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CALIBRATION CERTIFICATE
Object EX3DV4 - SN : 3953
Calibration Procadure(s) FF-2114004:01

Calibeation Procedures for Dosimetric E-field Probes

Calibration date: July 29, 2020

This calibration Cerificate documents the traceability to national standards, which realize the physical units of
measurements(Si). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cedificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+43yC and
hurmidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Cerfificate No,) _ Scheduled Calibration |
Power Meter  NRP2 101919 16-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor NRP-Z81 101547 16-Jun-20(CTTL, Na.J20X04344) Jun-21
Power sensor NRP-291 101548 16-Jun-20(CTTL, No.J20X04344) Jun-21
Reference 10dBAttenuator | 18NSOW-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20dB  10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 29-May-20(SPEAG, No EX3-7307_May20)  May-21
DAE4 SN 1556 4-Feb-20(SPEAG, No.DAE4-1556_Feb20)  Feb-21

_Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  23-Jun-20(CTTL, No.J20X04343) Jun-21
Network Analyzer ESO7AC | MY46110673  10-Feb-20(CTTL, No.J20X00515) Fob-21

Name Function Signature

Calibrated by. Yu Zongying SAR Test Engineer ‘/;g,.;‘.‘@

Reviewed by: Lin Hao SAR Test Engineer Tfffj‘o

Approved by: Qi Dianyuan SAR Project Leader e~

Issued: July 31, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL lissue simulating liquid

NORMx,y,z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

Polarization 8 6 rofation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques®, June 2013

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2018

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
devices used In close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMy,y.z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f=>1800MHz: waveguide).
NORMY,y,z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not effect the

£* -field uncertainty inside TSL {see below ConvF),

o NORM(f)x.y,z = NORMx,y.z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

* DCPx,yz; DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

* PAR: PAR Is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axyz Bryz CxyzVRxyzAB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

»  ConvF and Boundaty Effect Parameters: Assessed In flat phantom using E-field (or Temperature
Transfer Standard for fsB00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to Improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

o Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a fiat
phantom exposed by a patch antenna,

o Sansor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tlip (on probe axis). No tolerance required.

»  Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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DASY/EASY — Parameters of Probe: EX3DV4 —~ SN:3953

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uVAVIim)y)* 0.52 0.54 0.48 ﬁo'Q%
DCP(mV)® 101.0 102.5 1013

Modulation Calibration Parameters

uip Communication A B c D VR Unc®
System Name d8 CERTA dB mV (k=2)
0 cw X |00 0.0 1.0 0.00 1798 |+21%
Y 0.0 0.0 1 1.0 195.7
zZ |00 0.0 1.0 172.4

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E2-field uncertainty inside TSL (see Page 4).

¥ Numerical linearization parameter; uncertainty not required.

£ Uncertainly is determined using the max. deviation from linear response applying rectangutar distribution
and is expressed for the square of the fiekd value.
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3953

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.
f [MHz)© Permittivity * (Stm)" ConvF X | ConvF Y | ConvF Z | Alpha® (mm) (k=2)
750 419 0.89 10.53 10.63 10& 0.40 0.7_8~ Jt 12.1%
B35 41.6 0.90 10.13 10.13 10.13 0.24 106 | +121%
200 41.6 0.87 10.10 10.10 10.10 0.28 1.03 | £121%
1450 40.5 1.20 8.88 8.88 8.88 0.23 092 | +£121%
1640 40.3 1.29 8.75 8.76 0.7§ 0.23 1.02 | £121%
1750 40.1 1.37 861 | 861 861 | 022 | 1.09 | +121%
| 1810 40.0 1.40 B36 | 836 | 836 | 024 | 101 | £121%
1900 40.0 1.40 8.32 8.32 832 | 024 | 109 | +121%
2100. 398 1.49 8.25 8.256 8.25 0.22 1.1 +£121%
2300 396 1.67 7.86 7.85 7.85 0.54 0.72 | £121%
2450 39.2 1.80 766 | 766 | 766 | 054 | 073 | £121%
2600 39.0 1.98 7.45 7.46 7.45 0.66 0.68 y_ 2.1%
3500 37.9 2.91 670 | 670 670 | 044 | 096 | +13.3%
3700 | 37.7 3.12 6.50 6.50 6.50 0.48 099 | +£13.3%
3900 37.6 3.32 6.60 6.60 6.80 | 040 1.20 | £13.3%
4600 367 4.04 6.15 6.16 615 | 040 | 135 | +13.3%
4960 363 4.40 586 | 586 686 | 040 | 145 | +133%
5260 _3_5_.9 4.7 5.63 5.53 6.63 0.40 140 | £13.3%
6600 365 5.07 4.89 4.89 489 | 050 | 1.38 | £13.3%
5760 354 5.22 4.99 4.99 4,99 | 060 120 | £13.3%

© Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz Is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to + 110 MHz.

" At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% If liquid compensation
formula is applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (€ and o) is
restricted to £5%. The uncenainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,

9 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below 4 2% for the frequencies
between MGHzatanyMneehmermmhaUMepmbeupdmwmmehounduy
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment; £1.2% (k+2)
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Dynamic Range f(SARhead)
(TEM cell, f = 900 MHz)

Input Signal[uV]
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Uncertainty of Linearity Assessment: +0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS RO(H_convF)  f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:3953

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) R e 35.7
Moclun;al Surface Dom;:tmn Mode N en_abled
Optical Surface Detection Mode disable
Probe Ovorali Length o o 337mm
h_Probe Body Diameter . - 10mm‘
PTlp Length o 10mm
?p;llmoter o o o 2.5mm
Probe T;to Sensor X c;bntion Point a 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point o T 1mm—
R-ocommondod D;aounmont Distance from Surface 1.4mm~
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ZIBRATION CERTIFICATE

Object DAE4 - SN: 1398

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acqmsmon Electromcs
(DAEX)

Calibration date: May 17,2021

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the unceriainties with confidence probability are given on the following
pages and are part of the certificate.

All cafibrations have been conducted in the closed laboratory facility. enviranment temperature(22:3)*c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No ) Scheduled Calibration

Process Calibrator 753 | 1971018 16-Jun-20 (CTTL, No.J20X04342) Jun-21
Name Function ?gnature

Calibrated by: Yu Zongying - SAR Test Ehgineer_ . :

Reviewed by: Lin Hao . :SARTestEngineer -~ - . . ":Efff’-%

Approved by: Qi 'Diai_nyuan " ‘SAR Project Leader . %\/

Issuad: May 19, 2021
This calibration certificate shail not be reproduced except in full without written approvat of the laboratory.
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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Connecfor angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

s The report provide only calibration resulis for DAE, it does not contain other
performance test resulis.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB=

1L3B= G.1uv,

B1nvV ,

full range =

Fax: +86-10-62304633-2504
Http:/Awww.chinattl.cn

-100...+300 mv
full range = “To. +3mv
DASY measurement parameters: Auto Zerc Time: 3 sec; Measuring tima: 3 sec

Calibration Factors

X

Y

rd

High Range 404.197 + 0.15% (k=2} | 404,183 + 0.15% (k=2) | 403.640 + 0.15% {k=2)
Low Range 397363+ 0.7% (k=2) | 3.99187 1 0.7% (k=2) | 3.96854 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

475°+1°

Certificate No: Z21-60193
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DIPOLE CALIBRATION DATA

SAR Reference Dipole Calibration Report

Ref: ACR.116.4.19.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 29/15 DIP 0G835-383

Calibrated at MVG US
2105 Barrett Park Dr, - Kennesaw, GA 3014

%/ 7" [AccrEDITED)
/ -

“Widnh T oalsse

Calibration Date: 04/26/2019

Summary,

Thas document presents the method and results from an nceredited SAR reference dipole calibrution
performed 1n MVG USA using the COMOSAR test bench.  All calibration results are traceable to

rational metrology instautions.




Ref! ACR 1164 192.5ATU A

mva SAR REFERENCE DIFOLE CALIBRATION REFORT

Name Function Drarte Signature
Prepared by : Jérome LUC Product Manager 4262019 =
Checked by ; Jérdme LUC Product Manager 42612019 Q’%’
Approved by Kim RUTKOWSKI Quality Monager ~ [#262019 |yl conuiv

Customer Name
ATTESTATION
OF GLOBAL
Distribution | COMPLIANCE

CO.LTD.

Issue Date Modifications

A 4262019 Initial release
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mvg SAR REFERENCE DIFOLE CALIBRATION REFORT

Reft ACR 1164 12.5ATU A
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR-116419.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 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 SID835
Serial Number SN 2915 DIP 0G835-383
Product Condition (new /used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 iENE JINFORM ON

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 - MG COMOSAR Validation Dpole
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACRT16412.5ATUA

4  MEASUREMENT METHOD

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

4.1

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

42 ANIC :OUIRFME

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

S MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB
52  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 guidelines outlined m the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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SAR REFERENCE DIPFOLE CALIBRATION REPOR1

Ref ACR 1164 02.5ATU A

W0g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fmcaecy Ny

Frequency (MHz) Return Loss (AB) Requirement (dB)

835 -24.51

-20

56.3 €+ 0.8;Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Faouercy MH

(S % 5 300 &« ; 35S 2 X

. Frequency (MHz)

__Retum Loss (dB)

__Requivement (dB)

_ Impedance

835 -27.60 =20 5230 +3.6iQ
63 MECHANICAL DIMENSIONS
Frequency ‘m‘(.‘ | Lmm hmm a.u..-
required measured requiced measured required measured

00

4200 21 %

250.021'%
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACRT16412.5ATUA

130 2900 41 % 1667 £1% 63541 %.
750 176,011 % 100.0 £1 %. 63521 %
83% 161041 %, PASS 29811 PASS 3621% PASS
500 149041 % 83341% 3.621%
1450 89121%, S1781% 1621%
1500 A05 21 % S0.0 21 % 1621%
1640 79011% 457 1% 36+1%
1750 75221 %, 42541 % 21641%
1800 72021 %. 41721% 1621%
1800 £RO21%. WE% 1621%
1850 66311 %, W51 % 1621%
2000 4521 %, 37581% 1621%
2100 61015, 35711% 3621%
2300 55541 %, 32641% 36219
2450 51531 %, 0A1% 36£1%
2600 48521 %, 28841 % 1621%,
3000 A15 $1%. 25081 % 1621%
1500 37.041 %, 26481 % 3621%
1700 24721 %, 26421 % 1621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements, ‘The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards,
Per the 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 HE: MEASUREME
oY | melatve permitvity o) | Conductiiy (o) S/m
required measured required measured
300 A5325% 0.8725%
A50 43515 % 0.87£5%
750 41.325% 0.89 5%
835 A1.55% PASS 0.50 £5% PASS
900 41,5 15% Q.97 £5%
1450 A5 5% 1.2025%
1500 20.415% 1.23+5%
1640 0.2 £5% 131+5%
1750 0.125% 13745%
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACRT16412.5ATUA

1800 WNO15% 140 £5%
1900 MNOL5% 1.4D£5%
1350 0.0 £5% 1.4045%
2000 A0.0 £5 % 14045%
2100 E:RE L 1.4825%
2300 395e5% 167 25%
2450 32:5% 18025%
2600 39.0£5% 1.96£5%
3000 33525% 2.40£5%
3500 37945% 251 45%

7.2 SAR MEASUREMENT RESULT WITIH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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 svstem validation.  All SAR values are nommalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4
Phantom SN 2008 SAMTI
Probe SN 1811 EPGi22
Lquid Head Liguid Values: eps” ~ 43 0 sigma - 0.89
Dastance between dipole center and liquid 5.0 mm
Area scin resolution dx=8mm/dy=8m
Zoon Scan Reselution dx=Bmmdy=Bmm/dz=Smm
Frequency 835 MHz
Input power 20 dBm
Lxuid Temperature 21°C
Lab Temperature 21 C
Lab Humidity 45 %
il 1 SAR (W/kg/W) 10, SAR (W/ke/W)
300 288 184
a50 458 306
%50 848 558
835 956 9.85 (098) 622 627 (0.63)
200 109 699
1450 29 16
1500 05 162
1640 342 8.4
1750 364 193
1830 38.4 2.3
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR116419.5ATU.A

1900 39.7 25
1950 405 209
2000 411 213
2100 436 1.9
2300 48.7 233
2450 524 24
2600 553 216
3000 638 257
3500 67.1 25
3N0 674 24.2
| r
o
o
o =
3 2 N
£ 1 - :\ 10 :
= s
¥
v | ) 0xy 't
7.3 BODY LIQUID MEASUREMENT
"‘,:‘,'fx"‘" Relative permittivity (e} Conductivity {o) $/m
150 6l1945% Q2D £5%
300 S82:5% Q.52 £5%
as0 %.7 25 % 0.84 £5 %
50 5555 % 056 25%
835 55.2 15 % PASS 0.97 £5% PASS
200 55.045% 10545 %
315 55.045% 1.06 £5%
1450 S54045% 1.30£5%
1810 53.845% 140 £5%
1800 53325% 15245%
1990 53315% 152 £5 %
2000 S3345% 15245%
2100 33.245% 1.62425%
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Rl ACR 1164 19.5ATU A

2300 52915% 1851£5%
2450 S2785% 15515%
2600 52545% 21645%
3000 520£5% 27345%
1500 513:5% 33145%
anNo S105% 35545%
5200 AO0110% 530210%
5300 439 £10% SA2£10%
5400 48.7 £10 % 553 £10%
S500 436110% 565£10%
5600 43,5 £10 % STT+I0%
5800 48.2£10% 600£10%
7.4
Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18711 ERGI22
Lagusd Hody Liguid Vidues: eps’ | 56.7 sqpma @ .98

Dhstance between dipole center and bgusd
| LR

15 0mm

Area scan resolution

dx~8mm /dy-8mm

Zoon Scan Resoluton

dx=8mm/dy=8mm/dz=Smm

Frequency 835 MHz
Input power 20 dBm
Lxpud Temperature 21 °C
Lab Temperature 21-°C
Lab Humidity 45%
G 1 g SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
835 9.95 |0.99) 650 |0 65)

A

N

e

LSRR IR L )

- \
M2 2N
N
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SAR REFERENCE DIFOLE CALIBRATION REFORT

Reft ACR 1164 12.5ATU A

LIST OF EQUIPMENT

SAM Phartom MVG shzon9-saury [erieed Nocel  heicaied Mo cal

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond ﬁ;‘;;fjd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C | MY49070881 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261498 0112017 0112020
Power Sersor HP ECP-E26A US37181450 0172017 0112020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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SAR Reference Dipole Calibration Report

Ref : ACR.I16.5.19.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 46/11 DIP 1G800-186

Calibrated at MVG US
2105 Barrett Park Dr, - Kennesaw, GA 3014

- - -
7~ [AccrEBiTep)

i

Calibration Date: 04/26/2019

Summary,

Thas document presents the method and results from an nceredited SAR reference dipole calibrution
performed 1n MVG USA using the COMOSAR test bench.  All calibration results are traceable to

national metrology institutions.
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACRT16S19.5ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDIR0O
Serial Number SN 46/11 DIP 1G800-186
Product Condition (new /used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENE JINFORMATION

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 - MG COMOSAR Validation Dipole
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACR 1165 19.54TU A

4  MEASUREMENT METHOD

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

4.1

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

42 ANIC :OUIRFME

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

S MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB
52  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 guidelines outlined m the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to gencrate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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SAR REFERENCE DIPFOLE CALIBRATION REPOR1

Reft ACR 1165

25ATU A

W0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fcameey N

e & 1760 1250 1520 0 1840 180 Ty 19%(

Frequency (MHz) Return Loss (AB) Requirement (dB)

1800 -26,66

-20

46.7 Q2+ 3.0Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Faouercy MH

1o 172 LBl 1% 173 180 13N 1340 106 158X 190

. Frequency (MHz) | Retumn Loss (dB) |  Requirement (dB)

__ Impedance

1800 -30.03 =20 47.30-1.6iQ
6.3 MECHANICAL DIMENSIONS
Frequency MH:2 Lmm hmm d mm
required measured requiced measured required measured
0 4200 21 ' 250.021'% 63521 %
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACRT16S19.5ATUA

150 290041 % 166.7£1% 63521 %,
750 176041 % 1000 £1 %. 63521 %
335 161,041 % 29.841M ECES TN
500 149.041 % 23341 % 3621%
1450 89141%, S1.781% 1621%
1500 80521 %, 50.021% 1621%
1640 79011% 4571 % 1621%
1750 75.241%, 42541% 2641%
1800 72021 %. PASS 41721% PASS 1621% PASS
1500 E2021%. 33Sa% 1621%
1850 66311 %, /5% 3621%
2000 B4.521 %, 7501% 16:1%
2100 6101 %, 35781 % 3621%
2300 55531 %, 32641 % 16219
2450 51531 %, 304 £1% 3651%
2600 425 21%. 28881 % 1621%,
3000 A5 21 % 25021 % 1621%
1500 37.041 %, 26481 % 3621%
1700 24721 %, 26421% 1621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
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 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 HE: MEASUREME
oY | melatve permitvity o) | Conductiiy (o) S/m

required measured required measured
300 A5325% 0.8725%
A50 43515 % 0.87£5%
750 41.325% 0.89 5%
835 A1.55% 0.90 £5%
900 41,5 15% Q.97 £5%
1450 A5 5% 1.2025%
1500 20.415% 1.23+5%
1640 0.2 £5% 131+5%
1750 0.125% 13745%
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Reft ACR 1165 12.5ATU A

mvGg SAR REFERENCE DIFOLE CALIBRATION REFORT
1800 WNO15% PASS 140 £5% PASS
1900 MNOL5% 1.4D£5%
1950 0.0 £5% 1.4045%
2000 A0.0 £5 % 14045%
2100 E:RE L 1.4825%
2300 395e5% 167 25%
2450 32:5% 18025%
2600 39.0£5% 1.96£5%
3000 33525% 2.40£5%
3500 37945% 251 45%

7.2 SAR MEASUREMENT RESULT WITIH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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 svstem validation.  All SAR values are nommalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4
Phantom SN 2008 SAMTI
Probe SN 1811 EPGi22
Lquid Head Liguid Values: eps” ~ 39.6 sigma - 1.40
Dastance between dipole center and liquid 0.0 mm
Area scin resolution dx=8mm/dy=8m
Zoon Scan Reselution dx=Bmmdy=Bmm/dz=Smm
Frequency 1800 MEz
Input power 20 dBm
Lxuid Temperature 21°C
Lab Temperature 21 C
Lab Humidity 45 %
il 1 SAR (W/kg/W) 10, SAR (W/ke/W)
300 285 154
a50 458 306
%50 848 558
835 956 622
200 109 699
1450 29 16
1500 305 162
1640 342 8.4
1750 364 193
1800 384 3907391 2.3 2029 (2.03)
Page: &11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR116519.5ATUA

1900 39.7 205
1950 405 209
2000 41,1 213
2100 436 218
2300 48.7 233
2450 524 24

2600 55.3 216
3000 638 257
3500 67.1 25

3700 674 24.2

v \ 1
7y 50— N, K
208wl AN e
e | o) bt 1 T ; i
' [ 3 UM il’: By xa»
7.3 BODY LIQUID MEASUREMENT
"':':,'fx"‘" Relative permittivity () Conductivity {o) $/m

150 6l1945% Q80 £5%

300 S8.2:5% Q.52 £5%

as0 %.7 45 % 0.8 25 %

750 5555 % Q.86 25 %

835 55.2 15 % 0.97 £5%

200 550 45% 10545 %

315 55,045 % 1.06+5 %

1450 S54045% 1.30£5%

1510 53845 % 1.40 45 %

1800 53315% PASS 15245% PASS

1990 533 5% 152 45%
2000 S3345% 15245%
2100 33.245% 1.62425%
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SAR REFERENCE DIPFOLE CALIBRATION REFORT

Ref ACR 1165 19.5ATU A

2300 52915% 1851£5%
2450 S2785% 15515%
2600 52545% 21645%
3000 520£5% 27345%
1500 513:5% 33145%
anNo S105% 35545%
5200 AO0110% 530210%
5300 439 £10% SA2£10%
5400 48.7 £10 % 553 £10%
S500 436110% 565£10%
5600 43,5 £10 % STT+I0%
5800 48.2£10% 600£10%
7.4
Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18711 ERGI22
Lagusd Body Liguid Vidwes: eps’ | S28 sppma @ 1 45

Dhstance between dipole center and bgusd
| LR

100 mm

Area scan resolution

dx~8mm /dy=8mm

Zoon Scan Resoluton

dx=8mm/dy=8mm/dz=Smm

Frequency 1800 MH 2
Input power 20 dBm
Lxpud Temperature 21 °C
Lab Temperature 21-°C
Lab Humidity 45%
G 1 g SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
1800 39.23(3.92) 20 56 |2.06)

.

PO I T

“"\.

URTRIRUE TS 3 ]

I
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mvg

SAR REFERENCE DIFOLE CALIBRATION REFORT

Ref! ACR 1165 192.5ATU A

LIST OF EQUIPMENT

SAM Phartom MVG sh2on9-sauy [erieed Nocel  heicaied o cal

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond \:::':;.;:jd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C | MY49070881 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261498 0112017 0112020
Power Sersor HP ECP-E26A US37181450 0172017 0112020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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SAR Reference Dipole Calibration Report

Ref: ACR.116.6.19.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 46/11 DIP 1G%00-187

Calibrated at MVG US
2105 Barrett Park Dr, - Kennesaw, GA 3014

- - -
7~ [AccrEBiTep)

i

Calibration Date: 04/26/2019

Summary,

Thas document presents the method and results from an nceredited SAR reference dipole calibrution
performed 1n MVG USA using the COMOSAR test bench.  All calibration results are traceable to

national metrology institutions.
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACR116612.5ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model STDI900
Serial Number SN 46/11 DIP 1G900-187
Product Condition (new /used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1

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 - MG COMOSAR Validation Dipole
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACR 116619.54TU A

4  MEASUREMENT METHOD

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

4.1

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

42 ANIC :OUIRFME

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

S MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB
52  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 guidelines outlined m the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to gencrate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %
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SAR REFERENCE DIPFOLE CALIBRATION REPOR1

Reft ACR 1166

2.5AM

0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fcamecy N

&= 19%¢ 1" 1540

'S
L8

Frequency (MHz)
1900

Retum Loss (AB) Requirement (dB)

Imped ance

-27.75 220

50.7Q +

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Fregquency. NH:

4.1;Q

| Frequency (MHz)

__Retum Loss (dB)
1900

-24.21

__Requivement (dB)

-20

__ Impedance

46.4 2 + 48 Q2
6.3 MECHANICAL DIMENSIONS
Frequency \m‘(.‘ | Lmm hmm d mm
required measured requiced measured required measured
Elea) 4200 21 % 25%0.021% 63521 %
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Ref. ACR116612.5ATUA

150 290041 % 166.7 1% 6351 %,
750 176041 %. 100.0 £1 %. 63521 %
335 161,041 %, 29841 % ST
500 149.041 %, 23341% 3621%
1450 89141%, £1.781% 1621%
1500 80531 %, S0.021% 1621%
1640 7901 % 457t1% 316+1%
1750 75221 %, 42531% 31641%
1800 72021 % 41.721% 1621%.
1800 (2O $1%. PASS s % PASS 1621% PASS
1850 66321 %, W51% 316:1%
2000 B4.521 %, 375 % 1621%
2100 61021 %, 35741 % 3621%
2300 55541 %, 2641% 1621%
2450 51531 %, 30441 % 36£1%
2600 485 21 % 28881% 3621%
3000 A15 21 %, 25021 % 1621%
1500 37.041 %, 26481 % 31621%
1700 24721 %, 26481 % 1621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
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 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 HE: MEASUREME
oY | melatve permitvity o) | Conductiiy (o) S/m

required measured required measured
300 A5325% 0.8725%
A50 43515 % 0.87£5%
750 41.325% 0.89 5%
835 A1.55% 0.90 £5%
900 41,5 15% Q.97 £5%
1450 A5 5% 1.2025%
1500 20.415% 1.23+5%
1640 0.2 £5% 131+5%
1750 0.125% 13745%
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Reft ACR 1166 12.5ATU A

mvGg SAR REFERENCE DIFOLE CALIBRATION REFORT
1800 WNO15% 140 £5%
1900 MNOL5% PASS 1.4D£5% PASS
1350 0.0 £5% 1.4045%
2000 A0.0 £5 % 14045%
2100 E:RE L 1.4825%
2300 395e5% 167 25%
2450 32:5% 18025%
2600 39.0£5% 1.96£5%
3000 33525% 2.40£5%
3500 37945% 251 45%

7.2 SAR MEASUREMENT RESULT WITIH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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 svstem validation.  All SAR values are nommalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4
Phantom SN 2048 SAMTI
Probe SN 1811 EPGi22
Lquid Head Liguad Values: eps” ~ 39.7 sigma - 1 38
Dastance between dipole center and liquid 0.0 mm
Area scin resolution dx=8mm/dy=8m
Zoon Scan Reselution dx=Bmmdy=Bmm/dz=Smm
Frequency 1900 Mz
Input power 20 dBm
Lxuid Temperature 21°C
Lab Temperature 21 C
Lab Humidity 45 %
il 1 SAR (W/kg/W) 10, SAR (W/ke/W)
300 288 184
a50 458 306
50 848 558
835 956 622
200 109 699
1450 29 16
1500 05 162
1640 342 8.4
1750 364 193
1830 38.4 2.3
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR116612.5ATU.A

1900 397 40.25 (4.02) 205 2050 12.05)
1950 405 209

2000 41,1 213

2100 436 219

2300 48.7 233

2450 524 24

2600 55.3 216

3000 638 257

3500 67.1 25

3700 674 24.2

v | )

7.3 BODY LIQUID MEASUREMENT

"‘,:‘,'fx"‘" Relative permittivity (e} Conductivity [a) S/m
150 6l1945% Q2D £5%
300 S8.2:5% Q.52 £5%
as0 %.7 45 % 0.8 25 %
50 5555 % 056 25%
835 55.2 15 % 0.97 £5%
00 550 45% 10545 %
315 55,045 % 1.06+5 %
1450 S54045% 1.30£5%
1510 53845 % 1.40 45 %
1800 53315% 15245%
1900 533 5% PASS 152 45% PASS
2000 S3345% 15245%
2100 33.245% 1.62425%
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SAR REFERENCE DIPFOLE CALIBRATION REFORT

Ref! ACR 1166 192.5ATU A

2300 52915% 1851£5%
2450 S2785% 15515%
2600 52545% 21645%
3000 520£5% 27345%
1500 513:5% 33145%
anNo S105% 35545%
5200 AO0110% 530210%
5300 439 £10% SA2£10%
5400 48.7 £10 % 553 £10%
S500 436110% 565£10%
5600 43,5 £10 % STT+I0%
5800 48.2£10% 600£10%
7.4
Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18711 ERGI22
Lagusd Body Liguid Vidwes eps’ | S28 spma @ 1 59

Dhstance between dipole center and bgusd
| LR

100 mm

Area scan resolution

dx~8mm /dy=8mm

Zoon Scan Resoluton

dx=8mm/dy=8mm/dz=Smm

Frequency 1900 MH 2
Input power 20 dBm
Lxpud Temperature 21 °C
Lab Temperature 21-°C
Lab Humidity 45%
G 1 g SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
1900 AD32 |408) 2099 12.10)
| i ‘
T3 "
o \\
e
-
% \\
ERT !
o
ey i
by B0 B B B SEUR R A 8 A e A A A
T ket T et Zh
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mvg

SAR REFERENCE DIFOLE CALIBRATION REFORT

Rel! ACR 1166 19.5ATU A

LIST OF EQUIPMENT

SAM Phartom MVG sh2on9-sauy [erieed Nocel  heicaied o cal

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond \:::':;.;:jd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C | MY49070881 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261498 0112017 0112020
Power Sersor HP ECP-E26A US37181450 0172017 0112020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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*  In Collsboration with \‘w‘l * '“u-

TTL S B e a g = M~
CALIBRATION LABORATORY %CNAS BRI
L B

Add: No 31 Xueyuan Road, Haldsan Distnct, Beljing, 100191, China

Tel: +86-10-62304633-2079  Fax: +B6-10-62304633-2504 ooyt CNAS L0570
E-mail: cetli@chinatel, com hitp'www chinattl.cn - 355
Client age-cert Certificate No:  Z18-60252
et D24502 - SN- 968
Calibration Procedure(s) FF.211-003-01 §
Calibration Procedures for dipole validation kits i
Calibration date: July 31, 2018 f

This cafibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Si). The measurements and the uncertainties with confidence probabllity are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102083 01-Nov-17 (CTTL, No.J17X08758) Oct-18
Power sensor NRV-Z5 100542 01-Nov-17 (CTTL, No.J17X087586) Oct-18
Reference Probe EX3DV4 | SN 7464 12-Sep-17(SPEAG N0 EX3-7464_Sep17) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG No.DAE4-1524_Sep17) Sep-18
Secondary Standards 1D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-18 (CTTL, No.J1BX00560) Jan-18
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19

Name Function

Culbretud by: Znao Jing SAR Test Engineer

i I Lin Hao 'SAR Test Engineer

Approved by; Qi Dianyuan 'SAR Project Leader

Issued: August 3, 2018
This calibration certificate shall not be reproduced except in full without written approval of the taboratory.

Certificate No: Z18-60252 Page 1 of &



C' in Coflaboraton with

CALBRATION LABORATORY
Add: No 51 Xueyuan Rood, Hullan District, Beljang, 100191, Chine
Tel: +86-10-62304633-2079 Fao: +80-10-62304635-2504

E-mmull: catigéchinand com hitp S www chinatd on
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom, The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

e SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z18-60252 Page 2 of &



Certificate No: Z18-60252

777 s p e ag

Add:- No 51 Xuesywan Road, Haldian District, Begjing. 100191, Ching

Tel: +86-10-62304633-2079

E-mail: cttbachinat] com hespo www,chinant.cn

Fax: +86-10-62MM633-2504

Measurement Conditions
DASY system configuration, as far as not on
DASY Version DASY52 52101 1476
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, gy, dz =5 mm
Frequency 2450 MHx £ 1 MHz
Head TSL parameters
The and calculations were appéed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°'C 302 1.80 mhoim
Measured Head TSL parameters (220+02)°C 391:26% 1.65mhaim +6 %
Head TSL temperature change during test <10°'C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 1386mWig
SAR for nominal Head TSL parameters normalized to 1W 53.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢71’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 631mWig
SAR for nominal Head TSL parameters normalized to 1W 25.0 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculatons were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 2.0°C 527 1.95 mho/m
Measured Body TSL parameters (220202)'C 53746% 201 mhaim £ 6 %
Body TSL tomperature change during test <1.0°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 128mW/g
SAR for nominal Bedy TSL parameters normalized to 1W 50.7 mW /g  18.8 % (k=2)
SAR averaged over 10 ¢m1’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 607TmWig
SAR for nominal Body TSL parameters normalized to 1W 24.2 mW ig £ 18.7 % (k=2)

Page Jof 8
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Add: No.51 Xeeyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-6230M633-2079 Fax: +86-10-62304633-2504
E-mail: ctti@chinatel.com hittptwww chinatti cn

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impadance, transformed to feed paint 53.90+ 3.68)0
Return Loss -257dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.50+ 5.30/0
Retumn Loss - 25 548

General Antenna Parameters and Design

Electricai Delay (one direction) | 1.020 ne |

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can
be measured

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line Is directly
connected to the second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added 10 the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

| Manutactured by | SPEAG |

Certificate No: 218-60252 Page 4 of 8
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Add: No.S1 Xoeyoan Rosd, Hasdian District, Beijimg, 100191, Ching

Tel: <86 1062346332079 Fax: +86-10-6230M633-2504
E-enmal: ctthddchinmtl com htp/ www.chinatil cn
DASYS Validation Report for Head TSL Date: 07.31.2018

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: { = 2450 MHz; o = 1.852 S/m: ¢r = 39,12; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

o Probe: EX3DV4 - SN7464; ConvF(7.89, 7.89, 7.89) (@ 2450 MHz; Calibrated:
91272017

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

« Phantom: MFP_V5.1C ; Type: QD 000 PSICA,; Serial: 1062

o  Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube (: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 98.17 Vim; Power Drift = 0,06 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.31 W/kg

Maximum value of SAR (measured) = 23.0 Wikg

-13.08

-17.46

-21.82

0 dB = 23.0 W/kg = 13.62 dBW/kg

Certificate No: Z18-60252 Page sof &



2 In Collsboration with
CAUBRATION LABORATORY
Add: No.5| Xueyuan Road, Haidian Déstrict, Beijing, 100191, China

Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2 504
E-enail: cttl@chinattl com hatp//www.chinatil cn

Impedance Measurement Plot for Head TSL

Tri S11 Log Wag 10,000/ WeF O.00eas [P1]

30,90 4 " SiF 35,

0.0
30,00
20,00
10,00
o.coop «
-10,00
26,00
36,00
~40.00

~30.00 A
I =11 Seteh (ee)x) Scale 1.0000 [#1 celj

3L 2.4300000 GMz 93,531 @ 302 0 I30.33.08 S ]
C7

Certificate No: Z18-60252 Page 6 of §
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Add: No 51 Xueyuan Road, Haddian District, Beljing, 100191, Ching

Tel: +86-10-62304633-2079 Fax: +86-10-623(M633-2504
E-omil: cutl@chinat] com hatp www chinatt cn
DASYS Validation Report for Body TSL Date: 07.31.2018

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968
Communication System: UID 0, CW, Frequency: 2450 MHz: Duty Cycle: 1:1
Medium parameters used: £~ 2450 MHz; ¢ = 2,005 S/m; &r = 53.69; p = 1000 kg/m3
Phantom section: Center Section

DASYS Configuration;

o Probe: EX3DV4 - SN7464; ConvF(8.09, 8,09, 8.09) @ 2450 MHz; Calibrated:
9122017

« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn13524; Calibrated: 9/13/2017

o Phantom: MFP_V5.1C ; Type: QD 000 PS1CA, Serial: 1062

¢ Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7VCube 0: Measurement grid: dx=5mm,
dy=5Smm, dz=5mm

Reference Value = 98.00 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 25.5 Wikg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 6,07 W/kg

Maximum value of SAR (measured) = 20.8 Wikg

da
0

-4.16
-8.33
-12.49
-16.66

20.82 s

0dB=20.8 W/kg = 13.18 dBW/kg

Certificate No: Z18-60252 Page Tof §
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Impedance Measurement Plot for Body TSL

Trl s13 L0g Mag 10, 0. 001 i)

Y% Yy avo0000 GF L. TN @
LI

10.00
a¢.00
10.00
0.000)

‘ “
ST s
-30.00
~30.00

~A0,00

50,00 x—

DEER 513 seith (Ao dx) Scale 1.000u [ri oel)

51 2.4500000 GMr J0.407 @ 3,29M D ua.,ngr"'_\
P \,

/ N

/

/ A\
[ ¥
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SAR Reference Dipole Calibration Report
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Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 3014

Calibration Date: 04/26/2019

Swmmary:

Thas document presents the method and results from an accredited SAR reference dipole catibrution
performed in MVG USA using the COMOSAR test bench.  All calibration results are truceable to
ratsonal metrology institutions.
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACR H161009.5ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D2600
Serial Number SN 47/14 DIP 2G600-342
Product Condition (new |/ used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENER/

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 - MG COMOSAR Validation Dipole
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mvg SAR REFERENCE DIFOLE CALIBRATION REPORT Rel ACR H161049.5ATU.A

4  MEASUREMENT METHOD

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

4.1

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

42 ANIC :OUIRFME

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

S 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 1o
Measurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB
52  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 guidelines outlined m the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to gencrate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 203 %

Page: 511

Ihvix ddoc wment shatl neyt be reprovivced, excepr i fuld or i part. wesibot e werasen appvoval of MY
Thv information confalivel henvin 2 10 be vard only O the prrprose v solioh 1 e svbwaitand aned Us nod so
be reloanvd v whole or part widlow writfew apgvoval of AT



<3

Faouercy MH

HN AL 260 263

SAR REFERENCE DIFOLE CALIBRATION REPOR1T Ref: ACR H16.10.19.5ATU.A

10g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frwgoeny NH:
, 1
l"ﬁﬁﬁ{-iﬂ-( (MHz) Return Loss (AB) Requirement (dB) 7l7|i|7i»:{|'u'nn-
2600 -24.86 =20 $5.502 2602

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

| Frequency (MHz) | Retum Loss(dB) | Requirement(dB) |  Impedance
2600 -33.7% -20 5160+ 1.3iQ
6.3 MECHANICAL DIMENSIONS
Frequency \M: | Lmm h mm amn-
required measured requiced measured required measured
Elea) 4200 21 % 25%.021% 63521 %
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mvag SAR REFERENCE DIFOLE CALIBRATION REPORT Rel ACR H161049.5ATU.A

130 2900 41 % 1667 £1% 63541 %.
750 176,011 % 100.0 £1 %. 63521 %
33% 161041 % EEERSE 36281%
500 149041 % 83341% 3.621%
1450 89121%, S1781% 1621%
1500 A05 21 % S0.0 21 % 1621%
1640 79011% 457 1% 36+1%
1750 75221 %, 42541 % 21641%
1800 72021 %. 41721% 1621%
1800 £RO21%. WE% 1621%
1850 66311 %, W51 % 1621%
2000 4521 %, 37581% 1621%
2100 61015, 35711% 3621%
2300 55541 %, 32641% 36219
2450 51531 %, 0A1% 36£1%
2600 a85 21 %, PASS 28881 % PASS 1621%, PASS
3000 A15 $1%. 25081 % 1621%
1500 37.041 %, 26481 % 3621%
1700 24721 %, 26421 % 1621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
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 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 HE: MEASUREME
oY | melatve permitvity o) | Conductiiy (o) S/m

required measured required measured
300 A5325% 0.8725%
A50 43515 % 0.87£5%
750 41.325% 0.89 5%
835 A1.55% 0.90 £5%
900 41,5 15% Q.97 £5%
1450 A5 5% 1.2025%
1500 20.415% 1.23+5%
1640 0.2 £5% 131+5%
1750 0.125% 13745%
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Rl ACR HIG1009.5ATU A

mvGg SAR REFERENCE DIFOLE CALIBRATION REFORT
1800 WNO15% 140 £5%
1900 MNOL5% 1.4D£5%
1350 0.0 £5% 1.4045%
2000 A0.0 £5 % 14045%
2100 E:RE L 1.4825%
2300 395e5% 167 25%
2450 32:5% 18025%
2600 39.0£5% PASS 1.96£5% PASS
3000 33525% 2.40£5%
3500 37945% 251 45%

7.2 SAR MEASUREMENT RESULT WITIH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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 svstem validation.  All SAR values are nommalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4
Phantom SN 2008 SAMTI
Probe SN 1811 EPGi22
Lquid Head Liguad Values: eps” 400 sigma 1 89
Dastance between dipole center and liquid 0.0 mm
Area scin resolution dx=8mm/dy=8m
Zoon Scan Reselution dx=Smmdy=Smm/dz=Smm
Frequency 2600 Mz
Input power 20 dBm
Lxuid Temperature 21°C
Lab Temperature 21 C
Lab Humidity 45 %
il 1 SAR (W/kg/W) 10, SAR (W/ke/W)
300 288 184
a50 458 306
%50 848 558
835 956 622
200 109 699
1450 29 16
1500 05 162
1640 342 8.4
1750 364 193
1830 38.4 2.3
Page: &11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR 1A 10.19.5ATUA

1900 39.7 25
1950 405 209
2000 411 213
2100 436 1.9
2300 48.7 233
2450 524 24
2600 553 56.86 (5.69) 216 2484 (2.48)
3000 638 257
3500 67.1 25
3N0 674 24.2
]
=
= i
s
& e
13! e N |
= ? o il
i K A
o N
wu | o) sy s
7.3 BODY LIQUID MEASUREMENT
"‘,:‘,'fx"‘" Relative permittivity (e} Conductivity [a) S/m
150 6l1945% Q2D £5%
300 S8.2:5% Q.52 £5%
as0 %.7 25 % 0.84 £5 %
50 5555 % 056 25%
835 55.2 15 % 0.97 £5%
200 55.045% 10545 %
315 55.045% 1.06 £5%
1450 S54045% 1.30£5%
1810 53.845% 140 £5%
1800 53325% 15245%
1990 53315% 152 £5 %
2000 S3345% 15245%
2100 33.245% 1.62425%
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SAR REFERENCE DIPFOLE CALIBRATION REFORT

Rl ACR LIGI002.SATU A

2300 52915% 1851£5%
2450 S2785% 15515%
2600 52545% PASS 21645% PASS
3000 520£5% 27345%
1500 513:5% 33145%
anNo S105% 35545%
5200 AO0110% 530210%
5300 439 £10% SA2£10%
5400 48.7 £10 % 553 £10%
S500 436110% 565£10%
5600 43,5 £10 % STT+I0%
5800 48.2£10% 600£10%
7.4

Software OPENSAR V4

Phanitom SN 20009 SAMTI

Probe SN 18711 ERGI22

Lagusd Body Liguid Vidues: eps’ | S4.d smma: 2 18

Dhstance between dipole center and bgusd
| LR

10.0 mm

Area scan resolution

dx~8mm /dy=8mm

Zoon Scan Resoluton

dx=Smm/dy=Smm. /dz=Smm

Frequency 2600 MH 2
Input power 20 dBm
Lxpud Temperature 21 °C
Lab Temperature 21-°C
Lab Humidity 45%
G 1 g SAR (W/kg/W) 10 § SAR (W/kg/W)
measured measured
2600 5651 |565) 24.25|1213)
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mvg

SAR REFERENCE DIFOLE CALIBRATION REFORT

Ref ACR IIG1002.5ATU A

LIST OF EQUIPMENT

SAM Phartom MVG sh2on9-sauy [erieed Nocel  heicaied o cal

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond \:::':;.;:jd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C | MY49070881 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261498 0112017 0112020
Power Sersor HP ECP-E26A US37181450 0172017 0112020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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SAR Reference Waveguide Calibration Report

Ref: ACR.116.13.19.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREETBAO 'AN DISTRICT, SHENZHEN,
GUANGDONG, CHINAMVG COMOSAR REFERENCE
WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGAJ36

Calibrated at MVG US
2105 Barrett Park Dr, - Kennesaw, GA 3014

o ¥ —— o
7~ [AccrEBiTED)

i

Calibration Date: 04/26/2019

Summary,

Thas document presents the method und results from an socredited SAR reference wavegude
calibration performed in MVG USA using the COMOSAR test bench. All calibeation results are

traceable to national metrology institutions.
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mvg SAR REFERENCE WAVEGUIDE CALIBRATION REFORT ReC ACRIIGE319SATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 and CEVIEC
62209 standards for reference waveguides used for SAR measurement system validations and the
measurements that were performed to verily that the product complies with the fore mentioned

standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG

Model SWGS500

Serial Number SN 15/15 WGA36

Product Condition (new /used) | Used

A yearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62209 standards.

4  MEASUREMENT METHOD
The IEEE 1528 and CEIIEC 62209 standards provide requirements for reference waveguides used
for system validation measurements,  The following measurements were performed to verify that the
product comphies with the fore mentioned standards.

4.1
The waveguide used for SAR system validation measurements and checks must have a retum loss of
-8 dB or better, The retum loss measurement ghall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards,

42 MECHANICAL REQUIREMENTS
The IEEE 1528 and CEVIEC 62209 standards specify the mechanical dimensions of the validation
wavegnide, the specified dimensions are as shown in Section 6,2, Figure | shows how the
dimensions relate to the physical construction of the waveguide.

Page: /13
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Rel ACRI16 E319SATU.A

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, traccable to the Intemationally Accepted Guides to

Mcasurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MH2 0.1dB

5.2 DIMENSION MEASUREMENT

e following uncertamties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3 - 300 0.05 mm

Ihe gutdelines outlined in the IEEE 1328 and CEVIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
1 g 20.3 %
0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIOLUID

12
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT ReC ACRI6 1319 SATU.A
Frequency (MIlz) | Return Loss (dB) | Requirement (dB) Impedance
3200 9,15 -8 25.40 Q + 993102
5400 _-1137 -8 86710+ 471402
5600 -13.63 -8 34.58 Q2 - 8.71 jQ
S800 -13.02 -3 52.55 Q + 23.38 Q2
6.2 RETURN LOSS IN BODY LIQUID
Fegmecy MH:
Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -8.29 -8 2431 Q < 13.64 Q2
5400 -10.18 -8 94,11 Q2 -6.25 Q2
3600 -11.97 -8 30.72 02 - 6.45 362
3800 -11.40 -8 57.51 Q2 - 29.02 342
6.3 MECHANICAL DIMENSIONS
Proquens 1, (1) W i |« (1) We i) 1 (mm}
,--;Il;l ,: Regure Measare Require Measure Requre Mesure Require Measuee Raquire Messure
AT d d d d d d d d d
sao | G337 | pass | BH| pass | BN | pass | OV [ pass | sae | eass
S800 ";':1”‘: PASS 3"5' : S5 pass A.:;r‘;)l: PASS "E_,':T PASS 13 PASS

* The tolerance for the matching layer is meluded m the return loss measurement

S T
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Rel ACRIIGE312.SATUA

Marching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEIIEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide meeting the fore mentioned return 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 layer in
direct contact with the phantom shell.

71
F"::;"" Relative permittivity (&) |  Conductivity (o) S/m

<000 36.2$10% 2,45110%
5100 36,1 £10% 456 +10%
5200 36,0 +10% pASS 26610% | PASS
5300 359 +10% 276 410%
5200 35.8 £10'% PASS 286410% | PASS
5500 35.6110% 297110%
5600 35,5 $10% PASS 5.07:10% |  PASS
5700 354 210% 517 +10%
<800 35,3 410% PASS 527410% |  PASS
<900 35.2410% 5.3810%
000 351410% S5.484310%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID

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

Page: 7/13
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Rel ACRIIAE3I9SATU A

Software OPENSAR V4
Phantom SNV 2000 SAMTI
Probe SN 1811 ERGI22
Liquid Head Liguid Valoes 3200 MHz eps’ 36,68 sigma @ 4.45
Head Liguid Values 3400 MHz eps' 36.08 sigma : 4.69
Head Liguid Values 5600 MHz eps' 35 34 sigma © 4 95
Head Liguid Values S800 MH2. eps’ 34 81 sigma : 5.08
Distance between dipole waveguide and liguid U mm
Area scan resolution dx~Smm/dy=8mm
Zoon Scan Resolution dx=dmm/dy=<m/dz=2mm
Frequency 5200 MHz
S400 MHz
3600 MHz
S800 MH 2
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 2l C
Lab Humidity 45%
Frequency (MHz) 1 ¢ SAR (Wkg) 10 g SAR (Wkg)
required measured required measured
5200 159.00 161.18(16.12) 56.90 55.04 (5.50)
5400 166.40 168.58 (16.86) 58.43 56.83 (5.68)
5600 173.80 175,94 (17.59) 59.97 59.03 (5.90)
5800 181.20 181.69 (18.17) 61.50 60.11 (6.01)
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SAR MEASUREMENT PLOTS @ 5400 MHz
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mvag SAR REFERENCE WAVEGUIDE CALIBRATION REFORT
73 BORY LIOUID MEASUREMENT
"‘;‘;"“ Ralative permittivity (e} Conducthity (a) $/m
5200 29,0210% PASS 530$10% PASS
5300 439$10% 542 £10%
5400 43,7 £10% PASS 553 +10% PASS
5500 AB6410% 565430%
5610 43.5$10% PASS 577410% PASS
S800 48.2410 % PAsSS 600 £10% PASS
74
Software OPENSAR V4
Phantom SN 2019 SAM7I
Probe SN I8N 1 ERGI22
Liguid Body Liquid Values 5200 MHz: eps’ 49,02 sigms : 546

Hody Liguid Values 5400 MHz: eps' (49,55 sigma 353
Body Liquid Values S600 MHz: epg 47 60 sggma . 3.77
Body Liguid Values 5800 MHz: eps’ 47 81 sipms : 6.12

Distance between dipole waveguide and liquid

0 mm

Area scan resolution

dx=Bmm/dy=8mm

Zoon Scan Resolution

dxdmm/dy=4m/dz-2mm

Frequency 5200 MHz
S400 Miiz
5600 MH2
SRO0MH 2
Inpul power 20 &8m
Ligquid Temperuture 21°C
Lab Temperature 21°C
Lab Humidity 43 %
Frequency (MHz) 1 o SAR (Wikg) 10 ¢ SAR (W kg)
measured measured
5200 151.71(15.17) 33.57(5.36)
5400 158.06 (15.81) 55.25(5.33)
5600 168.19 (16.82) 58.19 (5.82)
SR00 17113 (17.11) 58.47 (5.85)
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_BODY SAR MEASUREMENT PLOTS @ 5200 MHz
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_BODY SAR MEASUREMENT PLOTS ‘@ 5800 MHz
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Rel ACRIIGEINPSATU A

LIST OF EQUIPMENT

Fat Phantom MVG SN-20/09-SAMT r‘;’::“"f’ezd Noesd :g'fe‘zd No: ool

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond ﬁ;‘;;fjd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C MY49070681 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261496 0112017 0112020
Power Sersor HP ECP-E26A US37181480 012017 0172020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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