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CALIBRATION CERTIFICATE
Object EX30DV4 - SN:3953

Callbration Procedura(s) EF-211-004-0

Calibration Procedures for Dosimetnc E-fisld Probes

Calibration date August 31, 2017

This calibrabon Certfificate documents the traceabliity to national standards, which realze the physical units of
measurements{Si). The measurements and the uncertaintios with confidence probability are given on the following
pages and are part of the ceortificate

All calibraons have been conducted in the closed laboratory facilty: environment temperature(22¢3C and
humidity<70%.

Calibration Equtpmonl used (MATE critical for calibration)

Primary Standards D# Cail Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter  NRP2 101919 27-dun-17 (CTTL, NoJ17X06857) Jun-18 |
Power sensor  NRP-Z91 | 101547 27-un-17 (CTTL, No J17X05857) Jun-18
Power sensor  NRP-Z81 | 101548 27-9un-17 (CTTL, No J17X05857) Jun-18
Roforence10dBAtenuator | 18NSOW-10dB  13-Mar-18{CTTL. No J16X01547) Mar-18
Reforence20dBAttenuator | 18NSOW-20d8  13-Mar-18{CTTL. No.J16X01548) Mar-18
Reference Probe EX3DV4 | SN 7433 26-S0p-16{EPEAGNo EX3-7433_Sep16) Sep-17
DAE4 SN 549 13-Dec-18{(SPEAG. No DAE4-548 Dec16) Dec-17
Secondary Standards 1D # Cal Date(Calibrated by, Cartificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 8201052605 27-Jun-17 (CTTL. No.J17X05858) Jun-18
Network Analyzer ESO71C | MY48110873  13-Jan-17 (CTTL. No.J17X00285) Jan -18

Name Funcson .Sqnature

Calbrated by Yu Zongying SAR Tost Enginoer

Reviewed by Lin Hao SAR Test Engineer -\-&\F 7%

Approved by Qi Dianyuan SAR Project Leader %

Issued. September 01, 2017
This calibration certificate shall not be reproduced except in full without wiitten approval of the laboratory
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Add No S | Xuesvan Rosd, Hakbion Dustrcr. Beijmg. 100191, China

Tek: 186+ 10-421M631-221% Fanc + B6- 10-62 30461 3-2209

Lomall: conbgchamant| com Hitas wwwm shdsand oy
Glossary:
TSL lssue simulating lkguid
NORMXx.y,z sensitivity in free space
ConwF sensitivity n TSL / NORMx v,z
pee diode compression point
CF crest factor (1/duty_cycie) of the RF signal
ABCD modulation dependent linearization parameters

Polarizatbion @ & rotation around probe axis

Polarization 6 0 rotation around an axis that is in the plane normal to probe axis (af measurement center), |

8=0 is normal to probe axis

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

Calibration Is Performed According to the Following Standards:

8) |[EEE Sd 1528-2013, "IEEE Recommended Practico for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) In the Human Head from Wieless Communications Devices
Measurement Technigues®, June 2013

b) IEC 62209.1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted davices used next to the ear (frequency range of 300 MHz to 8 GHz)",
July 2016

¢} IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless cormmunication
devices used in close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6§ GHzZ"

Methods Applied and Interpretation of Parameters:

o NORMy.y 2 Assessed for E-feld polarization 8=0 (f<900MHz n TEM-cell; 1> 1800MHz: waveguide)
NORMx,y.z are only intermediate values, L.e., the uncenainties of NORMx.y,z does not effect the
£’ -field uncertainty inside TSL (see balow ConvF)

*»  NORM(fx y.z » NORMx,y2* froquency_response (see Frequency Response Chart). This
Incarization is implemanted in DASY4 software versions [ater than 4.2, The uncertainty of the
frequency response is included in the stated uncerntainty of ConvF,

« DCPxyz: DCP are numerical inearization parameters assessad based on the data of power sweep
(no uncertainty required). DCP does not depend on frequancy nor media

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

o Axyr Buyz CxpzVRx yzAB.C are numerical ineanzation parameters assessad based on the
data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
madia. VR is the maximum calbration range expressed in RMS voltage across the diode.

* ComvF and Boundary Effect Paramelers: Assessed In flat phantom using E-field (or Temperature
Transfer Standard for fSB0OMHMZ) and inside waveguide using analytical fisld distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
appiled for boundary compensation (alpha, depth) of which typical uncartainty valued are given
These paramelers are used in DASY4 software to iImprove probe acouracy close to the boundary
The senaitivity in TSL corresponds to NORMx,y.z* Comv whaeraby the uncertainty corresponds to
that given for CorvF. A frequency dependent ConvF is usad in DASY version 4.4 and higher which
allows extanding the validity from£50MHz to+100MHz

« Sphenical isotropy (3D deviation from isotropy). n a field of low gradients realized using a flat
phantom exposed by a palch antenna.

« Sensor Offset The sensor offset corresponds 1o the offset of witual measwurement center from the
probe fip (on probe axs). No tolerance required

« Cannector Angie: The angle is assessed using the information gained by detemmining the NORMx
(no unceriainty required).
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Probe EX3DV4

SN: 3953

Calibrated: August 31, 2017
Calibrated for DASY/EASY Systems

(Note: noncompatible with DASY?2 system!)
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3953

Basic Calibration Parameters

Sensor X ‘I.-s.mor Y ' So:mov Z Un_c (k-!) ) |
| Norm(uV/(Vimy')* 0.54 |0.55 048 £10.0%
|ocPmv)® | 1008 | 1027 1005 i
Modulation Calibration Parameters

uID Communication Ta 8 e To VR Unc®
‘ | System Name dB a8V dB mV (k=2)
0 cw x |00 |00 10  J000 |[1684 |+22% |
Y 0.0 0.0 1.0 [172.1
z oo Joo [10 [ 1605

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%

* The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty Inside TSL (see Page 5 and Page 6)
" Numencal linearzation parameter: uncertainty not required

y Uncertainly |s determined using the max. deviation from linear response applying rectangular distribution
and s axpressed for the square of the field value
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3953

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative Conductivity o | Depth® | Unct.

1 [MHz)" ivity" (Shn)” comr_x -Cc‘vaY ConvF Z | Alpha me) | 0e=2)
750 419 089 10.10 10,10 10,10 030 | 080 |4 12.1% |
835 415 0,90 10.01 10.01 10.01 015 | 134 | £12.1%
900 415 097 9.84 R84 | 984 | 012 | 152 | £121%

|_1750 40.1 1.37 845 | 845 | 845 | 026 | 102 | £121%

1810 400 140 | 816 | 816 | 816 | 030 | 091 [+121%
1900 40.0 140 8.08 8.08 8.08 0.23 109 | £12.1% |
2100 398 149 8.02 8.02 8.02 027 | 089 | £121%
2300 395 1.67 805 8.05 8.05 059 | 065 | +12.1%

| 2450 392 1.80 7.61 7.61 761 061 | 070 | +12.1%

2600 390 186 | 728 | 728 7.28 043 | 091 | £121%

“ Froquency validity above 300 MHz of +100MHz only appies for DASY 4.4 and higher (Page 2), else & i resiricted to
£50MHz. The uncertainty i the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicaled
frequency band. Frequency validity below 300 MMz & £ 10, 25, 40, 50 and 70 MHz for CorwF assessmaents at 30, 64, 124
150 and 220 MHz respeciively Above 5 GHz frequency validity can be extended to £ 110 MHz

" At frequency below 3 GHz, the valiity of Essue parsmeters (¢ and o) con be relaxed to £10% if liquid compensation
formula is applied 1o measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o) s
resiricied 1o $5%. The uncertainty is the RSS of the ConvF uncertainty ko indicated target lissue parameters

? Apha/Depth are determined during calibration. SPEAG warrants that the remaining devistion due 10 the boundary
affect afler compensation is alwoys less than + 1% lor fraquencies below 3 GHz and below £ 2% for the fraquencies
between 3-6 GHz at any distance Brger than half the probe bp diameter from the boundary
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3953

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity o | Depth® | Unct.

1 (MHz]" Permittivity” (Sim)’ ConvF X fomrFY ConvF Z | Alpha (m) | pe=2)
750 555 0.96 10.26 10.26 1026 | 030 | 080 | £121%
835 552 097 10.00 1000 | 1000 | 018 | 138 | +12.1%
900 55.0 1.0 9.03 9.93 993 | 021 | 118 | £121%
1750 | 534 140 | 819 | 819 | 819 | 025 | 106 |+121%
_t810 | 533 | 152 | 8% | 812 | 812 | 018 | 1.39 |+121%
1800 533 1.52 8.02 8.02 8.02 020 | 1.00 | +12.1%
2100 532 1.62 818 818 | 818 | 020 | 128 | £12.1%
2300 520 1.81 8.00 8.00 8.00 031 | 128 | £121%
2450 | 52.7 1.95 7.73 7.3 773 | 042 | 096 | +12.1%
2600 525 2.16 7.35 7.35 7.35 044 | 001 | +121%

“ Froquency vaiidity above 300 MHz of £100MHz only applies for DASY v4.4 and highor (Page 2), else i ia restricted 1o
£50MHz. The uncertanty = the RSS of ConvF uncertainty st calibeation frequency and the uncertainty for the indicaled
froquency band. Frequency validity below 300 Mz s + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency valiity can be extended to £ 110 MHz

" Al frequency bolow 3 GHz, the validity of issue paramelers (¢ and o) can be relsxed 1o £10% if liquid componsation
formula i applied to measured SAR values. Al frequencies above 3 GHz, the validity of fissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the Com uncertainty for ndicated tget lssue paramotars

“ Npha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation s always less than + 1% for frequencies below 3 GHz and below £ 2% for the freguencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary
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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-fleld: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

=600 MHz, TEM f=1800 MHz, R22

Prtcarngug LR MUETe et SRS S5R tnaeg g g PP B R T RERTRTE

. P -
" ' 180

Y 1ok " 1;[ ‘
«  100MMz HO0MM2 “
Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)

1800MH2 2500MH;
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Dynamic Range f(SARead)
(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=835 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Deviation from Isotropy in Liquid
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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 i Triangular
Connector Angle (") 33.2
{ — — e .
| Mechanical Surface Detoction Mode enabled |
; Optical Surface Detection Mode disable |
iv Probe Overall Length 1 337mm
Probe Body Diameter 7 10mm
Tip Length Smm
Tip Diameter B 2.5mm
;robo Tip toﬁx Callbration Point imm
Probe Tip to Sensor Y Callbration Point 1 1mm
Probe Tip to Sensor Z Calibration Point ‘ 1mm
Rocommond;leuwemem Distance from Surface | 1.4mm
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Cllent . age-cert Certificate No: Z17-97014
r -”‘ — y g = s - b
|
| Object DAEM4 - SN: 1398
Calbration Procedure(s) £0-211-002.01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date January 19, 2017
This calbration Cerfificate documents the traceabilty to national standards, which realize the physical units of

| measurements(S1), The measuremants and the uncertainties with confidence probability are given an the following
| pages and are part of the certificate

|
iummmmmmmmuwmmvm«mmwgmmrm
| humidity<70%

|
| Calibration Equipment used (MATE critical for calibration)

| Primary Standards D Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
|
\
E Process Calibrator 753 | 1871018 27-June-18 (CTTL, No J16X04778) June-17
Name Function Signature
Calbrated by Yu Zongying SAR Tes! Enginoer _ %
Reviewed by Qi Dianyuan SAR Project Leader M/
Approved by LuBingsong  Deputy Director of the laboratory &L M q'z
Issued: Yanuary 20, 2017 ‘
This calibration certificate shall not be reproduced except in full without written approval 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.

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

« The report provide only calibration results for DAE, it does not contain other
performance test results
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DC Voltage Measurement
AD - Converter Resohion nomnal
High Range 1LS8 = LRMY i range = 100 . +300 mV
Low Range LS8 = 61nV, full range = A +ImV
DASY measurement parameters: Auto 2ere Time: 3 sec. Measuring time: 3 sec
Calibration Factors X Y F 4
High Range 404185 2 D.15% (ks2) | 404 165 = D155 (k=2) | 403 627 £ 0.15% (k=2
Low Range 307536 £ 0.7% (k=2) | 3863 £ 0.7% (k=2) 307088 + 0.7% (x=2)
Connector Angle
| |
Connector Angle 10 be used in DASY system 196°+1*
‘ — — 4.
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DIPOLE CALIBRATION DATA

SAR Reference Dipole Calibration Report

Ref : ACR.216.4.16.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 900 MHZ
SERIAL NO.: SN 15/16 DIP 0G900-400

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

7~ [ACCREDITED)
“wl. ML W » YT K330

Calibration Date: 07/05/2016
Summary:

Thas document presents the method and results from an accredited SAR reference dipole calibrtion
performed in MVG USA using the COMOSAR test benich,  All calibration results are truceable to
natsonal metrology inssutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 216416 SATU.A
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mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 216416 8ATU.A
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2164.16.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, 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 900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDYOO
Serial Number SN 15716 DIP 0G900-400
| Product Condition (new / used) New

A yearly calibration interval is recommended.
3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 — MG COMOSAR Validanon Dnpole
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2164.16.5ATU.A

4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 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 standurds.

41 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

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 4 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.

5.1 RETURN LOSS

The following uncertainties apply 1o the return loss measurement:

‘ Frequency band | Expanded Uncertainty on Return Loss
| 400-6000MHz 1 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements

i Length (mm) ‘ Expanded l';c;n;dn?\nﬁ Le gtinﬁ

3 - 300 \ 0.05 mm

53 NALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1328, FCC KDBs. CENELEC EN50361 and CEVIEC 62209

Secan Volume Expanded Uncertainty

le ' 20.3 %
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Ref: ACR 216 4.16.8ATUA

SAR REFERENCE DIPOLE CALIBRATION REPORT

10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fioguency, NH:

113 £4 1} AN e 1] 90 w a0 w0 ¥ 1om

0
5
&0
Frequency (MHz) | Return Loss (dB) Requirement (dB) | Impedance
900 -30.88 20 51.6Q2+24iQ

2  RETURN LOSS AND IMPEDANCE IN BODY LIQUID

6.2

§ i1n
Return Loss (dB) Requirement (dB) Impedance

Frequency (MHz)
-20 51.9Q+7.81Q

90K [ -21.87

6.3 MECHANICAL DIMENSIONS

Frequency MMz Lmm dmm

required measured raquired measured required measured
300 420041 % I50.0£1% 53521 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2164.16.5ATU.A

1%0 290011 % 166.7 £1%. £3521%
’ 750 176041 % [ 100041 %, 63581 % ‘
| 835 1610121 % 898121 % 1621%.
' 500 149.0 11 %. PASS a3181% PASS 1621% 9A5S
‘; 1150 89141 % | s17n1% 3621%
[ 1500 T B0s4l% | soptrm Ta6a1% |
: 1640 Te081% aL7em 2621% '
k 1750 75211 %, 42011% 3621%
' 1800 72021%, ATEL% 3621%
' 1800 68021% 39541 % 3621%
" 1950 3w | 38541 % 3621% 4
S T o T S E— T —
| 2100 61021%, EL R ES N 1621
: 2300 55521 %, [ 32621% 36 21% '
2450 51511%. 0411% 1621%
’ 2600 425 21 %. 28811% 1621%
: 3000 1521 %, 25081% 3621%
" 3500 37041 % 2WAEL% 3621%
[ 3700 \ 31711 % | [ 264 £1 % | \ 3621% |

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC 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
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 HEAD LIQUID MEASUREMENT

mem Relative permittivity (e} Conductivity (0) $/m
aind_| 2 ued | r
300 45345% | 0.8745%
450 3515% 0.8745%
750 41925% Q.85 15%
838 415 25 % 0.50 45 %
300 £1515% PASS 09715% PASS
1450 05 5% 12045 %
T 1so0 204 £5% 1.23 45 %
1640 02:5% | 12115% |
1750 01 15% 13715%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2164.16.5ATU.A
1800 T mowse | [T1a0sen |
1900 ANOE5% [ 140£5%
1950 0015% | 140 £5%

T 2000 w00s% | 1.0 25 %
2100 NE5% | 14915%
T 200 | m5e% | C16TE5%
T ams0 0215% 180£5%
2600 BO5% 1.96 5%
3000 385:5% [ 240 £5%
C aso0 wesse | 2.6145%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 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 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 l

uxd\ lue: qxs A2 1 sigma 101

dyx-Bmm/dy=-Smm
d*("ﬂmm dy=8mm/dz=5mm

500 Mz
| 20 dBm
[31°C
Lab Iumpenuun [21°C
Lab Humidity | 45% |
"":‘:z““' 1 § SAR (W/kg/W) 10 5 SAR (W/kg/\W)
ued = aed =
T 30 285 | 134
150 ass | | 308
750 249 : 555
835 9.56 ‘ 6.22 |
200 108 | 1088(110) 698 6.88 (0.69)
1450 x| 6 |
1500 305 | 168
T 32 | 18.4
1750 68 | 19.3
T e | 201
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 2164.16.5ATU.A
1300 39.7 205
1950 a0.5 2.2
2000 41.1 11
2100 436 218
2300 48.7 233
2450 52.4 24
2500 553 296
3000 63.8 5.7
3500 67.1 25
I/'
1
H|l"“
M.ﬂl
1 1]
ey |
\
B SHEEHERE
o | B .| i
= s EREEEE

73 BODY LIQUID MEASUREMENT

Frequency Relative permittivity {e.') Conductivity (a) S/m

MHz |
required measured required measured
150 | e8| | osossn |
300 | S82:5% [ | 08225% |
as0 | ss7t5% | | os115%
750 [ “sssesse | | oseesx |
835 | ss2e5% | [ os7ts% |
00 [ S50485% ' PASS [ 1.0545% | PASS
915 [ 55045% I | 1.06 5% |
1450 | Terosme | [ "130es% |
1610 | “szsmsw | ["1a0es5% |
1820 | s33ssw | [Tis2esm |
1300 [ 53345% [ [ 1.5245%
2000 [ “saaesw | [T1mesw |
2100 [ Te2smw | [ 16215% |
2450 [ s27m5% | | “1esesm |
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SAR REFERENCE DIPOLE CALIBRATION REPORT

2600 2.5 85%
3000 | s20ssw%

1500 [s13es%

<200 £9.0110%
5300 289 +10%
5400 487 £10%
5500 4B6410%
600 [ 455 £10%
<830 | az2410%

[ Software

| Plantom

| Probe

| Lagquid

| Dastance between dipode center and hguxd
|_Aren scan resofution

| Zoon Scan Resolution

| Frequenc
| Inpw powes

| Laquid Temperature
| Lab Temperuture

| Lub Humidity

2.1645%
27325%
33125%
530110%
542 £10%
553£10%
5565 +10%
ST7+I0%

600 £30%

| OPENSAR V4
SN 200 SAMT

| SN 18711 EX

| Body Liquid Vilues. eps’
150 mm

: dy=8mm /dy Smm
dx~8mm /dy-8mm/dz-

| 900 MHz

Smm

Ref: ACR 2164 16 8ATU A

353 seema . 108

"‘:‘:’:‘"’ 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
00 1133(113) 7.231072)
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2164.16.5ATU.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / S , Current | Next Calibration

SAM Prantom MVG SN-20/09-SAMT74 :;’e z'tf’egd o .cel :g":f';zd No. ca)

COMOSAR Test Bench  Version 3 NA ?’eﬂh"‘r’e’g" No.cal :’e‘:;'fre'g" No cal
Network Analyzer ' Rhode S | swi00122 0212016 02209
Calipers Carrera CALIPER-01 122013 122016
Refareros Probe | MVG | epc122 s 111 102015 | 10oms
Mutimeter Keithley 2000 1188656 1202013 122016

Sgnal Generator Agilent E4438C MYA3070581 1212013 12206

f:haractenzéd prior IB.Cfsaracterlied prior 16

|
mphiet Astheroomm SN 046 test No cal required, test No cal required
Power Meter HP E4418A US382514%8 1212013 12°2Mé
Power Senzor HP ECP-E26A Usaz181460 122013 1226
. {Characterized pror to Gharacterized prior to
Cicectional Coupler | Nards 4216-20 | 01385 test MNo cal required test No cal required
Tempersture and | ) Company 150798832 1012015 102017

Humidity Sensor
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LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 29/15 DIP 1G800-387

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

(ACCREDITED)

v/, 5 .
W "

Calibration Date: 07/05/2016

Swmmary:

Thes document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All cahbration results are truceable ©
national metrology insttutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, 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 SIDI800
Serial Number SN 29/15 DIP 1G800-387
| Product Condition (new /used) | New

A yearly calibration interval is recommended.
3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 — MG COMOSAR Validanon Dhpole
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 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 standurds.

41 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

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

5.1 RETURN LOSS

The following uncertainties apply 1o the return loss measurement:

‘ Frequency band | Expanded Uncertainty on Return Loss
| 400-6000MHz 1 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements

i Length (mm) ‘ Expanded l';c;n;dn?\nﬁ Le gtinﬁ

3 - 300 \ 0.05 mm

53 NALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1328, FCC KDBs. CENELEC EN30361 and CEVIEC 62209

Secan Volume Expanded l,’}lcenainly

le ' 20.3 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT =

10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fieguency, NH:
1700 1720 179 17540 10 L LU U S . ) 180 1530 15m

S0

Frequency (MHz) | Returmn Loss(dB) | Requirement (dB) | Impedance

1800 -27.78 =20 466 Q2+ 2302

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuercy, MHz

§ i1n
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 ' -27.67 . -20 | 4620-17j0

6.3 MECHANICAL DIMENSIONS

Frequency MKz Lmm h mm dmm
required measured raquired measured required measured

0 420041 % 350021 63521 %
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1%0 290011 %

166.7 £1%. £3521%
’ 750 176041 % [ 100041 %, 63581 % ‘
| 835 1610121 % 898121 % 1621%.
[ 500 149.0 41 % 83381 % 3621%
‘; 1150 89141 % | s17n1% 3621%
[ 1500 T B0s4l% | soptrm Ta6a1% |
: 1640 Te081% aL7em 2621% '
k 1750 75211 %, 42011% 3621%
' 1800 72021 %, PASS ATEL% PASS 3621% s
' 1800 68021% 39541 % 3621%
" 1950 3w | 38541 % 3621% 4
S T o T S E— T —
| 2100 61021%, EL R ES N 1621
: 2300 55521 %, [ 32621% 36 21% '
2450 51511%. 0411% 1621%
’ 2600 425 21 %. 28811% 1621%
: 3000 1521 %, 25081% 3621%
" 3500 37041 % 2WAEL% 3621%
[ 3700 \ 31711 % | [ 264 £1 % | \ 3621% |

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC 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
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 HEAD LIQUID MEASUREMENT

mem Relative permittivity (e} Conductivity (0) $/m
aind_| 2 ued | r

300 45345% | 0.8745%
450 3515% 0.8745%
750 41925% Q.85 15%
838 415 25 % 0.50 45 %
300 £15:5% 09715%
1450 05 5% 12045 %

T 1so0 204 £5% 1.23 45 %
1640 02:5% | 12115% |
1750 01 15% 13715%
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1800 T o | pass | 1d0sex | pass
1900 ANOE5% [ 140£5% |
1950 0015% | 140 £5%
T 2000 w00s% | 1.0 25 %
2100 NE5% | 149+5%
T 200 | m5e% | T1e7e5% |
T ams0 0215% 180£5%
2600 BO5% 1.96 5%
3000 385:5% [ 240 £5%
C aso0 wesse | 2.6145%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 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 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 |

d-Bmm/dy-Smm

| Zoon S«:a_n Rcs{o_lt_mb; dx-8mm/dy=8mm/dz=5mm
Frequency 1800 Mz
¢r | 20 &Bm
Laguid Temperature [ 210
Lub Temperature [21°C
Lab Humidity | 45% |
"":‘:z““' 1 § SAR (W/kg/W) 10 5 SAR (W/kg/\W)
auired = quired z
T 30 285 | 194
150 ass | | 308
750 849 ‘ 55%
835 956 ‘ é.?? |
900 08 | 698
1450 w | 6 |
1500 305 | 165
1640 a2 | 18.4
1750 e | 18.2
1m0 84| 37a3a74) 201 1928 (1.99)
Page: 811
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1900 39.7 2.5
1950 a0.5 2.9
2000 41.1 211 |
2100 436 218 |
2300 48.7 33
2450 52.4 24
2600 55.3 16
3000 ' 63.8 . YT
3500 ' 67.1 I . 25

1 TA

73 BODY LIQUID MEASUREMENT

F"m":" Relative permittivity (&) Conductivity (a) 5/m
required measured ' required measured
150 | e8| | osossn |
300 | 582:5% [ | 08225%
as0 | “ss7ss% | |“ostzsm |
750 [ “sssesse | | oseesx |
835 55.2 15 % 09715% |
00 [ S50485% ' [ 1.0545%
915 [ 550455 I | 1.06 5%
as0 S1.0 15 % 13085% |
1610 33.815% 140£5% |
1800 53345 % PASS | 152¢5% |  PASS
1300 [ 5334¢5% [ 1.5245% .
2000 533 15 % 152 £5 %
2100 532159 162 45%
2450 52715% 1855% |
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SAR REFERENCE DIPOLE CALI

2600 2.5 85%
3000 52.0 45 %
1500 51.345%
<200 £9.0110%
5300 289 +10%
5400 487 £10%
5500 4B6410%
600 [ 455 £10%
<830 | az2410%

[ Software
| Plantom
| Probe

| Lguid
| Dastance between dipode center and houud
|_Aren scan resofution

| Zoon Scan Resolution

| Frequenc
| Inpu pow

or

BRATION REPORT

2.1645%
27325%
33125%
530110%
542 £10%
553£10%
5565 +10%
ST7+I0%

600 £30%

| OPENSAR V4

"0 20000 SAM]

| SN 18711 EPGI
Body Liquid Values. eps’

: 100 mm )

| che=8mm dy-Bmm

| dx~Smm/dy=8mm/dz-
1800 MH 2

| 20 d@8m

Smm

Ref: ACR 216516 SATU A

5.‘7‘7?;@11::‘ 1 46

| Laquid Temperature 21°C
| Lab Temperuture 121°¢
| Lub Humidity | 45%
m’:‘:':‘“' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1800 36531365 19.80 {1.98)
—| /
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / S , Current | Next Calibration

SAM Prantom MVG SN-20/09-SAMT74 :;’e z'tf’egd o .cel :g":f';zd No. ca)

COMOSAR Test Bench  Version 3 NA ?’eﬂh"‘r’e’g" No.cal :’e‘:;'fre'g" No cal
Network Analyzer ' Rhode S | swi00122 0212016 02209
Calipers Carrera CALIPER-01 122013 122016
Refareros Probe | MVG | epc122 s 111 102015 | 10oms
Mutimeter Keithley 2000 1188656 1202013 122016

Sgnal Generator Agilent E4438C MYA3070581 1212013 12206

f:haractenzéd prior IB.Cfsaracterlied prior 16

|
mphiet Astheroomm SN 046 test No cal required, test No cal required
Power Meter HP E4418A US382514%8 1212013 12°2Mé
Power Senzor HP ECP-E26A Usaz181460 122013 1226
. {Characterized pror to Gharacterized prior to
Cicectional Coupler | Nards 4216-20 | 01385 test MNo cal required. test. No cal required
Tempersture and | ) Company 150798832 1012015 102017

Humidity Sensor
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SAR Reference Dipole Calibration Report

Ref : ACR.216.7.16.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2000 MHZ
SERIAL NO.: SN 29/15 DIP 2G000-390

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

AW

oy b vow il

Calibration Date: 07/05/2016

Summary:

Thas document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibratwon results mre tmoemble &
natiomal metrology matsutions
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACH2I6T165ATUA

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 venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Tyvpe | COMOSAR 2000 MHz REFERENCE DIPOLE
- Manufacturer MVG
Model | SID2000 1
Serial Number | SN 2915 DIP 2G000-390

Product Condition (new / used) | New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

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

Figure 1 - MG COMOSAR Validation Ihpole
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4  MEASUREMENT METHOD
The [EEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements,  The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

42

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 4 2 mum 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.

5.1 RETURN LOSS
The following uncertainties apply to the return loss measurement:
i Frequency band ‘ Expanded Uncertainty on Retum Loss |

L 400-6000MM1z \ 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1328, FCC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements,
Scan Volume Expanded Uncertainty

lg 203 %
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10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Freguercy, NH:
W Wm0 1w 1960 190 000 M AW 00 ) 200

g 0
T~
»-
S
Frequency (MHz) | Retum Loss (dB) | Requirement (dB) | Impedance
2000 -26.47 =20 53.1Q-3.6)0Q

62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frocueecy, Mz

Frequency (MHz) ‘ Retum Loss (dB) Requirement (dB) Impedance
2000 -25.93 =20 55.0£2+ 0.0

63 MECHANICAL DIMENSIONS
Frequency MH: [ Lmm hmm dmm
roquired measured required measured required maasurod

300 0021 % 5001 % 63521 %
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a0 290021 % 166781 % 635N

7%0 s0s % | I 100081%. [ e3enn '
Ras 61081 % | T sesnn [ 3snw ‘
500 149021 % a331% 3621%

1650 Bins | | si7ms [ asan |
1500 A0S 21 %, S0.041% E RSN |
1640 70s1% | amran 26 '
1750 75221 %, 42881% 3621%

1500 72001% | T mTax | 3smam. | '
1900 68011 %, 29581% 3621 |
1950 663t1% | IETIT TS [ 6% | |
2000 B4521% ' PASS [ asan PASS BT pass '
2100 Tetostw, | | ssamw | [ asax | |
2300 T T IBETT T '
2450 s15e1%, | T anw [Taenn '
2600 485 21%. 28821 % IE21%

3000 s | T sonn [ 36 | '
3500 won% | | 260t1% [ asman | "
3700 ETR IS 26441 % | 3sa1%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retumn loss
and mechanical dimension requirements.  The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outhined in the fore mentioned standards,
Per the standards, the dipole shall he positioned below the bottom of the phantom, with the dipole
length centered and parallel 1o 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
il Relative permittivity fe.' Conductitty (0] $/m

300 s3sn | 08725% |
450. 435:57“ | 08725% |
760 419s5% 0.89 25 %
835 n5s% | 05045% |

T w00 41515% 08715%
1050 0545% 12025 %
1500 0A5E | 12385% |
1640 2025 % | 13125%
1750 415% LAT25%
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1800 Wos% 14045%
1500 A0S | 14025%
1950 00N | 14045% |
2000 00 5% PSS 1405 % PASS
2100 WESH | 14925% |
2300 B 5% [ L6745%
T a0 92155 13045 %
2600 BO5BN | 19645 %
3000 35:5% | 24025% |
3500 a8k 28125%

7.2 SAR MEASUREMENT RESULT WITH 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 system validation.  All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 2019 SAMTI
Probe SN 1811 EPGI22
Lguid Head Liguid Values eps” 38 3 sigma | 38 I
Distance between dipole center and bquid | 10.0 mm ‘
| Area scan resolution | d=Brmm/dy=§mm
Zoon Scan Resolution dx-5Smm/dy=Smm/dz=5mm
Frequency 2000 MHz
Input power | 20 dBm
Laqusd Temperature >
Lab Temperuture
l ab Hisnudity

i 1§ SAR (W/kg/W) 10,8 SAR (W/kg/W)
W;‘ 1 1 - AT o
300 285 | 194 |
250 4,58 306
750 P 555 |
B33 9.56 | 6.22
%0 108 6.5
1450 29 | 16
1500 05 | 168 |
1640 34.2 184
1750 64 183 |
1800 wa 204
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1500 [ 358.7 [ 205
1950 ‘ 05 [ NS
2000 [ 411 | 13.15(432) [ 211 [ 2141 (2.19)
2100 | 436 | | 218 |
2300 | a7 | | 23
2450 ' 524 ' 24
2600 | 55.3 | | 216
3000 ' 638 ' 257
3500 67.1 25
//‘
& yl
H' il
g i SLEEEEELE
7.3 BODY LIQUID MEASUREMENT
"'::"‘" Relative permittivity (&'} Conductivity (0) 5/m
required measured . required measured
150 [ s1assw | | osossw |
300 ' 25% | | os2e5%
a50 | serss% | [ “osres %
750 | sssesw | | oseesx |
835 | ss215% | o97s5%
200 . SS045% | . 10525%
915 [ esnssw | 1oe2s%
1450 ' A025% | [ 13025%
1610 | samssw | [T1a0s5%
1800 | s33ssw | [ 1s285%
1500 [ 53325% | 1.52485%
2000 T PASS [ T1sassw | pass
2100 s | [T1e2ss% |

2450 S27 5% 19525%
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2600 [ s2sesw [ 21s6%
2000 | s20s% | 27328%
3500 [Tsassw | [ 3ases%
<200 | as0si0% | | "s30s10% |
5300 | 4sat0% | | sa2:10%
5400 | a7 10% | 553410
5500 | AR6+10% | | S65210% |
5600 | a8.5110% | s77+10%
5800 . 48.2:10% | ' 600 210%

74  SARMEASUREMENT RESULT WITH BODY LIQUTD

[ Software [OPENSAR V4
| Phantom | SN 2019 SAMTI
[ Probe [ SN 1811 EPG122
| Lxpuid | Body Liguid Vilues eps’ 527 sigma 1 51
| Dastance between dspole center and bgud | 100 mm
| Aren scan resolution | dx=8mm/dy=Smm
Zoon Scan Resolutson dx~Smm/dy=Smm/dz=Smm

Frequency
Inpus power

} MH 2z

| Lxquid Tempersture 21°C
| Lab Temperuture |21%C
| Lab Huemdity | 45%
o 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
moasured moasured
2000 A0 81 |408) 20 51 (2.08)

\’ ! |
NI
1]

| |
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8 LIST OF EQUIPMENT

Equipment Summary Sheetl

| Malidated No cal Valicated No cal
SAM Prantom MVG SN-20/08-SAM71 kequired required
Validated Nocal Valicated No cal
COMOSAR Test Bench 7\,/“'0“ 3 NA requrred req
Network Analyzer | RPode % Sl | grson132 022016 022019
Calipers Carrera CALIPER-O1 1272013 122016
Reference Probe MVG EPG122 SN 1811 1072015 102016
Mutimeter Keithley 2000 1188656 12/2013 12216
Signal Generator Agilent E4438C MY48070531 1202013 12206
' | | Characterized prior 10 Characterized priot o
Ampliiex Aetheroomm SNO test No cal required test No cal required
Power Meter HP EA418A US38261498 1212013 12208
Power Sensor HP ECP-E26A USar181480 1212013 12720186
[ [ Characterized pror xo‘Charactenzed prior to
Directional Coupler | Nards 4216-20 | 01386 test No cal required fest No cal required
Temperature and g
Humidity Sensor Cantrol Comparty 150798832 1072015 1no2m7
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 5004 Zurich, Switzeriand

Actredited by the Swss Accraditason Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatocies 10 the EA
Multitateral Age for the gnition of calitwation certiticates

coant AGC (Auden) Certiiease No: D2450V2-968_Jun15
CALIBRATION CERTIFICATE

Otrject D2450V2 - SN: 968

Calibration procedr|k) QA CAL-05v9
Calibeation procedure for dipole validation kits above 700 MHz

Calibeaton date. June 12, 2015

Thes catlibration caricate docuiments Me tacesdilily to NEBone starciards, which rmakzn the pPhyscll units of massiremens (51)
The measurements and the wncetwnbas with confidence probabity ame given on the folowng pages and are oan of the centicate

AR Calibrations have been conducied m 1he closed latarmory teciity. envirorimant temperature (22 = J)°C ang hurmidity « 70%

Caltration Equapment used (MA TE orticad for calibeation)

Primary ltandands o Cal Date (Carsticats No ) Schecded Calbiation
Power matar EPM-S47A GHATLB0TO4 070ct- 14 (No 297-02020) Ocr 16
Power sensor HP BA81A US37292783 07-0ct-14 (No. 297-02020) Oct-15
Power sangor HP BL81A MY&002317 070ct-14 (No. 247-02021) Ocs 18
Faference 20 ¢8 ABanumtor BN 5050 (200 01-Agr 16 (No 21740R1)) Mar 16
Type-N msmatch combmabon SN 50472/ 08327 O1-Apr-15 (No. 217-02154) Mar-16
Referonce Frode ESIOVI SN 2206 30-Dec-14 (No. ESI-308_Decid) Dec-16
DAE4 SN; 601 1Ay 14 (No. DAEAS01_Augie) Ay 18
Sqcondary Standards LD & Checx Dats (in bouse) Scheduled Checs
AF gonorstor RAS SMT-08 100008 Od4-Aug 99 (In house check Oct-13) I houme chck: Oot- 8
Network Anatyzer HP BI50E USETINGses S4a08 18-0ct-01 (in houss check Oct-14) i souse check: Oc1-15
Name Function ., Signature
Calbraing by e Einaowq Latarasoey Tectvician / ‘; F ;‘
- §
Approvec by Katjs Pokevic Techricw Manager L F
- -
lasuad: June 12, 315
:Ym-c-lbdlmo._{!'mMmmnWWmMmdehm

Certificate No: D2450V2.668_Jun15 Page1ol8
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Calibration Laboratory of A, S Schweiseriecher Kallbrerdienst
Schmid & Partner % c Sarvice suisse d étalonnage
Engineering AG s Servizio svizzeco & taratura
Zoughausstrasse 43, BOOA Zurich. Switzertand L% ,_ﬁ)y S Swisa Catibration Servics
Accroditod by the Swis Accreditaton Sarvice (5AS) Accredittion No.: SCS 0108

The Swiss Accreditation Service i one of the signatories to the EA
Multitataral Agreement 1or the recognition of calitvstion certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

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 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) 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 fiat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Retun 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 Retumn Loss ensures low
reflected power. No uncenainty 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.
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 o calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
muiti by the cove factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not ghen on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Froquency 2450 MHz & 1 MH2
Head TSL parameters
The following parameters and calculations were appbed -
Temperature Pormittivity Conductivity
Nominal Hoad TSL parameters 20°C nz 1.80 mho/m
Measured Head TSL parameters 220202)°C 38226% 1.88 mho/m = 6 %
Hoad TSL temperature change during lest <05°C —_ -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditon
SAR measured 250 mW input powet 13.8 Wiy
SAR for nominal Hoad TSL paramators normalized to 1W 53.0 Wikg = 17.0 % (k=2)
SAR sveraged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input powor 6.44 Wikg
SAR for nominal Hoad TSL paramaters nommalized 10 1W 25.4 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and caloulations were appliod
Temperature Permittivity Conductivity
Nominal Body TSL paramelors 20°C 527 1.95 mhom
Measured Body TSL parametors (220+02)"C 09:8% 2.04 mho'm =6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 133 Wikg
SAH for nominal Body TSL parameters normalized to 1W 51.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 618 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 24.3 W/ikg = 16.5 % (k=2)
Cantificate No: D2450V2-968_Jun15 Page 3018
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, tansformed 10 leed point ME0Q+151)
Retum Loss 26708

Antenna Parameters with Body TSL

Impedance, transformed 1o leed paint 5170RQ+39 10
Retum Loss ~276dB

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1.153 ns |

Aftor long term usa with 100W radiated power, only & alght warmeng of the dipole near the feedpoaint can be measured.

The dipole is made of standard semingld coaxial cable. The center conductor of the lesding line s dirsctly connected to the
socond arm of the dipole. The antenna is therslom shortcircuited for DC-aignals. On some of the dipoles. amall end caps
are added 10 the dipole arms In order 10 improve masching when loaded according to fhe position as explained in the
*‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length 15 still
sceording 10 the Standurd

No excessive force must be appliad o the dipole arms, because they might bend or the soldered cormections near the

feedpoint may be damaged
Additional EUT Data
Manufactured by SPEAG
Manutactured on November 19, 2014
Corficate No: D2450V2-908_Junits Pagedol B
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DASYS5 Validation Report for Head TSL

Date: 11.06.2015
Test Luboratory: SPEAG, Zunich, Switzeriand
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968

Communication System: UID 0 - CW; Frequency: 2450 MHz _
Medium pammeters used: f = 2450 MHz; o = 1.88 S/m; & = 38.2; p = 1000 kg/m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSIC63.19-2011)

DASYS2 Configuration:
« Probe; ES3IDV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
o  Sensor-Surface: 3mm (Mechanical Surface Detection)
o Eloctronics: DAES Sn601: Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front): Type: QDOO0OPSOAA; Senal: 1001

e DASYS2 52.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnd: dx=Smm, dy=Smm, dz=Smm

Reference Value = 102,0 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.5 Wikg

SAR(1 g) = 13.8 W/kg: SAR(10 g) = 6.44 Wikg

Maximum value of SAR (measured) = 18.2 W/kg

.

e

0dB = 18.2 W/kg = 12.60 dBW/kg

Cenficate No: D2450V2-868_Junts Page 50f 8
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Impedance Measurement Plot for Head TSL

2 Jun 2015 1SR
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DASYS5 Validation Report for Body TSL

Date: 10062015
Test Luborntory: SPEAG, Zunch, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968

Communication System: UID 0 - CW; Frequency: 2450 MHz 2
Medium parameters used: = 2450 MHz; o = 2.04 S/m; & = 50.9; p = 1000 kg/m
Phuntom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASY 52 Configuration
« Probe: ESIDV3 - SN3205; ConvFi4.32, 4.32_4.32); Calibrated: 30.12.2014;
o Sensor-Surface: 3Imm (Mechanical Surfuce Detection)
o Electronics: DAE4 Sa601; Calibrated: 18.08,2014
» Phantom: Flut Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

o DASYS2 52.8.8(1222); SEMCAD X 14.6.1(47331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: de=Smm, dy=Smm, dz=5mm

Reference Value = 95 20 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 133 W/kg; SAR(10 g) = 6.19 Wikg

Maximum value of SAR (measured) = 17.5 Wikg

0dB =175 Wkg= 1243 dBW/kg

Cartiicate No: D2450V2-868_Junis Page 708 |
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impedance Measurement Plot for Body TSL
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SAR Reference Dipole Calibration Report

Ref : ACR.216.10.16.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2600 MHZ
SERIAL NO.: SN 22/16 DIP 2G600-407

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

(ACCREDITED)

/
"

T s X

Calibration Date: 07/05/2016

Summary:

T'his document presents the method and results from an accredited SAR reference dipole calibration
performed in MV USA wsing the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref- ACR 2161016 SATUA
| Name I Function | Date | Signature
Prepared by : Jérome LUC Product Manager 8/3/2016 '
Checked by : Jeréme LUC Product Manager 832016
Approved by : Kim RUTKOWSKI Quality Manager 8312016 o futhagdh

Customer Name
ATTESTATION
OF GLOBAL

h $
Distribution : COMPLIANCE
CO. LTD
Issue \ Date ‘ Modifications
A ! 832016 |Initial release
|
| !
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR2U610.16SATUA
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rel- ACR 2161016 SATU.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 2600 MHz REFERENCE DIPOLE |
- Manufacturer | MVG
Model | SID2600_
Senal Number SN 22/16 DIP 2Gi600-407

 Product Condition (new / used) | New
A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rl ACR 261016 SATUA

4 MEASUREMENT METHOD
The 1IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements.  The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

42 MEC MENTS
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 a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the retum loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

ngth (mm) [ Bxpanded v ncemllnt) on l,ength
3-300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Scan Volume i-';ji;hdrd U ncenhEtT o

lg | 203 %

Page: 511

Thix docwmeny sivall nor be roprosinced. exceps in fall o in part, withost the writien apgroval of MVG.
The tmformation contaimnd hereln s o be ssed only for te purpo se for witich i tr ssbmiited and £ wos fo
b roleesod In whole or part without written apgpeoval of MGG

The results spt G this fes

(o eport refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document
is issued by/A é@ this doc( t cannot be reproduced except in full with our prior written permission. The more details and the authenticity of the report will be
tﬁttp /lwww. agc% t.com.

Tel: +86-755 2908 1955 Fax: +86-755 2600 8484 E-mail: agc@agc-cert.com @® 4000892118
Add: 2/F. , Building 2, No.1-4,Chaxi Sanwei Technical Industrial Park,Gushu, Xixiang, Baoan District, Shenzhen, Guangdong China




®
ZEF K

Attestation of Global Compliance

AG

Rel: ACR G016 SATUA

SAR REFERENCE DIPOLE CALIBRATION REPORT

10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

equercy, Mg
T R0 80 200 ¥y vl | wa N0 280 2M0

&
Frequency (MIz) Retum Loss (dB) Requirement (dB) Impedance

2600 -33.38 -20) 5000 -2 lj‘..'
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Fraquency, Nk
1 L) ot 5} g >80 200 vl U XEO an N
0~ !
- X
-
)
&)
Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
26400 -30.03 =20 4700+ 0.8;Q
6.3 MECHANICAL DIMENSIONS
Frequency MH: [ Lmm hmm dmm
requlired maoasured required measured required measured
300 4200 21 % 250021 % 63521 %%
FPage: 6/11
¥ of MV
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRHEI016SATUA
| 45 250021 % 1667 1% 63521 %
’ 750 176041% 100041 % 63541 %
835 161021 % £9.8 11 % 1641%
’ 200 | ies0n1% Bl3t1% 3621% '
" 1450 89.151%, SL7H1% 36:1%.
i 1500 | sosax | soomw | T 6% |
' 1610 | 700e1% 5T11% 16:1% | ’
1750 75241 % 42941% 3641%
‘ 1800 | 720m% a1711% 160% | ‘
1900 58.0 21 %, 39511 % 1621%
' 1950 [ eeat1n 38541 % 60% | ‘
{ 2000 545 1% 37541% 3641%
2100 61.021% 35741 % 31641%,
2300 $5521% 2641 % 3641%,
2450 S1521% 041 % 1621 %
' 2600 | Taasax PASS 28811 % PASS 601% | PASS '
‘ 3000 41581% 25041 % 3621%
ssoo | 377.02717 » 264 il . 3767 1% | l
3700 | % 26441 % 3621%,

7 VALIDATION MEASUREMENT

The [EEE Std. 1528, FCC 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
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
T Relative permittivity (e, Conductivty () 5/m
quired | d quired 4
300 45.325% 087 25%
150 | 43525% 08725%
750 | N1925% 0.8325%
B3sS | A5:5% | 08025 %
900 mssx | 0.97 £5%
1450 A0.5 5% 12025 %
1500 | MNA5% | 12325%
L | wasy | .
1750 | A0.125% l 13725%
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1800 | 2005% 1505 %
1900 0.0 25% 100 £5 %
1850 0.0 259 1.00 £5 %
2000 | a00ss% | | 1apes%
2100 39325% 1.9 £5 %
T 2300 | mssw | [ re7es%
2450 \25% 18025%
2600 | “o0ssx | pass | 196:5% PASS
3000 | “ssssw | | 2a0s5%
3500 | aessw | | 291#5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

| Software "OPENSAR V4
l’hﬂnmm SN 20009 SAM71
[ Probe SN 181 EPGL22
| Ligusd Head Liquad Values eps” 398 sigma ;1.9
Dmnmx between dipole center and liquid 10.0 mm
| | Area scan resolutson dx~8mm/dy=8mm
| Zoon Scan Resolution dx=-Smm/dy=5mm/dz~3mm
Frequency 2600 Miiz
Input power 20 dBem
| Liquad Temperature 2NC
I.nh Tempernture 21°C
| Lab Humdity 5%
Frequency | |
MH2 1 g SAR (W/kg/W| 10 g SAR (W/kg/W)
quired d required measured
X0 285 194
150 458 3.06
750 849 5.5%
a3is 9.56 622
S00 109 699
1450 29 16
1500 305 163
1640 32 184
1750 364 183
1800 384 201
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Frequency
MH2

Relative permittivity (e,')

required measured
61925%
58.2 25 %
56.7 15 %
555 25%
55225%
S5025%

55.0 259

SA.0 255

53.8 25
§33 253

53.3 2579
53.325%

| #

532:25%

2.7 25%

w
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b
WoMNN L L
T
Conductivity (0) S/m
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2.1625% PASS

Rel: ACRUG1016SATL

S2585% PASS
2000 2.0 25% 27325%
1500 S1325% 33125%
5200 AMH0210% S30:10%
5300 489 +10% S42:10%
5400 48.7 £10% 553210%
5500 286 210% S565210%
S600 285110% S577210%
5800 48.2 £10% 6.00210%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Softwie OPENSAR V4
Phantom SN 20009 SAM7I1
| Probe | SN 1811 EPG122
| Liquad | Body Liquid Values: eps” - 525 sigma - 223
| Distance *\-m\mulp le ‘cnhr nnd hxmd | 10.0 mm
Area scan resolution | dx=&mm dy=8mm
Zoon Scan Resolution dx=5Smm J) Smm/dz=Smm
| Frequency | 2600 MHz2
{ lnpu‘. power | 20 dBm
| Ligud Temperature 121°C
| Lab Temperature 121°C
lahlhmr\n.\ | 45 %
Frequency
; MHz 1 g SAR {W/kg/W| 10 g SAR [W/kg/W)
measured maasured
2600 5168(517) 2333{233)
/
||, !ﬂ
|
. { HLEEL RiE=
\
l
— —_— 1 = p i no Ul
- - -
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8  LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer/ [ [ Current | Newt Calibration
Description Model Calibration Date Date

SAM Prantom MVG SN-20/05-SAMT1 :gﬁfe‘zd Nocal :g’lﬁgd No cal

COMOSAR Test Bench; Version 3 . NA :/;'Ef;zd No cal ?ﬁ,'lf?éﬁ" No cal
Network Analyzer | ho% gic"wa'z | snioo1a2 02/2016 022019
Calipers Carrera CALIPER-01 1272013 1212016
Reference Probe MVG [ EPG122 SN 18/11 1072015 172016
Mutreler | Keithiey 2000 | 1188886 1212013 . 122016
Signal Generator . Agilent E4438C . MY49070581 127213 . 1212016

ampiter | pemercomm | soss _|Chradenead e o Craraciraed o o
Power Meter HP E4418A US38261488 1212013 1212016
PowerSensor | HPECP.E2BA | US37181460 w2013 | 12201

Drectonal Coupler | Narda 421620 | 01386 %f“ggfggﬂﬁ;f%"ﬁfgﬁf?&ﬁﬁ
mg‘g;‘:g‘" Control Company 150798832 1012015 102017
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SAR Reference Dipole Calibration Report

Ref: ACR.216.2.16 SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.
1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA

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

Calibrated at MVG US
2105 Barvett Park Dr. - Kennesaw, GA 30144
OV Iy,

Yo

o

7 [ACCREDITED)

4 {
ol A ——

Calibration Date: 07052016

Summary.

This dovument presents the method and results from an sccredited SAR reference dapole calibeution
perfoemed in MVG USA wing the COMOSAR test hench. Al calibration results are truceable to
national metrology institutions
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Name | Function Date Signature
Prepared by ; Jerome LLIC Product Manager | 8372016 ~J s
=
Checked by Jérome LUC Product Manager | ¥32016

Approved by ; Kim RUTKOWSKI Quality Manager ‘8‘3 2016

Customer Name
ATTESTATION
OF GLOBAL
COMPLIANCE
CO. LTD.

Distribution

Tasue Date | Modifications
A { 832016 | Initial release
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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 10 venty that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
t Device Type COMOSAR 835 MHz REFERENCE DIPOLE
 Manufacturer MVG
| Model SID83S
Serial Number SN 2915 DIP 0G835-383

| Product Condition (new / used) | New
A yearly calibration interval is recommended,
3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 411

Tirte dlocwment sivatl st v reprectaced, excepy in fulf or In gy, withow dhe writen quymoval of MG
The lnformuation contamnd herein dx for by annd omly for she parporse for which if 1y mabmitiod ol Ls med to
B roleased 1w wiode or prart wathows writien apgpeonal of AIYG

Tt
The results shooi this)fedtr
é@, this doc
tﬁttp://www.agc%
o

eport refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document
t cannot be reproduced except in full with our prior written permission. The more details and the authenticity of the report will be

is issued by,

Tel: +86-755 2908 1955 Fax: +86-755 2600 8484 E-mail: agc@agc-cert.com @® 4000892118
Add: 2/F. , Building 2, No.1-4,Chaxi Sanwei Technical Industrial Park,Gushu, Xixiang, Baoan District, Shenzhen, Guangdong China




®
AGC ex5 8
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR2162.16.5ATU A

4  MEASUREMENT METHOD

The 1EEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements.  The following measurements were performed to
venify 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 retum loss of -20
dB or better.  The retum loss measurement shall be performed against a liquid filled fat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 “CHANIC JQUIREMEN
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 a4 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness,

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,
$1  RETURN LOSS
The following uncertainties apply 1o the retum loss measurement:
Frequency band | Expanded Uncertainty on Returm Loss ‘
400-6000MHz 0.1dB '

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

‘ Length (mm) | Expanded Uncertainty on Length

3-300 0.05 mm

|

The guxddmm outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEI'IEC 62209
standards were followed 1o generate the measurement uncertainty for validation measurements
Scan Volume Ex pand«l Uncertainty ‘

J lg ‘ 203 % ‘
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g ' 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Flagueracy Mg
o M o =3 am o o=

B ™ 0

£
»
.“ - - -
Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
835 -26.53 -20 4004250

6.2 RETURN LOSS ANDIMPEDANCE IN BODY LIOUITD

Frecuency, MH2
e s M 21 M E & 0 g=

i
Frequency (MHz) ~ Return Loss(dB)  Requirement (dB) | Impedance
X35 -24.05 20 49.0 02+ 6.2 02

63  MECHANICAL DIMENSIONS
Frequency MH: ‘ Lmm hmm dmm

required measurad required measured required measured

100 120021 % 250021 % 63511 %

o of AV

d ot b e by

The results spby K ol fﬁ@eﬁ‘ report refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document
A é@ this dom(m \t cannot be reproduced except in full with our prior written permission. The more details and the authenticity of the report will be

tdttp:// .agcxe
Qﬁp www.agcg

is issued by,

pliance Tel: +86-7552908 1955  Fax: +86-7552600 8484  E-mail: agc@agc-cert.com @ 4000892118
Add: 2/F. , Building 2, No.1-4,Chaxi Sanwei Technical Industrial Park,Gushu, Xixiang, Baoan District, Shenzhen, Guangdong China




®
AGC ex5 8
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR2162.16.5ATU A

450 200041 % 166741 % 63541 %

7% [ imonw T 0001w | [ e3san

&35 161041 %. PASS B9.841 % PASS 3681% PASS
<00 18021 % 83311 % 3621%

1450 | 85121 % | $1.721 % | | 36:21%

1500 [ 80521 % | S0D41% I [ 3621%

16540 | 7s0e1m T saan | T

1750 752818, Q911 5% i6zl%

1800 72081 % 41.711% 361%

1500 6801 %, 35541 % 3621 %

950 | 6e3mn T zasaw | IBETEC '
2000 | 64521 %, | .\7:5 E38 N | | !611\

2100 [ 61021 %, | 35741 % [ [ 1621 %

2300 [ essaau T neunw | T

24%0 [ 51521% | Nannw [ [ 3621%

2600 [ arsnw T zmanw | T

3000 A5 25.041 % 3681%

%00 I T 26w | 1601%

70 MNTEIN 26411 % 3621 %

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs und CEVIEC 62209 standards state that the system validution
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 flal phantom. with the top surface of the
dipole at the described distance from the bottom surface of the phantom,

7.1
o™ | Relative permintivityfe) Conductivry (2] S/m
} 4 s + - Quired + - |
300 15315% 08725%
450 435:5% 08725%
7{6 A1525% 65._2;‘.(
25 A5 35w PASS a%045% PASS
9])0 41‘5‘2’;’%‘ Q97 25% B
M50 | A0sssw | 12085%
' 100 | A0assw | 123155 | '
[ 1640 [ 402 25% | 1 '
[ e [Ta01esm |
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A0025%

1800 | 14025%
1500 [ a00ssw | [Trassw |
T 0.0 25 | 1a0s5%
2000 0.0 25% | 1essw | '
200 | smssw | [ reess '
‘ 2300 | Msesw | [T1eresw | '
[ Taso | 2w | [imrss | '
' 2600 [ 5050 [ .‘ 196259 [ .
3000 | 385:5% | [ 28):5% | |
3500 79s5% 2315%

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the svstem validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm). within the
uncertminty for the system validation. All SAR values are normalized to 1 W forward power. In
brucket. the measured SAR 15 given with the used mput power

72

| Prebe
| Laquid

Dnstance between dipole center and liquad
| Area scan resalution

Zoon Scan Resolution

. Head Luguid Valoes: eps” = 40,0 sigma : 0.90
15 Omm

| dx=Smm dy=Emm

| dx=Smmidy=Smm/dz-Smm

| Frequency | 835 MHz
| Input power | 20 diim
| Lsquid Temperature L2100
[Lab Temperaure 2IC
Lab Humidity 459%
e LESARMW/AR/MY | 10 SAR(W/ke/W)
300 285 194 |
450 458 106
750 8.49 555
' a1 [ 956 | 1001000 | 622 | 643060 |
‘ 500 ‘ 109 ‘ ‘ &os | ‘
‘ 1450 [ 29 | % | ‘
‘ 1500 [ 05 [ [ a '
1640 32 TR '
[ a0 | 36« | | 183 |
1800 T [ | 101
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1900 97 05
1550 0.5 209
2000 A 211
2100 A6 219
2300 a8 233
2150 524 24
2600 553 6
3000 £33 ‘ 8.7
isco 7.3 5
el

73  BODY LIQUID MEASUREMENT

Fraquancy Refative permittivity {e.’) Conductivity (o) 5/m

MMz

requind | measured | regquiced | measured
150 | 61925% | [ ORO25% [
300 | $8.215% | | Q9225%
450 | 567 25% | | 09425%
750 [ 555:5% [ [ 09525%
835 [ 552:25% PASS | 09725% PASS
S0 [ 55025% . 10525%
s | S5025% | | 10625%
1450 [ 510 25% [ [ 130125%
1610 I S3825% . ' 1205%
1800 | 53.325% | | 15225%
1500 | S3.325% | | 15225%
2000 | 53345% | | 15225%
2100 [ 531225% [ 16225
2450 S2.725% ' ' 19525%
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200 | 450110%
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5800 4582+10%
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27325%

33185%

553210%

565210%
577210%
600210%

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software

Prantom

Probe

Laquid

Drastance between dipole center and liqusd
Area scan resolutuon

Zocn Scan Resolution

Freguency

Input power

[ OPENSAR V4
SN 20009 SAMTI

TSN I8 ERGIEE

Body Ligand Values eps” @ 575

150mm

cx=Smm dy=Smm
dxSmmydy-Smm/ dz- Smm
%35 MHz

20 dBm

Rel ACRZIA216.85ATU A

sigma - 96

Laquid Temperature |21°C
Lab Temperuture 121°C
Lab Humidity 45 %
Freque:
v 1@ SAR (W/kg/W) 10 & SAR {W/kg/W)
measured measured
as 9.85(099) 6.45 (0.65)
/
"
[
Esm
\\ | ||
; - R LL Ll 2
g0 et LI
(S ) ¢ i
R ! -y
pot | Il k“*«‘
. ¥ ) ’ SREEE]
ik T e -
FPage: 101]
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8 LIST OF EQUIPMENT

SAR REFERENCE DIPOLE CALIBRATION REPORT

Equipment

Summary Sheet

Rel ACRIIG2A6.8ATU A

Adentifcation No| _ Correat | Next Calibration

SAM Phartom MVG SN-20/08-SAMT1 m*:z"_ N_°‘f°' ¥£;?m'gi’7 'j”:’

COMOSAR TestBench  Version 3 NA :’m";g" Nocel mg“ No o
Network Analyzer | RPode 5 Sctwarz SN100132 0272016 0212019
Calipers Carrera CALIPER-01 122013 1272018
Reference Probe MVG EPG122 SN 18/11 102015 1072016
Muttimeter Keithley 2000 ‘ 1188658 1212013 122018
Signal Generator | Agiert E4438C |  MY43070581 1272013 1272018

o | v | o S
Power Meter HP E4418A US38261498 1272013 1272016
Power Sensor HP ECP-E26A US37T181460 1272013 1272016

Directional Coupler | Narda £216-20 01388 gf’ah?:gff‘og&‘:;;" ; ::::aafggf’:’og:,’;g’
L“w’:“.’;:“é':r:g‘,’ Control Company 150798832 102015 1072017
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