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This domamernt presents the method and wsults fiom an aceredited COMOSAR Dosimetre E-Field
Probe calbration pedformed in MVG US4 using the CALIE AR F CALIBAIR test bench, for use
with a COMOSAE swstem only. Al calbration resalts are tracesble to national metmwlogy
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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Llarmfcturer LIV G
Iodel GREY
Seral Mumber S 4118 EPG D334
Product Condition (new S used) Mewar
Frequency Fange of Probe 045 GHz-6GHz
Eedstance of Three Dipoles at Connector | Dipole 1 R1=0.191 IIC
Dipole 2: R2=0.216 M2
Dipole 3: R3=0.187 MO

A yeatly calibration interwal 1s recorrrnended.
pi FRODUCT DESCRIPTION

21 SGEMERAL INFORMA TION

LIV G's CONOZAR E field Probes are built in accordance to the IFEE 1528 and CEVIEC 62200
statidards.

Fioure 1 - AMVG COMOSAR Dosimetric £ fleld Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Ilassimmm estdemal diameter 3 1rtn
Probe Tin External Diameter 2.5 nmm
Digtance between dipoles / probe extreuity | | num

3 MEASUREMENT METHOD

The [EEE 1528 and CEVIEC 62209 standards provide recorumended practices for the probe
calibrations, including the perforrmance charactenstics of inderest and methods by which to assess
their affect. All calibrations/ measarenents performed meet the fore mentioned standards.

31 LINEARITY

The evaluation of the linearity was done in fee space using the wavegude, performing a power
sweep to cover the BAR range 0.01W g to 100W oz,

Page: 4410

This docine shallpotde reproduced, except i full oy in poxt, witho utthe writen approval of MFZ
The iformation contmined Bevedn isto be weed auly fov the purpose for whic kit is submiteed and i5 wot &0
B velrased b whole oF part without weitien mpprovalaf MG,



Report No. SET2020-06942

COMOSAR E-FIELD PROEE C ALTERATION REPOR T Ref: ACR 343 3 12.54TTLA

32 EBEMBITIVITY

The sensitivity factors of the three dipoles were detetrnined vsing a two step calibration method (air
and tizsue srmilating 1igquid) using waveguides as ouflined in the standards.

33 LOWEER DETECTIONLIVIT

The lower detection lirit was assessed using the same measurement set up as used for the linearity
measurement. Therequired lower detection limit is 10 mW/ikg

34 IE0OTEOPY

The amial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the fat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main astis from 0 - 360 degrees in 15 degree
gteps. The hempsphencal izotropy 12 determined by mserting the probe ina thin plastic box flled
with tizque-equivalent ligquid, with the plastic box illuninated with the fields from a hal f wave dipole,
The dipdle is rotated about its axis (0°-180%) in 15° increments. At each step the probe is rotated
ahogt its asis (0°-3607).

35 BOUMNDARY FFFECT

The boundary effect is defined as the dewiation between the AR measured data and the expected
exponential decay in the liquid when the probe iz oriented nonmal to the interface. To evaluate this
effect, the ligquid filled flat phantom is exzposed to fields fom either a reference dipole or waveguide,
With the probe normal to the phantormn surface, the peak spatial average SAR. is measured and
conypared to the analytical walue at the surface,

4 MEASUREMENT UNCERT AINTY

The midelines outlined in the [EEE 1525 and CEVIEC 62209 standards were followed o generate
the rmeasuremnent uncettainty associated with an E-fleld probe calibtation usng the waveguide
techrique. All uncertainties listed below represent an expanded uncertainty expressed at
approgimately the 953% confidence level using a coverage factor of l=I, traceatble to the
Intermationally Accepted Guides to lleasurement Uncerainty.

Uncertainty analysiz of the proh e caldhration inwarepuide
Uncertaindy Prohahihiy . . . Stamddard
EEROE SOURCE S value (%) Distrihution Divisor ci Une ity (%)
Incident cr forarard power 3000 Rectangular -\.'3 | 1 1.732%
Feflected powrer 3.00% Fectangnlar 1,."3_ | 1 1.7532%;
Liguid corductvits 5.00%% Fectangnlar -.n"3_ | 1 2ERT
Liguid pennittvity 4 O Fectanglar v""b_' | 1 2.508%
Field homoge reity 30005 Rectanglar \'I? | 1 1.732%
Field piohe positoning 5000 Fectanglar \5 | 1 28T
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Field piobe linearity 3.008 Eectangmlar u'lBT | 1 1.752%
Comb ined standard uncertaindy 5.831%
Expanded uncertaindy 1200

5% corfidence level k= 2 '

5 CALIBRATION MEASUREMENT RESULTS

Calibration P arameters
Ligquid Temmperature 21°C
Lah Temperature 21°C
Lab Humidity 45 %
51 SEMSITIITY N ATR
Mortnz dipole | Monny dipae | Moz dipole
1 (VA Py | 2 (A A | 3 (U AV )
0.60 086 075
DCP dipole 1 | DCP dipole 2 | DCF dipole 3
(e} (/) (1ot
110 110 108

Calibration curves ei=f%" (i=1,2,3) allow to obtain H-field walue uang the forrmuala:

E-Feld [im

E=\B +E’ +E]

Calibration curves

G600

L

0

[T - TR

L6 ops Qb 0a2
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52 LINEARITY

Limeariby

4

i i1 7% (a0 05 R

53 BEMSITIVITY I LIGUID

Liquid Frequency Penmnithvity Epsilon(5fm] CowF
MHz +/-
100 H=
HL450 450 4543 0.26 142
BLAS0 450 58.80 0.20 145
HL750 750 40,78 093 145
BL750 750 58,70 092 149
HL250 235 4088 032 148
BLE50 535 56.35 059 153
HL=00 200 42.84 095 151
BL20O 200 5325 1.05 158
HL1450 1450 42.30 1.23 155
EL1450 1450 51.80 1.35 157
HL1&40 1640 40.04 1.30 158
EL1&40 1&10 5348 132 1a3
HL1800 1800 39,58 1.40 1a0
EL1200 1200 52.84 145 1 A8
HL1200 1900 3267 138 1524
EL1200 1900 5284 1.59 128
HLZ2000 2000 38.71 142 137
EL2000 2000 52.03 1.52 133
HLZ300 2300 40.10 1.&9 213
ELZ300 2300 54 67 1285 220
HLZ2450 2450 38.74 1.20 127
BLZ2450 2450 5491 137 202
HLZ&00 2800 3298 129 1B5
BELZ600 200 54,42 218 122
HL3500 3500 3796 287 173
BL3500 3500 53.40 3.28 179
HL3M0 3700 3.1 3.10 174
ELZ700 3700 5335 381 181
HL5200 5200 3668 445 1 B&
BEL5200 5200 42.02 5.46 192
HL5400 5400 3608 4.89 207
BLs400 5400 42 55 553 212
HL5&00 Se00 35.34 4895 214
BEL5500 500 47.60 577 221
HL 5200 SE00 3481 5.08 209
EL5200 SE00 4781 5.12 216

LOWEER. DETECTION LIWIT: Smidilg
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54 ISOTEOPY

HL.200 MHz
- Axal isotropy; 0.05dB
- Hernispherical isotropy, 0.08 dB
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HL.1800 MHz
- Azal isotropy 0.06 dB
- Hetrispherical isotropy 0.08 dB
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HL.5600 MHz
- Azal isotropy; 0.06 dB
- Hermspherical isotropy, 0.10dB
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6 LIST OF EQUIPMENT

Equipment Summs

Equipment Mamufacturer / . . Current Next Calbration
. .. Identification No. .
Descrip tion Model Calibration Date Date
Flat P hantom WYE M-I OM S AN T alidated. Mo cal aliclated . Mo cal
equired, equired.
. alidated. Mo cal aliclated . Mo cal
COMOSAR Ted Bench Wersion 3 [ &, eoired. equired,
Metwork snalyzer | Fhode ?Vi':h‘"“ﬁrz SHA 001 32 0242019 0242022
Reference Probe R EP 94 SN 37105 1052015 1052019
M ultim et er Keithley 2000 1155636 0152017 012020
Signal Generator Agilent E4435C R 43070551 0152017 0152020
- Characterized priar to |[Characterdzed prior to
Am plifier Aethercamm =N 048 test. Mo cal required. |test. Mo cal required.
Power M eter HP E441524 IS35261 498 0152017 012020
P ower Sensor HF ECP-EZEA, =37 a14e0 152017 0152020
. ) Characterized prior to |[Characterized prior to
Directional C oupler Marda 4216-20 11388 test. Mo cal required. |test. Mo cal required.
. . alidated. Mo cal aliclated . Mo cal
Waveguide Mega Industries 0EQYTF-1558-13-F12 equired. equired.
Waveguide Transition | Mega Industries | 088%7 15813701 [fAldated. Hocal alidated. Mo cal
equired. equired.
. - . alidated. Mo cal alidated . Mo cal
aveduide Termination| Megs Industries 0BT -158-13-TO1 eoired. equired,
Temperagt;fs;:'”m'd'w Contral Company 150735532 1172017 11/2020
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SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.332.4.17.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: 835 MHZ
SERIAL NO.: SN 09/13 DIP 0G835-217

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

RAILErT
oy e
a '.\.‘:‘-\_r':‘_,.'
e ——

'1:,':{:’}_;\@:_;5 [AccREDITED]
LML Sl Ry LaaE rH
Calibration Date: 11/27/17

T W24

Summary:

This docurment presents the method and results from an sceredited SAR reference dipole calibration
performed im MVG USA wsing the COMOSAR test bench, Al calibration results are tnceable fo
national metrolegy instimtions.,
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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 §35 MHz REFERENCE DIPOLE _
Manufacturer MVG
Model ' SID833
_S_grial Number ' SN 09/13 DIP 0G835-217
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards. The 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, FOC EKDBs and CEVIEC 62209 smandards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The TEEE 5wl 1528 and CEFIEC 62209 standoards specify the mechanical components and
dimensions of the validation 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 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 Internationally Accepted Guides to
Measurement Uncertaingy.

3.1 RETURNM LOSS

The following uncertainties apply to the retum loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

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

33 VALIDATION 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
lg 20.3 %

Pagre: 5001
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SAR REFERENCE DIPOLE CALIBRATION REPORT WMol AR Aata [T SANA
10g 20.1 %%
6 CALIBRATION MEASUREMENT RESULTS
6.1  RETURN LOSS AND IMPEDANCE [N HEAD LIQUID
Fraquency, MHz
TM B0 BN B0 GED B0 WM SN 5K
A0
-
b."
Frequency (MHz) RHeturn Loss (dB) Requirement (dB) Impedance
&35 2105 =20 FOT0+0.2 0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
15 TED a0 B0 AA) [1TT1) B0
-

5=
50
75
100
o 120-
%0
AT5-
Falily

B0 W0 W 86

el

=0

Fk]

20-

Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
L EN] -25.17 =20 5510+270
6.3 MECHANICAL DIMENSIOMS
Freguency hHz L rem h mim dmm
required measured required measured required measured
a0 4200021 %, 25000 21 %, 635 1 %.
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450 2900 81 %, 166.7 41 %, £.35 41 %.
750 176081 %, 100.0 1 %, £.3541%.
B35 1610 £1 %, PAsS HALE +1 % PAsE JE41%, P55
510 1450 81 %, 53341 % 3.641%,
1450 591 41 % 51741 % 1E41%,
1500 BLS £1 % 50041 % 1E41%,
1640 700 +1 % 45741 % 1E11%.
1750 7521 % 12941 % 1611%.
1800 720+ % ALT+1 % I1E1%.
1900 BH.0 +1 % 39541 % IE1%.
1950 B5.3 £1 %. 38541 %. 1E11%.
2000 B4.5 £1 % 37541 % 1611%.
1100 1.0 +1 % 35T+ % I1E1%.
23m 555 +1 % I26E+1 % IE1%.
2450 515 £1 %, 3041 % 1E11%.
26500 185 £1 % 28B4l % 1E11%.
00 415 +1 % 25041 % IE1%,
3500 37041 % 25441 % IE1%.
7m0 34,741 %, 25441 % 1E11%.

T  VALIDATION MEASUREMENT

The IEEE 5ul. 1328, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and 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 siandards, 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 &} Conductivity (o) 5fm
required measured reguired e asured
300 453153 % 08715%
450 43545 % 08T +5%
750 41.945% 08915 %
B35 41545% PASE 09045 % PASS
aon 415153 % Qa7i5%
1450 40545 % 120+5%
1500 404915 % 123 5%
1E40 402 5% 131 45%
1750 40145% 13T 45%
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1800 40045 % 1.4048%
1800 40045 % 1.4048%
1950 A00+5% 14045 %
2000 40,045 % 1.4045 %
2100 39.845% 14545 %
2300 39,545 % LET45%
2450 39245 % 1.80 45 %
2E00 39,045 % 19645 %
1] IBE45H 24045 %
3500 I704E% 19148%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std, 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 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 OFEMSAR W4
Phantiom SN A SAMTI
Profe SMOIR EPGIZZ
Liguid Hemd Liguid Walwes: eps” 2 40,7 sigma : 0,92
[Mstance between dipole center and lguid 15,00 mmm
Avrea sean resalulion dx=Bmm/dy=8mm
Lo Scan Besolution dx=Fmm'dy=Bmmidz=5mm
Frequency B35 MH=
[l povwer 20 dBin
Liguid Temperature el
Lab Temperaiure 21
[ab Humidiiy 45 vy
Frequancy 1 SAR (Wi/kg/W) 10 g SAR [W/kg/W)
reguired measisrad regulred e asured
300 2.B5 1.54
450 458 3.06
750 849 5.55
835 9.56 G651 [0.96] 6.22 G.19 [0LE2)
and 109 5.59
1450 29 16
1500 305 16.8
1640 34.2 184
1TE0 364 143
1800 %4 2l
FPagre: 841

Thiy et shall oot b reproaweed, evcepd il o i pord, weifont dhe watten apprevel af 8FG
The infrmanion comaimed evein (5 &0 be noed ondy for the perpose e wiich iof is subseined and 15 not e
he peleased in whole or part vitkos wiitios approval of PG



@

Report No. SET2020-06942

SAR REFEREMNCE DIFOLE CALIERATION REFORT

Rer: ACR 3324 ITSATU.A

1500 EL 0.5
1550 0.5 0.5
200 411 1.1
100 416 45
2300 487 3.3
2450 a2A 24

2600 583 6
3000 63.8 5.7
3500 arl 25

30 ar.4 4.2

= nmmr Lmn e

Rk ot sty

A\

T
13
g
i, \
o N |
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7.3 BODY LIQUID MEASUREMENT
F"':ﬂ:""" Relative permittivity (/] Conductivity (o) 5fm
reguired measured reguired e asured
150 61915% 0.8015%
300 S8215% 0.92 5%
450 S6.7T15% 0.94 5%
750 55515% 096 15%
835 55.215% PASS 0.97 15% PSS
ol 55.015% 1.0515%
15 55.045% 10615%
1450 S4.015% 13015%
1610 53.845% 14045 %
1800 53.312% L5210%
1500 33145% 1.5245%
2000 £33145% 1.5245%
2100 53.210% L6212%
2300 E2945% 1.8145%
Fexgree: W4
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450 R2T45% 19545 %
ZEQOD CFRE 1 21625 %
SO0 52015% 27315 %
I500 E1345% 13145%
] B1.045% 155 45%
5200 43,0 210 % 5.3 210 %
5300 405 10 % 542 810 %
5400 487 10 % 553810 %
S5O0 4.6 210 % 565 210 %
SEQOD 48.5 210 % 5 T7el0%
SEO0 48.2 210 % 6.00 210 %

74  SAR MEASUREMENT RESULT WITH BODY LICUID

Sofiware OPEMSAR W4
Phantom S 20 SAMTI
Probe SMUOIRI EPGIZE
Ligguidd Body Liguid Values: eps' : 55,0 sgra 100
Digtance between dipole center and liguid 15,00 man
Aren sean resolulion d=Hmmdy=8mm
Joom Sean Resolution dx=8mmdidy=8mmide=5mm
Freguency B35 MHz
Lipousl povwer 20 ddBm
Liguid Temperature 210
Lab Temperalure BN
Lab Humidity 45 %
Frequency 1 SAR (W/kg/W) 10 5 SAR (W/kg/W)
rreeasured measired
835 5,58 (01.94) 647 [0.65]
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& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification Neo. Current Next Calibration
Deseription Muodel Calibration Date Date
SAM Phantom MVG SN-20/08-SAMT1 :fc:if:f:s‘_* No cal :‘Lac:ifi'f;f Mo call
COMOSAR Test Bench|  Version 3 NA :u;::ﬂf. No-cal :‘ﬁ::ji'::f' No  col
Network Analyzer | 1009 ;‘.ﬁ““““’z SN100132 02/2016 02/2019
Calipers Carera CALIPER-01 0172017 01/2020
Reference Prabe MVG EPG122 SN 18/11 1012017 10/2018
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Generator | Agilent E4438C MY48070581 0112017 01/2020
roter | perwconn | swaue__|Chaclrind o Grcachrzod
Power Meter HP E4418A US38261498 0172017 01/2020
Power Sensor HP ECP-EZBA US3T181460 012017 01/2020
Directional Coupler | Marda 4216-20 01386 ﬁ:f_’“;f:;f‘:’agfﬁ E';?a,jf;aﬁgzﬁg:f
L“J:ﬂ'?;f;”;{:ﬂ::‘r’ Control Company 160798832 1/2017 11/2020
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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

Z /?,ﬁ\“‘ ACCREDITED

Calibration Date: 11/27/17

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed 1n MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology mstitutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR332617SATUA

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 vyearly 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
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4 MEASUEEMENT METHOD

The IEEE 1528, 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 EETURNLOSS REQUIREMENTS

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

42 MECHANICAL EFQUIREMENTS

The IEEE 5td. 1328 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 Internationally Accepted Guides to
Measurement Uncertainty.

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

Frequency band Expanded Uncertainty on Eeturn 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 NVAILIDATION MEASURFMENT

The guidelines outlined in the IEEE 1328, FCC KEDBs, CENELEC EN30361 and CELTEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %

Page: 5/11
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20.1 %

10 g

6 CALIBRATION MEASUREMENT EESULTS

6.1 EETUEN LOSS AND IMPEDANCE IN HEAD LIOUID

Flequency, MHz
1820

1700 1720 17400 47D 1vED 1810 1340 18D 1EED

e

N |
-4

Frequency (MHz) Return Loss (dB) Eequirement (dB) Impedance
1800 -21.94 -20 HID+5310
6.2 RETURN 1LOSS AND IMPEDANCE IN BODY LIOUID
Freouency,, MHz
700 ATA 1740 ATRD TR0 1300 180 1340 f8RD 1REO 1300
-
3]_
N
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -24.11 -20 H30D+1210
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mim h mm d mm
required measured required measured required measured
300 4200 £1 %. 2500 11 % 6.35 11 %
Page: /11
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aso 20001 %, 166.7 £1 % 6.35 1%,
750 176,051 %, 100.0 1 %, 6.35 %1%,
a3s 161051 %, B9.8 1 %. IEHL K.
900 148.0%1 %, 83.3 1 %, 36+ .
1450 801 1%, 51741 %, 36+
1500 80.5 +1%. 5000 +1 %. 36+ 5.
1640 70.0 £1 %, 457 £1 %, IETLH.
1750 752 +1%. 42041 %, 36T K.
1E00 TIO L. PASE 417+ % PASS 3641 %. PASS
1900 65.0 +1%. 39.5+1 %, 36+ .
1950 66.3 £1 %, 30541 %, IETLH.
2000 645 +1 %, 37541 %, 36T K.
2100 610 +1 %, 35741 %, 36+ .
3300 555 +1 %, 32641 % 36+
2450 515 £1 %, 30.4 %1 %, IETLH.
2600 485 +1%. 28841 %. IEHL K.
3000 415 +1%, 25041 %. 36T
3500 37.081 % 26,441 %, 36+ .
3700 34781 % 26.4 %1 %, 36+ 5.

7  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC EDBs and CELIEC 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 nmst be performed against a
liquud 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
lengih 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 MEASUEFMENT

Fre;:elnqr Relative permittivity (8] Conductivity (o) 5/m
required measured required measured
300 45.3 5% D.E7 5%
450 43 515% D.E7 15 %
750 41915% D.E9 15 %
835 41.5 15 % 080 15 %
200 41.535% D97 5%
1450 40.5 5% 12015 %
1500 404 15% 13315 %
1640 40.2 35% 13145%
1750 40.1 15 % 13715 %
Page: 7/11
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1500 40,0 35% PASS 14015 % PASS
1000 40.0 15 % 14015 %
1950 20.035% 1.40+5%
2000 40,0 35 % 1.40 15 %
2100 30.835% 14915 %
2300 39.535% 167 15 %
2450 39.215% 18015 %
2600 3o035% 196 15 %
3000 38.535% 24015 %
3500 379i5% 291+5%

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 walues shown below (for phantom thickness of 2 mm) within the
uncertainty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software QOPENSAR V4

Phantom SN 20/09 SAMTL

Probe SN 18/11 EPG122

Ligmd Head Liguid Values: eps’ : 40,6 sizma - 1.39

Distance between dipole center and ligmd

10.0 mm

Area scan resolution

de=8mm/'dv=8mm

Zoon Scan Besoluton

dx=Bmm/ dv=8mm dz=5mm

Frequency 1800 MH=
Input power 20 dBm
Ligmd Temperature 21 °C
Lab Temperaturs 21 °C
Lab Humidity 45 %
Fmrﬂ'ﬁ"q 1 g SAR (W/kg/W) 10 g SAR [W/kz /W)
required measured required measured
300 285 104
450 458 3.06
750 5.49 555
835 058 6.22
00 10.9 6.99
1450 239 16
1500 30.5 16.8
1640 342 184
1750 36.4 133
1E00 8.4 37.35(3.73) 201 19.83 [1.98)
Page: 811
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1200 39.7 20.5
1950 4.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 233
2450 52.4 24
2600 55.3 246
FO00 63.8 25.7
3500 67.1 25
3700 67.4 242

sn-\\
i
e Tum N
2 N
T ] - \\-‘ &
e | o] R b : : g B i .
F | 0012 1418 B DR M B D
B sl [T Vissi Z (rwr|
73 BODY LIQUID MEASUREMENT
Fm:;:inq Relative permittivity &) conductivity [o] 5/m
required measured required measured

150 61.015% 0.BD 15 %
300 58.2 15 % 09215 %
450 56.7 15 % 0.94 15 %
750 55.515 % 09615 %
835 55.2 15 % 0.97 15 %
900 55.035% 10515 %
915 55.0 15 % 1.06 15 %
1450 54015 % 13015 %
1610 53815 % 14015 %
1B00 53.3315% PASS 15215 % PASS
1900 53.335% 15215 %
2000 53.335% 152+5%
21040 53.2 15 % 1.6215%
2300 52.915% 1E115%

Page: 0/11
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2450 527355 195 +55%
2600 525+5% 21635 %
JO00 520+5% 27315 %
3500 51.335% 33135 %
3700 51015% 35515 %
5200 49.0 £10% 5.30310%
5300 439 210% 542 210%
S400 48 7 £10% 553 £10%
5300 48.6 210% 5.65 £10%
SE00 485 $10% 577 E10%
SB00 482 #10% 6.00 £10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software QPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18711 ERG122
Ligued Body Ligmd Values: eps’ : 53.2 sigma - 1.47
Distance between dipole center and ligmd 10.0 mm
Area scan resolution dex=Bmm/ dy=8mm
Zoon Scan Resolution dre=Bmm/'dy=8mm de=5mm
Frequency 1800 MH=
Input power 20 dBm
Ligmd Temperature 21=C
Lab Temperaturs 21 °C
Lab Humidity 45 %
F"“‘fﬂ'ﬁ"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measurad
1800 37.68 (3.77) 20.26 [2.03)

T TR T
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipmme Idenrification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 |/2lidated. Nocal — Validated.  No - cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  |Validated.  No cal
required. required.
Network Analyzer R“Ddez‘?: Jim"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0142017 0142020
Reference Probe MVG EPG122 SN 1811 1042017 1042018
Multimeter Keithley 2000 1188656 012017 0142020
Signal Generator Agilent E4438C MY 43070581 0142017 0142020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN D46 test. Mo cal required. |test. Mo cal required.
Power Meter HP E44184A 538261498 012017 0142020
Power Sensor HP ECP-E26A US37181460 0142017 0142020
. ) Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required. |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 150798832 112017 1142020
Page- 11411
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CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

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

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NGO SN 09/13 DIP 14G000-218

Calibrated at MYG US
2105 Barreti Park Dr. - Kennesaw, GA 30144

A —

ACCREDITED

Calibration Date: 11/27/17

Semmary:

Ths domarvent presents the method and esults fiomm an acoredited S AR wmference dipole cabbraton
perfonred in MV G US4 wsing the COMOSAR testberch. Al calibration results aw taceable to
nahonal metrolos ¥ mshbabons.
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1 INTRODUCTION

This docwmert cottaine a smmary of the requirements set forth by the IEEE 1528, FOC KDE s and
CELIEC 62209 standards for reference dipoles used for 3AR measurement system walidations and
the measwements that wete petforthed to verify that the product complies with the fore mentioned

statudat ds.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOZ AR 1900 MH=z REFERENCE DIPOLE
Mamdfartarer Y G
Il odel SI0 1900
& erial Mumber SH 09415 DIF 1G900-218
Product C ondition (new S used) Uged

& yearly calibeation irderval is recommended

3 FRODUCT DE SCRIPTION

3.1 SENER.AL INFORMATION

MV G s COMDIAR Validation Dipoles are balt in accordance to the [EEE 1528, FCOC KDBs and
CELIEC 62209 standards. The product is designed for use with the COMOZAR test bench orly.

Figure 1 — MG COMOSAR Validation Dipole

Page: #11
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4 MEASUREMENTMETHOD

The IEEE 1522, FCC KDBs and CELIEC 62209 standards provide recuiremerts for reference
dipoles used for system walidation measurements. The following meamyemerts were performed to
werify that the product complies with the fore menti oned standards.

41 EETUEN LOE3 REQUIREMEN TS

The dipole used for BAR system walidation meamy etherts and checdks must have a rebirn logs of 220
B or better. The retirn loss measurement shall be petformed aganst a liquid filled flat phantosm,
with the phartom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTE

The IEEE Std. 1528 and CELTEC 62209 standards specify the mecharica components and
dimensions of the validation dipoles, with the dimensions frecquency and phantom shell thickness
dependent. The COMOIAR test bench employs a 2 mm phardom shell thickness therefore the
dipoles sold for use with the COMOBAR test bench comply with the requirements set forth for a 2
min phattom shell thi clne ss.

5 MEASUREMENT UNCERTAINTY

A ancertairties listed below tepresent an ex patuded uncettainty expressed at gope ceimoately the 95%
cotfidence level using a coverage factor of k=2, traceable to the Internati onally Accepted Grddes to
Measurement Uncertanty.

51 ERETUENW LO33
The foll owing wncertainties apply tothe rebrnloss measy emerd:

Freguency hand Expanded Uncertainty on Return Loss
400- 60008 Hz 0.1 de

52 DIMENIION IMEASTREMENT
The foll owing wicertainties goply to the dimensi on measurem ents:
Length (mm) Expanded Uncertainty on Length
3-300 0.05 mim

53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, FCC EDBs, CENELEC EN30361 and CELIEC 62209
staridar ds were followed to generate the measurement uncertanty for wvali dation meamwem etits,
Scan Volume Expanded Uncertainty

lg 203 %
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g 201 %

6 CALIBRATION MEASUREMENT RESULTS

A1 EETUEN LOE3 AND IMPEDANCE IN HEAD TIOTID

Freguarcy. MHz
e 185D eE0 1900 1820 0 150 SE0 200

AR

Frequency (MHz) Retumn Loss(dB) Requirement (d B) Impedance
1900 -24.08 =20 N20Q+630

6.2 EETUEN LOS3 AND IMPEDANCE IN BODY LIOITID

Frespaenoy, HHz

1600 1820 1840 1650 1680 1300 1330 140 1960 1360 2000
Q.-

25
A0-
? 5_

AR

-20.0-

B0
275
]:l |:|_
Frequency (MHz) Retum Loss (dB) Requirement {d B) Impedance
1900 -2317 -20 68 L+6.810

63 MECHANICAL DIMENIEIONS

Freq uency He L mm hmm d mm
required mess ured required mess ured meq uired Mmeas ured
30 42001 H. =00 H. 5,35 11 %,
Fage: &11
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450 200+ %, 1667 11 0. 535 11 04
750 17604 %, 10000+ H. 635 1 H.
B3 16103 H, B0 E 1%, 3611 %,
Elual 14003 H. B3.3H % 3.6+ .
1450 9.1 1 %, 517 1%, 3.6+ .
1500 0.5 1 56 SO0 1 5. 3.6+ B,
1840 70.0H 5 45 7 1 0, 3.6+ B,
1750 75.2H 5 4240 1 0, 3.6+ B,
1800 7200 5 417 1%, 3.6+ b,
1900 .04 %, PASS L PASE LR PGS
1950 65,311 H. |5 1. 3611 %,
2000 64,5 +1 B, 75 N 3.6+ .
00 61,041 %, =7 N 3.6+ .
2300 5551 B 32.6 1 B 3.6+ B,
2450 51.5H 04 304 1 0 3.6+ B,
2800 43.5 1 0 ZBE N W 3.6+ b,
000 41.5 H1 54, =01 H 3614 %,
F=o0 7 .0E B, 264 11 %, 3611 %,
FF00 3. 741 B, 264 1 % 3.6+ .

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CELIEC 62209 standards state that the system walidation
theany e erts must be performed vsing a reference dipole meeting the fore ment aned retarn loss
and mechardcal dimension reqairements. The validation measurement must be performed against a
Lepaid filled flat phantom, with the phartom constactsd as oatlined in the fore menti oned standards.
Per the standards, the dipdle shall be positioned below the bottom of the phartom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top swface of the
dipiole at the described distance from the botbom swface of the phantom .

71 HEAD LIOUID MEASTUREMENT

Freauency Relative permittivity (8] conductivity (3)5/m
e uimed measumkd req Uired measu rd
0 4533504 0.E7 5%
450 435150 0.E7 5%
750 4103504 0.80 15 %
33 A15 150 0.9015 %
Elul 4153504 0.097 350
1450 405 1504 1.2015 %
1500 40.4 15 0 1.2335 %
16840 40235 H 1.3 3%
1750 401 3504 1.7 5%
Fage: 71l
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1800 An0is la0k%
19100 annis % PSS 140k % PASE
1450 40035 % 1405 %
2000 4nois % 1401k %
A HEHSH 14035 %
2300 35159 1.67 5%
2480 30245 9% 18015 %
2600 30045 % 196K %
3000 BWE545% 24015 %
=0 o5 % 20135 %

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

The IEEE Std 1325 and CEIAEC 62209 standards state that the system validation measy ements
should produce the 3AR walues shown below (for phantom thickness of 2 mm), within the

wwertarty for the system wvalidation Al 3AR walues are nommalized to 1 W foreward power. In
bracket, them eamared 3AR is given with the used it power.

Sofhrame OFENS AR V4
Phartoen ITHIONE 5AMTL
Puhe IH 1811 EPGla
Liquid Head Liqud Vahies: eps” - 4] dsigzma (1 57
[Chstatce between dipole certer and ligmd 10.0 rom
Aivea scan wsohibon d=Enmnidy==Snmn
Zoon Secan Fesohibhon de=Ermumidy=Enenid =51nm
Frequenoy 1200 MH=
Dyt poverer A dBm
Liquid Tenmperabire a1 *C
Lab Tenmperatire 2l TC
Lab Hunudity 45 %%
Fm:ﬂﬁm" 1g5AR (k) 10g SR (ke )
requined meas ured required measu ed
300 2.85 144
450 4.58 305
F50 .49 555
B3 9.58 5.22
Eln] 1049 599
1450 -] 15
1500 05 168
16840 .2 154
1750 36.4 1a.3
1800 =4 201
Poge: &11
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1900 »m7 .35 [393) 05 .45 [2106]
14850 A0.5 208
2000 411 ra i |
00 436 Ma
2300 A3.7 23232
2450 524 A
2800 55.3 2.5
3000 63.8 =7
00 7.1 =
el 7.4 12
.=
[ \‘
_ W
=
E 4 P
LEL \\
o ML
i T
1 1K) [~
[
1] mIz WIE | D 22
[ imai Z ()

BODY LIQUID MEASUREMENT

B wiolion e I WRole oF part niious weitin o nal of MIAE

F’E:ﬂi"""' Relative permittivity (5] conductivity [a)5/m
required meds ured required measu red
150 o 15 0.8015 %
300 SE2XEH 002350
450 SET IS0 0.04 15 0
750 EE5ishh 00615
B3 552150 0.87 155
Eln ] EEois 1.05 35 %
415 EEo0is 1.0635 %
1450 sS40 H 1.3035 0
1510 S35 H 1.4015 0
1800 533k 15235 %
1900 533k PAES 152350 FASS
2000 533k 1.5235%
200 532k 1.6235 %
2200 52t 1.813 %
Foge: &1
The AAon e Metn D¢ wad T o 7 i1 L] B ot
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2450 5275 H 1.05 15 %
2600 52550 21635 H
2000 520150 273EH
=) 5133 % THER
3700 51035 H 35535 0
5200 40.0X10% s.30H0%
5300 45.0 0% sA2H0%
5400 48.7 H0H SE53H0%
5500 48 . 610 5.5 H0H
5800 45.5 Mo SFTHOMN
SE00 43.2H0% so0R0%

74 ZBAR MEASTREMENT RESULT WITH BODY LIOTID

Softerame DOFEHS AR V4

Phantcan IH 2005 SAMTL

Frche SH1&11 ER1E

Liquid EBody Ligmd Vahies:eps”: S1.0s5zma: 1.53
Dhstance between dipole certer and ligumd 10.0 nom

Avea scan wsoh ton dx=Enmidy=Snmm

Zoon 5 can Resolition dx=Smmidy=Enrn'd==Snmm
Frequensy 1900 MH=

Drpaat povrer X dBm

Lipnid Ternperatire a1 *C

Lab Tenmeratare 2l C

Lab Hunudity 45 %%

F’EEﬂ";“:'" 13580 (W) 105 S8R (ke )
meas ured megs ured
1000 ®E4 (353 147 (206

[N
B \\
I,
&)
EE?HI \"\
raa ] N
i N
2 N
57—, ,
ooz MWIE W EA DA K RN
= == ]
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§ LIST OF EQUIPMENT

Equipment Summar

Sheet

Euput | Moo g o £ [Nt e
SAM Phantom e SN-20/03-5AM 71 r:ﬁi? Mo cal ; :ﬂi?' Mo cal
COMOSAR TestBench|  Wersion 3 MA, rgﬁisf’- Hoeal 1 ;‘;ﬂigf’- Mo cal
Metwark Aralyoer | FoDode ;ﬁd"‘“’arz Sh 00132 22016 (22019
Calipers carrera CALIPER-M 0152017 0172020
Reference Probe MG EPG122 SN 1811 1002017 102018
Muttimeter Weithley 2000 1183655 0102017 0112020
Sional Generator | Agilent E44380 M v49070551 0162017 012020
e | oo | o [
Power Meter HP Ed4184 LS 38261498 0162017 01 f2020
P ovier Sensor HP ECP-E264 US37181460 0102017 0112020
Directional Coupler | Marda 4216-20 01 386 f;:ﬁf;g:’fegﬂﬁﬁ feﬁaﬁfgffegﬂﬁﬁ
Leu%ﬁjﬁgr:rzgf Cantrol Company 150798652 1Mm7? 1172000
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR3329.17.5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO.,LTD

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

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

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

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

Calibration Date: 11/27/17

Summary:

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

nafional metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528. FCC KDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned
standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID2450

Serial Number SN 09/13 DIP 2G450-220

Product Condition (new /used) | Used

A vyearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERATL INFORMATION

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

Figure 1 — MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUEREMENT METHOD

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

41 EETURN LOSS EEQUIREMENTS

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

42 MECHANICAL FEQUIREMENTS

The IEEE 5td. 1528 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

51 ERETUERN LOSS

The following uncertainties apply to the refurn loss measurement:

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

52 DIMENSION MEASURFMENT

The following uncertainties apply fo the dimension measurements:

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

53 VALIDATION MEASUREEMENT

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

lg 203 %
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10g

201 %

6 CALIBRATION MEASUREMENT RESULTS

6.1

EETUEN 1LOS5 AND IMPEDANCE IN HEAD LIOUID

2350
o

- |
N [ @ | ]

=

Flequency, MHz

20

2400

440

MED DdA00 20D 2R

x50

Beturn Loss (dB)

Requirement (dB)

Impedance

2450

-27.94

-20

4050+3950

6.2 EBETUEN LOSS AND IMPEDANCE IN BODY LIQUID

511,48

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

Fraguency, MHz
Z3A0 MO0 22 M40

2350 24E0 a0
aa-
L
-
754
EE

425~
T N N I O

2dB0 2500 2520

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450

-26.02

-20

5320+4010

6.3 MECHANICAL DIMENSIONS

Frequency MH:z

L mum

h mim

d mm

required

measured

required measured

required measured

300

420.0 %1 %.

250.0 H1 %

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

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELTEC 62209 standards state that the system validation
measurements nmst be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nist be performed against a
ligquid filled flat phantom_ with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASURFMENT

Fre:ﬂl:inq Relative permittivity (s,") Conductivity (o) 5/m
required measured required measured
300 453 15 % 0.E7 5%
450 435 15 % 0.E7 15 %
750 41915 % 0.B9 15 %
835 415 5% 0.90 15 %
900 41.5 5% 0.97+5 %
1450 40.5 +5 % 12045 %
1500 40.4 +5 % 12345 %
1640 40.2 5% 13145 %
1750 401 15 % 13715 %
Page: 7111

Thiz document shail not be reproduced, except in fuli or m part, without the written approval of MTG.
The infbrmation confamed harein i to be used only for the purpose for which it is submited and = nat to
be released in whole or part withour wrirten approval off MTG.




Report No. SET2020-06942

SAR REFERENCE DIFOLE CALIBRATION REFORT Bef ACR 332.0.17.53ATU.A

1500 40,0 15 % 1.40 15 %
1800 40,035 % 14015 %
1950 40.0 15 % 1.40 15 %
2000 20.035% 14015 %
2100 39.835% 14915 %
2300 30515% 167 15 %
2450 302355 PASE 18015 % PASE
2600 3o035% 19615 %
3000 3B515% 2.40 15 %
3500 379i5% 29115 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAER V4

Phantom SN 20/09 SAMTI

Probe SN 18/11 EPG122

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

Distance between dipole center and ligmd

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Besolubion

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

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

1050 40.5 200

2000 411 211

2100 43.6 219

2300 48.7 233

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

J 000 63.8 25.7

3500 67.1 25

3700 67.4 242

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

74 SARE MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 SAMT]

Probe SN 18/11 EPG122

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

Distance between dipole center and liguid

10.0 mm

Area scan resclution

dr=8mm/dy=8mm

Zoon Scan Resolution

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

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

Lab Temperature 21 °C

Lab Humdity 45 %

Frequen
:1H‘ ¥ 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
2450 51.42 (5.14) 23.48 (2.35)
- ==
- - |
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8§ LIST OF EQUIPMENT

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

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

Calibrated at MVG TUS
2105 Barrert Park Dr. - Kennesaw, GA 30144

ACCREDITED

Calibration Date: 11/27/17

Summary:

This document presents the method and results from an accredited SAFR reference dipole calibration
performed in MVG USA uwsing the COMOSAF. 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
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 yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERATL INFORMATION

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

Figure 1 — MVG COMOSAR Validation Dipole
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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 menfioned standards.

41 EETUEN 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 MECHANICATL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 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 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

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

lg 203 %
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10g 20.1 %
6 CALIBRATION MEASUREMENT EESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fleouency, MHz
[ e e e =1 - | O = ) -vc 1 1 = - 1 11}
-

.m_-

Frequency (AMHz) Return Loss (dB) Eequirement {dB) Impedance
2600 -30.33 -20 5310-0.70
6.2 EETUEN LOSS AND IMPEDANCE IN BODY LIOUID
Fleauency, MHz
I:~|2'_.5[I[I M 20 38R0 EER0 AR00 2EA0 2RdAD ZRRD JRRO 2700
GJ_
-
.- |
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -33.55 -20 4040-2110
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420011 %. 250.0 +1 % 6.35 31 %.
Page: 0/11
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450 290.0 51 %, 166.7 31 % 6.35 31 %.
750 176.0 1 %. 100.0 31 % 6.35 1 %.
835 161.0%1 %. 89.8 1%, 3.6 11 %.
900 145,051 % B33 11 %. 3.6 11 %,
1430 g0.1 1%, 51.7 11 %. 3.6 11 %.
1500 B0.5 1% 5000 11 %, 3.6 11 %.
1640 7o0+1 %, 457 11 %. 3.6 11 %.
1750 75.2H1 %, 420+1 % 3.6 11 %.
1800 720+ %, 41.7 11 %. 3611 %.
1900 68.0 11 %. 39.5 11 % 3.6 11 %.
1950 66.3 1 %. 38511 %. 3.6 11 %.
2000 645 1 %, 375+ % 3.6 11 %.
2100 61.0+1%. 357 1% 3.6 11 %,
2300 55.5 11 %, 32.6 11 %. 3.6 11 %.
2450 51.5 %1 %. 30.4 1 %. 3.6 11 %.
2600 455 +1 %, PASS 8.8 1 %. PASS 3611 %. FASS
FO00 415 +1 %, 2501 %. 3.6 11 %,
3500 37.031 % 26.4 11 %. 3.6 11 %.
3700 34741 % 26.4 11 %. 3.6 11 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KEDBs and CELTEC 62209 standards state that the system validation
measurements nust 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
lengih 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:ﬂl:a;nqr Relative permittivity (s,") Conductivity (o) 5/m
required measured required measured
300 453 15 % 0.B7 15 %
450 435 15 % 0.B7 35 %
750 41.945% 0.9 15 %
835 415 15 % 0.90 15 %
900 415 15 % 0.97 15 %
1450 40.5 15 % 12015 %
1500 40.4 15 % 12335 %
1640 40.2 15 % 13115 %
1750 40.1 15 % 13715 %
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1800 A0035% 14015 %
1000 A0035% 14015 %
1050 A0 035% 1405 %
2000 A00D35% 14045 %
2100 30 8i5% 14015 %
2300 305355 16715 %
2450 302i5% 1015 %
2600 3onisk PASS 13615 % PASS
000 38535% 24015 %
3500 370i5% 20115 %

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 values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18/11 EPG122
Ligud Head Liquid Values: eps” - 38.5 sigma - 2.01
Distance between dipole center and liqmid 10.0 mm
Area sean resolution dee=Brmm/dv=8mm
Zoon Scan Resolution der=5mm/'dy=5mm/de=5mm
Frequency 2600 MH=
Input power 20 dBm
Ligud Temperature 21 =C
Lab Temperature 21 °C
Lab Humidity 45 %
F’“:ﬂ:"‘"‘:" 1 g SAR [W/kgw) 10 g SAR [W/kg/w)
required measured required measured
300 285 104
450 458 3.06
750 8.49 5.55
835 9.56 6.22
200 10.9 5.99
1430 29 16
1500 30.5 16.8
1640 34.2 154
1750 36.4 195
1800 354 201
Page: 811

Thiz document shail mot be reproduced, excepr in il or i part, without the wrirten approval of MTG.
Thae information confamed herein 11 to be used only for the purpose for which it it subminted and 5 mot to
ba released m whole or part withour virinen approval of MPG.



Report No. SET2020-06942

SAR REFERENCE DIFOLE CALIERATION REPORT Fef ACR33LI0ITSATUA

1900 39.7 205

1950 40.5 200

2000 411 211

2100 43.68 219

2300 48.7 233

2450 52.4 24

26500 55.3 55.47 [5.55) 246 24.45 (2.45)
FO00 63.8 257

3500 67.1 25

3700 67.4 242

0EE—
[
— E £
T 3 am Prd
2 i =
2| o] - . . MEL L 1012 1::;_;_‘_\1 % 3 @
o s T viemt Z i
7.3 BODY LIQUID MEASUREMENT
Fre:;inq Relative permittivity {s,") Conductivity (o] 5/m
required measured required measured
150 61.015% 0ED 15 %
300 58.2 5% 09215 %
450 56.7 15 % 05415 %
750 55.5 15 % 09615 %
835 55.2 5% 08715 %
900 55.0 15 % 10515 %
915 55.015% 10615 %
1450 54.0 15 % 13015 %
1610 53815 % 14015 %
1800 53.315% 15215 %
1900 53.315% 15215 %
2000 53.315% 15215 %
2100 53.215% 16215 %
2300 520 15% 1E115%
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2450 52735% 158515 %
2600 52535% PAZSE 21615 % PASE
3000 52035% 27315 %
3500 51.335% 33115 %
3700 51.035% 35515 %
3200 49.0 £10% 5.30 210 %
3300 48.9 £10% 5.42 t10%
200 48.7 f10% 5.53 f10%
5500 48.6 £10% 5.65 t10%
5600 485 0% 577 0%
5800 48.2 +10% 5.00 10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantony SN 20/09 SAMTL

Probe SN 18711 EPG122

Ligued Body Ligmd Values: eps” : 52.0 sipma - 2.16

Distance between dipole center and ligmd

10.0 mm

Area scan resclution

dx=Bmm 'dy=8mm

Zoon Scan Resoluton

dr=Smm/'dy="mm 'dz=mm

Frequency 2600 MH=
Input power 20 dBm
Ligwd 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 measured
2600 53.45 [5.34) 24.00 (2.40)
- |
Frr
em
L]
S :‘_tﬁw
- Sum s,
™
zm ~]
e | g | 0%-, T T—— .
bo:oa W2 416 1602 M X B D
B Wiss [ vissi Z (|
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibradion
quipme Idenrification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-AM71 [/3Ndated. Nocal  Validated.  HNo - cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated.  No call
required. required.
Network Analyzer R""dez‘g: Jim"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-O1 012017 0142020
Reference Probe MG EPG122 SN 18M1 102017 10:2018
Multimeter Keithley 2000 1188656 012017 0142020
Sigmal Generator Agilent E4438C MY45070581 012017 0142020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN D46 test. Mo cal required. |test. No cal required.
Power Meter HP E44184 U538261458 0122017 012020
Power Sensor HP ECP-E26A US37181460 012017 0142020
) ) Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. [test. No cal required.
Temperature and
Humidity Sensar Control Company 150798832 1182017 1142020
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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 WAVEGUIDE

FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGA39

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

',
S

;- , [ACCREDITED)
ol e Caisatios T 8

Calibration Date: 11/27/17

Swmmary:

This document presents the method and resulis from an accredited SAR reference waveguide
calibrotion performed in MYG USA using the COMOSAR fest bench,  All eonlibration results ore
traceable to natiomal metrology institutions.
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1 INTRODUCTION

This document containg a summary of the requirements set forth by the IEEE 1528 and CEVIEC
62200 standards for reference wavegmdes vsed for SAR measurement system vahidations 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 Tvpe COMOSAR SO00-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWGESS00
Serial Number SN 1315 WGEA3Y
Product Condition (new S used) | Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3l GENERAL INFORMATION

MYV G's COMOSAR Validation Wavegmdes are built in accordance to the IEEE 1528 and CEVIEC
62209 standards,

4 MEASUREMENT METHOD

The IEEE 1328 and CEVIEC 62209 standards provide requirements for reference waveguides used
for svstem validation measurements. The following measurements were performed to verify that the
product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The waveguide used for SAR svstem validation measurements and checks must have a return loss of
-8 dB or better. The return loss measurement shall be performed with matching laver placed in the
open end of the waveguide, with the wavegnide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMEMNTS

The IEEE 1528 and CEVIEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown i Section 6.2, Figure 1 shows how the
dimensions relate to the physical construction of the waveguide.
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5 MEASUREMENT UNCERTAINTY

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

5.1 RETURM LOSS
The following uncertainties apply to the retumn loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

32 DIMENSION MEASUREMENT

The follewing uncertaintics apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length

3= 300 (LO5 mm

33 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528 and CEVIEC 62209 standards were followed o generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
10 g 2001 %

6  CALIBRATION MEASUREMENT RESULTS
6.1 RETURM LOSS IN HEAD LIOUID

Fraquancy. MHz
5100 5200 5300 5400 5500 S5 57 3 a0

2|
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Frequency ({MHz) | Return Loss (dB) Requirement {dB) Impedance
5200 069 -8 25.64 (3 +4.71 jL2
3400 -1 0L9% -H E4.04 €34 17.11 j£2
600 -13.52 -8 .63 02 - 12,55 )0
RO -13.34 i 4TEIO + 214210
6.2 RETURM LOSS [N BODY LIOUID

511,48

5100
-

5200 5300

S0

Fraquency, MH;z
5500

5600

5700

500 SE

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
3200 -8.86 -8 23970+ 5.78 j02
3400 4491 - 92.64 01 +17.22 102
600 -11.72 - 325943 - 153022 )2
5800 -11.4) - 48.49 £) + 25 88 102
6.3 MECHANICAL DIMENSIONS
- o 1. {nam} W i {mim) Wl mmp T {mym}
Frequen Require | Measure | Require | Measure | Require | Measure | Reguare | Measure | Requie | Measure
v (M=) q d d d d d d d d d
sw0 | 4 1:“1 Sl opass | Y | pass | ""I-_": © 1 pass "“_'T; “| pass 53 PASS
5800 “I'I"T:: PASS Jfl"; .| Pass “'"'”;': | eass | PUE L pass 43 PASS

* The toleramce for the matching layer 1s ineluwded in the return loss measurement.

Peagroe: 5503
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Mlatchang layer

Figure 1: Validation Waveguide Dimensions

T VALIDATION MEASUREMENT

The IEEE Std. 1328 and CEVIEC 62204 standards state that the svstem validation measurements
must be performed wsing a reference waveguide meeting the fore mentioned retum loss and
mechanical dimension requirements,  The validation measurement must be performed with the
matching laver placed in the open end of the waveguide, with the waveguide and matching laver in
direct contact with the phantom shell.

7.1 HEAD LIQUID MEASUREMENT

FIEENSY | Rlative pormittivity (s/) | Conductivity (o) S/m
required measwred required maeasured

S000 36.2 210% 445 #10%
5100 36.1210% 456 210%
5300 36.0=10% PASS 4.66 £10% PASS
5300 35.0:10% PASS 476 #10% PASS
5400 35.8£10% PASE 4.B6 £10% PASS
5500 35,6 £10% PASE 497 £10% PASS
5600 35.5£10% PASE 507 £10% PASS
5700 354 210% 5.17 £10%
SE00 35.3£10% PASE 5.27 £10% PASS
5500 35.2 £10% 5.3E £10%
G000 35.1:210% S48 £10%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQLUID

At those frequencies, the rarget SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation,  All SAR values are normalized
to 1 W onet power. In bracket, the measured SAR is given with the used input power.
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mvG SAKR REFERENCE WAVEGUIDE CALIBRATION REFORT fef: ACRIELILITSATULA
Software OPENSAR V4
Phantom SM 2009 SAMTI
Probe SMOIRT EPGIZZ
Liguid Head Liquid Values 52080 MHz: eps' 35,14 sigma - 4.74
Hewd Liguid Values 5400 MHz: eps' 34,52 sigma : 4,77
Head Liquid Values 56080 MHz: eps' :37.08 sigma : 5.03
Hed Liguid Yalwes 5800 MHz: eps' 3464 sigma ; 5,19
Distance between dipole wavepuide and liquid {F rm
Area scan resolution dx=Smm/dy=$mm
Zoon Scan Resolution dx=4mm/dy=4m'dz=2rmm
Frequency 5§20 MHz
5400 MHz
S6lM) MHz
5RM) MHz
Input power 20 dBm
Liguid Temperature 1eC
Lab Temperature 1°C
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (Wkg) 10 g SAR (Wikg)
required measured required measured
5200 15900 164100 16.41) 56,9 S5 08 (5.60)
400 13,400 171.25(17.13) 58.43 57.79(5.78)
Sl 17380 17898 (17.90 3997 39.93 (5.99)
SRO0 181.20 185.54 (18.55) al.50 6147 (6.135)
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SAR REFERENCE WAVEGUIDE CALIBRATION REPOR1 Ref: ACRISZILITSATUA

SAR MEASUREMENT PLOTS (@ 5400 MHz
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Bed: ACR 3E211IT8ATUA

73 BODY LIQUID MEASUREMENT
Frem ey Relative permittivity (] Conductivity (7} 5/m
required measwred required measured
520Hy 45,0 £10 % PASS 530 £10 % PASS
S4AHy 48.7 £10 % PASS 553 £10 % PASS
St My 48.5 £10 % PASS 577 £10 % PASS
SRHY 48.2 £10 % PASS 500 £10 % PASS

T4 SARMEASUREMENT RESULT WITH BODY LIGUID

Software OPEMSAR V4
Phantom SN A SAMTI
Probe SN &1 EPGI22
Liguid Body Liquid Values 3200 MHz: eps’ 4901 sigma - 5.27

Body Liguid Values 5400 MHz: eps’ 4967 sigma - 5.45
Body Liguid Values 5600 MHz: eps’ :47.57 sigma : 5.69
Body Ligquid Yalues 5500 MHz: eps’ 4% 52 sigma - 5594

Distance between dipele waveguide and liquid

0 rmm

Arca scan resolution

dy=8mm/dy=8mm

Zoon Scan Resolution

dx=dmm/dy=4m/'dz=2rmm

y 5200 MHz
Frequency 5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperaiure aec
Lab Temperature ec
Lab Humidity 45 %
Frequency (MHz) 1 o SAR (W/kg) 102 SAR {(W/kgh
measured miecasured
5200 155.78 (15.58) 54.4% (5.43)
400 160.24 (16.02) 55.34 (5.53)
S600 167.61 (16.76) 56,92 (5.69)
SE00 170.4% (17.03) 37.26(53.73)
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SAR REFERENCE WAVEGUIDE CALIBRATION REPOR1 Ref ACROSZ.11.1TSATUA

BODY SAR MEASUREMENT PLOTS (@ 5200 MHz
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Red:

ACRIRZILITSATUA

BODY SAR MEASUREMENT PLOTS (@ 5800 MHz
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mvGg

SAR REFERERCE WAVEGUIDE CALIBRATION REFORT

Ref: ACE 3321117 5ATLUA

& LIST OF EQUIPMENT

Equipment Summary Sheat

R I

Flat Phantam MVG SN-20/09-SAMT1 :‘::Eﬂf:? No cal :‘Lﬁ:ﬂf{:gﬂ bo  cal

COMOSAR Test Bench|  Version 3 NA :“;E':::jf'!':‘_i No cal :“;E'(::ﬂ:'!'f‘ Mo <l
Network Analyzer | Tonode gﬁ“h“’m SN100132 D22016 02/2019
Calipars Camera CALIPER-01 207 0172020
Reference Probe MVG EPG122 SN 1811 102017 102018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generalor Agilenl E44380C MY 43070581 m2me 0172020

oo | pavoronn | svoss__|Garctsd e iz or s
Power Meter HP E44184A US38261498 0172017 01/2020
Power Sensor HP ECP-E26A US37181480 01/2017 01/2020

Directional Coupler Marda 4216-20 013886 E:?raﬁrg;f'f&zz?:f E‘;?a:rg:mzzﬂg
L“u";‘n':i';f;”;:n::‘r’ Control Company | 150798832 112017 1112020
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<Justification of the extended calibration>

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

Head 835MHz
Date of
Return Loss (dB) Delta (%) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.05 - 59.7 -
2019.11.26 -21.09 -0.93 59.74 0.04

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5o0hm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 835MHz

® ®

Trel dBMag 10dB/ Ref0dB Cal 1 Trc1 Smith Ref1U  Cal 1

S11 S

— 10

— 0

~-10

-20

-30

t-40

-50

= -60

=-70

Ch1  Start 735 MHz Pwr 0dBm Stop 935 MHz Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz
1/1/2003, 10:40 PM 1/1/2003, 10:39 PM
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.94 - 44.7 -
2019.11.26 -21.48 11.17 44.12 -0.58

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1800MHz

Trc1 dBMag 10dB/ Ref0dB Cal

®

1 Tre1 Smith Ref1U Cal

&l

e

&iif

-7

Ch1  Start 1.7 GHz
1/12/2003, 1:37 AM

Pwr 0dBm

Stop 1.9 GHz Ch1  Start 1.7 GHz
1/12/2003, 1:40 AM

Pwr 0dBm

Stop 1.9 GHz
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.08 - 51.2 -
2019.11.26 -24.07 0.23 54.29 3.09

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1900MHz

Trel dBMag 10dB/ Ref0OdB Cal

Tof 1 {Max)  Trct Smith Ref1U  Cal

Siil]

—1

s1

-7

Ch1 Start 18
1/12/2003, 1:51 AM

GHz

Pwr 0 dBm

Stop 2 GHz Ch1 Start 1.8 GHz
1/12/2003, 1:53 AM

Pwr 0 dBm

Stop 2 GHz
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -27.94 - 49.5 -
2019.11.26 -27.59 8.39 47.93 -1.57

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2450MHz

Trc1 dBMag 10dB/ Ref0dB Cal

1

S11

—1

-7

Ch1  Start 2.35GHz
1/1/2003, 12:24 AM

Pwr 0dBm

Stop 2.55 GHz

Tret Smith Ref1U  Cal

Sl

Ch1  Start 2.35GHz
1/1/2003, 12:21 AM

Pwr 0 dBm

Stop 2.55 GHz
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -30.33 - 53.1 -
2019.11.26 -29.92 9.90 51.54 -1.56

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2600MHz

Tred dBMag 10dB/ Ref0dB  Cal

®

d Tret Smith Ref1U  Cal

S

— 10

S11

L .70

Ch1  Start 2.5GHz

1/1/2003, 12:38 AM

Pwr 0 dBm

Stop 27GHz  Ch1  Start 25GHz
1/172003, 12:39 AM

Pwr 0dBm

-]

Stop 2.7 GHz
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Head 5-6GHz
Date of Frequency
Measurement (MHz2) Return Loss (dB) | Delta (%) | Impedance | Delta(ohm)
2017.11.27 5200 -9.69 - 25.64 -
2017.11.27 5400 -10.98 - 84.04 -
2017.11.27 5600 -13.52 - 36.63 -
2017.11.27 5800 -13.34 - 47.82 -
2019.11.26 5200 -9.70 -0.23 27.66 2.02
2019.11.26 5400 -11.02 -0.93 84.54 0.50
2019.11.26 5600 -13.34 4.23 36.02 -0.61
2019.11.26 5800 -13.49 0.69 51.67 3.85

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 5-6GHz
T 1
Trc1 dBMag 10dB/ Ref0dB Cal 1 of 1 (Max) Trc1 Smith Ref1U  Cal 1 of 1 {Max)
Sif S11

— 10

L -70

Ch1 Start 5.1 GHz Pwr 0dBm Stop 59 GHz Ch1 Start 5.1 GHz Pwr 0 dBm Stop 5.9 GHz
1/13/2003, 1:11 AM 1/13/2003, 1:13 AM
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -25.17 - 55.1 -
2019.11.26 -25.25 -1.86 56.65 1.55

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 835MHz
Trc1 dBMag 10dB/ Ref0dB Cal 1 Trc1 Smith Ref1U  Cal 1
i i
10
— o
-10
- -40
- -50
- -60
t-70
Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz Ch1 Start 735 MHz Pwr 0 dBm Stop 935 MHz
1/1/2003, 10:40 PM 1/1/2003, 10:38 PM
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.11 - 44.3 -
2019.11.26 -24.16 -1.15 43.81 -0.49

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1800MHz
Tre1 dBMag 10dB/ Ref0dB  Cal 1 Tre1 Smith Ref1U  Cal 1
S11 S11
— 10
=D
t-10
--40
- -50
60
-70
Ch1 Start 1.7 GHz Pwr 0dBm Stop 1.9 GHz Ch1 Start 1.7 GHz Pwr 0 dBm Stop 1.9 GHz

1/12/2003, 1:39 AM

1/12/2003, 1:40 AM
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -22.17 - 46.8 -
2019.11.26 -21.90 6.41 50.56 3.76

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1900MHz
Trc1 dBMag 10dB/ Ref0OdB Cal 1 of 1 (Max) Trc1 Smith Ref1U  Cal 1 of 1 (Max)
SN fsiil]
1
-1
-7
Ch1 Start 1.8 GHz Pwr 0dBm Stop 2 GHz Ch1 Start 1.8 GHz Pwir 0dBm Stop 2 GHz

1/12/2003, 1:52 AM

1/12/2003, 1:53 AM
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -26.02 - 53.2 -
2019.11.26 -25.55 11.43 50.04 -3.16

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz
Tret dBMag 10dB/ Ref0dB Cal 1 Trel Smith Ref1U Cal 1
&ilil &l

— 10

t-40

-50

= -60

=-70

Ch1  Start 2.35GHz Pwr 0dBm Stop 2.55 GHz Ch1  Start 2.35GHz Pwr 0 dBm Stop 2.55 GHz
1/1/2003, 12:59 AM 1/1/2003, 12:33 AM
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -33.55 - 49.4 -
2019.11.26 -33.56 -0.23 49.14 -0.26

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2600MHz
Trc1 dBMag 10dB/ Ref0dB Cal 1 Trc1 Smith Ref1U  Cal 1
&l S11
1
-1
-7
Ch1 Start 25GHz Pwr 0dBm Stop 2.7 GHz Ch1 Start 25 GHz Pwr 0dBm Stop 2.7 GHz

1/1/2003, 12:52 AM

1/1/2003, 12:40 AM
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Body 5-6GHz
Date of Frequency
Measurement (MHz2) Return Loss (dB) | Delta (%) | Impedance | Delta(ohm)
2017.11.27 5200 -8.86 - 23.97 -
2017.11.27 5400 -9.91 - 92.64 -
2017.11.27 5600 -11.72 - 32.59 -
2017.11.27 5800 -11.90 - 48.49 -
2019.11.26 5200 -8.63 5.44 24.83 0.86
2019.11.26 5400 -10.31 -9.65 92.19 -0.45
2019.11.26 5600 -11.88 -3.75 32.81 0.22
2019.11.26 5800 -11.63 6.41 52.91 4.42

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 5-6GHz

Trc1 dBMag 10dB/ Ref0dB Cal

1 of 1 {Max) Trc1

S

—1

i)

-7

Ch1  Start 5.1 GHz
1/13/2003, 1:35 AM

Pwr 0dBm

Stop 5.9 GHz

Smith Ref1U Cal

1 of 1 (Max)

Ch1  Start 5.1 GHz
1/13/2003, 1:34 AM

Pwr 0dBm

Stop 5.9 GHz

—End of the Report—




