequency (MHz) Retum Loss (dB) Reqguirvement (d B) Ispedance
1900 -24.08 =20 S120+6350

6.2 RETURW LO&3 AND IMPEDANCE IN BODY LIOITID

Frasueeney, HHz

1600 1820 1840 1660 1680 1300 1320 {10 1960 1360  2ZDO0
Q.-

Q5.
50-

TJTE5-

1.k

-20.0-

-2a.0-
275

Frequency (MH:; - Retum Loss (dB) Reqguirvement (d B) Ispedance
1900 -2217 -20 dEEL+HEEL
63 MECHANICAL DIMENSIONS
Freq uency MHe Lmm hmm d mm
required measured required mess ured required mmeas ured
0 4200+ % =00+ % 675 1 .
Page: 11
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450 2004 %, 16A7 11 H. 5,35 11 5
750 1760+ H. 10000 31 B, 535 1 0
B 15104 H. B0E 1% 3.6+ B,
Elan] 1400+ %, B3.3H % 3.6+ b,
1450 9.1 1 54, 517 H 3614 %,
1500 0.5 1 %, SO0 3 %, 3611 %,
1540 Ta.01 % 457 1 % 3.6+ .
1750 75.20 %, 47240 1 %, 3.6+ .
1800 7201 5%, 417 1%, 3.6+ B,
1900 .04 % PASS ;5 H %, FASS 2.6+ 0. PSS
1450 55,341 B4, /5N 3.6+ B,
2000 54,5 +1 B4, 75 0 3.6+ b,
2100 1.0+ 7 HH 3614 %,
2300 55.5 1, 32.6 1 %, 3611 %,
2450 51.51 %, 304 1 % 3.6+ .
2600 48 .5 11 5 BE 1 3.6+ B,
2000 41.5 1 0 =010 3.6+ B,
E=in n) 7 .0H B, 264 1 0 3.6+ B,
700 23,741 B, 264 1 0 3.6+ b,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FOO KDBs and CELIEC 62209 standards state that the system alidation
measy et erts must be performed using a reference dipole meeting the fore mentioned return loss
and mecharical dimension requirements. The validation measurement must be petformed against a
liguid filled flat phantom, with the phantom constructed as outlined in the fore menti oned 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 phartom, with the top seface of the
dipole atthe described distance from the botbom swface of the phardom .

71 HEAD LIOUID MEASTREEMENT

Freauency Relative permittivity ('] conductivity [9)5/m
requined medsumed req uired measumed
00 45 31504 0.E7 5%
450 435350 0.87 35 %
750 415635 % 0.89 15 %
3% J15 350 0.0015 %
Elul 415350 0.097 5%
1450 405 1504 1.2015%
1500 404 15 5 1.2315 %
1640 40,2350 1.3 =%
1750 401 150 1.7 5%
Rage: 7l
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1800 0015 % 14015 %
1000 An0is % PEE 1405 % PASE
14650 An0is la0k%
2000 annis 140k %
2 3 E 45 % laa5%
230 MEis% 1.575%
2450 M 2H5 % 18035 %
2600 30045 % 19615 %
3000 BEHEH 2401 %
=0 Tais 20145 %

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

The IEFE 3td 1528 and CELIEC 62209 standards state that the system validation measuemerts
should produce the B3AR walues shown below (for phardomn thickness of 2 mm), within the
wwertarty for the system walidation Al BAR walues are normalized to 1 W forerard power. In
bracket, themeamyed SAR iz given with the usedirgndt power.

5 ofberare OFENS AR V4
Phartoen SH A0S 5 AMTL
Piche SH1811 ERGlA
Liquid Head Liguid Vahes: eps” : 41 2 sizma 137
Distanee batween dipols cepter and liqmd 10.0 nmn
Aivea scan wsohibon dx=Enmnidy=Snmn
Loon Sean Besohrhon d=Erunid=Snend ="5nom
Frequency 1900 MH=
Dipaat ponrer A dBm
Limuid Tenmperatare dlfC
Lab Tenperatire 2l TC
Lab Hurmdity 45 5
F’EEﬂ":z"‘:'" 12580 (W kghn) 102 SAR (ke ]
mequired meas ured required measu red
300 2.85 1494
450 4.58 306
750 B.49 555
B35 955 522
Elunl 1049 5499
1450 ] 15
1500 305 168
16540 34.2 184
1750 36.4 19.3
1800 =4 201
Poge: &11
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1900 =7 .55 (303 205 T.48 [205]
1950 ao.s 204
2000 a1.1 211
ralu) 43.6 ra |
2300 a8.7 33
2480 524 n
2600 55.3 M5
3000 G3.B =z
=0 a7 .1 =
00 7.3 2z

N
LAy
EE”" \‘\
LR \"\-.
MEEEERASS
ey iz yl 1s| ® ‘r‘w % ® W
73 BODY LIOUID MEAIUREMENT
F’E:ﬂi"‘:"' Relative permittivity (&) Conductivity [a)5,/m
required meas ured required measu red
150 o 0801 0
300 SE2EH 002350
as0 567350 004350
750 EEE 50, 006350
B3 cE.2i5H 047354
Eln] SE0isH 1.06135H
915 SE0isH 1.0615 H
1450 SA0I=H 1.3015 0
1610 SIEEH 1.4035 0
1800 533 H 152350
1800 53380 Pass 1520 PASE
2000 53350 152+
200 532 H 1.6235 %
2300 52015 1813 %
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2450 52715 H 1.05 15 %
2600 525i0 2163 H
2000 5205 H 2738 H
00 51.335 H IHEH
3700 51035 %% 35510
5200 40.0X0% s.30h0%
5300 43.9 0% sA42H0%
5400 437 Hl0% s53H0%
S5O0 48 . 6H10% 5.0 H0H
5800 48.5 0% sr7H0H
5300 48.2H0% so0H0%

74 ZSAR MEASUREMENT RESULT WITH BODY LIOUID

5 ofberame QOPEHI AR V4

FPhartoem SH 20009 SAMTL

Puche SH 151 EPGLEL

Liquid Body Liquid Vahes: eps”: 510 sigrma: 153

Dhstance between dipole certer and liquid

10.0 non

Area soan wesohition dx=Snmidy="non
Foon S can Besohrhon dx=Ernumidy=Enenid==Snwn
Frequency 1900 MH=

Iipnat ponerer A dBm

Liqnid Terrperatire 2l C

Lab Tenperatare 2l C

Lab Hunndity 45 0

Fmﬂﬂim"' 1 g 5aR (ke 10 5aR (ke
meas ured meas ured
1800 T4 (58] 2047 [2.06)

= ==y

o2 LR i T [ [ (e
Z(mm)
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8§ LIST OF EQUIPMENT

Equipment Summar

e | e
S&M Phantom MG SM-20/09-54M71 r:;L‘?igf" Mo cal ; :;L?igf" No cal
COMOSAR Test Bench|  Version 3 MA r:}:h‘?igf" Hoeal 1 ;‘ﬂigf" Mo cal
Netwark Aralyzer | P00 & Searz ShHT 00132 Q2206 (272019
Calipers Carrera CALIPER-M 0152017 0172020
Reference Probe MG EPG122 SN 181 1002017 102015
Muttimeter Keithley 2000 1185655 0162017 01 f2020
Sional Generstor | Agilent E44380 M 49070551 0102017 0112020
e | oo | oo [
Power Meter HP E44184 US38261498 0102017 0112020
P ower Sensor HP ECP-E264 US37181460 0152017 01/2020
Directional Coupler | Marda 4216-20 01 386 feﬁ_m&eg:f’fegﬂﬁﬁ feﬁapf;gzefegﬂﬁgf
L‘ﬂﬁjﬁgj@”ﬂ? Control Company 150798652 1Mems 117200
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR 332917 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
SERTAL NO.: SN 09/13 DIP 2G450-220

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

g
R
ey L Calibration CEET

ACCREDITED
Calibration Date: 11/27/17

Summary:

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

national metrology mmstitutions.
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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

3.1 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
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4 MEASUEEMENT METHOD

The IEEE 1328, FCC EDBs and CEITEC 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 EETUERN LOSS REQUIEEMENTS

The dipole used for SAR system validation measurements and checks must have a refurn 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 REQUIREMENTS

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 uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty.

51 ERETUENILOSS

The following vncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 01dB

52 DIMENSION MEASURFMENT

The following uncertainties apply fo the dimension measurements:

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

33 VALIDATION MEASUREMENT

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

Ig 203 %
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10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS
6.1 ERETUEN LOSS AND IMPEDANCE IN HEAD LIQUID

Flequency,, MHz
2350 ZEE0 2400 M 2440 MED J4E00 2S00 2EA 230

[ [ T
A=
I Y Y

40—
o | [ | | ] IR
- . ]

Freguency (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
2450 -27.04 -20 4050 4+30402

6.2 EBETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frewerm- MHz
2350 2E0  24p0 3800 2520

a4
254
a0+
754
00+

1254
T N N I O

-17.54
-0+
2254
-25.0
2T 5

311.|:IH

-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2430 -26.02 -20 5320+401Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mim h mim d mm
required measured required measured required measured
300 420.0%1 %, 2500 11 %, 6.35 11 %.
Page: 6/11
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as0 29001 %, 166.7 #1 %, 635+ %,
750 176,051 %, 100.0 1 %, 635+ %,
235 161051 %, B9.8 11 %. 36 +1 %
900 148.0%1 %, 833 41 %, 36+ %
1450 801 +1 %, 51741 %, 36+ %
1500 B0.5 +1 5. 50.0 1 %. 36+ %
1640 70.0+1 5. 457 1 %, 36+ %
1750 752+, 42041 %, 36+1 %
1800 720+ %, 417 1 %, 36+1 %
1000 68.0 £1 %, 39541 %, 3.6 +1 %
1050 66.3 £1 5, 335 +1 %, 3.6 +1 %
2000 64,5 +1 %, 37541 %, 36 +1 %
2100 61.0+1 5. 35741 %, 36 +1 %
2300 555 +1 5. 32641 %, 36 +1 %
2450 51541 %, PASS 30441 %. PASS 361 %. FASS
2600 455 1%, 28841 %. 36+ %
3000 415+ %, 25041 %, 36+1 %
3500 37.081 % 26,411 %, 36+1 %
3700 34751 % 26.4 %1 %, 3.6 +1 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELTEC 62209 standards state that the system validafion
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
liguid 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
Fre:ﬂu:‘nqr Relative permittivity (s,") conductivity (o) 5/m
required measured required measured
300 453 15 % 0.E7 15 %
450 435 5% 0.B7 15 %
750 419 5% 0.B9 15 %
835 41.5 5 % 09015 %
900 41.5 5 % 08715 %
1450 40.5 15 % 12015 %
1500 40.4 15 % 12313 %
1640 402 15 % 13145 %
1750 401 15 % 13715 %
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1800 40035% 140+5 %
1900 400015 % 14015 %
1950 40035% 14015 %
2000 40035% 14015 %
2100 30 Bi5% 14015 %
2300 305355 16735 %
2450 30.235% PASS 1B0+5% PASS
2600 30 0+5% 18615 %
J000 38.535% 24015 %
3500 3709i5% 29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the 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 QPENSAFR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122
Ligmd Head Liquid Values: eps’ - 4005 sigma : 1 .87
Distance between dipole center and ligmd 10,0 mm
Area scan resolution dx=8mm/ 'dy=8mm
Zoon Scan Resolution dx=5mm/dy=5mm/de="5mm
Frequency 2450 MH=
Input power 20 dBm
Ligwd Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
F’Tﬂﬁ“q 1 SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2_B5 154
450 4 58 3.06
750 B.49 5.55
835 058 6.22
00 10.9 600
1450 29 16
1500 30.5 16.8
1640 34.2 134
1750 36.4 19.3
1800 384 201
Paga: 8/11
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1000 39.7 20.5

1950 40.5 208

2000 41.1 211

2100 43.6 219

2300 48.7 233

2450 524 52.67(5.27) 24 23.76 (2.38)
2600 55.3 246

J000 63.8 23.7

3500 67.1 25

3700 67.4 2432

m-\
B
N
- N
T 5 um \\
. b,
i ]
e i 012 1 |:;—~;_‘_m X ® @
o Wit T vimmt 2 (rarl
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂu:lnqr Relative permittivity {s") conductivity (o) 5/m
required measured required measured
150 61.9%5% 0.ED 15 %
300 58.2 15 % 0.92 15 %
450 56.7 15 % 094 15 %
750 55.515% 096 15 %
835 55.215% 097 15 %
00 55.0 15 % 10515 %
915 55015 % 10615 %
1450 54,015 % 13015 %
1610 53815 % 14015 %
1500 53.315% 15215 %
1900 53.335% 15215 %
2000 53.315% 15215 %
2100 53.215% 16215%
2300 52035% 1B1+5%
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2450 52 715% PASS 15515 % PASS
2600 52.535% 21615 %

F000 52035% 27315 %
3500 51335% 33115 %
3700 51035% 35535 5%
5200 49.0 210% 5.30%10%
5300 489 £10% 542 #10%
SA00 48.7 210% 5.53 £10%
5500 43.6 $10% 5.65 £10%
Se00 435 210% 5.77210%
SE00 432 #10% 6.00 £10%

74 SARE MEASUEEMENT EESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122
Ligmd Body Ligud Values: eps’ : 54.6 sigma - 1.95
Distance between dipole center and liguid 10.0 mm
Area scan resclution de=8mm/dy=8mm
Zoon Scan Resolubion dex=5mm/dv="mm /dz=5mm
Frequency 2450 MH=
Ioput power 20 dBm
Ligqud Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
Fm:ﬂ'ﬁ”q 1 g SAR (W/kg/W) 10 g SAR [W/kg/ W)
measured measured
2450 51.42 (5.14) 23.48 (2.35)

930
B
%
BTem \"
ol o -]
3 A
g um s,
-0 \
[
=m -y
ot | o | o oW & B ) | |
L | 0 12 14 18 1B 30 XX M X B N
o s o Vimsl Z (|
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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  |alidated. — No cal
required. required.
e -
COMOSAR Test Bench|  Version 3 NA alidated. Nocal  |alidated.  Nocall
required. required.
Metwork Analyzer | o9 E__f: Ji': hwarz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 012017 01/2020
Reference Probe MY G EPG122 SN 18M1 1002017 10/2018
Multimeter Keithley 2000 1138656 01/2017 01/2020
Signal Generator Agilent E4438C MY45070581 01/2017 01/2020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 048 test. Mo cal required. [test. No cal required.
Power Meter HP E4418A US332614098 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
) ] Characterized prior to (Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and 0
Humidity Sensor Contrel Company 150798832 112017 1172020
Page:- 11/11
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TESTING (SHENZHEN) CO.,LTD
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SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY': 2600 MHZ
SERIAL NO.: SN 32/14 DIP 2G600-338
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2105 Barrett Park Dr. - Kennesaw, GA 30144
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Calibration Date: 11/27/17

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVEG USA uwsing the COMOSAF. test bench. All cabbration results are traceable to

nafional metrology instifutons.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELTIEC 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 32/14 DIP 2G600-338
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELTIEC 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 1328, FCC EDBs 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 EETUEN LOSS REQUIREMENTS

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

42 MECHANICAT REQUIREMENTS

The IEEE 5td. 1528 and CELTEC 62200 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 approzimately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

51 EETUENLOSS

The following uncertainties apply fo the refurn loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply fo the dimension measurements:

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

53 VAIIDATION MEASUREMENT

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

1g 203 %
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10g

201 %

6 CALIBRATION MEASUEEMENT EESULTS

6.1

EETURN LOSS AND IMPEDANCE TN HEAD TIQUTD

200
u_

2R

Fieauency, MHz
e I

540 25D

N

B0 FRdAD FRED JRED

Frequency (MHz) Return Loss (dB) Eequirement (dB) Impedance
2600 -30.33 -20 5310-0.7i0
6.2 RETUERN LOSS AND IMPEDANCE TN BODY LIOUID
Fraouency, MHz
2500 &M 2540 FARD PEED 2R00 JEO ARdAD ZRRD DRRO 2700
G:l_
A
N N
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -33.55 -20 4040-2140
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420031 %. 250.0 1 %. 6.35 31 %.
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450 290.0F1 %. 166.7 11 % 6.35 1 %.
750 176.0 %1 %. 100.0 1 % 6.35 *1 %,
835 161.0 %1 %. E9.8 +1 % 3.6 11 %.
00 145,051 %, B3.3 11 %. 3.6 11 %.
1450 891 +1%. 5171 % 3.6 11 %.
1500 BDS 1%, 5000 11 %, 3.6 11 %.
1540 7o0+1 %, 457 1%, 3.6 11 %.
1750 75.2 1%, 4290+1 %, 3.6 11 %,
1500 720E1%. 41731 %. 3.6 11 %.
1900 68.0 11 %. 39.5 11 % 3.6 11 %.
1950 66.3 1%, 3851 % 3.6 11 %.
2000 64.5 +1 %, 37.5 11 %, 3611 %.
2100 61.0 £1 %, 35.7 11 %. 3.6 11 %.
2300 55.5 1 %, 32611 % 3.6 11 %.
2450 515+ %, 304 1%, 3.6 11 %.
2600 455 +1 %, PASS 8.8 1 %. PASS 3.6 +1 %, PASS
FO00 415 +1 %, 250 11 %, 3611 %.
3500 37.041 % 26.4 11 %. 3.6 11 %.
3700 34 7H1 % 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 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
liguid 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

Frerﬂl:!;nq Relative permittivity (s,") Conductivity (o] 5/m
required measured required measured
300 453 15 % 0.B7 35 %
450 43.5 15 % 0.B7 15 %
750 41915 % 0.9 15 %
835 415 15 % 0.90 15 %
900 415 15 % 0.97 5%
1450 40.5 15 % 12015 %
1500 40.4 15 % 12315 %
1640 402 15 % 13145 %
1750 40.1 15 % 13745 %
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1800 A0 035% 1405 %
1900 A00D35% 14045 %
1950 A0035% 14035 %
2000 40035 % 14015 %
2100 30 B35% 14915 %
2300 3o 5i5% 16715 %
2450 30 2i5% 18015 %
2600 3o0isk PASS 19615 % PASS
3000 Ig5is% 24015 %
3500 37035% 20145 %

7.2 SAR MEASURFMENT RESULT WITH HEAD LICUID

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

Software OPEMNSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18711 EPG122
Ligud Head Liqud Values: eps’ - 38.5 sigma - 2.01
Distance between dipole center and liqmd 10.0 mm
Area scan resolution dex=Bmm/dv=8mm
Zoon Scan Besolution dx=3mm/dy=5mm/dz=5mm
Frequency 2600 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 =C
Lab Humidity 45 %
F"“‘Eﬂ'ﬁ"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2.B5 184
450 4 58 3.06
750 5.49 5.55
835 9.56 6.22
00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 342 184
1750 35.4 133
1800 384 201
Page: 8/11

Thiz documemt shail mot be reprodiced, excepr in il or m part, without the wrirten approval of MTG.
The information confamed herein 11 to be used only for the purpose for which it it subminted and I3 nat to
be released i whole or part withour wrirten approval of MTG.

CCIC-SET/T-I (00) Page 73 of 76




Report No. SET2018-05895

SAR REFERENCE DIFOLE CALIBRATION REFORT Bef ACR 3311017 5ATUA

1000 39.7 20.5

1950 40.5 209

2000 41.1 211

2100 43.6 218

2300 48.7 233

2450 52.4 24

26500 55.3 55.47 [5.55) 246 24.45 (2.45)
J000 63.8 25.7

3500 67.1 25

3700 67.4 242
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73 BODY LIQUID MEASUREMENT
Fraquen
:1H' =¥ Relative permittivity {s,") Cconductivity (o) 5/m
required measured required measured
150 619 15% 0.BO 15 %
300 58.2 5% 08zt5 %
450 56.7 5% 09415 %
750 55.515% 08515 %
835 55.2 5% 08715 %
900 55.015% 10515 %
915 55.015% 10615 %
1450 54.0 15 % 130+ %
1610 53.B15% 14015 %
1800 53.3 5% 15215 %
1900 53.315% 15215 %
2000 53.315% 15215 %
2100 53.215% 16215 %
2300 52.015% 1B115%
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2450 52.735% 195+5%
2600 52 535% PASS 21615 % PASS
FO00 52.035% 27315 %
3500 51335% 33115%
I700 51035% 35515 %
SZ00 49.0 £10% 5.30%10%
5300 489 £10% 542 310%
SA00 48,7 210% 553%10%
5500 486 £10% 5.65310%
SE00 485 £10% 577310%
SE00 482 #10% 6,00 210 %

74 SAR MEASUEREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantony SN 20/09 SAMT]
Frobe SN 18711 EPG122
Ligud Body Ligmd Values: eps” : 52.0 sigma - 2.16
Distance between dipole center and higmd 10.0 mm
Area scan resolution dx=8mm dy=8mm
Zoon Scan Resoluhon dre=5mm ‘dy=5mm 'd==5mm
Frequency 2600 MH=
Input power 20 dBm
Ligmd Temperature 21°C
Lab Temperature 21°=C
Lab Humidity 45 %
F’“:ﬂ'ﬁ‘q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W]
measured measurad
2600 53.45 (5.34) 24.00 (2.40)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
qUuIpIme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 |/2Wdated. Nocal  Walidated. — No cal
required. required.
o -
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated.  No call
required. required.
Network Analyzer R“Ddez‘?: Ji':h”"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-D1 0142017 01/2020
Reference Probe MY G EPG122 SH 1811 1042017 10/2018
Multimeter Keithley 2000 118BE5E 0142017 01/2020
Signal Generator Agilent E4438C MY49070581 0142017 01/2020
. Characterized prior to |Characterized prior to
Amplifier Agthercomm SN D46 test. Mo cal required. |test. No cal required.
Power Meter HP E4418A LUS38261498 0142017 01/2020
Power Sensor HP ECP-EZEA US37181460 0142017 01/2020
) ) Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 g1386 test. Mo cal required. |test. No cal required.
Temperature and o
Humidily Sensor Control Company 150798832 112017 112020
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