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Probe calibmaton parformed m MUr TSA ming the CALISAR [ CAITEATR test bench, for use
with a OJMOSAR system ozby. All calibration mmlts are traccable %o paticoal metrology
imtitations.
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COMOIAR E-FIELD PROBE CALIBEATION EEFORET

1 DEVICE UNDEE TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIEL T PROBE
D Ianufacturer MG
Dlodel SSE2
Serizl Mhumber S8 27015 ERGO26]L
Prococt Condition (new | used) Tsed
Frequency Fange of Probe 0.7 GHz-6GHz
Fesictance of Thres Dipoles 3t Connector Dipale 1: B1=0.210 M0}
Dipale 2: F2=0.220 MY
Dipaole 3: B3=0.226 M}

A yearly calibration interval is reconmmendad
2 FREODUCT DESCEIFTION

21 GEMERAL INFORMATION

AGE's COMOSAR. E Seld Probes are built in accordance to the TEEE 1528, OET 65 Bulletin C and
CEITEC 62200 stamdards,

Fignre 1 — WP COMOEAR Dosimerric E ffeld Dipole

Probe Lensth 330 mm
Length of Individual Thpoles 2 mm
Mladnnm extemal dameter mm
Probe Tip External Diiameter 2 5 mm
Dhistance between dipolas [ probe exiremity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CEMNELEC EN5034] and CEITEC G230 standards provide
reconimendsd practices for the probe calibratens, including the performsnce characienistcs of
inferest and methods by which to assess their affect  All calibrations / measurements performed meet

the fore mentioned standands.

31 IIMEARTITY

The evalnaton of the linearity was done in free space using the waveguide, performing a power

swesp to cover the SAR range 0.01W ke to 100W ks
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32 SEMSIIIVITY
The sensitivity factors of the three dipoles were determined nsing a twe step calibraton method (mir
and fizsue sinmilating hauid) using wavesmdes ss owllined i the standands,

33 LOWERDETECTION LIMIT

The lower detection lindt was sssessed using the some messnumenent &t np & used for the ey
measurement. The required Jower detection limit is 10 mW ke

34 LEOTROMFY
The arazl isomopy was evaluated by exposing the probe to a reference wave from a standsrd dipole
with the dipole mounted wmder the flai phanfom in the test confizumtion suggesited for sysbem
validations and checks. The probe was rotated along its main axis from 0 - 360 depraes in 15 degres
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastc box filled
with tissue-equivalent liqmd, with the plastic boe ilbominated with the falds from a half wave dipole.
The dipole is rotated abowut its axis (0°-1807) in 157 increments. At sach step the probe iz rotated
ahont its axis (0°-3507).

3.5 BOUNDAETY EFFECT

The boundary affect is defined as the deviaton benmwesn the SAF messred data and the expectad
expanenfiz] decay in the lquid when the probe is oreated normesl to the intesface. To evaluste this
effect. the liqud flled flat phantom is exposed to SGelds from either 3 reference dipols or wavegmde.
With the probe nomms] to the phanfom surface the pesk spatial average SAR i messamed and
conared to the analytical vahie st the surface.

i MEASTUEEMENT UNCERTAINTY

The poidelines outlined in the TEEE 1528, OET 65 Bulletin C, CENELEC EMN5036]1 and CELTEC
G2200 standards were followed to generate the measurement uncertainty assoctated with an E-field
probe calibragon using the wavemmde technigque. All uncertainties listed below represent am
expanded nncertaindy expressed at approcimately the 95% confidence level nsing a coverame Sacor
of k=1, mwaceable to the Intemationally Accepted (uides to Messumament Uncertainty.

Uncertnizty amsbyzis of the probe calibratien = wavegmide
Uncertaincy Prebabiliry i : Stamdard
EEROE 20URCES value (%) Dixkcdrmtiog Dhiwizer i Tacertainty (%)

Incidant or foraand powar 1.00%: Rociangelar »...E | L.73¥%
Eaflected powsr 1.0 Rochngalar 15 | 1 L132%
Limid conductivity 5.00% Focangelar -.,.ll_T | 1 LEET:
Limuid parmittisity 4.0H% Rechngalsr ..E | 1 ol
Fiald bomogemsity 1008 Faciangelar "E | 1 L.73¥%
Ficld probs positionmg 3.00% Rociangelar \..E | 1 ZBET:
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Figld probs Exsariny 1,007 Ractangelar ;Y | 1 1.73%%
Combined standard uncertaingy 3.B31%
mded mncercadnty 12.0%

%7 %o confidencs el k =2 i

§ CALIBEATION MEASUEEMENT EESTULTS

Calibration Parameters
Liqmd Tempsaramnme . g
Lab Temmperzhare 21 3C
Lab Hoozdicy 45 %

5.1 SENSITIVITY IM ATR

Momme: dipole | Momoy dipole | Wommz dipole
1 (uVITVim)) | 2 Vi) | 3 (eViim))
089 .63 072

DCE dipole 1 | DCP dipole 2 | DCP dipole 3
(W) (W) (W)
a1 04 o0

Calibration onrves ei=f%) (1=1,2.3) allow to obéain H-fiald value nsine the Soomula;

E=JE? + EF4E}
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52 IIMEARITY
Limearity
1.0
075
§ o
ks
gnm-wﬂﬂ“ﬁ et bl e
g LS
5 -0a0
DL
.00+ i
0 = im 1% A0 Hm am h
E-Fhald [wv'ra]
Lnearityfl+/-1 75% [+/-0 08dE)
53 SEMSTTIVITY Th TICMTIT
Liguid Fregaancy Pormittivity silon (5 ComvF
et
HLS200 52M 35.19 T3 230
BL3200 52M 4210 5.20 237
HL5200 34 34.58 471 200
EL30 34M 45.60 44 115
HL5S00 36M 37.00 .03 114
EL580 560 47.51 568 130
HLSEOD SEM 34.67 3.12 136
EBL3EN BN 450.79 i 138
LOWER DETECTION LIMIT: fmWiks
Page: 79
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54 LROTROPY
HI 560 MHz
- Axial isotropy 0.4 dB
- Harnispherical isomopy: 01048
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6 LIST OF EQUIFMENT

Tha

Egquipment Summary Sheset
Equipment Manufacturer / Tdentification No. Corrent Next Calibration
Diescription Model Cahbration Date Diate
. vamates. Mocal  [valldaed. Mo cal
Fiat Phaniom MViE sN-20me-saMT1 [t by
= aidated. Nocal | [valldated.  No cal
COMOSAR Test Bench|  Wersion 3 MA sy bincar
[~
Network Anayzer | Frooe b SCarz SN100132 D206 0212013
Reference Frode MVE EP 94 SN 3703 102018 1072013
Muttimeser Kefthiey 2000 1188655 0102017 0172020
Signal Generator | Aglient E4435C MY45070551 02017 0172020
B Characterized prior to| Charactenzed pror 1o
Ny e i test. Mo cal required. [test Mo cal required.
Power Meter HP E44184 US35261458 0102017 0172020
Power Sensar HP ECP-E2EA4 US3TI81460 012017 0172020
Characerized prior 1o| Charactenzed prior o
DR Conpier:, | Nameae i test. Mo cal required. |test Mo cal required.
Wavequice M=ga Industries | D6IYT-158-13-712 m' Mo EL“MH_ T
Viavequide Transition | Mega Ingustries | 0EIYT-158-13-T01 ';E“E'-“’IIE"I e :;ﬂg” i
L
Waveguide Terminatio|  Mega Indusiries | 069¥7-155-13-701 [Loaer- Mool VaIRETed. Mool
Temperzue | RN corro company 150738832 1207 1172020
Foage: w9
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SAR Reference Dipole Calibration Report

Ref: ACR.332.3.17.5ATUA

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

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

%7  [ACCREDITED)

Calibration Date: 11/27/17

.?HH].I'JI':’H:I'.'

This decunsent presents the method and resulis from an secredited SAR reference dipole calibration
performed in MWG USA using the COMOSAR test bench,  All calibration results are truceable fo
national metrolegy institutionm.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVTEC 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.
2 DEVICE UNDER TEST
Device Under Test

Device Type | COMOSAR 750 MHz REFERENCE DIPOLE

Manufacturer MVG

Muodel S1D7s0

Serial Number | SN 23/15 DIP 0G750-378

Product Condition (new S used) | Used

A yearly calibration interval 15 recommended,

3 FRODUCT DESCRIPTION

3l GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1328, FCC KDBs and
CEVIEC 62204 standards, The product is designed for use with the COMOSAR test bench only,

Figure 1 - WHr COMOSAR Validation Dipole

Page: 4441
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4 MEASUREMENT METHOD

The IEEE 1328, FOC 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 complics 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 liguid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The TEEE 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 employvs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness,

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

3.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency hand Expanded Uncertainty on Heturn Loss
400-6000MHz 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length {mm) Expanded Uncertainty on Length
3 - 300 005 mim

53 VALIDATION MEASUREMENT

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

Scan Volume Expanded Unecertainty
lg 203%

J"’rjg'c'.' 40

Thir decawent shall nai by reprovvoen’. ercegd an il ar e pard, withem' dhe wnien apprevel of WG,
The dnfarmarion comataed bevein (v & be werod andy S tie peopose G wiich or i subweired awd 15 nof e
e velvred i whiole o part witkos writlion apgeoval of PG



Report No. SET2020-01339

SAR REFERENCE DIPOLE CALIBRATION REPORT Rebi ACE A DI SATLA

10g 20.1 %

i CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fraguency, MHz
B0 BED 0 L) 72 il TED [ | Bz 40 850

i F.rl..ﬂlll.'ﬂl";'{:\"'lif..:l | Return Loss (dB) | ih'i.'i.llii"l.'l'l'l{.‘l".-lidﬂ'l. impl‘dﬂﬂﬂ'
! 750 ; -40.35 -20) [ 49.10-0.3i0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraguency, MHz
BE0 Bl i Ly 7 40 TED Bl L 2 230 @50

%
::_ -
:ﬁ_l.
;:\..

f Freguency (MHz) | Return Loss (dB) | Requirement (dB) | Impedance
I 7350 _ -27.32 -20 | 4680+27j0

6.3 MECHANICAL DIMENSIONS

Freguency MHz L | hmm | d mim

required mpasured required measured required measured

a0 a20021%. | 00 % | | GaIst1%
.I"'ll'i"l" "‘3‘ I'lI
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450 2E00 41 %, 166.7 21 %, £.35 41 %

50 176,081 %, pass 16K 41 %, FAgE 63541 % FAsS
B35 1600 £1 %, BAE +1 %, 3611%.

a0l 1450 341 %, B33 41 % 1641 %

1450 B9 41 %, 517 41 % 1641 %.

150K BL5 41 %, 50L0 41 3641 %,

1640 T mouw | T as7mw BETCEE

1750 75241 % 42.9+1%. I621%.

1800 T2 % 117 £1 %, 1611%.

1900 6801 %. 395 +1%. I611%.

1950 5.3 +1%. 38.5+1%. 1621 %.

2000 645 £1 %, 375 1% 1611%.

2100 61041 %. 35741 % I641%.

2300 55.5 +1%. 32641 % 1621 %.

2450 515 £1%. 30,4 1%, 1611%.

2600 185 +1%. 8.8 +1%. I641%.

3000 415 +1%. 25.0+1 % I621%.

3500 3T 26.4 £1%. 1611%.

3700 T 25.4 £1%. 1621%.

T VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC 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
ligquid filled fat 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";LH":" Relative permittivity (e, Conductivity (=} 5fm
raguired measured raquired maasured
300 45315 % 0.BF 3%
450 43.545% 0BT 5%
50 41.945% PASS 0.8945% PASS
B35 41.515% 0.90153%
aod 41.545% 0.8715%
1450 40.545% 12015 %
1500 40.4 15 % 12310 %
1640 40,2 15 % 13145%
1750 40,145 % 137 25%
Pogre: 7011
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1800 0.0 45 % 1.40 45 %
1800 40,045 % 1.40 45 %
1950 AN05%H 1.40 45 %
2000 40,045 % 1.40 45 %
2100 T 1.48 45 %
2300 30545 LET45%
2450 30.245% 18045 %
2E00 0045 % 19645 %
3000 IR545H 2A045%
2500 37.845% 2.8145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 62200 standards state that the system validation measurcments
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 SAR 15 miven with the used input power.

Software OPENSAR V4
Phantom SM 2000 SAMTI
Probe SR EPGIZ2
L gy Head Ligquid Vialwes: epa’ @ 421 sigma : .91
[istance between dipale center and Hauicl 15.00 mn
Area sean resolulion dx=Emrm/dy=8mimn
Farom Scan Resolution dw=Hmm/dy=Emmvdz=5mm
Fregquency T50 MHz
Iipst power 20 dBm
Liguid Temperature e
Lab Termperaiure 1 °C
Lab Humiduiy 45 By
Fwiahcy 18 SAR [W/kg/W) 10 & SAR (W/kg/W)
reguired measured reguired sy red
300 2.85 1.54
450 458 3.06
750 B.49 B.&2 |0.56) 5.55 565 (0.57)
Jig 956 6.22
aop 109 .59
1450 29 16
1500 305 16.8
1E40 4.2 18.4
1750 £ 19.3
1800 354 Ml
Pagre: 8401
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18010 38,7 0.5
1550 405 0.9
2000 411 211
2100 416 1.5
2300 487 23.3
2450 52.4 24
2600 65 g M6
200 618 25.7
35010 57.1 5
3700 674 342
R —y—— | B
[l
[zt
12 \ Pomow o
14 ""-\
3 | ||
3 Lk it - -
a0 \-n.__ I
ne H‘-— ]
a3 '.‘""--
L - A ISR 05 -

BODY LIQUID MEASUREMEMNT

F"':::r""" Relative permittivity (&) Canductivity (o] 5fm
reguired e Lered raguired meeasured
150 61515% 08015 %
300 58.215% 0.92 15 %
450 56.715% 0.94 15 %
150 55.515% PASS 09615 % PASS
835 55.215% 0.97 15 %
aod 55.015% 1.0515%
915 55.015% 10615%
1450 54.015% 1.3015%
1610 53.85% 14045 %
1800 53335% 1.5245%
1500 L3335 1.52 45%
2000 L3315 1.52 45%
2100 53.235% 152 45%
2300 R2.935% 1.8145%
Pogree: W
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2450 CE R 19545 %
FE00 51515% 216 15 %
300 SZO15% 27315 %
3500 51345% 313145%
2700 S1.045% 355 45%
5200 430210 % 5.3 210 %
5300 485 £10 % 542210 %
5400 487 £10 % 553210 %
500 48.6 10 % 565210 %
SE00 48.5 £10 % 577210%
SEOD 482 210 % a00 210 %

T4 SARMEASUREMENT RESULT

CWITH BODY LICUID

Software UPERSAR V4

Phantom S 200 SAMTI

Probe SMOIRI EPGIZZ

Liguad Body Liquid Values; eps' © 55,7 sagma ; 0,95

[histance between dipole center and liguidl

15.10 mm

Area scan resalulion

dx=Bmm'dy=8mm

Foon Scan Resolution

dx=Rmmidy=8mmide=5mm

Freguency

150 MHz

[nput poswer 20 dBm
Liguid Temperature a1
Lab Temperature .4 M
Lab Humidhty 45 By
PR 18 SAR (W /leg/ W) 10 g SAR [W/kg/W)
e asured measured
750 868 (0.87) 5 80 (0,58}
e 7 ‘
.\ !Uﬂ]ﬂ
3 il
i .IJTIIIII
18 '\ o .
1 \\ ;
g 'El.': \""
T £ \\"a
HERE
as e 1
| | [t
| e a3 | .
024 & 8 WIZIGEADNDNED A
E (e ¥ - T
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LIST OF EQUIPMENT

Eq[ ““‘“‘“I - 5 M“mm"r Identification No. cﬂhmnm et mﬂ“
SAM Phantom MVE SN-20/08-SAMT1 ;‘L‘i"iﬁfﬁ’- No-cal :‘;ﬁiﬁfﬁ’ Mo calf
COMOSAR Test Bench|  Version 3 MA ﬂﬁ%ﬂ':‘_" Ne-cal ;ﬁ:ﬁ:‘;:‘_ﬂ' ho el
Nebwork Analyzer | T100E ;ﬁ“h“’z SN100132 0272016 022019
Calipars Carrera CALIPER-01 Q172017 0172020
Reference Probe MVG EPG122 SN 18/11 1002017 1012018
Multimeter Keithley 2000 1188656 o127 01/2020
Signal Generalor Agilent E44380C MY 4907 581 or2my 0112020
Amplifer Aethercomm UL bt Kl ok
Power Mater HP E44184 US38261498 012017 01/2020
Power Sensor HP ECP-E26A US3T181480 012017 01/2020
Directional Coupler | Narda 4216-20 01386 ﬁ:ﬁ'“ﬁ:;ffﬁg:ﬁ“;’;ﬁ“gﬂﬁg;ﬁ;?
Tempesature and | o ) o omnany 150798832 1172017 1172020

Hurnidity Sensor

Page: 11T

Thix decwswent shall nad fe reprovice. evoept in il oe i pare, withend' dhe wnfen appreeved of BIVG
The dnfarmanen comtained fere i (5 42 be noed anly r fe popase Geuilich of is subseined and 15 nor ie
b ekt 10 wilole o part wirkos? wiiten appeoval w' 400G



Report No. SET2020-01339

SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.332.4.17.5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
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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

7 [ACCREDITED)

'I’-'.l § i Yo T

Calibration Date: 11/27/17

SH!H.I'J:'(H]'.'

This docurment preacnts the method and resulis from an secredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench, Al calibration results are traceabls 1o
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
CEINEC 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 09713 DIP OCG835-217

Product Condition (new / used) Llsed

A yearly calibration interval 15 recommended.

3 FRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards, The product 15 designed for use with the COMOSAR test bench only,

Figure 1 - MVG COMOSAR Validation Dipale

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEIIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complics 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 refun loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentiened standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE 5. 1528 and CEVIEC 62209 standards specify the mechanical componenmts and
dimensions of the vahidation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench emplovs 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 unceitainty 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  RETLURN LOSS

The following uncertainties apply to the reum loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
3-300 (.05 mm

53 VALIDATION MEASUREMENT

The puidelines outlined in the [EEE 1528, FOC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurcment uncertainiy for validation measuremenis,
Scan Volume Expanded Uncertainty |

lg 203%

Page: 5/11
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10 g 20,1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fracuancy, MHi
5 7 i [ LR . M) e BED 1 LR VR €]

i Fri.*qmlnn‘{.‘ﬂsz” | Return Loss (dB) | Requirement (dB) Impedance
| 35 i 21,05 220 59700+ 0.2 0

6.2 RETURN LOSS AND IMPEDANCE [N BODY LICWITD

Fresguenci, MHz
] el e LD LD 21 WD) E0 80 W 5

!__-Fquunncp-{h-][IzJ I Return Loss (dB) | Requirement (dB) | lTpuﬂﬁutn
i B35 | -25.17 -20) | 55.10+27i0Q

Freguancy WHz L rmim | h mm d mm
required | measured required | measwred required measured
300 2001%. | "O01% | B35 +1%.

Fergree: 8711

Ty aecaweny shall vad b reprodvee, encepd m il are i g, withon e woarfen apeoved of WG
e ETeIN I 6
e ek i wiliols o PR TR WTaneR ey off A

The infarmy Jor e paarpase for witlch if i subsiiied and 15 nof fo




Report No. SET2020-01339

AR HEFERENCE DIPOLE CALIERATION REFORT Ref: ACR LA ITSATLUA

450 29000 #1 %, 166.7 81 %, EISHIH

750 176,081 %, 100.0 £1 %, 635 +1%

B35 161021 %, PASS B.E 41 % PASS 1E1%, | Fass
&0 1450 #1 %, 83341 % 1641% |

1450 891 41 % 51741 % 1621 %,

150K 80,5 £1 % 50,041 % 1LELI N,

1640 701 % a5741% 1641%,

1750 752 +1%. 12.9+1 % I640%.

1800 72.0£1 % 117 +1 % 1641

1900 BH.0 £1 %. 39541 % I641%.

1950 B5.3 +1%. 385 +1 % I641%.

2000 £4.5+1 %. 37541 % I64L%.

2100 610 +1 %. 15741 % 1641

2300 55.5+1 %, 32641 % I641%

2450 515 +1%. 0441 % I61%.

2600 48,5 +1 %, BE % 164K

3000 415 +1 %, 25041 % 1641

3500 37041 % 25441 % I641%.

3700 T 254 +1 % I641%.

T VALIDATION MEASUREMENT

The IEEE 5td. 1328, FCC KDBs and CEVIEC 62209 standards state that the sysem 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 agamst 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

F":;:}"“ Relative permittivity (&) Conduetivity [5) 5/m
required measwred required e asured
300 45.315% 0BT 15%
450 43515% 0BT 5%
750 41.915% 08915 %
835 41.515% PASS 09015 % PASS
oD 41.515% 097 15%
1450 40515% 12045%
1500 A0.4 25 % 12315 %
1640 40,2 45 % 131 45%
1750 40,145 % 13T 45%
Pogree: 7401
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1800 40045 % 1.4045%
1500 40,045 % 1.4045%
1950 40.045% 140 +5%
2000 40,0 45 % 1.40 45 %
2100 30,8 45% 1.4945%
2300 39,5 45% LET+5%
2450 39,2 45% 1.80 45 %
2600 30,045 % 1.96 45 %
3000 385 45% 2AD 5%
2500 37.945% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 62200 standards statc 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 15 given with the used input power.

Sofbware OPERSAR V4
Phantom S 00 SAMTI
Probe SN IR EPGIZE
L icqenicl Hemd Liguid Vialves: eps’ 40,7 sigma ;.92
[Mistance between dipole center and liguid 15,0 mm
Area scan resolution ds=Bmm'dy=Bmim
Loom Scan Besolution dy=gmm'dy=8mm'de=Smm
Freguency B35 MHz
Tnpiusl power 20 dBm
Liguid Temperature 21 °C
Lab Temperalure 2120
Lab Humidiy 45 by
F"“M‘:!"“' Lig SAR (W/kg/W) 10 g SAR (W/kg/W)
reguired measurad regquired s e
300 2.85 1.
450 458 306
750 .49 5.55
835 956 9.61 {0.96] 6.22 6.19 (0.E2)
ann 109 6.0
1450 29 16
1500 30.5 168
1640 4.2 184
1750 3k4 183
1800 ELE ) Ml
Page: 8401
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1500 387 205
1550 05 2058
2000 411 1.1
2100 a1 24
2300 487 211
2450 52.4 Pl
2600 55.3 146
2000 614 757
3500 &7.1 5
TR0 a4 340

eI TE

§ TN

T
U5 1 s S L 1
b | e | P I
e DztbamRiknazasss
73 BODY LIQUID MEASUREMENT
F":;H"I"""' Relative permittivity (/] Conductivity (o) Sim
reguired measured reguired e asured
150 61.915% 0.8015%
300 5E8.215% 0.9215%
450 56.713% 0.94 5%
750 55515% 0.9615%
835 55.115% PASE 097 15% PASS
and 55.015% 10515 %
915 55.015% 1.06 45 %
1450 54.025% 13015 %
1610 53.815% 1.4045%
1300 53.345% 15245%
1500 £33115% 15245%
2000 £3.3145% 15245%
2100 33,232 % 16215 %
2300 L2G45% 18145%

Poagee: B
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2450 52.745% 195 45%
2ER00 52545% 2.1645%
3000 S2015% 2.7315%
3500 51.345% 3131 45%
3ITa0 1.045% 355 45%
5200 430210 % 5.3 210 %
5300 485810 % 542 £10 %
2400 487210 % 553210%
3500 486 210 % .65 £10 %
SRO0 485 210 % 5 1Tsl0%
SEO0 48.2 810 % 6,00 810 %

74  SARMEASUREMENT RESULT WITH BODY LIQUID

Sofbware OPEMSAR VW4

Phantam SN 20AM SAMTI

Probe SMOIR 1 EPGiI22

Licpuuid Fody Liguid Values: eps’ : 55,1 sagrma ;1.0

Digtance between dipole center and lguid

1510 11w

Ares scan resolution

dx=Bmmmdy=Hmm

.:lr.i:i!ﬂl Hi.'ilﬂ Rl'_'x-l'llll.hl.lll

(I.T"HIHI'I'I.'-(I.:f "'HIHI‘I'I'I:II ﬂ1|r|1|:|

Frequency B33 MHz
Lpusl power 20 dfm
Liguid Temperature 21 "C
Lab Temperaiure 31 o
Lab Humnidity 45
Fragise
‘r':ﬂm“"" 1 g SAR (W W) 10 g SAR (W g/ W)
rseasLured A red
235 9,80 (0.59) B.47 (085}
| ‘
h i
18

i | e |

106 19 A 2 3

(RS S B
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LIST OF EQUIPMENT

Equipment | Manufacturer / No.| _ Current | Next Calibration

Description Model  |dentification Nof oy o tion Date Date

SAM Phantom MVG SN-20/03-SAMT1 :‘;‘E’;:ﬁ:? No cal :‘Li::f‘:;i‘“ No  cal

COMOSAR Test Bench|  Version 3 NA ;“;E::ﬁfa'f' N cal iﬁ:ﬁxf' No =l
Natwork Aralyzer | hode z&.ﬁ““““ SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0172047 0172020
Reference Prabe MVG EPG122 SN 18/11 1062017 1012018
Multimeter Kaithley 2000 1188656 0142017 01/2020
Signal Generator | Agllent E4438C MY49070581 012017 01/2020

| fatsonn | swows |G o G
Power Meter HP E44188 US28261498 0142017 01/2020
Power Sensor HP ECP-E26A US37181460 012017 01/2020

Directional Coupler Marda 4216-20 386 E:T.ra;::;ﬁ’a:;ﬁ:f E’;?ﬁfg:ﬁ:;g:;;f
L“u%ﬁgf;‘gﬂ:n::‘: Control Company 150798832 1102017 1172020

Page: 1111
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SAR Reference Dipole Calibration Report

Rel: ACR.332.6.17.5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SIIENZIIEN) 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 MY G US
2105 Barrett Park Dr. - Kennesaw, GA 30144

1, s

x i,

% \\-...—-"I/ A, p—
-~

= } =
M
— =
" a

R

2=
L 7 [ACCREDITED

il 1l

Calibration Date: 11/27/17

Summary:

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

national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC EDBs 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 menfioned

standards.
P DEVICE UNDEE TEST
Device Under Test
Device Tvpe COMOSAE. 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 00/13 DIP 1GE00-216
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PEODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAF. Validation Dipoles are built in accordance to the IEEF 1528 FCC KDBs and
CELTEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 — MTVG COMOSAR Validation Dipole

Paga: 411
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4 MEASUREMENT METHOD

The IEEE 1528, 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 EETURN LOSS REQUIREMENTS

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 liqmd filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIFEMENTS

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

51 RETURN LOSS
The following uncertainties apply fo the refurn loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

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

lg 203 %
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10 g

20.1%

6 CALIBRATIONMEASUREMENT EESULTS

6.1

RETURN LOSS AND IMPFDXANCE TN HEATY TIOTIIT

1700
U_

1720

Freauency,, MHz
180

1740 4760 17EO

1300

1340 1880 1RED

N ]
40

Frequency (MHz) Return Loss (dB) Requirement {dB) Impedance
1500 -21.94 -20 HTI0+53102
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Freauency, MHz
I:|13'|]|] 1T 1740 TR0 ITED 13m0 18 1340 188D 1BRO 1E00
Gj_
N HEN
Frequency (MHz) Eeturn Loss (dB) Bequirement {dB) Impedance
18010 2411 =20 H3I0D+1210
63 MECHANICAL DIMENSIONS
Fraquancy MH2 L mrm h mrn d mm
required measured required measured required measured
200 4200%1 %. 250011 % 6.35 11 %.
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450 2900 £1 % 166.7 X1 % 6.35 31 %.
750 176.0 £1 %. 100.0 31 % 6.35 31 %.
83s 161.0 1 %. 89.8 11 %, 3.6 11 %.
900 149.0 1 %. B33 1% 3.6 11 8.
1430 B0.1 1%, 51711 %, 3.6 11 %.
1500 BD.5 £1%. 5000 11 %, 3.6 11 %.
1540 700+1%. 4571 % 3.6 11 %,
1750 75.2 1%, 4290+1 % 3.6 11 %,
1500 T2 0+ %. PASS 41.7 1%, PASS 3611 %, PASS
1900 68.0 11 %. 39.5 11 %, 3.6 11 %.
1950 663 +1 %, 3351 %, 3.6 11 9%.
2000 64.5 1 %. 37.5 11 %, 3.6 11 %.
2100 61.0 #1%. 35711 %, 3.6 11 9%.
2300 55.5 11 % 32611 % 3.6 11 %.
2450 51.5 +1%. 30.4 £1 %, 3.6 11 %.
2600 48.5 11 %. 28811 %M. 3.6 11 %.
J000 41511 %. 25011 %, 3.6 11 %.
3500 37.041 % 264 1%, 3.6 11 %.
I700 34741 % Z6.4 11 %, 3.6 11 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KEDBs 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 mmst 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 phanfom with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASURFEMENT

F"“‘Eﬂﬁ“q Relative permittivity (5] Conductivity [} 5/m
required measured required measured
300 45.3 35 % 0.87 35 %
450 43.5 15 % 0.B7 15 %
750 41915 % 0.B0 15 %
835 41.5 35 % 0.90 5 %
900 41515 % 08715 %
1450 40.5 15 % 12015 %
1500 40.4 15 % 12345 0%
1640 40.2 #5 % 13135%
1750 401 5 % 13715 %
Page: 7711
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1800 40,0 35 % PASS 140+5% PASS
1900 40,0 35 % 140+5%
1050 40.0 #5% 14085 %
2000 40,0 35 % 140+5%
2100 39.8 35 % 149+5%
2300 395 35 % 16715 %
2450 30.2 35 % 180t5%
2600 J90*5% 153615 %
3000 38.5 5% 2a0t5 %
3500 37915% 291+5%

72 SAE MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CELIEC 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 SAF values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used iput power.

Softwara OPENSAR V4

Phantom SN 20709 SAMT1

Frobe SN 1811 EPGI132

Ligud Head Liquid Values: eps’ : 40.6 sigma : 1.35

Distance between dipole center and ligmd

1400 mm

Area scan resolution

dx=fmm/dv=8mm

Zoon Scan Resoluthon

dx=8mm/dv=8mm dz=Smm

Frequency 1800 MH=
Input power 20 dBm
Liguwid Temperature 21°C
Lab Temperature 21°C
Lab Humadity 45 %
mfﬂ'ﬁ“q 1 g SAR [W/kg/W] 10 £ SAR (W/kg/W)
required measured required measured
300 2.BS 104
450 4.58 306
750 5.49 5.55
835 056 6.22
200 10.9 608
1430 £9 15
1500 30.5 16.8
1640 342 134
1750 35.4 183
1800 384 37.35 (3.73) 201 19.83 [1.98)
Bage: 8411
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1900 39.7 20.5
1950 0.5 .9
2000 411 211
2100 43.6 b
2300 48.7 23.3
2450 52.4 24
2600 55.3 246
J000 63.8 25.7
3500 67.1 25
3700 67.4 24.2

sn-\\
Eib]
o £ im A <
s ;'5: ™ P
I} "l..‘ -H'"\-.
g | i el T .
[ | 0012 14 16 1B T 2 24 M M W
il i Wil 2 i
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂlile:q Relative permittivity §s.") conductivity [o) 5/m
requiired measured required measured
150 E1035% 0.E0TS %
300 58.2 5% 0.92 5 %
450 56.7 25 % 0.94 15 %
750 55.5 35 % 0.96 5 %
835 55.235% 08715 %
900 55.035% 1.05 15 %
915 55.035% 1.06 15 %
1450 54.035% 13015 %
1610 53E35% 14015 %
1800 53.335% PASS 152 15% PASS
1900 53.335% 152 15%
2000 53.335% 152 15%
2100 53235% 16255 %
2300 52035% 18115%
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2450 527 15% 158515 %
2600 52.515% 21615 %
3000 52.015% 27315 %
3500 51.3 5% 33145%
3700 51.015% 35515 %
5200 49.0 10 % 5.30 #10%
5300 439 #10% 542 #10%
200 487 #10% 5.53 #10%
5500 436 210 % 5.65 t10%
5600 485 H10% 5.77 H10%
5500 48.2 #10% 6.00 £10 %

74 SAR MEASUREMENT EESULT WITH BODY LIQUID

Softwrare OPENSAR V4

Phantom SN 20009 SAMT]

Probe SN 18711 EPG122

Ligwd Body Liqwd Values: eps’ : 53.2 sipma - 1.47

Distance between dipole center and liguid

100 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolubion

dx=Bmm'dv=8mm/d=z=5mm

Frequency 1800 MH=
Input power 20 dBm
Ligmd Temperature 21 5C
Lab Temperature 21 °C
Lab Humdity 45 %
F’Tﬂ”:"“ 1 SAR [W/kg/W) 10 g SAR [W/kg/W]
measured measured
1800 37.6B (3.77) 20.26 (2.03)
Tt
B3y
2 N
wa 3 - <
= 5 LN
- & el
z ]
s | oot Ds3-, T |
bz oa 012 1416 16 D 2 MK D
o Wi [ vissi 2 [rnd
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& LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . Current Next Calibration
Description Model ~ |ldentification No.| ¢y -ation Date Date
SAM Phantom MVG SN-20/09-5AM71 | 2Ndated. Nocal — Jalidated. — No - cal
required. required.
COMOSAR Test Bench Version 3 NA Validated. No cal Validated.  No cal|
required. required.
Network Analyzer Rhodeg: Ji':“"a'z SN100132 0212016 0212019
Calipers Carrera CALIPER-D1 012017 0142020
Reference Probe MVG EPG122 SH 1811 102017 1072016
Multimeter Keithley 2000 1188656 012047 01/2020
Signal Generator Agilent E4438C MY 43070551 012017 0142020
. - Characterized prior to |Characterized prior to
Amplifier Asthercomm SN D48 test. Mo cal required. |test. Mo cal required.
Power Meter HF E44134 US35261495 012017 0172020
Power Sensor HP ECP-E264 US371581460 012047 01/2020
N Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 013386 test. Mo cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 1507958832 1182017 1142020
Paga: 11/11
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SAR Reference Dipole Calibration Report

Fef: ACR 3327 17 5ATU A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

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

SHENZHEN, GUANGDONG, CHINA
MV G COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/13 DIP 1G200-218

Calibrated at MY US
2105 Barrett Park Dr. - Eennesaw, GA 30144

e i

ACCREDITED

Calibration Date: 1172717

Sommary:

This domament presents the method and wesults fiom an accredited 5 AR mierenre dipols calibraton
perftaned i MVG US54 wsing the COMOSAR testbench. All calibration results aw bacesble to
rnational metrolog ¥ irstitobons.
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1 INTRODUCTION

Thiz docwrient cortaine a sumimary of the requirem ents set forth by the IEEE 1528, FCOC KDE 2 atud
CELMEC 62209 standards fior reference dipoles used for SAF meanwemert system walidations and
the measyanents that were petformed to verify that the prodoct complies with the fore ment oned

statidat ds.
2 DEVICE UNDER TEST
D evice Under Test
Dievice Type CONMOZ AR 1900 MHz REFERENCE DIFOLE
Matnfacturer LIV G
I odel SIo1900
S erial Fuamber b 09713 DIP 1G900-218
Product C ondition (new / used) Uzed

& yeatly calibration interval 15 recommended

3 FRODUCT DESCRIPTION

3l GENERAL INFOEMATION

VG s COMOBAR Validation Dipoles are tilt in accordance to the [EEE 1528, FCC KDBEs and
CEIMEC 62209 standards. The product is designed for use with the COMOZAR testbench ondy

Figure 1 — VG COMOSAR Validation Dipole

Poge: #11
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4 MEASUREMENT METHOD

The IEEE 1528, FCC EDBs and CELAEC 62209 standards provide recquitements for reference
dipoles used for system walidati on measarements. The following measw emerts were performed to
werify that the product complies with the fore mentioned standards,

41 EETUENW LOE3 REQUIEELEN TS

The dipole used for 3AR system validation meama etments and checks must have a retuarn loss of -20
dB ot better. The rebrn loss measurement shall be performed azainst a ligquid filled flat phantom,
with the phartom constuctsd as outlined in the fore ment oned standards.

42 MECHAHNICAL REQUIREMENTS

The IEEE 3td. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequeney and phantom shell thickness
dependent.  The COMOSAR test bench emyploys a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COLOZAR test bench comply with the requirements set forth for 2 2
i phattom shell thi ckress.

5 MEASUREMENT UNCERTAINTY

Al wneertainties listed below represent an ex pande d wncertainty expressed at approximately the 25%
confidence level using & coverage factor of k=2, traceable to the Internati onally A ccepted Guides to
Ideasurem ent Uneertanty

31 ERETUERN LOSS
The foll owing wncettainties apply to the returnloss measa em ent:

Frequency hand Expanded Unecertainiy on Return Loss
400-60000IHz 0.1 de

52 DIMENZION MEASUREMENT
The foll oweing wncertainties apply to the ditmetist on measarem efts:

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

53 WVALIDATION MEASTREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC ENI0361 and CELIEC 62209
statidar ds were followed to generate the measurement uncertainty for vali dation measwements.
Scan Volume Expanded Uncertainty

g 203 %

Foge: 511
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10 g 201 %

6 CALIBRATION MEASUREMENT RESULTS

a1 EBEETURN LOSS AND IMPEDANCE IM HEAD LIOUID

Freguerey, MHz
1a0 1850 180 1200 1320 10 1380 1960 2000

Hi-
Frequency (MHz) Return Loss (dB) Reqguirement (d B) Impedance
1900 -24.08 =20 512 Q463482
6.2 BRETUEW LOSE AND IMPEDANCE M EODY LIOUID
Freguency, HHz
{600 1820 160 1660 1680 1300 1320 1M0 1960 1380 20000

an-

2E-

50-

IE-

@

-200-

35~

-=0-

Z5-

10-

Frequency (MHz) Return Loss (dB) Reqguirement (d B) Impedance
1900 S22 17 -20 A5 2 L1+6.8 {02
6.3 MECHAHWICAL DIMENSIONS
Friaq ue ncy M He Lmm hmm d mm
required mess ured required messured e uimed meas ured
200 aA200+1 % E0.0H H .35 +1 %,
Foge: 11
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450 2001 H, 1667 1 H. 635 1 B,
FE0 1760 H W, 1000+ H, 535 1 04,
B3 15104 W, BOE 10 3.6H H,
Qo0 148 0+ B, E3.30 0 3.6H H,
1450 29.1 1 H 517 1154 364 H.
1500 B0.5 11 H, SO0 1, .64 H,
16840 To.01 H 457 15 364 H.
1750 75,21 H 4240 1 %, 3641 H.
1800 7201 % 417 15 3.6H H.
1000 5.0+ %, PASE |5 H G PASS 36H H. FRES
1950 66,33 B =5 H 5. 3.6H H,
2000 54,51 04 75 H B 3.6H H,
ralun} 51.01 B =7 % 3.6H H,
2300 55.5 11 Hh. 326 X1 % 364 H.
2450 51.5 1 H. 304 11 %, 364 H.
2600 48 .5 1 H. BEE 1% 3641 H.
3000 41,51 B =01 %, 3.6H H.
) 37.001 B, 254 1 94, 3.6H H,
el 34,741 B, 254 H1 5, 3.6H H,

7  VALIDATION MEASUREMENT
The IEEE 3td. 1528, FOC KDBs and CELIEC 62209 standards state that the system walidation

measemerts must be performed using a reference dipole meeting the fore mentioned return loss
and mecharni cal dimension requirements. The walidation measurement must be performed againgt a
Licuaid filled flat phattom, with the phantom constructed az outlined in the fore menti oned standards.
Per the standards, the dipole shal be positioned below the bottom of the phartom, with the dipole
length certered atud parallel to the longest dimension of the flat phantom, with the top sieface of the
dipole atthe described distance from the bottom swface of the phartom .

71 HEAD LIOUID MEAZUREMENT

FrALe Y Relative permittinity (K] conductivity (o) 5/m
meq uired meas ured required measured
300 45 33504 087 50
450 435 1504 08750
750 41a 450 0.89 15 %
e 41545 % 08015 %
Ela 415150 0.4a7 50
1450 A05 15 % 1.2015 %%
1500 404 15 % 1.23350
1640 40,215 % 1.31 =5
1750 401 5 % 1.37 50
Rage: il
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1800 0045 % 1.40% %
1800 0045 % PASE 1.404%5 % PASE
1850 an0is % 1.40% %
2000 a004s % 1.404% %
2100 WEIS%H 1.40 15 %
2300 0515 % 1.67 5%
2450 0215 % 1.8015 %
2600 0 % 1.09615%
3000 BEEH 2403 %
o0 Taish 2o15%

72 BAR MEARUREMENT RESULT WITH HEAD LIOUID

The [EEE 3td 1328 and CEIAEC 62209 standards state that the system validation measy ements
shrld produce the AR walues shown below (for phantom thickness of 2 mm), within the
uwncertarty for the system walidation ANl 3AR walues are normalized to 1 W forward power. In
bracket, the tm eamwed SAR iz given with the used irgnat power.

S ofter are OFEHS AR W4
Phantcen SH 2009 SAMT]
Frche SH 1811 ERG1E
Liquid Head Liquid Wabies: eps™: 41 dsizma 1 57
Dhstarce betoveen dipole certer and hignd 10.0 nom
Avea sean wsohton dx=Enmidy=Snmm
Zoon Scan Besohibon dx=Rmmidy=Enrn'd =S
Frequency 1900 MH=
Dipaat powrer X dBm
Liquid Tenperatire a1 *C
Lab Temperatire a1
Lab Hunndity 45 %%
szﬂi"":"' 13580 (W] 105 S8R (ke
requimed meas ured required measu ed

30 2.85 1404

450 4.58 208

750 .49 555

B3% a5e 522

] u] 1049 G99

1450 =] 15

1500 0.5 168

1840 .2 184

1750 36.4 19.3

1800 =4 201

Hoge: 811
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1000 3.7 2.3 (303 205 .43 [20E)
i=1n} 405 040
2000 41.1 i §
200 436 249
2200 48.7 233
250 524 H
2600 5E.3 2.6
3000 63.8 =37
00 ar.1 =
700 a7.4 2.2
ki
T
= R
; Sl
[
2 n 2 B ‘-!.'l!'c':l_l.'li-'lﬁ?ﬂ.".’l.'ﬁ:ﬁ.i’-
e L Z [wr)

73 BODY LIQUID MEASUREMENT

szﬂi"':"' Relatine permittivity (] conductivity [o)5./m
required meas ured required measu ed
150 510350 080154
300 SE.2350h 042150
450 567450 09415 %
750 5550 049535 %
3% 552350 007 150
Elunl 550150 1.06 155
15 55015 % 106155
1450 54,015 0 1.2015 5
1610 53530 1.4015 0
1800 5331504 1520
1800 533450 1.2 1523 % PASE
2000 53345 % 1523 %
2100 532150 1.6235 %
2300 5201504 18135
Fage: il
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250 a7 H 1.05 35 H
2600 Ea5isH 2163 H
3000 s20i5H 2738 H
00 513 MM
FFa0 s1nisH 355k W
5200 d49.0H0% 5.30H0%
5300 489 H0%H 5A2H10%
5400 48.7 0% sE3HI0%
5500 48. 510 % 5.5 H0H
5800 48.5 Ho%H s77 0%
5800 A8.2H0% sO0H0%%

74 BARMEASTREMENT RESULT WITH BODY LIOTID

S ofberame OFEHIAR V4

Phartcen IH 2009 SAMTL

Puche SN 18011 Eps1iad

Liquid Body Liquid Vahes: eps* : 51 Osizma: 1.53

Distanee batween dipols certer and liqumd

10.0 reon

Area scan wsohhon dx=Cnmnidy=Snmm

Zoon 5 can Besohtion d=Bmmidy=Eneid=5nmm
Frequenor 190 MH=

Dt poweer A dBm

Limaid Temperatire i) Bk

Lab Tenmperatire 2l *C

Lab Hunndity 45 %%

Frequency

i 18588 (k) 105 SAR [0k )
meas ured meas ured
1800 = B4 [388) 2047 [2.06]
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Equipment Summar

T ] e R

S&M Phantom MG SN-20/09-S2M71 [ :ﬂi?' Nocal r:;L‘i’igf" Mo cal

COMOSAR Test Bench|  Version 3 N r:}{'ﬁigf" Mo cal r:ﬂigf" Mo cal
Metwork Aralyzer | F10dE & Scrarz SRO0132 22016 0242019
Calipers Carrera CALIPER-M 0172017 0152020
Reference Probe MG EPG122 SN 1811 102017 1002015
Muttimeter Keithley 2000 1185656 01 2017 01 /20200
Signal Generator | Agilert E4438C W ¥49070551 0172017 0142020

e | o | o [
Powier Meter HP E44184 UIS35261498 0172017 0142020
Porwer Sersor HP ECP-E2EA US37181460 0172017 0142020

Ditecfiorial Coupler | Mards 4216-20 01386 fg_rﬁpj’tﬂeng’:’egﬂﬁﬁ t%;“ﬁ;gffﬁg[ﬁ;;”
Leu”:nfjﬁgr:rzgf Control Company 150798652 152M7 1152020
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SAR Reference Dipole Calibration Report

Bef: 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
SERIAL NO.: SN 09/13 DIP 2G450-220

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

S
oty

RN A
g N
T M

s .
% 7= [ACCREDITED

Tl ] A - —

Calibration Date: 11/27/17

Summary:

Thes document presents the method and results from an aceredited SAFR referemce dipole calibration
performed in MVG TTSA using the COMOSAF. test bench. All cahbration 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, FOC KDBs and
CELIEC 62200 standards for reference dipoles vsed 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 COMOSAER 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID2450

Serial Mumber SN 02/13 DIP 2G450-220

Product Condition (mew /used) | Used

A wearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

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

Figure 1 — MT'G COMOSAR Validetion Dipole
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4 MEASTEEMENT METHOD

The IEEE 1528 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 menfioned standards.

41 RETUEN LOSS REQUIREMENTS

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 liquid filled flat phantom.
with the phantom consmcted as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The TEEE Std. 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

Al uncertainties listed below represent an expanded uncertainty expressed at approximatelv the 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

51 RETURN LOSS
The following uncertainties apply to the refurn loss measurement:

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

52 DIMENSION MEASURFEMENT

The following uncertainties apply fo the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528, FCC EDBs. CEINELEC EN5>0361 and CELTEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %

Page: 5/11

Thiz document shall not e repraduced, excep! in Al or im part, without the wrirter qpproval o MTG.
The igformarion contamed herein it fo be used onjy for the purpose for which it it submimed and Iz nat fo
be released in whode or part withour written approval of MTG.



Report No. SET2020-01339

Fof: ACE.3310175ATUA

SAR REFERENCE DIFOLE CALIBRATION REFORT

10 g 20.1 %

6 CALIBRATION MEASTREMENT RESULTS

RETUEN 1.OSS AND IMPEDANCE TN HEAD T IQUTD

Freouency,, MHz
240 26D

6.1

s 1111 I i1 ME0 AN %D

2350
-

: |
. N I B

511.d8

-A0-
W ]
- I ———

ol

Frequency (AMHz) Return Loss (dB) Bequirement (dB) Impedance
2450 -27.04 20 4050+3910)
62 EETUEN LOSS AND IMPEDANCE IN BODY [LIQUID
Fremen:a- MHz
00 Jqe0 14B0 3800 2520

1uUII-III

= 126

= N I I I N S B

® 475
200+
25
=ity
275
-

Frequency (MHz) Feturn Loss (dB) Requirement (dB) Impedance
2450 -26.02 20 3320+400
63 MECHANICAT DIMEMNSIONS
Frequency MHz Lmm h mm d mm
required measured required measured required measured
300 42001 %. 250.0 31 %. 6.35 31 %.
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450 200051 %. 166.7 1 %. £.35 31 %.
750 176.0 51 %. 100.0 +1 %. £.35 31 %.
B35 161.0E1%. E9E 11 %. 3611%
900 140021 %. 833 1 %. 3611 %.
1450 §0.1 +1%. 517 +1%. 3611 %.
1500 B0.5 +1%. 50.0 11 %. 3611 %.
1640 79.0 11%. 45.7 1 %, 61 %,
1750 752 t1%. 420 +1%. 3611 %.
1E00 TIO t1%. 417 1%, 3611 %.
1900 GB.0 *1%. 395 +1 %, JEHL
1950 66.3 t1 %, 305 1 %. 3611 %.
2000 64.5 1%, 37.5 11 %. 3611 %.
2100 61.0 1%, 357 11 %. 3611 %.
2300 55.5 1%, 326+ % sl
2450 515 +1 %, PAST 304 +1%. PASS EN-EELY FASS
2600 485 1%, 28.8 11 %. 3611 %.
3000 415 H W, 50 H % 3EH W
3500 3704 % 26.4 11 %. 3611 %.
3700 34TH W 26.4 11 %. 3611 %.

7  VALIDATION MEASUEEMENT

The IEEE Std. 1528, FCC KDBs and CEITEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retirn loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom with the phantom constructed as outlined in the fore mentioned standards.
Per the standards. the dapole 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:ll:ainqr Relative permittivity {s.") cconductivity [o) S/m
required measured resquired measured
300 453 15 % 0.B7 15 %
450 43515 % 0BT 5%
750 41915 % 0.B9 15 %
835 41515 % 0.90 15 %
00 41515 % 09715 %
1430 40535 % 12055 %
1500 40.4 15 % 12315 %
1540 40.2 15 % 13115%
1750 40135 % 137455
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1500 20015% 14015 %
1900 20015% 14015 %
1930 20035% 1405%
2000 20015% 14015 %
2100 I0815% 14015%
2300 30535% 16715 %
2450 39.235% PASS 1B05% PASS
2600 Io0is5% 19615 %
3000 3I8515% za0i5%
3500 37035% zo1is

72 SAR MEASURFMENT RESULT WITH HEATD TICUITY

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 valwes are normalized to 1 W forward power. In

bracket, the measured SAR is given with the used input power.

Software OPENSAFR V4
Phantom SM 20/09 SAMTI
Probe SM 1811 ERG122
Ligmd Head Ligud Values: eps’ : 40.5 sigma - 1.87
Distance between dipole center and ligmd 10.0 mm
Area scan resolution drr=8mm/dy=8mm
Zoon Scan Kesolution dr=Smm/dy=5mm/dz=5mm
Frequency 2450 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperatura 21 *C
Lab Hummdity 45 %
Fre Eﬂ':f,“q 1 g saR (W/kg/w) 10 g SAR [W/kg/W)
required measured required measured
300 2ES 104
450 458 306
750 5.49 5.5%
835 956 6.22
00 10.9 G659
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 6.3 19.5
1500 384 20,1
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1900 39.7 205
1050 40.5 204
2000 a11 211
2100 436 219
2300 a8.7 233
2450 52.4 52.67(5.27) 24 23.76 (2.31)
2600 55.3 246
3000 63.8 257
1500 67.1 25
3700 67.4 242

-
B0 \‘
o 3 bon- N
7 F um k\
20 \"-"
e pmey | P .H""'""‘—"—h (==
E E B 10121416 16 20 22 M B % 2
Wit T viemi 2w
7.3 BODY LIQUID MEASUREMENT
Fre;l::-nqr Relative permittivity {s.") Conductivity (o} 5/m
required measured required measured
150 61.9 5% 0.BD 15 %
300 58.2 15 % 0.92 5 %
450 56.7 15 % 0.94 15 %
750 55.5 5 % 0.96 15 %
835 55.2 15 % 0.97 15 %
900 55015 % 1.05 15 %
915 55015 % 1.06 15 %
1450 54015 % 13045 %
1610 53.B 15 % 14015 %
1500 53.3 15 % 15215 %
1900 53.3 15 % 152 15 %
2000 53.3 15 % 152 +5 %
2100 53.215% 162 15 %
2300 52.015% 18115 %
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2450 52.735% PASE 19515 % PASS
2600 525 15 % 21615 %
3000 52.0%5% 27315%
3500 51.315% 33115%
3700 51035% 35515 %
5200 49.0 t10% 5.30 0%
3300 489 #10% 5.42 #10%
5400 48.7 B10% 5.53 f10%
5500 48.6 #10% 5.65 #10%
5600 485 t10% 577 ti0%
5500 482 0% 6.00 £10%

74  SAR MEASUREMENT EESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 SAMTI

Probe SN 18/11 EPG122

Ligwd Bodv Ligmd Values: eps”™ - 54.6 sipma - 1.95

Distance between dipole center and ligmd

100 mm

Area scan resoluton

dx=8mm/dy=8pm

Zoon Scan Resolution

dx=Smm dv=mm/d==5mm

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

Lab Temperature 21 °C

Lab Humidity 45 %

Fraquen
:‘H‘ o 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
measured measurad
2450 51.42 (5.14) 23.48 (2.35)
| |
8-
BN
- pon iy
£ ™
s 5w -
™
[
2m -
| =] . ol | | |1 o e et PR \
Dz 4B 0 12 14 18 18 20 22 24 X B X
B ues | ¥ ) Z [irar|
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibraxion
.. Tdentification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 |/3Ndated. Nocal - Valdated.  No cal
required. required.
COMOSAR Test Bench Version 3 NA .-’alic:!ated. Mo cal /a Iii:!ated. Mo call
required. required.
Network Analyzer R"Ddeg Ji':r“"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 012017 01/2020
Reference Probe MVG EPG122 SM 1811 1062017 1042018
Multimeter Keithley 2000 1188656 012017 012020
Signal Generator Agilent E4438C MY48070551 01z017 01/2020
. - C haracterized prior to (Characterized prior to
Amplifier Aethercomm SN D4B test. Mo cal required. |test. No cal required.
Power Meter HF E44184 US352614598 012017 012020
Fowsr Sensor HP ECP-E264 US3F181460 01z017 01/2020
N C haracterized prior to (Characterzed prior to
Directional Coupler Marda 4216-20 01386 test. Mo cal required. |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 150798832 1182017 1142020
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SAR Reference Dipole Calibration Report
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CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SIIENZIIEN) CO., LTD
ELECTRONIC TESTING BUILDING. NO. 43 SHAHE ROAD.
XILI JIEDAO, NANSHAN DISTRICT
SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 32/14 DIP 2G600-338

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

ACCREDITED

e

Calibration Date: 11/27/17

Summary-

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

nafional metrology mstiutions.
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SAR REFERENCE DIFOLE CALIBERATION REFORT Ref ACR 33210.17.5ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC EDBs 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 COMOSAE. 2600 MHz EFFERFNCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 32714 DIP 2G600-338
Product Condition {new / used) Used

A vearly calibration interval is recomumended.
3 PRODUCT DESCRIPTION

i1 GENERAT INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC EDBs and
CELTEC 62200 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 — MTG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

41 FETUEN LOSS REQUIREMENTS

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

42 MECHANICAT REQUIREMENTS

The IEEE S5td. 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 fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

51 RETUEN LOSS
The following uncertainties apply to the refurn loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NVALIDATION MEASUREMENT

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

1g 203 %
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6 CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE TN HEAD TIQUTD

6.1

Fiecuency,, MHz
ZRE0 2R

200 25 2540 2650

-

B2 25dD

ZEED JRED

GJ_
N NN
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2000 -30.33 -20 5319-07i02
62 RETUEN LOSS AND IMPEDANCE IN BODY 1IQUID
Flaciens, MHz
I:IE'_.E[I[I R IR0 FAAD FEED ARO0 2EE0 R0 RO DREO 2700
5 -
GJ_
N L
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -33.55 -20 4040-21402
6.3 MECHANICAT DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required measured required measured
300 420.0%1 %. 2500 H1 % 6.35 31 %.
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450 290011 %, 1667 H1 % 6.35 H1 %
750 176.0%1 %, 1000 1 % 6.35 H1 %
835 161.0 %1 % B9.8 T1 5. 3611 %,
300 183.0%1%. B3.3 1 %. 36+ %
1450 891 +1%. 517 1%, 3611 %,
1500 BD.S +1%. 5000 1 % 3611 %,
1540 To0 1%, 457 +1 % 3611 %,
1750 75.2 H1%. 429 1 %. 36+ %
1800 7201 %, 417 1%, 3611 %,
1900 6D +1%. 395 +1 % 3611 %,
1950 66.3 +1%_ 385 +1 %, 3611 %,
2000 L5 11 %. 375 1 %. I %
2200 610 +1%. 357 1%, 3611 %,
2300 555 +1 % 326 1%, 3611 %,
2450 515 +1%. 3004 11 % 3611 %,
2600 485 Y PASE 8% PASS IEH K PAS5
FO00 415 +1 % 25011 %, 3611 %,
IS00 3703 % 26.4 11 % 3611 %,
3700 34.7H1 % 26.4 11 % 3611 %,

7  VALIDATION MEASUEEMENT

The IEEE 5td. 1528, FCC KDBs and CELVTEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom with the phantom constructed as outlined in the fiore mentioned standards.
Per the standards. the dipole shall be positioned below the bottomu 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

Frerﬂ':inq Relative permittivity (&) Conductivity (o) 5/m
required measured required measured
300 45335 % 0.B7 +5 %
450 43535 % 0.B7 +5 %
750 41935 % 0.B9 +5 B
835 415*5 % 02015 %
900 41535 % 0.97 +5 %
1450 40.5 5 % 130+5 %
1500 40435 % 13345 %
1640 40215 % 13155 %
1750 40135 % 13745 %
Page: 7/11

Thiz document shall mot be reproduced, excepr in fuil or in part, without the wrinten amproval of MTG.
The information contamed herein i1 fo e used only for the purpose for which it it submimed and It nat fo
e reloased in whole or part withour written aEprovad of MG,



Report No. SET2020-01339

SAR REFERENCE DIFOLE CALIBRATION REFORT Ref ACRIILIDITSATUA
1800 40,015 % 14015 %
1800 A0.035 % 14035 %
1950 40,015 % 14015 %
2000 40,015 % 14015 %
2 100 39815 % 14015 %
2300 3m515 % 16715 %
2450 392 15 % 1.B015 %
2600 39015 % PASS 15615 % PASS
3000 3855 ¥ 24035 %
3300 37915 % 291is %

72 SAR MEASUREMENT RESULT WITH HEAD 1IQUID

The IEEE 5td. 1328 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system wvalidation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used mput power.

Software OPENSAR V4
Phanton SN 20/09 SAMTL
Probe SN 1811 ERG122
Ligud Head Liquid Walues: eps’ : 38.5 sigma : 2.01
Distance between dipole center and ligmid 100 mm
Area scan resclutien dx=8mm/dy=3mm
Zoon Scan Resolution dre=Smm/dy=5mm/d=="mm
Frequency 2600 M=
Input power 20 dBm
Ligmd Temparaturs 21°C
Lab Temperature 21 °C
Lab Hupudity 45 9%
F““':q'::“q 1 g SAR [W/kg /W) 10 g SAR [W/kg W)
required measured required measured
300 2_B5 194
450 458 306
750 5.49 5.55
835 .56 6.22
900 109 699
1450 29 16
1500 30.5 16.8
1640 342 184
1750 36.4 183
1500 384 2011
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1o00 39.7 20.5

1os0 40.5 200

2000 411 211

2100 436 110

2300 48.7 23.3

2450 52.4 24

2600 55.3 55.47 [5.55) 246 24.49 [2.45)
1000 63.4 57

3500 67.1 25

3700 67.4 24.r

DSy
[ \
S E B0
w 3 am fem
200 \\'"- =
w | o | %) T —— .
[ 012 14 16 1B 30 2 M % W0
F— il — Yieml Zjmn|
7.3 BODY LIQUID MEASUEREMENT
Frefﬂliinq Relative permittivity {s.) conductivity [o] 5/m
required measured required measured
150 61915% 0.E0T5 %
300 58.215% 082 15 %
450 56.715% 0.4 15 %
750 55.515% 0.96 5 %
835 55215% 097 15%
200 55015% 1.05 15 %
915 55015% 1.06 15 %
1450 54015 % 13015 %
1610 RS0 140+ %
1800 53315% 1.5215%
1900 53315% 1.5215%
2000 53315% 1.5215%
2100 5323i5% 162350
2300 52.933% 181i5%
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Ref ACE 33210.17.3ATUA

2450 52.7 15 % 19515 %
2600 52515 % PASS 21615 % PASS
F000 S20iFH 27355 %
3500 51.3 15 % 33145 %
3700 51015 % 35515 %
5200 43.0210% 530%10%
>300 489 10 % 542 #10%
400 48.7 H10% 5.53 10 %
=500 48 .6 110 % 5.65 10 %
S600 48 5110 % 5.77110%
>E00 482 #10% 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/079 SAMTL

Probe SN 18/11 ERG122

Ligmud Body Liqud Values: eps’ : 52.0sipma - 2.16

Diztance between dipole center and ligmd

10.0 mm

Area scam resclution

dx=8mm/dy=8mm

Foon Sean Reselution doe=S /=5 pum (dr=S mm
Frequency 2600 MH=
Input power 2 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 °C
Lab Humudity 45 %
Fraguen
EﬂH, =¥ 18 SAR [W/kg/W) 10 g SR [W/kg W)
measured measurad
2600 53.45 [5.34) 24.00 (2.40)
. . |
433,
- gm__
e Fum S
[
“m ]
]
| 0%, T~ |
b i a8 =012 41EED DMK ED
B el [ Vimsi 2 (war
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