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EP261 Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Ref: ACE 332218 5ATUA
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SHENZHEN, GUANGDONG, CHINA
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SERIAL NO.: SN 1715 EPGOI61
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with a COMOSAR sysem omly. All calibmtion mmlt: are traccabls o paticoal metrology
imstitations.
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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR. DOSIMETRIL E FIELD PROBE
Manufacnmer MVG
Model S5E2
Serial Mumber SN 27/15 EPGOR6]
Product Condition (new | med) Tsed
Frequency Fanze of Probe 0.7 Rz 60
RESEEEE&TEEDEPDIESE[C’M Dj,p:.l,e 1: B1=0.210 My
Dipola 2: R2=0.220 M
Dipols 3: R3=0.226 M0

A yearly calibration interval is reconmmended

2 FRODUCT DESCERIPTION

21 CEMERAL INFORMATION

AMVG's COMOSAR. E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CELTEC 62209 stamdards.

Figure 1 - MFi7 COMOSAR Dosimerric E field Dipoie

Probe Length 330 nmn
Length of Indiridual Thpolss 2mm
Madnnm external diarnster fmm
Probe Tip External Diametar 2.5 mm
Dhistance berwvesn dipoles |/ probe exmemity | 1 mm

3 MEASTREMENT METHOD
The IEEE 1528, OET 65 Buolletin C, CENELEC EN3034]1 md CELITEC §2200 standards provide
reconumendad practices for the probe calibratons, inchoding the performence characlenistcs of
inferest and medhods by which to assess their affect  All calibrations | measurements performed meet
the fors mentioned standards.

31 LIMEARITY
The evaluaton of the linesrity was done i free space using the wavegde, performing 3 power
swesn to cover the SAFR range 0.01W ke to 100W k=

Fage: 49
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32 SEMSITIVITY

The sensitivity factors of the three dipoles were deterrnined using a two step calibraton method (air
and tissue sinmilating lauid) wsing wavegnides a5 outlined in the standards,

33 LOWER DETECTION ITWIT

The lower detection linnt was assessed using the same measnrement sot up 25 nsed for te linsarity
measurement. The required lowsr detecton limdt is 10 mWiks

34 DBOTROPY
The axdal isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted wnder the flat phantom in the test confimuration sugpested for system
validations and checks. The probe was rotated along its mmin sxis from 0 - 360 deprees in 15 degres
steps. The hemispherical isotropy is detenmined by inserting the probe in a thin plastc box filled
with tissue-equivalent Hquid with the plastic o illontinated with the fialds from a half wave dipole.
The dipols is rotated gbout its axis (0°-1807) in 15° increments. At each step the probe is rotated
alwout its axis (0°-3607).

L¥]]

BOUNDARY EFFECT

The boundary effect iz defined as the deviation between the SAF messared dats mmd the expectad
exponential decay in the lquid when the probe is orieated mormal fo the interface. To evaluats this
effect, the liquid flled fat phantorn i= exposed to Salds fom either a referenca dipola or waveguwide
With the probe normal to the phantom surface the peak spafial average SAF. is messared and
conipared to the analytical vahe at the surface,

-
a.

4 AMFEASTREMENT UNCERTAINTY

The muidelines putlined in the TEEE 1528, OET &5 Bulletin C, CENELEC ENMN30361 and CELITEC
G230 standards were followed to generate the measurement uncertsinty asseciabed with an E-field
probe calibraton using the wavesuide technique. All umcerfaimties listed below represent an
expanded nncertainty expressed at approscimately the 95% confidence level nsing 3 coverages Sacior
of k=2, waceable 1o the Infemationally Accepted Guides to Measmement Uncerainey.

Uncertaimty amalysis of the probe calibration im wavegnide
Usterminry Probability . - Sramdard
EEROE 50URCES valne (%) | Distriemtion Diviser | Uncerainey (%)

Incidant or Soraard powar 1.00% Facnagelar -.,E | 1 1.732%
Faflectod powar 1.00% Facnagelar 15 | 1 1.732%
Lirmid condnctiviny 5.0 Rgcngoler S | 1 1BEMa
Liruid parmittivity 4.00% Facnagdar 15 | 1 1309
Figld bomopezaity 1.00% Facnagdar "E | 1 1.732%
Fizld probs positinnng 3.00% Facnagelar -.,E | 1 1.BETa

Fage: 39
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Figld probe Encariny 1.0 Fochmgolar n.llli | 1 L73%
{ombined standard wncertainny 5.E31%
zded I:Hﬂﬂ'l':lﬂ.l:r 1208
25 % ponfidancs laval k=2 T

§ CALTBRATION MEASUREMFENT RESTULTS

Calibration Parameters
Liquid Tenmperashare 21 =C
Lab Tenmmperamre 21=C
Lab Huomidity 45 %%
51 SENSITIVITY IM ATR
Mormx dipale | Mooy dipale | Mommz dipole
1 VIV | 2 eV gy | 3 VIV m)
088 (.63 072
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(V) (V) (V)
al a4 ol

Calibration oorves ei=f{%7) (i=1.2 3} allow to obiain H-field value nsing the foomula:

EaJE®+E +E}

Cakbeahon ourms

i)

bl g
o B B

i)

-1 | | N | . . 1 |
RO LR DRI DRE00G L MO DRI e 0
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52 LIMEARITY
Limearity
1.00-
07s
@ nao
s
gnm-wﬂ“ﬁ e e i
g D
35 -LED
DL
.00+ !
0 o m 15 A0 &m0 am k7
E-Flaid (W]
Lnearity+-1.75% [+-0 084E)
53 SEMSITIVITY IM TIQUTT
Liguid Freaquancy Parmittivity Emilon (5m) ComF
i -
plEra=E)
HLS5200 200 35.19 479 130
BL520D 200 4210 320 2137
HL5400 3400 34.58 471 100
EBL53200 3400 45.60 344 215
HL5600 5600 37.00 303 114
EBL58M 5600 4751 568 130
HLSENG ] 34.67 312 135
BL3EM B0 45.79 380 138
LOWER DETECTION LIMIT: OmWiks
Fage: 79
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54 DBOTREOEY
HI 5604 MHz
- Angia] jsotmopy: 0.04 dB
- Hemmispherical isomopy. 0.10 dB
ooy e
l.__-". e -IH |
of | - '“.l
| .u
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] |I
A
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6 LIST OF EQUIFMENT

Equipment Summary Sheet
Equipment Manufaciorer / Tdentification No. Cuorrent Next Calibration
Description Alpedel Calibration Drate Diate
Fiat Phantom MVG SN-20M09-SAMT1 ;ﬁ?ﬂ' Mo el ;";:_ﬁﬁ“ Mo =l
COMOSAR TestBerch|  Version 3 NA q:]".;‘;‘i{_'- Mo cal ;";:_‘I‘I;E“g" Mo cal
Metwork Aniaiyzer | o0e D SCWAR SN100132 022016 022013
Reference Proge MV EP 94 5N 37/08 102018 1072013
Muttimesar Kefthiey 2000 1138555 0172017 D1/2020
Signal Generator | Agllent E4438C MY45070S81 0172017 D1/2020
Ampirer Aetnercamm SNOUS | Tl remied |16t NG eal required,
Power Meter HP E42134 US3EI61455 0172017 D1/2020
Power Sensor HF ECP-E2EA US37131460 0172017 D1/2020
Directonal Coupler | Narda 4216-20 01386 mﬂgﬁmffer Eﬁ“?ahﬂ;fﬂmﬂ?g
Wavequide Maga Ingusties | DESYT-155-13-T12 ;'::IL".;’;‘;{_" Mo el :;:};E“g" ha el
Waveguide Transition | Mega Industries | D63Y7-158-13-T01 t‘é’qﬂﬁ“ Mo cal Eﬂﬁ Mo cal
Waveguige Temmination|  Mega Ingusties | 063Y7-158-13-701 q:?.;‘:’;" Mol ;";:_‘:amtf Na 3l
TemperZure | MY control Company 150733832 112017 1172020
FPage: 09
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SID835 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref : ACR.332.4.17.8ATU.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

% f_;q{:_:;f [ACCREDITED)
LI T L SN 0EE O i+
Calibration Date: 11/27/17

oo E2ee

Summary:

This docurment presents the method and results from an sceredited SAR reference dipole calibration
performed in MV USA wsing the COMOSAR test bench, Al calibration results are trnceable fo
national metrology instifutiong.
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MName Frirnetion | Date Signature
Prepaved by Terdme LUC Product Manager 117282017 ;}?
Checked by | Jéréme LUC Product Manager 117282007 ;ES"
Approved by : Kim RUTKOWSKI Quality Manager L L N e
Customer Name
CCIC SOUTHERN
ELECTRONIC
R PRODUCT
Djzeribution TESTING
(SHENZHEN) Cao.,
Lid
{esue Date Madifications
A 11282017 Initial release
Fegreer 2401
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SAR REFERENCE DIFOLE CALIBRATION REPORT Refl ACR 3324 1TSATL.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEVIEC 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
Drevice Type | COMOSAR 835 MHz REFERENCE DIPOLE
Manulacturer MYG
Muodel SIDE33
Serial Mumber S 0913 DIP 0GRIS-217
Product Condition (new /used) | Used

A yearly calibration interval i1s recommended.

3 FRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the 1EEE 1328, FCC KDBs and
CEVIEC 62209 standards, The product is designed for use with the COMOSAR test bench only,

Figure 1 — MFG COMOSAR Validation Dipole

Page: 4411

Ty decwment shall noi fe eproacen, evcepd i il ar i par, witom’ dhe woaiten apprevel of MFG
The informarion canaimed berein i o he wed anfy o te purpose S wiich of i subwdired and 15 nof to
e relsed 1 whole o e witkos wities apypronal of WG



@

1C

Report No. SET2019-11988
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4 MEASUREMENT METHO

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

4.1 RETURM LOSS REQUIREMENTS

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

4.2 MECHANMICAL REQUIREMEMNTS

The TEEE Sul. 15328 and CEVIEC 62209 standards specifv the mechanical components and
dimensions of the vahdation 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 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMEMSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length
3300 0,05 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 %

Pogree: 5501
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54K REFERENCE DIPFOLE CALIERATION REPURT Ref: ACEBIANTIATUA
10g 2001 %
6 CALIBRATION MEASUREMENT RESULTS
i1 RETURM LOSS AND IMPEDAMNCE IN HEAD LIQUID
Fraquency, MHz
TR0 B0 BN B0 BEBD B0 G0 SN 6
A
T
b."
Frequency (MHz) Heturn Loss (dB) Requirement (dB) Impedance
&35 -21.05 =20 0T H0.20
6.2 RETURN LOSS AND IMPEDANCE [N BODY LIQUID
Frequency. MHz
TR Tl R0 B0 RN B0 BED B0 M0 W X6
-
:‘-5-
50
75
10—
. 120
= 150
* ATE-
200
rriy
-0
275
30
Fregueney (MHz) Return Loss (dB) Requirement (dB) Impedance
535 -25.17 20 5500+27 0
6.3 MECHANICAL DIMENSIONS
Frel‘uﬁﬁl:'.l MHz L e h mim dmm
required mizasured required measured required mieasured
EN] 420021 %. 250.0 £1 %. 6.35 1%

Pagre: 611
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450 2900 81 %, 166.7 41 %, B35 41 %
750 176081 %, 100.0 1 %, B35 41 %
B35 1610 £1 %, FASS BB 41 %, PASE EX-FIE S PSS
510 1450 81 %, 83341 % 3641 %,
1450 591 41 % 51741 % 1E41%,
1500 BOLS £1 % 500 41 % 1E41%,
1640 790 +1 . 45741 % 1E41%.
1750 752l % 12941 % 1611%,
1800 720+ % AT 1% IE1%,
1900 8.0 +1 % 19541 % IEL%,
1950 5.3 £1 %. IB5 1%, 1E21%,
2000 B4.5 £1 % 7541 % 1611%,
1100 610 +1 % BT % IE1%,
23m 555 +1 % 12641 IEL%,
2450 515 £1 %. 304 £1 % 1E21%,
26500 485 £1 %, BB 41 % IE1%,
00 415 +1 % 15041 % IE1%,
3500 37041 . 26441 % IEL%,
7m0 34,741 %, 154 £1 % 1E21%,

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
ligquid 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 (e} Conductivity (o] S/m
regquired measwred regquired mepasured
300 45,3153 % Q8715 %
450 43545 % 087 15%
750 41.945% 08915 %
B35 41545% PASE 09045 % PASS
aon 415153 % 09715 %
1450 40545 % 12045 %
1500 404915 % 123 15%
1e40 A0 2 45% 130 45%
1750 401 45% 13745 %
FPagre: 704
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1800 40,045 % 1.40 48 %
1800 40045 % 1.40 45 %
1950 A00+5% 1.40 45 %
2000 40,045 % 1.40 45 %
2100 39.845% 14545 %
2300 9545 % LET45%
2450 39,2 45% 1.80 45 %
2E00 20.045% 196 45%
3000 IDE45H 24045 %
3500 I7045% 39148%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std, 1528 and CEVIEC 62200 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 OPEMSAR W4
Phantiom SN 2000 SAMTI
Profe SMIRT 1 EPGI22
Liguid Hemd Liguid Walwes: eps” : 40,7 sigma : 0,92
[Mstance between dipole center and lguid 15,00 mm
Avrea sean resalulion dy=Bmm/dy=8mm
Lo Scan Besolution dy=3mm'dy=8mm/dz=5Smm
Fregquency B35 MHz
[rypust povwer 20 dBm
Liguid Temperatme 210
Lab Temperaiure 210
Lab Humidiy 45 b
Frequancy 1 SAR (W/kg/W) 10 g SAR [W/ikg/W)
reguired measwred reguired measured
300 2.B5 1.54
450 458 3.06
750 849 5.55
835 9.56 561 [0.96] 6.22 G6.19 [0.62)
and 109 5.59
1450 29 16
1500 305 16.B
16400 34.2 18.4
1TE0 364 143
1800 %4 2l
Pagre: 8741
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1500 9.7 205
15860 405 2.9
2000 411 1.1
100 416 214
2300 487 33
£450 524 4
FEOD 553 .k
3000 LER:) 5.7
3500 arl 25
ITH0 &t .2
T 7
T
13
- e
i, .
.o £, N |
a4 4 h"-h...,h‘ 4
b | e = [t |
FAMNNEEARHE S A
F S [T Vi =]
7.3 BODY LIQUID MEASUREMENT
F"':ﬂ:""" Relative permittivity (/] Conductivity (o) 5fm
reguired measured reguired e asured
150 61915% 0.8015%
300 58.215% 0.9215%
450 S6.T15% 0.94 5%
750 E5.515% 0.9615%
835 55.215% PASS 0.97 15% PSS
ol 55.015% 1.0515%
915 55.015% 10615%
1450 SAD15% 13045%
1610 538 15% 14D 5%
1800 53.312% L5210%
1500 33145% 1.5245%
000 £33145% 1.5245%
2100 53.215% L2 15%
2300 E2945% 1.8145%
Fegree: W0
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2450 52745 % 19545 %
2EQD 52545 % 21645 %
3000 S2015% 2.7315%
3500 £1.345% 33145%
A0 51,045 % 35545 %
5200 490210 % 530210 %
5300 409810 % 543 810 %
5400 487210 % 553510%
5500 48,6 210 % 565210 %
SEQ0 485810 % 577810%
SE0 482 210 % 600210 %

74 SAR MEASUREMENT RESULT WITH BODY LICYUID

Soltware OPENSAR V4
Phaniom S 200 SAMTI
Prabie SMOIETT EPGI22
Ligguid Body Liguid Values: eps’ : 55,1 sigra 100
[histance between dipole center and liguid 15,10 man
Ared sean resolution dx=Rmmdidy=8mim
Zoom Sean Resolution dx=8mnidy=8mmidz=5mm
Freguency A35 MHz
Lipousl pivwer 200 B m
Liguid Temperature 21
Lab Termperature 21
Lab Humidity 45 %
Freancy 1 SAR (W/kg/W) 10 g SAR (W/g/ W)
rseasured measured
835 0,88 (.99 BAT [0.65)
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& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer [ | 0 o No. Current Next Calibration
Deseription Muodel Calibration Date Date
SAM Phantom MVG SN-20/08-SAMT1 :f;if:f‘;:‘_’ No cal :‘Lac:ifi':f Mo call
COMOSAR Test Bench|  Version 3 NA :“;i::j:fﬂ';‘_" No-cal :“;E':::ji'::f' Ho  col
Network Analyzer | 1008 Z&ﬁ““““ SN100132 02/2016 02/2019
Calipers Carera CALIPER-01 01/2017 0142020
Reference Probe MVG EPG122 SN 1811 1062017 10/2018
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Genaralor Agilenl E44380 MY49070581 o1/2017 01/2020
tter | paoonm | swots__|Chnterisd i o Craraciedor
Power Meter HP E4418A US28261498 0172017 0172020
Power Sensor HP ECP-E2BA US3T181460 012017 01/2020
Directional Coupler | Marda 4216-20 01386 E:f_’“;f:;f‘fﬁ::'ﬁ? E';Ta,jfzaﬁgzﬁgf
L“J:ﬂ'?;f;”;{:ﬂ::‘r’ Control Company 160798832 11/2017 11/2020
Pape: 11T
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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

‘\‘,1.-;“'“?

SN/ 7,
—=— 2]\

R L s
% 7~ [ACCREDITED
rrx'lf | \.L'\.‘ - re= "

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 nstitutions.
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1 INTRODUCTION

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe COMOSAER 1800 MHz REFERENCE DIPOLE
Mamufacturer MVG
Model SID1800
Serial Number SN 09/13 DIP 1G300-216
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GEWERAT INFORMATION

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

R

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUEEMENT METHOD

The IEEE 1328, 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 RETURN 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 constucted as outlined in the fore mentioned standards.

42 MECHANICAL EEQUIREMENTS

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 MEASUEEMENT UNCERTAINTY

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

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

Frequency band Expanded Uncertainty on Eeturn Loss
400-6000MHz 014dB

52 DIMENSION MEASURFMENT

The following wncertainties apply fo the dimension measurements:

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

533 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 203 %

Page: 5/11
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10g 201 %
6 CALIBEATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

130 170

511, d8

iy, MHz
1740 17s0 1m0 1200

1820 340 18R0 1BED

100

Impedance

Return Loss (dB)

Requirement (dB)
=20

M70+530

Frequency (MHz)

-21.94

1800

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

6.2

1300 17

Fiagusrsy MHz
1300 1820 2a0 1860

1740 1750 1780

1850

100

Frequency (MHz) Retuwn Loss (dB) Requirement (dB) Impedance
1800 -24.11 -20 HM30+1210
6.3 MECHANICAL DIMENSIONS
Frequency MHZ L mim h mm d mm
required measured required measured required measured
300 4200%1% 250011 % 63511 %
Page: 6/11

Thiz documenr shail mor be reproduced, excapr in il or i part, withour the wrimen gpproval of MTG
The information containad herein i3 to be used only for the purpose for which i iz submitted and iz not fo
5w reiezsed m whodw or parT withour wrimn approvel of MTG



©

Report No. SET2019-11988

SAR REFERENCE DIFOLE CALIBRATION REFORT Ref ACRISLEIT3ATUA
450 200011 % 166.7 11 % 6.35 11 %.
750 176.0£1 %. 100.0 31 % 6.35 11 %.
835 161.0+1 %. B9.E 1 %, 3611 %
900 143051 %. B33 1% 3611 %
1450 ED.1+1%. 51.7 11 %. 3611 %.
1500 BO.5 11 %. 5000 11 %. 3611 %
1640 790 11 %, 45.7 £1 %. 3.6 11 %.
1750 75.2 H1%. 42 911 %, 3611 %
1800 72O, PAsS 217+ % PASS IETL PASS
1900 GE.0 11 %. 39.5 11 %, 3611 %
1950 66.3 11 %, 38.5 11 %, 3611 .
2000 64.5 11 %. 37511 % 3611 %.
2100 61.0 +1%. 35.7 1 %, 3611 %
2300 55.5 1%, 32.6 ¥1 %. 3.6 11 %.
2450 51.5 11 %. 3004 11 %, 3611 %
2600 485 11 %. 28811 %, 3611 %
3000 415 +1%. 25011 %, 3611 %
3500 I7T0N % 26.4 11 %, 3611 %
3700 347N % 26.4 11 %, 3611 %.

7 VALIDATION MEASUREMENT

The IEEE 5td. 1528, FCC EDBs and CELTEC 62200 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nst 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
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 HEADLIQUID MEASURFMENT

Fre;:e:nqr Relative permittivity {s,’) Cconductivity (o) 5/m
required measured required measured
300 453 5% 0.E7 5%
450 435 5% 0.E7 5%
750 419 15% 0.89 5%
835 415 15 % 050 15 %
900 415 5% 087 5%
1450 40.5 5% 12015 %
1500 40.4 15 % 12315 %
1640 402 15 % 13115%
1750 401 5% 13715 %
Page: 7711
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1800 AND*5% PASS 140+5 % PASS
1500 A0S 1405 %
1950 AWoisH lLapis%
2000 ao0is% 14015 %
2100 MATSH 1495 %
2300 W5i5H 16715%
2450 3WII5H 18015%
2600 WOE5H 1965 %
2000 3525 H 24045 %
3500 I79i5% 29115%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID
The IEEE Std. 1528 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 vahdation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Softerare OPENSAR V4
Phantem SN 20/09 SAMTI
Probe SN 1811 EPG122
Ligmd Head Liguid Values: eps’ : 406 sigma - 1 38
Dhstance between dipole center and liguid 10.0 mm
Area zcan resolubon de=Fmm dyv=8num
| Zoon Scan Resolution dx=8umm dy=Smm/dz=Smm
Frequency 1800 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
| Lab Temperature 21 *C
Lab Humadiy 45 %
Fre ey 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.B5 184
450 458 3.06
750 849 5.55
835 956 6.22
Q00 109 699
1450 29 18
1500 30.5 16.8
1640 342 in4
1750 182 155
1800 3g.a 37.35 (3.73) 0.1 19.83 (1.98)
Page: 8/11
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1500 9.7 20.5
1950 40.5 209
2000 411 211
2100 438 1.8
2300 43.7 23.3
2450 52.4 24
2600 55.3 246
3000 63.8 25.7
3500 67.1 25
3700 67.4 242
) E— . .r
il
& ’.-k\
?m.' N
= 1m [,
MESED Y
1o R
i TR T EFEEEEE
F oses [ Vi Z [
7.3 BODY LIQUID MEASUREMENT
rm':u::m‘r Relative permittivity (&) Conductivity (o) 5/m
required measured required measured
150 619%5% 0.BD 5%
300 58245% 0924+5%
450 56.715% 094 15 %
750 55515 % 0.96 5%
B35 55.215% 03715 %
900 550%5% 105+5%
215 55015% 106 15 %
1450 54035 % 13035 %
1610 53815% 14035 %
1800 53345% PASS 15245% PASS
1900 53315% 15215%
2000 53315 % 15235%
2100 53.2%5% 16215%
2300 52945% 1B135%
Page: 0/11
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2450 52 735% 158535 %
2600 52535% 21615 %
3000 52035% 27315 %
3500 51335% 33135%
3700 51.035% 35535 %
3200 49.0210% 5.30310%
5300 439 £10% 542 210%
5400 43.7 210% 553 %10%
3300 48.6 £10% 5.65 £10%
SE00 435 £10% 577 310%
SB00 432 £10% 5.00210%

74 SAR MEASUREMENT EESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPG122
Ligmd Bodv Ligmd Values: eps’ : 53.2 sigma - 1.47
Distance between dipole center and ligmd 10.0 mm
Area scan rescluton dx=Bmm/ 'dy=8mm
Zoon Scan Resolubion dx=8mm/ dy=8mm /dz=5mm
Frequency 1800 MH=
Input power 20 dBm
Ligud Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
Fr“:ﬂﬁ“q’ 1 g SAR [W/kg/w) 10 g SAR [W/kg/W)
measured measurad
1800 37.68 (3.77) 20.26 (2.03)

BTy
- Fum A
* )
3o »
- [
2m b,
H\"'--..
v | e | T TEEE - ) o .
LR | 0042 44 18 1B D 2 M N 3 XD
F wimsd [ Wimai Z [

Page- 10v11

Thiz dacument shall not be reproduced, excepr in fil or in part, without the wrinten approval o MTG.
Thae information contamed herein i1 fo be used onjy for the purpose for which it is submitted and 1T mot 1o
be released in whole or part withows wrirten approval gf MTG.



)

Report No. SET2019-11988

mvG

SAR REFERENCE DIFOLE CALIBRATION REPORT

Bef ACR331617.5ATUA

8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Identification No. Current Nexr Calibration
Description Model Calibration Date Date
SAM Phantom MVG SN-2009-5am7q |/aldated. Nocal — Walidated. — No - cal
required required.
) \alidated. Mo cal \alidated. Mo call
!
COMOSAR Test Bench| Version 3 MA required. required.
Network Analyzer | FnO9e 2 Schwarz SN100132 0212016 0212019
Calipers Carrera CALIPER-D1 012017 0142020
Reference Probe MVG EPG122 SM 18/11 1062017 1042018
Multimeter Keithley 2000 1188656 01,2017 01/2020
Signal Generator Agilent E4438C MY 49070581 0112017 0142020
) Characterized prior to (Characterized prior fo
g N O— = test. Mo cal required, |fest. No cal required.
Power Meter HP E441BA US36261498 012017 0142020
Power Sensor HP ECP-E26A US3T181460 012017 01/2020
) Characterized prior to |Characterized prior fo
Directional Coupler MNarda 4216-20 01386 test No cal required. |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 150798832 112017 1142020
Page:- 11711
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Fef: ACR 3327 175ATU 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 1G000-218

Calibrated at MY US
2105 Barrvett Park Dr. - Kennesaw, GA 30144

W II:' i,

o ——

ACCREDITED

Calibration Date: 1172717

Semary:

This doment presents the method ard wsalts fiom an accredited SAE mfarence dipole cabbration
perfomred in MVG US4 using the COMOS AR testbench. ALl calibratonreslts are hacesble to
rnabonal metrolos v rstatons.
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1 INTRODUCTION

This document cortains a summary of the requirements set forth b the IEEE 1328, FOC EDB s and
CELIEC 62209 standards for reference dipoles used for 3AR measyrement system walidations and
the meamwements that were performed to werifyy that the product complies with the fore mertioned

statudat ds.
2 DEVICE UNDER TEST
D evice Under Test
Device Type COMOIAR 19000 MHz REFERENCE DIFOLE
Mamdfarharer hWY &
I odel SID 1900
& erial Muamber A 094153 DIF 1G900-218
Product C ondition (new S used) Usged

& yearly calibeation irderval is recommended

3 FRODUCT DE SCRIPTION

3l GEHERATL INFORWATION

MV G s COMDIAR Validation Dipoles are bxlt in accordance to the [EEE 1528, FCC KDBs and
CEIMEC 62209 standards. The product is designed for use with the CORMOZAR test bench ordy.

Figure 1 — MG COMOSAR Palicdation Dipole

Paoge: #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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B ACE 327 17.50TTT.8

10

=

201 %

6 CALIBRATION MEASUREMENT RESULTS

a1 RETUENW LOSE AND IMPEDANCE TN HEAD LIOUID
Freguarcy, MHz
1540 1852 AEE0 1300 1520 130 150 1560 2000
@ d
-
Frequency (MHz) Retum Loss (dB) Reguirement (d B) Impedance
1900 -24.0% -20 5120+63iQ
a2 RETURNW LOSS AND I[MPEDAWNCE [N BODY LIOUID
Fraspaenoy, HHz
{600 1B2D {1842 1550 1680 1300 13x {130 1960 1360 2000
0.0-
a5
S0
J5-
% d
200+
250
-IR5-
S00-
Frequency (MHz) Retum Loss (dB) Reguirement (d B) Impedance
1900 -2217 -20 465 LI+6 .80
63 MECHAWNICAT DIMENIIONS
Freq uency MHe Lmm hmm d mm
required meas ured required mess ured meq ui ed Mmeds ured
300 4200 H H. =00+ H. 535 H1 %,
Foge: &1
This da, shal e be neprody i i B fou e urd wad gf AR
HEW%MMEMMMBTb?ﬁ%;mfﬁﬁﬁﬁ 'mz‘.mrg;‘imwm
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450 200+ %, 1667 11 H. 635 1 H.
750 176503 H, 10000 11 H, 6,35 X1 %,
B3 16103 H. BOE 1% 3.6+ .
Qo0 14904 H. B3.3H % 3.6+ .
1450 0.1 1 5 517 1% 3.6+ B,
1500 B0.5 1 06 SO0 3 B 3.6+ B,
1540 7a.0H B 457 1 0 3.6+ B,
1750 75.2H 04 4240 1 0, 3.6+ b,
1800 72048 54 417 H Hh 3614 %,
1900 .04 %, PASS 5 H PASS 3.6+ %, PSS
1950 66,311 %, /5 M 3.6+ .
2000 64,5 11 %, 375 1% 3.6+ .
palnn} 51,041 B, =7 3.6+ B,
2200 5551 O 3261 B 3.6+ B,
2450 51.5H 04 204 1 0, 3.6+ b,
2800 48.5 11 50h. ZEE HH 3614 %,
3000 41.5 1 %, =01 %, 3611 %,
500 7 .0E B, 264 1 % 3.6+ .
Jro0 3. 741 %, 264 1 %, 3.6+ .

7  VALIDATION MEASUREMENT

The [EEE Std. 1528, FCC KDBs and CELIEC 62209 sandards state that the system walidation
theany etherts st be performed vsing a reference dipole meeting the fore menti oned retarn loss
and mechardcal dimension reqpairements. The validation measurement must be performed against a
Lepaid filled flat phantom, with the phartom constructed as ostlined in the fore menti oned standards.
Per the standards, the dipole shall be positioned below the botton of the phardom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top swface of the
dipole at the described distance from the botbom swface of the phantom .

71 HEADLIOUID MEASUREMENT

FreaLency Relative permitt iuity (%) conductivity f)s/m
requimed measumed req uired measumed
300 45335 % 08735 %
450 43515 H 08715 %
750 4160154 0.50 15 %
8% 41535 .00 1S 4
=l u] A1 515 0.07 15 %
1450 A05 3504 1.2035%
1500 404350 1.2335%
1540 40,2350 1.731%%
1750 401 354 1.7 5%
Poge: il
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1800 40015 1.4035 5
1900 40015 % 323 1.4015 % PASE
1950 Einfnhat ] 1.4035 %
2000 ao0is 1.4015 H
200 mEEH 1.40 15 %
2200 mEiEH 1.67 3% H
250 mIEH 1.8045 H
2800 moisH 1.0645 H
2000 BE5iEH 2403 %
o0 FoaisH 29135 H

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

The IEEE 3td 1328 and CEIAEC 62209 standards state that the system wvalidation meamyerents
should produce the 3AR walues shown below (for phantom thickness of 2 mm), within the
wcertardy for the system walidation All SAR walues are notmalized to 1 W forward power. In
bracket, them eamared 3AR is given with the used it power.

% ofher e OFENS AR W4

FPhartoen SHIOOE SAMYTL

Puhe IH 1811 EPGlA

Liquid Head Liqud Vahies: eps™ 4] dsizma 11 57
Dhistance betwreen dipols certer and liqgud 10.0 nen

Aives scan wesohibon dir=Enenid=Snon
Zoon Secan Fesohihon d=Ernuwidr=Snmnd =5nmm
Frequency 1900 MH=
Dyt ponarer A dBm
Liquid Tenperatare 2l T2
Lab Temmperabire 2l
Lah Hurmdity 45 %
szﬂi":"' 155AR [/ken] 105 SR (k)
required meds ured required measu red
30 2.85 1494
450 4.58 30a
750 .49 555
B35 9.56 5.22
=lnn] 1049 5049
1450 X 15
1500 205 168
1640 .2 184
1750 35.4 193
1500 =4 201
Foge: 811

This dovamaens shall wor Be pproducad. evcept 0l o i gy, withous e weitten ol of Az
The Dfoemantion cow smined Sepwin s 0 be wnad ol fin e purpo e B WiGAR 75 5 uimdtind mad 35 pon' o
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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




Report No. SET2019-11988

SAR REFERENCEDIPOLE CALTERATION REFORT

Eof: ACE 3327 17 SATTIA

2450 527150 1.05 =0
2600 525ic W 216k %
3000 52035 H 2738 H
00 51.335H M=
3700 s10isH 35515 0
5200 40.0X10% s30H0H
5300 480 H0H sAz2H0H
5400 48.7 HoH s53H0%
SS00 43.6X10% S0
Se00 43.5 0% sr7 0%
SE00 43.2H0% so0H0%

74 BAER MEASUREMENT RESULT WITH BODY LIOTID

S ofhorae DOFEHNS AR W4

Phantoin SH 2005 SAMTL

Prche SH 111 EPG1E

Liquid Body Liqgmd Vahies:eps”: 51.0s1zma: 1.52

[histatee between dipole certer ard liguid

10.0 nom

Aves soam wsohiton

dx=Enmidy=Enan

Zoon & can Besohition dx=Snumidy=Enm'd==Snmm
Frequency 1900 MH=

Irpant povrer A dBm

Liquid Terperabire a1tz

Lzb Tenmerahire a1 C

Lab Hunudity 45 %%

F’EEﬂ":z“:"' 13580 (W] 105 S8R (ke
meas ured meas ured
1000 |E4 [3EE] 1047 206

fudd

= ==y

o2 mE TR TR 22
Z(wru)
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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: ACR.3329.17.SATUA

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

Cahhbrated at MVG US
2105 Barrert Park Dr. - Kennesaw, GA 30144

T e
SN0 S

%7~ & [ACCREDITED

"

LT

Calibration Date: 11/27/17

Summary:

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

natonal 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 mentioned
standards.

2 DEVICE UNDER TEST
Device Under Test
[ Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Sertal Number SN 09/13 DIP 2G450-220
Product Condition (new / used) Used

A yearly 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
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MV'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

Tha~ TEEL 1870 Ty TTiD- med FCTTE &9 T P ) .-._.-_--...d .-__.-..I_.-mn.- i i o
AHT LR, 1700, IwAe Dl sl Wl ALY U....L'U:" Slafiaias Pavill ac E\i LUy LW ITLEIRLILT
dipoles used for system validation measurements. The following measurements were performed to

verify that the product complies with the fore mentioned standards

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIRFMFENTS

The IEEE 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 phaniom 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 Intemnationally Accepted Guides to
Measurement Uncertainiy.

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

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

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelnes ouilined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CELIEC 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 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Py, M
27 ZEN 2d0 MM 10 MED B0 2SN 2 250
N N N
. I
1. -
= 5
5 1]
o=
Al
L]
Freguency (MHz) Eerurn Loss (dB) Eeguirement (dB) Impedance
2450 -27.94 -20 40500 +30 03
6.2 ERETURN LOSS AND IMPEDANCE IN BODY LIQUID
rEyusrLy, mMHz
2350 230 200 MM M40 MED MED 250 2SO0 P
Frequency (MHz) Return Loss (dB) Regquirement (dB) Impedance
2450 -26.02 -20 53204002
6.3 MECHANICAL DIMENSIONS
Fraguency MHz L mim: h mm d mm
required measured required meas ured required measured
300 42000%1 %. 25000 H1 % 6.35H %
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450 2000%1%. 1667 1% 63541 %

750 176021 % 100.0 1 %. B35 31%

B35 161.0%1 %, E9.8 X1 %. ET R R

200 149 0%1 % B33 N % 361 %

1450 B9.1 41 % 517 +1%. 161N

1500 BO5 1% 0.0 11 %, IEELN

1540 790+ % 45711 %, 36+ %

1750 752H1% 42941 % 36H1 %

1800 720k % 417 +1%. LT R0

1900 GEDI1% 5 H % 361N

1950 663 11 % RS H % 36+ %

2000 545 +1 %, 375+ % 161 %

2100 10kl % 357+ % IEELN

2300 55.5 %1 % 326+ %, 36+ %

2450 51541 % pasS 304 +H1 % PASS 36+ % PASS
2600 485 1%, 288 1% LE R0

3000 4151 % 250+ % 361N

3500 37001 % 26411 %, 361 %

3700 34TH % 26.4 1%, 36H1 %

7  VALIDATION MEASUREMENT

The [EEE Std. 1528, FCC KDBs and CEI'TEC 62200 standards state that the system walidation
measurements must be performed using a reference dipole meeting the fore mentioned retum 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 dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and paralle] to the longest dimension of the flat phantom with the fop surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

"':H*:“ Relative permittivity [s.'] Conductivity ] 5/m
required measured required measured
300 45.315% 08735 %
450 435i5% 0E7 5%
750 41945% 089 35%
835 41545% 09015 %
00 415%5% 09735 %
1450 05:i5% 12035%
1500 20445% 12345%
1840 20.2%5% 13135 %
1750 20.1%5% 13745 %
Page. 7111
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1800 20.015% 14045 %
1900 20.015% 14045 %
1950 200i5% 14035 %
2000 200*5% 14035 %
2100 385 % 14545 %
2300 39.515% 16745 %
2450 39215% PASS 18035 % PASS
2600 3Jo0+5% 19635 %
3000 38515 % 2.40 45 %
3500 37.915% 29135 %

72 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 1s given with the used input power

Software OPENSAR V4
Fhantom SN 2009 SAMT]
Probe SN 18711 EPGLX2
Lig Head Liquid Values: eps’ : 40.5 sigma : 1.87
Dhstanee between dipole center and hgmd 10.0 mm
Area scan resolution dx=fmm ‘dvefmm
Zoon Scan Eesolution dx=>mm/dv=mm 'dz=>mm
Frequency 2450 MH=
Input power 20 dBm
Ligmd Temperature n-c
| Lab Temperature 21 *C
Lab Hunadaty 45 %
Freq e 1.g SAR (W/kg/W] 10 ¢ SAR (W/kg/W)
required measured required measured
300 2185 154
450 453 106
750 249 555
a3s 2.58 8522
200 10,9 699
1450 29 18
1500 30.5 168
16840 34.2 184
1750 35.4 193
1800 384 201
Page: 811
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1900 39.7 205
1950 40.5 208
2000 411 211
2100 436 18
2300 48.7 233
2450 52.4 5267 (5.27) 24 23.76 (2.38)
2600 55.3 246
3000 63.8 257
3500 67.1 23
3700 67.4 2432

\lu.

[
-‘__‘-'_‘—H_..

012 1418 1B 20 2 M X ® WD

B diesl f Yissi Z (|
73 BODY LIQUID MEASUEEMENT
Fre:ﬂl:inqr Relative permittivity (&) conductivity (o) 5/m
required measured required measured
150 610 15% 0.BD 15 %
300 58.235% 092 5%
450 56.7 5% 094 15 %
750 55.5 15 % 0.96 15 %
835 55.2 5% 097 15 %
900 55.015% 1.05 5%
915 55.015% 1.06 15 %
1450 54.0 5% 13015 %
1610 53.835% 1.40 5%
1800 53.315% 15215%
1900 53.315% 15215%
2000 53.315% 152 15%
2100 53.235% 162 5%
2300 520 15% 18115%
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