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1 DEVICE UNDER TEST
Device Under Test

Device Typs COMOSAR. DOSIMETREIC E FIELD PROBE
Manofacnmer MVG
Ivindel GaEd
Serial Wumber SH 2715 EPG0146]
Prodhact Condition (new used) Used
Freguency Eanee of Probe 015 GHz-6GHz
Piesistance of Three Dipoles at Commecior Dipals 1: B1=0216 M

Dipale 2: B2=0217 M0

Diipale 3: B3=0.2121 Mn

A yearly calibration inferval is recommended.
2 FRODULCT DESCEIPTION

a1 GEMERAL INFORMATION

MVGs COMOSAR. E fild Probes are bailt m accordance to the IEEE 1328, OET 65 Bulletin C and
CELIEC 62209 standards.

Figare 1 - WIe OOMOSAR Dosimerric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mam
Magimum external diamedsr E mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe exireniy | 1 mm

3 MEASUEEMENT METHOD
The IEEE 1528, OET 63 Bulletin C, CEWNELEC EN30341 and CELIEC 62209 sfandards prowvide
recommended pracices for the probe calibmations, incloding the performance charactenisics of
iofersst and methods by which to assess their affect. All calibrations [ measurements performed mest
the fore mentioned standards.

31 LINEARITY

The svaluation of the linsaniiy was dope io fr== space using the waveguide, perfoming a power
swesp o cover the AR ranze 0.01W kg to 100W kg
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32 SEMSITIVITY

The sensitivity factors of the three dipeles were datermined using a two step calibration method (air
and tiszue simolating liqud) using wivegddes as outlined m the standards.

33 LOWEE DETECTION LIMTT

The lower detection limit was assessed using the same measurement set up a3 wsed for the linearsty
meazurement. The regured lower detection Lot is 10 mW kg,
34 LEOTROPY

The axial isooopy was evaluated by exposmg the probe to a reference wave fom a sandard dipele
with the dipole mounted under the flat phantom i the et configorarion suzpested for svsem
validations and checks. The probe was rodated along ifs mam axis from 0 - 350 deprees in 15 degree
sieps. The hemispherical isomopy is defermined by inssriing the probe in a thin plastic box Glked
with tissue-equivalent ligusd, with the plastic box thiminated with the Selds fom a half wave dipole.
The dipele is rotated about its axis (0°-120%) m 15° increments. At each step the probe is rotaned
about its axis (0°-360).

35 BOUNDARY EFFECT
The bomdary efect i3 defined as the deviatton betwesn the SAR meanmred data and the expected
exponeniial decay m the liquid when the probe &5 onented normal fo the ioerface. To evaluaie this
effect, the liguid fill=d flat phantem is expoesed to Gelds fSom either a reference dipole or wavezuwids.
With the probe normal to the phantom surface, the peak spatial average SAF i measored and
compared to the analyiical wvaloe art the surface.

4 MEASUREMENT UNCERTAINTY

The guidelmes guflined m the IEEE 1518, OET &3 Bulletin C, CEMELEC EN5035]1 and CELTEC
G208 standards were followed to gemerate the measurement uncentainty asseciated with an E-field
probe calibration using the wavegmide techoique. All uncerfainties Hsted below represent am
expanded uncerainty expressad at approsimately the 85% confidence level using a coverags factor
of k=1, maceahble to the Inferrafionally Accepied Groides to Measarement Uncemainty.

Uncertminty amalyzis of the probe calibration s wavegmide
Uncertainty Probabaliry - . . Standard
ERROR S0TRCES Iue (%) Dhisiributs Dhvizor d o imty (%)
Incidont or foraerd power 3.00% Roctamgular -ET | 1 L73%
Faflacted pomer .00 Foctamgular q‘l:-? | 1 L732%
Lirmid condectivity J1.00% Foctamgular qg | 1 2 EET
Lirmid parmeshity 4.00%a Roctamgular N | 1 2 300%
Fiald homegemity .00 Foctamgular 5 | 1 LT31%
Fiald probe positioning .08 Roctamgular ¥ ] | 1 2EETH
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32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and fisyoe simalatng lhqud) using wavepddes as outlined m the standards.

33 LOWER DETECTIOM LIMIT

The lower defection limit was assessed using the same measurement sef up as used for the linearsty
meavarement. The regoired lower detection it is 10 mWikz.
34 LBOTROPY

The axial isomopy was evaluated by exposing the probe to a reference wave Som a standard dipole
with the dipole mounted onder the flat phantom i the fest confizomtion suggested for sysiem
validations and checks. The probe was rotated along its mam asis from 0 - 350 dzgress in 15 degee
steps. The hemispherical isomopy is defermined by inserting the probe in a thin plasic bow filled
with tissue-equivalent liguid, with the plastic bex tlhminated with the fields from a half wave dipole.
The dipele is rofated about its axis (0°-1207) in 15° increments. At each step the probe is rotated
about its axis (0°-3607).

35 BOUNDARY EFFECT
The boundary effect is defined as the deviation between the 5AR measured data and the expecied
exponsntial decay mn the liquid when the probe i oneoted normal to the ioterface. To evaluate this
effect, the liguid fll=d flat phantom is exposed to felds from either a reference dipole or waveguids,
With the probe normal wo the phantom surface, the peak spatial average SAR iz measured and
compared to the mmalytical wvahee at the surface.

4 MEASTEEMENT UNCERTAINTY

The guidslines outlined m the IEEE 1328, OET &3 Bulletin C, CENELEC EN5036]1 and CELTELC
2200 standards were followed to0 generate the measurement unoerainty asseciated wit an E-fizld
probe calibration using the wavegnide techmique. All uncerinties Lsted below represent an
expanded uncerfainty expressad at approsimatsly the 85% confidence level using a coverags factor
of k=1, maceabls to the Infermationally Accepied Guides to Measurement Uncerainty.

Tneentniniy azalysi of the probe calibraton iz wavepumide
TUncertainty Probabiliry - - . Srandard
ERROR S0TURCES e (%) Disiribats Dhvizor d n imiy (%)
Incidemt or forwerd powsr 3.00% Foctamgular qlg | 1 1L7it%
Raflected pomsr .07 Foctamgular qE | 1 1732%
Ligmid condactivity .00 Foctamglar ") | 1 258
Lirmid pearmissiity 1007 Foctamgnlar "] | 1 2300%
Faald homesemaity 300 Foctamgnlar S | 1 1732%
Fisld probe poadtening 5.00% Tectogila B 1 85T
Page: L0
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33 SENSITIVITY IN LIQUID

[I'I_ﬂ i .o m &5.':n l'-: m‘l E:u__
LT T
L OOz
HLTI0 TH 40.03 053 187
BLO FH .83 LI L5
HLES0 833 .18 .50 La2
BLE5 833 &7 L0l )
HILS00 500 108 L0l 150
EBLS0H 500 3525 L0 L&7
HLIEN 1800 4168 L4 114
LLIEK B0 .58 L4 e
HL 15 1510 3845 143 134
EL1%H 1500 i i ) L36 13
LMW 0 8.6 138 pli 1
BLI0MH kL .70 131 138
HLI4H HH T L&) 137
BLI4H) A b firie] L5y L4
HLI60) J600) 35.50 109 L35
ELI&H 600 .33 11 143
HL3M 2 35.64 4.67 113
ELI2H 520 48.64 5.5 11
HL™M i 3.4 4.87 110
BLJ K il il Zle
HL360 600 668 117 117
EBLi&H 600 o ) in 14
HL3EN B 333l 331 r19
EL3&H B $T.04 510 po]
LOWER. DETECTION LIMIT: TmW kg
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HL5600 MHz
- Axial sotropy: 0,05 dB
- Hemispherical isotrooy: 0.10 4B

ol oy 1

FPage: &1

Fhalr o shal oy be reprociecad dacapr be S o de pae s s s apeeosad o BT
T Splyrwaeion Sorecds’ i G e e e omly for che perpease e sehicd i Lr mebvee’raed s’ O o e
be riinasnd’ 1 wen oF T ol TGN OF proeea of AFLE

CCIC-SET/TRF:ISAR(2019-05-23) Page 10 of 91




)

Report No. SET2019-06789

COMDIAR E-FIELD FROBE CALIBEATION EEFOET ek ALK TRSATLLA

6 LIST OF EQUIFMENT

Drescription Model Calibration Drate Dhate
Fiat Phaniom MV SN-ADS-SAMT 1 Eﬁ Mo cal 'ﬂ“@”ﬁ Mo e
COMOSAR TestBench|  Version 3 NA [gﬁ Mozl 'ﬂ“@”ﬁ o o
Network Analyzer | MTOOR R SOTWAZ | spponz 022013 D2ranz2
Reference Probe MV EF 04 5N 37108 1002017 102013
Multimeser Katmiey 2000 1188656 012017 D12020
Signal Generalor | Agilent E438C MY4SOT0SE 012017 D12020
T e
Power Meter HP 44184 US38261458 012017 D12020
POwWer Sensor HF ECF-E26A US3T181460 012017 D12020
Directiona Coupler | Marda 4216-20 01385 W&“ﬂ;’ Weﬁﬂzﬂ:
Waveguice Mega Industiss | D58YT-158-13-T12 Eﬁ Mo el Eﬁﬁ Mo el
Wavegquide Transiion | Mega Industries | 065Y7-155-13-701 [gﬁ Mo cal 'ﬂ“@”ﬁ Mo cal
Wavequide Temmingion|  Mega Indusiies | D65Y7-158-13-701 L‘;‘;ﬁ Mozl 'ﬂ“@”ﬁ Mozl
Tempersure | HUMKIRY|  conirol Company 150756832 112017 1172020
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SAR Reference Dipole Calibration Report
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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 DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIP 0G835-217

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

ACCREDITED

.,

Calibration Date: 11/27/17

.Tn’n’n'rl.l'.li'l:'.'.l_'l'.'

This decurment presemts the method and results frem an sceredited SAR reference dipole calibration
performied m MYG USA wsing the COMOSAR test bench,  All calibration results are traceabls o

national metrology instifutiong.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIIZANTSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID&35
Serial Number | SN 09/13 DIP 0G835-217
Product Condition (new / used) Used

A yearly calibration interval i1s recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUREMENT METHOD
The IEEE 1328, FCC KDBs and CEVIEC 62209 sandards provide requirements for reference
diprles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1  RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The [EEE Std. 1528 and CEFIEC a2209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employvs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

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

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

32 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length (mm) Expanded Uncertainty on Length

3 =300 005 mum

33 VALIDATION MEASUREMENT

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

lg 203%

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

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIOUID

Fisquency. MHz

[ TRl 7D B0 B0 B4 G0 B0 Al

& 125~
= 150
“ATs

i

U T

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

W o oy pre?, vt Al wenifen appreved

e ermase for wii'ch of {5 subsiied

1

g 15 nof i
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450 290.0 £1 %, 166.7 #1 %, £.35 1%

750 1760 #1 %, 100.0 #1 %, £.35 41%.

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

1450 £9.1 41 %, 51741 % 16415,

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

1640 78.0 £1 %, 45711 % 1641% |

1750 75.2 £1%. 42941 % I641%.

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

1900 £8.0 £1 %. 39541 %, I641%,

1950 653 £1 %, 38541 %. I641%,

2000 £4.5 £1 %, 37541 % I641%.

2100 6.0 +1 %, 35741 % I641%.

2300 55.5 1 %. 32641 %. 1641,

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

2600 485 £1 %, 28.8+1 % I641%.

3000 415 +1 %, 25041 % I641%.

3500 37.041 %. 26.4 £1 %, 1641,

3700 T % 264 1 % I641%.

T  VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASUREMENT

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

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

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62200 standards statc that the svstem validation measurcments
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom S MU0 SAMTI

Proke SR EPGI22

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

Area scan resolution

dx=Emmdy=8mm

Foom Scan Resolution

dx=Fmm'dy=Bmmidz=5mm

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

Thiv docusment shall not be reproviced, evcepy in el ar i pare, withont e wrtten appraval af MFG.
The infrmanion comaimed evein (5 &0 be noed ondy for the perpose e wiich iof is subseined and 15 not e
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1800 387 20.5
1550 405 209
2000 411 1.1
200 416 218
2300 457 213
245D 524 4
2E00 553 246
200 618 5.7
3500 &7.1 5
700 674 242

1|!!ui|ul_
fiFmi

o IEREEE WG N R NE R A
™ i [T Vit Tiwwd
T30 BODY LU MEASUREMENT
Fr':ﬂ:""" Relative permittivity £ Conductivity (o) 5fm
reguired measwred reguired measured

150 61.915% 0.8015%
300 58.215% 0.92 15%
450 S6.T15% 0.94 5%
750 55.515% 096 15%
835 55.215% PASS 0.97 15% PASS
0D 55.015% 1.0515%
915 55.015% 1.0645%
1450 S4.045% 13045%
1610 53.510% 14045 %
1800 53.345% 15245%
1500 £33145% 1.5245%
000 33145% 1.5245%
2100 53245 L6245%
2300 R FLY 181 45%

Fagree; Wi T

Ty wovwwent sbell ool fe epronfvoed, evcepd i il or i vy, witkon? e weniten approvel of WIFG,
The i rmarion ( e iy #a be rened anly for the paapase G wlich i is submired and 15 nor te
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450 52,745 % 1.95 45 %
BB 52545 % 21645 %
FO0 52015 % 27315%
BE0 51.345% 33145%
£ 51.045% 35545 %
5200 49.0 210 % 530 £10%
5300 48.9810% 542 810 %
S40H0 40.7210% 553210 %
5500 48,6 210 % 565 210 %
SE00 405 810 % 577810 %
SE00 407 510 % .00 810 %

74 SAR MEASUREMENT RESULT WITH BODY LICYID

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

02 Lg 8 UGN EHE SRS
! — ¢ = ]

Poage: [V
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& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Id Current Next Calibration
entification Mo.
Description Maodel Calibration Date Date
SAM Phantom MVG SN-20/09-SAM7q [3idated. Nocal  Validated.  No cal
requirad. requirad.
. Walidated. Mo cal Walidated. No cal
COMOSAR Test Banch Version 3 U required. required.
Metwork Analyzer | To"0de zs‘vi“hw“rz SN100132 02/2016 02/2019
Calipers Carera CALIPER-01 0172017 012020
Reference Frobe MVG EFG122 M 18M1 1W2017 1072018
Multimeter Kaithlay 2000 11BE65G 0172017 01/2020
Signal Generator Agilent E44380 MY 49070581 o1/2017 012020
i Characlerized prior 16| Charactenzed prior b
Ampiifier Aethercomm SN 046 fest. Mo cal required. |test, Mo cal reguired,
Power Meter HF E4418A US38261498 012017 072020
Powear Sansor HF ECP-E2GA US3T1814E50 o172017 0172020
R rDharal::tar'isz prior lanha:ac,teﬁzed pricr to
Directional Coupler Marda 4216-20 01386 1st. Mo cal required. [test. No cal required.
Temperaurs and |~ eompany 180708832 172017 11/2020

Hurnidity Sensor

Page: 11T

Thiy docwseni sl nod e repredicen, evcepsd an il ar i par, wiifent e waiten appreevel af WG
The ingormanion comaimed beve i v & he wred anfy o ohe papase @ wiich ar i subsiimed ang 15 nof to
e relnared (n whiole ov part withos wiites ayronal o LG

CCIC-SET/TRF:ISAR(2019-05-23)

Page 22 of 91




)

CIC
v Report No. SET2019-06789

SID1800 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.332.6.17.SATU.A

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

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/13 DIP 1G800-216

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

A

-

SR
-

7 & [ACCREDITED

=
7
“f / [

Calibration Date: 11/27/17

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology nstitutions.
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Name Function Date Signature
Prepared by - JTéréme LUC Product Manager 11/28/2017 =
Checked by : Jéréme LUC Product Manager | 11/28/2017 =
Approved by - Eim RUTEOWSKI Quality Manager 11/28/2017 Shurtidied
Custamer Name
CCIC SOUTHERN
ELECTRONIC
o PRODUCT
Distribution : TESTING
(SHENZHEN) Co.,
Ltd
Issus Date Modifications
A 11/28/2017 Initial release
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1 INTRODUCTION

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 09/13 DIP 1G800-216
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11

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

4.1 EBETUEN LOS5S REQUIREMENTS

The dipole used for SAR system validation measurements and checks nmst have a return 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 REQUIREMENTS

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

5 MEASUEREMENT UNCERTAINTY

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

5.1 ERETUEN LOSS

The following uncertainties apply to the refurn loss measurement:

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

52 DIMENSION MEASURFMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

The guidelines outlined in the 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

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1

EETUEN LOSS AND IMPEDANCE TN HEAD TIQUID

1700

1720

-

Flequency,, MHz
180

1740 ATRD 17ED

1800 1340 1881 1RED

N
40

Frequency (MHz) Return Loss (dB) Eequirement (dB) Impedance
1800 -21.94 -20 HT0+5310
6.2 EETUEN LOSS AND IMPEDANCE IN BODY LIQUID
Freouercy, MHz
I:|13‘[IIZI 1720 1740 A7RD 17RO 1200 18N 1340 18R0 1REO 100
_\3]_
]
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -24.11 -20 HIO+1210
63 MECHANICAL DIMENSIONS
Frequency MHz L mim h mm d mm
required measured required measured required measured
300 420.0 1 %. 250.0 ¥1 %. 6.35 +1%.

Page:- 6/11
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as0 20001 %, 166.7 #1 % 6.35 1 %,
750 176.051 %, 100.0 1 %, 6.35 %1 %,
235 161051 %, 89.8 +1 %. 36+ 5.
200 148.0%1 %, 83.3 +1 %, IEHL K.
1450 201 +1 %, 51741 %, 36T
1500 805 +1%. 5000 +1 %. 36+
1640 700 +1 %, 457 11 %, 36+ .
1750 752 £1%, 42041 %, IETLH.
1800 72011 %. PASS 417 11 %. PASS 3611 %. PASS
1000 680 +1 %, 309541 %, 36+ .
1850 66.3 +1%. 38541 %, 36+
2000 64.5 £1 %, 37541 %, IETLH.
2100 61.0 1%, 3571 %, IEHL K.
2300 555 +1 %, 32641 %, 36T
2450 515 +1%. 30,441 %, 36+ .
2600 455 £1%. 28.8 41 %. 36+ 5.
3000 415 +1%, 250 1 %, IEHL K.
3500 37.0%1 % 26.4 11 %, 36T
3700 3478 % 26,441 %, 36+

7  VALIDATION MEASUREMENT

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

Frerﬂl:-le:nqr Relative permittivity &) conductivity [o] 5/m
required measured required measurad
300 45.3 15 % 0.E7 5%
450 43,515 % 0.E7 5%
750 41.915% 0.B9 15 %
835 41515 % 0.90 15 %
a00 41.515% 0.97 5 %
1450 40.5 15 % 120%5 %
1500 40.4 15 % 12315 %
1640 402 15 % 13115 %
1750 40135 % 13745 %
Page:- 7711
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1800 20,015 % PAZE 14015 % PAZE
1900 40,035 % 14015 %
1950 40.0 15 % 14015 %
2000 40,015 % 14015 %
2100 30B815% 14915 %
2300 30535% 16715 %
2430 39.2 5% 18015 %
2600 39015% 19615 %
3000 38.535% 2.40 15 %
3500 370i5% 29115 %

72 SAR MEASURFMENT RESULT WITH HEAD LIOUID

The IEEE 5td. 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm) within the
uncertainty for the system validation. All SAR values are normalized fo 1 W forward power. In
bracket, the measured SAR 15 given with the used mput power.

Software QOPEMNSAR V4

Phantom SN 20/09 SAMTL

Probe SN 18/11 EPG122

Ligmd Head Ligquid Values: eps’ - 40,6 sigma - 1.39

Distance between dipole center and liquid

10.0 mm

Area scan resclution

dx=Bmm 'dv=8mm

Zoon Scan Besolution

dr=Bmm/'dv=8mm dz=>mmn

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

Lab Temperature 21 °C

Lab Humidity 45 %

F’“fﬂ'ﬁ"q 1 SaR [W/kg/w) 10 g SAR [W/kg/W)

required measured required measured

300 2_B5 184

450 458 3.06

750 5.49 5.55

8335 9.56 6.22

200 10.9 699

1450 25 16

1500 30.5 16.8

1640 3.z 134

1750 364 193

1800 g4 37.35(3.73) 201 19.83 [1.08)

Page: 8/11
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1000 39.7 20.5
1950 405 2009
2000 411 211
2100 43.6 2189
2300 48.7 23.3
2450 52.4 24
2600 55.3 246
J000 63.8 25.7
3500 67.1 25
3700 67.4 24.2

sn-,_\
5
e Fum \
3 - \\
“ 3 o A N
) e 12 A RSeCREE
I | 0012 1418 1B M2 M X Z® D
F dissl [ Yiesi 2 [ran|
73 BODY LIQUID MEASUREMENT
Fm:ﬂ':inq Relative permittivity (s,") Cconductivity (o) 5/m
required measured required measured
150 61.015% 0.BD 15 %
300 58.2 15 % 0.92 15 %
450 56.7 35 % 0.9415 %
750 55.5 35 % 0.96 15 %
835 55.2 15 % 09715 %
900 55015 % 10515 %
915 55,015 % 1.06 15 %
1450 54.015% 13045 %
1610 53.835% 1.40 15 %
1E00 53.335% PASS 15215 % PASS
1900 53.3315% 15215 %
2000 53.315% 15215%
2100 53.215% 16215 %
2300 52.045% 1.81%5%
Page: 0/11
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2450 52 735% 158545 %
2600 52515 % 21635 %
3000 52035% 27315 %
3500 51.3 5% 33115%
3700 S1D035% 355450
5200 49.0 210% 530 %10%
5300 489 £10% 542 £10%
5400 43.7 210% 553 210%
5500 43.6 £10% 5.65 £10%
Se00 485 210% 577 E10%
SBO00 482 #10% 6.00 £10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 ERGL22
Ligurd Bodv Ligmd Values: eps’ - 53.2 sigma - 1.47
Distance between dipole center and liquid 10.0 mm
Area sean resolution dx=EBmm/dy=8mm
Zoon Scan Resoluton dx=Bmm/ dy=8mm de=5mm
Frequency 1800 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
F""m"‘"q 1 £ SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
1800 37.68 (3.77) 20.26 [2.03)

EXT-x
i Fum A
3 %]
s,
a E - "
e
m e
e | ol T BB B . - =] .
(LI | 012 14 18 1602 M X XD
B Wiss [T vissl Z (|
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8 LIST OF EQUIFMENT

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  Validated.  HNo - cal
required. required.
P .
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated.  No call
required. required.
Network Analyzer R“Dde.j: Ji':r"’m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0142017 0142020
Reference Probe: MVG EPG122 SN 1811 1042017 1042018
Multimeter Keithley 2000 1188656 0142017 0142020
Signal Generator Agilent E44380C MY 43070581 0142017 0142020
. Characterized prior to |Characterized prior to
Amplifier Agthercomm SN D46 test. Mo cal required. |test. No cal required.
Power Meter HF E44154 535261498 0142017 0142020
Power Sensor HP ECP-E26A US371814860 0142017 0142020
. ) Characterized prior to |Characterized prior to
Directional Coupler MNarda 4218-20 01386 test. Mo cal required. |test. No cal required.
Temperature and o
Humidily Sensor Contrel Company 150798832 112017 112020
Paga- 11411
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SAR Reference Dipole Calibration Report

Fef: ACR 332717 8ATU A

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

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

SHENZHEN, GUANGDONG, CHINA
MV G COMOSAR REFERENCE DIPOLE

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

Calibrated at MYVS US
2105 Barrett Parkc Dr. - Kennesaw, GA 30144

i
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L
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Calibration Date: 1172717

ACCREDITED

Semary:

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

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

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

& yeatly calibrationinterval is recommended.

3 FRODUCT DE SCRIPTION

3l GENERAT INFORWMATION

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

Figure 1 — MFG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

41 EETUENW LOE3 REQUIEEMEN TS

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

42 MECHANICAL REQUIREMENTS

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

5 MEASTREMENT UNCERTAINTY

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

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

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

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

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

533 VALIDATION MEASTREMENT

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

g 203 %
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10g 01 %

6 CALIBRATION MEASUREMENT RESULTS

A1 EREETUERW LO&E3 AND IMPEDANCE TN HEAD TIOTID

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

1.k

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

6.2 RETURW LO&3 AND IMPEDANCE IN BODY LIOITID

Frasueeney, HHz

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

Q5.
50-

TJTE5-

1.k

-20.0-

-2a.0-
275

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

7 VALIDATION MEASUREMENT

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

71 HEAD LIOUID MEASTREEMENT

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

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

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

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

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

74 ZSAR MEASUREMENT RESULT WITH BODY LIOUID

S ofberae OFEHS AR V4
Phantcan SH 2009 SAMTL
Fiche SH1&11 ERG1E
Liquid Body Liquid Vahes: eps”: 510 sigrma: 153
Dhstance between dipole certer and liquid 10.0 non
Area soan wesohition dx=Snmidy="non
Foon S can Besohrhon dx=Ernumidy=Enenid==Snwn
Frequency 1900 MH=
Iipnat ponerer A dBm
Liqnid Terrperatire 2l C
Lab Tenperatare 2l C
Lab Hunndity 45 0
Fmﬂﬂim"' 1 g 5aR (ke 10 5aR (ke
meas ured meas ured
1500 &4 [3E8) 2047 [2.08)

BT
B0 \\
50—
ok
£ ol
& 2 )
2] S
"-._._‘_‘_‘_‘_
057, = \
] Wiz W RDE NERD
= imaj Z el
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8§ LIST OF EQUIPMENT

Equipment Summar

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

SAR Reference Dipole Calibration Report

Ref: ACR 332917 5ATUA

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

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

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

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

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

'_’; Q‘ ACCREDITED
Bl 1 T —————

Calibration Date: 11/27/17

Summary:

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

national metrology mmstitutions.
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1 INTRODUCTION

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

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

A vyearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERATL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUEEMENT METHOD

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

41 EETUERN LOSS REQUIEEMENTS

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

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

51 ERETUENILOSS

The following vncertainties apply to the return loss measurement:

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

52 DIMENSION MEASURFMENT

The following uncertainties apply fo the dimension measurements:

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

33 VALIDATION MEASUREMENT

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

Ig 203 %
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10g 20.1 %

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

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

[ [ T
A=
I Y Y

40—
o | [ | | ] IR
- . ]

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

6.2 EBETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frewerm- MHz
2350 2E0  24p0 3800 2520

a4
254
a0+
754
00+

1254
T N N I O

-17.54
-0+
2254
-25.0
2T 5

311.|:IH

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

7  VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASUREMENT
Fre:ﬂu:‘nqr Relative permittivity (s,") conductivity (o) 5/m
required measured required measured
300 453 15 % 0.E7 15 %
450 435 5% 0.B7 15 %
750 419 5% 0.B9 15 %
835 41.5 5 % 09015 %
900 41.5 5 % 08715 %
1450 40.5 15 % 12015 %
1500 40.4 15 % 12313 %
1640 402 15 % 13145 %
1750 401 15 % 13715 %
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1800 40035% 140+5 %
1900 400015 % 14015 %
1950 40035% 14015 %
2000 40035% 14015 %
2100 30 Bi5% 14015 %
2300 305355 16735 %
2450 30.235% PASS 1B0+5% PASS
2600 30 0+5% 18615 %
J000 38.535% 24015 %
3500 3709i5% 29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

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

1950 40.5 208

2000 41.1 211

2100 43.6 219

2300 48.7 233

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

J000 63.8 23.7

3500 67.1 25

3700 67.4 2432

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

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

74 SARE MEASUEEMENT EESULT WITH BODY LIQUID

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

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5aM71 |/3Ndated. Nocal  |alidated. — No cal
required. required.
e -
COMOSAR Test Bench|  Version 3 NA alidated. Nocal  |alidated.  Nocall
required. required.
Metwork Analyzer | o9 E__f: Ji': hwarz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 012017 01/2020
Reference Probe MY G EPG122 SN 18M1 1002017 10/2018
Multimeter Keithley 2000 1138656 01/2017 01/2020
Signal Generator Agilent E4438C MY45070581 01/2017 01/2020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 048 test. Mo cal required. [test. No cal required.
Power Meter HP E4418A US332614098 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
) ] Characterized prior to (Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and 0
Humidity Sensor Contrel Company 150798832 112017 1172020
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SID2600 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Eef: ACE 3321017 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': 2600 MHZ
SERIAL NO.: SN 32/14 DIP 2G600-338

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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% > [ACCREDITED

."I:IJJI“ l..'l.-;.'\l -

Calibration Date: 11/27/17

Summary:

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

nafional metrology instifutons.
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Prepared by : Jérdme LUC Product Manager 11/28/2017 =
Checked by - Jérome LUC Product Manager | 11/28/2017 =2
Approved by - Kim RUTKOWSKI Quality Manager | 11282017 | sotiewii

Customer Name
CCIC SOUTHEEN
ELECTRONIC
PRODUCT
TESTING

(SHENZHEN) Co.,
Ltd

Distribution :

Issue Date Modifications

A 11/28/2017 Initial release
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1 INTRODUCTION

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 32/14 DIP 2G600-338
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

41 EETUEN LOSS REQUIREMENTS

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

42 MECHANICAT REQUIREMENTS

The IEEE 5td. 1528 and CELTEC 62200 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

51 EETUENLOSS

The following uncertainties apply fo the refurn loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply fo the dimension measurements:

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

53 VAIIDATION MEASUREMENT

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

1g 203 %
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10g 201 %
6 CALIBRATION MEASUEEMENT EESULTS
6.1 EETUERN LOSS AND IMPEDANCE IN HEAD LIOUID

200
u_

2R

Fieauency, MHz
e I

540 25D

N

B0 FRdAD FRED JRED

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

7  VALIDATION MEASUREMENT

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

7.1 HEAD LIQUID MEASURFMENT

Frerﬂl:!;nq Relative permittivity (s,") Conductivity (o] 5/m
required measured required measured
300 453 15 % 0.B7 35 %
450 43.5 15 % 0.B7 15 %
750 41915 % 0.9 15 %
835 415 15 % 0.90 15 %
900 415 15 % 0.97 5%
1450 40.5 15 % 12015 %
1500 40.4 15 % 12315 %
1640 402 15 % 13145 %
1750 40.1 15 % 13745 %
Page: 7711

Thiz document shail not be reproduced, excaps in il or i part, without the written approval of MTG.
The information conramed herein it to be used only for the purpose for which it is submitted and it not to
be released in whole or part withowr written approval of MG

CCIC-SET/TRF:ISAR(2019-05-23) Page 62 of 91




Report No. SET2019-06789

SAR REFERENCE DIPOLE CALIBRATION REPORT Pef ACRIILILITSATUA
1800 A0 035% 1405 %
1900 A00D35% 14045 %
1950 A0035% 14035 %
2000 40035 % 14015 %
2100 30 B35% 14915 %
2300 3o 5i5% 16715 %
2450 30 2i5% 18015 %
2600 3o0isk PASS 19615 % PASS
3000 Ig5is% 24015 %
3500 37035% 20145 %

7.2 SAR MEASURFMENT RESULT WITH HEAD LICUID

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

Software OPEMNSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18711 EPG122
Ligud Head Liqud Values: eps’ - 38.5 sigma - 2.01
Distance between dipole center and liqmd 10.0 mm
Area scan resolution dex=Bmm/dv=8mm
Zoon Scan Besolution dx=3mm/dy=5mm/dz=5mm
Frequency 2600 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 =C
Lab Humidity 45 %
F"“‘Eﬂ'ﬁ"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2.B5 184
450 4 58 3.06
750 5.49 5.55
835 9.56 6.22
00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 342 184
1750 35.4 133
1800 384 201
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1000 39.7 20.5

1950 40.5 209

2000 41.1 211

2100 43.6 218

2300 48.7 233

2450 52.4 24

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

3500 67.1 25

3700 67.4 242
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73 BODY LIQUID MEASUREMENT
Fraquen
:1H' =¥ Relative permittivity {s,") Cconductivity (o) 5/m
required measured required measured
150 619 15% 0.BO 15 %
300 58.2 ¥5% 0.9z 5 %
450 56.7 5% 084 15 %
750 55.515% 0.86 15 %
835 55.2 5% 08715 %
200 55.0%5% 1.05+5 %
915 55.015% 106 5 %
1450 54.035% 130+5 %
1610 53.B15% 14015 %
1800 53.3 5% 15215 %
1900 53.315% 15215 %
2000 53.315% 15245 %
2100 53.235% 16215 %
2300 52.015% 1E1i5%
Thiz document shall not be reproduced, exceps in il
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2450 52.735% 195+5%
2600 52 535% PASS 21615 % PASS
FO00 52.035% 27315 %
3500 51335% 33115%
I700 51035% 35515 %
SZ00 49.0 £10% 5.30%10%
5300 489 £10% 542 310%
SA00 48,7 210% 553%10%
5500 486 £10% 5.65310%
SE00 485 £10% 577310%
SE00 482 #10% 6,00 210 %

74 SAR MEASUEREMENT RESULT WITH BODY LIQUID

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

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
qUuIpIme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5AM71 |/2Wdated. Nocal  Walidated. — No cal
required. required.
o -
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Validated.  No call
required. required.
Network Analyzer R“Ddez‘?: Ji':h”"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-D1 0142017 01/2020
Reference Probe MY G EPG122 SH 1811 1042017 10/2018
Multimeter Keithley 2000 118BE5E 0142017 01/2020
Signal Generator Agilent E4438C MY49070581 0142017 01/2020
. Characterized prior to |Characterized prior to
Amplifier Agthercomm SN D46 test. Mo cal required. |test. No cal required.
Power Meter HP E4418A LUS38261498 0142017 01/2020
Power Sensor HP ECP-EZEA US37181460 0142017 01/2020
) ) Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 g1386 test. Mo cal required. |test. No cal required.
Temperature and o
Humidily Sensor Control Company 150798832 112017 112020
Page:- 11411
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SID5G Dipole Calibration Report

SAR Reference Waveguide Calibration Report

Ref; ACRIIZIIT.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 WAVEGUIDE
FREQUENCY: 5000-6000 MHZL
SERIAL NO.: SN 15/15 WG A39

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

ACCREDITED

Calibration Date: 11/27/17

.Th'irl.l'.li'f.'.lj'.'

This document presents the method and resulis from an accredited SAR reference waveguide
calibration performed in MV G USA using the COMOSAR fest bench,  All calibration results are
traceable to national metrology institutions
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1 INTRODUCTION

Thiz document contains a summary of the requirements set forth by the IEEE 1528 and CEVIEC
622000 standards for reference waveguides vsed for SAR measurement system validations and the

measuremnents that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR S000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MYV
Model SWGESSH
Serial Number SN 15715 WEGA3R
Product Condition (new S used) | Used

A yearly calibration interval is recommended.

3 FRODUCT DESCRIPTION

3l GEMNERAL INFORMATION

MY G's COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62200 standards.

4 MEASUREMENT METHOD
The IEEE 1528 and CEVIEC 62209 standards provide requirements for reference waveguides used
for svstem validation measurements. The following measurements were performed to verify that the
privduct complies with the fore mentioned standards,

4.1 RETUEN 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 REQUIREMENTS
The [EEE 1528 and CEVIEC 62209 standards specify the mechanical dimensions of the validation
wavegnide, the specified dimensions are as shown in 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 returm 1085 measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

32 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;

Length {mm) Expanded Uncertainty on Length

3-300 L0535 mum

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528 and CEVIEC 62209 standards were followed to penerate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
g 20,3 %
10 g 20,1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1  RETURM LOSS IN HEAD LIQUID

Fraguency, MHz
5200 5 5500 S50 S0 SO0
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Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 400 -8 2564 00+ 471§
5400 -11098 -8 2404041711 j02
600 -13.52 -8 a3 02 - 12,55 02
SE00 -13.34 -8 ATEIO + 3 .42 00

6.2 RETURN LOSS [N BODY LIGUIT

Fraquency. MH;
5100 5200 S0 S0 5500 SR 5300 S0 5300

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 -8.86 -8 23970+ 5780
2400 091 -8 9ed 0+ 172320
Ea00 -11.72 -5 12,5943 - 13.02 j02
SRO0 -11.H) -8 48.49 01 + 2588 i)

6.3 MECHANICAL DIMENSIONS

Frequen 1. {mam} W Ly imim) Wy mmmip T {mm)
i Require | Measure Kequire | Measure Reguire | Measure Kequare | Measure Require | Measuare
y () . . . . .
- d d d d d i i i i i
- 40,39 + 0,019+ LIRILE: B LE .
o saa e va " ¥ "o
A2y 113 PASS 13 PASH .13 PASS 013 PASRS 53 PASS
461 10 4 . 10 + . I REE: . ARCE: o .3 v
SR00 | “oas | PASS 13 Pass 013 PAass 013 PASS 4.5* . PASS

* The tolerance for the matching layer is mcleded in the return loss measurement.
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Ndatchang layes

Figure 1: Validation Waveguide Dimensions

T  VALIDATION MEASUREMENT

The IEEE Std. 1328 and CELNIEC 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 layver in
direct contact with the phantom shell.

7.1 HEAD LIQGUID MEASUREMENT

FIEESY | Ralative pormittivity () | Conductivity o) S/m
regquired measwred reguired maasured

5000 36.2 #10% 4.45 #10%
5100 36,1 210% 4.56 £10%
5200 36.0 #10% PASS 466 £10% PASS
5300 359 #10% PASS 476 £10% PASS
5400 35,8 #10% PASS 4.BB £10% PASS
5500 35.6 #10% PASS 407 £10% PASS
SE00 35.5 #10% PASS 507 210% PASS
5700 35.4 #10% 517 #10%
SEOID 35.3 £10% PASS 527 #10% PASS
5500 35.2 #10% 5.3E #10%
G000 35.1#10% S4B #10%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MV G, within the uncertainty for the system validation.  All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power,
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Software OPENSAR V4

Phantom SN 200G SAMTI

Probe SN IR EPGI22

Ligquid Head Liquid Values 5200 MHz: eps' :35. 14 sigma - 4.74
Hewmd Liguid Valwes 5400 MHz: eps' 234,52 sigma < 4,77
Head Liquid Values 5608 MHz: eps' :37.08 sigma : 5.03
Hewd Liquid Valwes SB00 MHz: eps' (3464 gigrma : 5,19

Distance between dipole wavepnide and liquid i
Arca scan resolution
Zoon Scan Resaolution

Frequency

dx=Emm/dy=5mm

dx=4mm/dy=4m/dz=2rmm

5200 MH2
5400 MHz
S0 MH 2
SR MHz

Input power 20 dBm
Liguid Temperature 210
Lab Temperature e
Lab Hummidity 45 %

Frequency (MHz) | 1 g SAR (Wkg) 10 g SAR {Wikg)
required measured required measured
5200 15900 164 10 (16.41) 56,90 5598 (5.60)
5400 166,40 171.25 (17.13) 58.43 57.79(5.78)
600 173.80 178,98 (17.90 3997 39,93 (5.99)
SEO0 1&1.20 185.54 (18.55) 61,50 6147 (6.15)
SAR MEASUREMENT PLOTS (@ 5200 MHz -
..: "
_ ! \\
. kY
- \H“-“-'"
e -
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SAR MEASUREMENT PLOTS (@ 5400 MHz

YR e \ i
3 11}

I'
'

Wi

SAR MEASUREMENT PLOTS (@ 5600 MHz
ies fums \ I‘

/

SAR MEASUREMENT PLOTS (@ 5800 MHz

L —— \ "
/ % '.
o

]

L

'
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T3 BODY LIQUID MEASUREMENT

Fraguency

Iz Relative permittivity (g,] Conductiwity (o) 5/m
reguired measwred reguired e asured
5200 45,0 £10 % PASS 530210 % PASS
SAHy 48.7 £10 % PASS 553 £10 % PASS
SO00 AR5 £10% PASS 5772105 PASS
SR00 482 £10°% PASS 6.00 £10 % PASS

T4 SARMEASUREMENT RESULT WITH BODY LICUID

Software OPENSAR V4
Phantom SM 20009 SAMTI
Frobe SM 1811 EPGIZZ
Ligquid Body Liquid Values 53200 MHz: eps’ 4901 sigma = 527
Body Liquid Values 5400 MHz cps’ 4967 sigma - 5,45
Body Liguid Values 3600 MHz: eps’ :47.57 sigma = 5.69
Body Liguid Values 5500 MHz: eps’ (4982 sipma - 5.94
Distance between dipole waveguide and liquid {0 mm
Area scan resolution dx=smm'dy=5mm
Foon Scan Resolution dx=4mmdy=4m'dz=2mm
Frequency 5200 MHz
5400 MHz
S600 MHz
5800 MHz
Input power 2iv dBm
Liguid Temperature 200
Lab Temperature 210
Lab Humidity 45 %
Fregquency (MHz) | g SAR (W/kgh 10z SAR (Wika)
measured measured
3200 155.78 (15.58) 34.4% (5.43)
S400 160.24 (16.02) 35.34 (5.53)
600 167.61 (16,76) 56,92 (5.69)
SEO0 170.4% (17.05) 37.26(5.73)
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~BODY SAR MEASUREMENT PLOTS (@ 5800 MHz

B
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& LIST OF EQUIPMENT

Equipment Summary Sheet

el
Flat Phantom MVG SN-20/08-SAMT1 :‘;ﬂiﬂf;:f’ No cal :‘:‘q‘:ﬂ f’;:f’ No cal
COMOSAR Test Bench|  Version 3 NA :‘;E:;:jfgzd No cal :“;ﬂ:j:;d o cal
Network Analyzee | 1008 é"ﬁ“““’z SN100132 D2/2016 02/2019
Calipers Carera CALIPER-01 01/2017 01/2020
Reference Probe MVG EPG122 SN 18/11 102017 1072018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generalor Agilenl E4438C MY 42070581 | mi2ms | 0172020
tor | patocam | soun | Glaecreodrr o Chararand o b
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor HP ECP-E2BA US37181480 01/2017 01/2020
Directional Coupler | Marda 4216-20 01386 |Characlerized prior to| Characterized prior to

lesl. Mo cal reguired. [best, Mo cal required.

Temperature and

e 1
Humidity Sensor | Conirel Company 150708852 112017 142020
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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 (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.05 - 59.7 -
2018.11.26 -20.85 -0.95 59.21 -0.82

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

Tret dBMag 7498 dB/ Ref-2002dB Cal @ Tre1 Smith Ref1U  Cal @?
Bl =]

[-12.52:

[--20.0:

F-27.51

-35.01

[-42.51

[-50.01

[-57.51

- -65

F-72

Ch1 Start 735 MHz Pwr 0dBm Stop 835 MHz Ch1  Start 735 MHz Pwr 0dBm Stop 935 MHz

1/112003, 5:33 AM 1/1/2003, 5:34 AM
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.94 - 44.7 -
2018.11.26 -21.11 -3.78 44.97 0.60

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

®
Tre1 £ dBMag 7498 dB/ Ref-2002d8  Cal . . . 1
11 -
F-12.52
f-20.0
-27.518
-35.01
b-42514
r-50.01
r-57.51
|65
F-72
Chl Start 17GHz Pwr 0 dBm Stop 19 GHz 1?21038532 A1M7 Gtz Ry 0.dBm
1/1/2003, 6:23 AM

Stop 1.8 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 -
2018.11.26 -20.87 -13.33 51.8 1.17

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

§

X3

Trct dBMag 7498 dB/ Ref-2002dB Cal Tred Smith Ref1U  Cal

S

12.52

8

r-20.0

r-27.51

r-35.01

r-42.514

r-50.01

r-57.51

r-65.0

F-72.

Ch1 Start 1.8GHz Pwr 0dBm Stop 2 GHz

Ch1 Start 1.8GHz Pwr 0 dBm Stop 2 GHz
1/1/2003, 6:10 AM

1/1/2003, 6:10 AM

CCIC-SET/TRF:ISAR(2019-05-23) Page 82 of 91




)

Report No. SET2019-06789

Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -27.94 - 49.5 -
2018.11.26 -26.06 -6.73% 49.06 -0.89

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

Trel dBMag 7498 dB/ Ref-2002dB  Cal 1 Trel Smith Ref1U  Cal 1
11 S11
f-12.52:
[-20.020
[-27.51
F-35.01
r-42.514
f-50.01
[-57.51
[--65.
F-72
Ch1 Start 2.35GHz Pwr 0dBm Stop 255 GHz
1/1/2003,7:41 AM
Ch1  Start 2.35GHz Pwr 0dBm Stop 255 GHz

1/1/2003, 7:40 AM
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -30.33 - 53.1 -
2018.11.26 -29.21 -3.69 53.07 -0.06

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

®
Trc1 dBMag 10dB/ Ref0dB Cal 1 Tre1 Smith Ref1U Cal 1
: ) : 11

=-70 Ch1 Start 25GHz Pwr 0dBm Stop 2.7 GHz

Ch1  Start 25GHz Pwr 0 dBm Stop 2.7 GHz
1/1/2003, 1:11 AW
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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 -
2018.11.26 5200 -9.01 -7.02 26.92 4.99
2018.11.26 5400 -10.85 -1.18 86.77 3.25
2018.11.26 5600 -14.20 5.03 36.06 -1.56
2018.11.26 5800 -14.01 5.02 54.11 13.15

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.

Head 5-6GHz

<Dipole Verification Data>

Tre1 dBMag 2dB/ Ref-12dB  Cal

®

1 Trc1

SN

sl

Smith Ref1U  Cal

Ch1  Start 5.1 GHz
1/1/2003, 8:08 AM

Pwr 0 dBm

Stop 5.9 GHz

Ch1  Start 5.1GHz
1/1/2003, 8:24 AM

Pwr 0 dBm

Stop 5.9 GHz
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -25.17 - 55.1 -
2018.11.26 -25.16 -0.04 55.73 1.14

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
Tret dBMag 7498 dB/ Ref-2002dB  Cal @ Tret i RE 16l @?
S11 -

[F-12.52;

f--20.0:

[-27.51

F-35.01

F-42.51

r-50.01

[-57.51

[--65.1

72

Ch1 Start 735 MHz Pwr 0 dBm Stop 935 MHz Ch1  Start 735MHz Pwr 0 dBm Stop 935 MHz
1/1/2003,6:03 AM 1/1/2003, 6:04 AM
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.11 - 44.3 -
2018.11.26 -24.58 1.95 42.23 -4.67

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
Tret dBMag 7498 dB/ Ref-2002dB Cal Tre1 Smith Ref1U Cal é?
&l ; j i &l

|-1252

F-20.0

F-27.51

-35.01

F-42.51

-50.01

-57.51

-85,

F-72

Ch1  Start 1.7 GHz Pwr 0 dBm Stop 1.9 GHz Ch1  Start 1.7 GHz Pwr 0dBm Stop 1.9 GHz

1112003, 6:26 AM 1/112003, 6:25 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 -
2018.11.26 -21.52 -2.93 46.22 -1.24

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
&
Trel Smith Ref1U Cal 1
Trel dBMag 7498 dB/ Ref-2002dB Cal
o7 &ilil
L-12.52
--20.0:
F-27.51
F-35.01
F-42.514
F-50.01
-57.51
I--65
F-72
Ch1  Start 1.8 GHz Pwr 0dBm Stop 2 GHz

Ch1  Start 1.8 GHz Pwr 0 dBm Stop 2 GHz
1/1/2003,6:11 AM

1/1/2003, 6:13 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 -
2018.11.26 -27.08 4.07 53.92 1.35

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
Trel dBMag 7498 dB/ Ref-2002dB Cal 1 Tre1 Smith Ref1U  Cal 1
Sili 2]
F-12.52
--20.0.
F-27.51
F-35.01
|-42.514
-50.01
--57.51
-85
F-72
Ch1  Start 235GHz Pwr 0dBm Stop 2.55GHz Ch1  Start 2.35GHz Pwr 0 dBm Stop 2.55 GHz
1/1/2003,7:40 AM 1/1/2003,7:43 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 -
2018.11.26 -31.75 -5.37 49.3 -0.2

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

Tre1 dBMag 10dB/ Ref0dB Cal

S
1

Ch1  Start 2.5 GHz Pwr 0 dBm

Stop 2.7 GHz

S

Tre1 Smith Ref1U Cal

1/1/2003, 7:49 AM

Ch1  Start 25GHz

Pwr 0 dBm

Stop 2.7 GHz
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Body 5-6GHz
Date of Frequency

Measurement (MH2) 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 ]
2018.11.26 5200 -8.83 -0.39 22.04 -8.05
2018.11.26 5400 -10.66 7.59 89.84 -3.02
2018.11.26 5600 -14.0 19.45 33.71 3.44
2018.11.26 5800 -13.81 16.05 50.40 3.94

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 2dB/ Ref-12dB  Cal 1 g

Trel Smith Ref1U Cal 1

S
S

Ch1 Start 5.1 GHz Pwr 0dBm Stop 5.9 GHz

11172003, 8:09 AW Ch1 Start 5.1 GHz Pwr 0dBm Stop 5.9 GHz

1/1/2003, 8:24 AM

—End of the Report—
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