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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR- 220118, 5ATU.A
1 DEVICE UNDER TEST
Device Under Test
Device Type [ COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer | MVG
Model | SSES
Serial Number B SN 22712 EP159
_Product Condition (new [ used) | Used
_Frequency Range of Probe 04 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1<0.205 MQ
Dipole 2: R2=0.210 M2
| Dipole 3: R3=0.206 M.) L

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVGs COMOSAR E field Probes are built in accordance to the TEEE 1528, OET 65 Bulletin C and
CEVIEC 62209 standards,

| Probe Length | 330 mm. A
| Length of Individual Dipoles 4.5 mm

| Maximum extemnal diameter 8 mm

| Probe Tip Extemal Diameter | 5 mm

| Distance between dipoles ¢ probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C. CENELEC EN30361 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.0TW kg to 100W kg
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32 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required Jower detection limit 1s 10 mW'kg.

3.4 [SOTROPY

The axtal isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks, The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps, The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole,
‘The dipole is rotated about its axis (0°-1807) in 15° increments. At each step the probe is rotated
about its axis (0°-3607).

35 BOUNDARY EFFECT

The boundary eflect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented nomal to the interface. To evaluate this
cffect, the liquid filled flat phantom is exposed to ficlds from cither a reference dipole or waveguide.
With the probe nommal to the phantom surface, the peak spatial average SAR is measured and
compared to the analvtical value at the surface

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI'IEC
62209 standards were followed 1o generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide techmique. 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 Internationally Accepted Guides to Measurement Uncertainty.

St Rt eyl r_“.i e eabrktion ia wavreide
y TR e Uncertainty Probability £ Standard

ERROR SOURCES value (%) Distribution Divisor i Uncertainty (%)
Incudent or forward power 3Py Rectngular \'KJ | 1.732%
Reflected power 3000 Rectangular V3 1 1.732%
Liquid conductivity 5. Rectangular s,‘rj | 2887
Liquid permittivity 400% Rectangular N | 2.309%

: ! ! 5
Field homogeneity 3007 Rectangular L | 1.732%
Field probe positioning 3.00P% Rectangular \"i | 2887
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR- 220118, 5ATU.A
Fiekd probe lincarity 3.00% Rectangular V3 U e
|
Combined standard uncertainty \ 5831%
Expanded uncertsinty ‘ 1200
95 % confidence Jevel k= 2 | it

5  CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

| Liquid Temperature T21°¢ T
| Lab Temperature 21°C l
 Lab Humidity [45% |

5.1 SENSITIVITY IN AIR

| Normx dipole ' Normy dipole | Normz dipole |
LEVAVmMYY) 2 (uVIVim)Y) |3 (VA m)Y) |
| 362 609 | 621 |

[ DCP dipole 1 | DCP dipole 2 | DCP dipole 3 |
mV)y | V) | (mV) |
. _

| EC A 95 | 98 |

Calibration curves ei-[{V) (1-1.2.3} allow to obtain H-field value using the formula:
I:' \,ll:nll ' kv:l 4 l:-.‘J

Cahbration curves
2693~
2000 =
3 :
= t:00 s
2
& 10 /"/
500
St
02 ! \
000 006 070 015 020 0X 03 0% 040 04
Voltage (V]
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5.2 LINEARITY

Linearily

¥
3

WO VY 30 =0 30 7
LS birm)

Da% (£-011aB)

53 SENSITIVITY IN LIQUID

Liguisl Frequency Permitivity Epsifon (3'm) ConyF [
(MHz -

I N L. ¢ S —

HL450 450 4217

BLA50 450 57.65

HL750 | 750 | 4003

BL7SO | 750 | 5683

HLS30

_ HLISDO
BL1S0O

LOWER DETECTION LIMIT: 8SmW/kg
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54 [SOTROPY

HL900 MHz
- Axial sotropy: (L.04 dB
- Hemispherical isotropy: 0L.07 dB

Isch ogry ovtes
AT _ 1
. N\ D
o
% }
s ]
wlX
\‘. /
- 7
HI1800 Mz
- Axial isotropy 0,05 dB
- Hemisphenical isotropy: 0.07dB
150tiogny urms.
P e o g
|72 8 B NE -
# :
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Flat Phartom MVG SN-20/08-SAM71 ;’e aq"l‘:f’egd No'esd :’;:'Lf;zd No: o)
COMOSAR Test Bench Version 3 NA ?gg?;;d No-cal :gi:?;d He o
Network Analyzer | ode f‘vi“""a’ z SN100132 0212016 022019
Reference Probe MVG EP 94 SN 37108 1002017 1028
Mtimetsr | Keithley 2000 - 012017 [I—
Signal Generator | Agilem EA38C | MY49070581 0112017 [
| e | S S
Power Meter HP E4418A US38261498 0172017 0172020
PowerSensor | HPECP.E26A | UsIMBle0 | owon7 | om0
 Drectionsi Coupler | Nerda 421620 | 01386 1%?:‘@:?;;::?5;”5:2:?@;:5;?
Waveguide Mega Industnes | 089Y7-158-13-712 :’eﬂf’:’d No-val ?Zc:l?régd Nacal
Waveguide Transiion | Mega Indusiries | 069Y7-158-13-701 ;’&"f‘é" ol ?’e‘:]'lfe'zd Sedeer
Wavegude Termination, Mega Industies | 069Y7-158-13-701 T";}":;"eg" ity | ;’e‘:"f’re‘fg Hocs
Te’“""“as'::;é:*"“’d"’ Control Company 150798832 1172017 1112020
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DIPOLE CALIBRATION DATA

SAR Reference Dipole Calibration Report

Ref: ACR.216.2.16 SATU.A

TA'I’:I’ES'I"ATION 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

j,’/"ff:“'~\\ VACC_hED'TtD
e .

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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SAR REFERENCE DIPOLE CALIBRATION REPOR]T Ref: ACR2162.16.5ATU A

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
S ber SN 29/15 DIP 0G835-383

f‘i_nducl Cmﬁ:i_tign_(nc\\* ' used) _}‘5_.:\\.

Se

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 - MG COMOSAR Validation Dipole
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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.

4.2 MECHANIC/ CQUIREMEN

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,

5.1 RETURN LOSS
The following uncertainties apply 1o the retum loss measurement:
Frequency band | Expanded Uncertainty on Returm Loss ‘
400-6000M 1z 0.1dB '
52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

‘ Length (mm) | Expanded Uncertainty on Length

‘ 1-300 0,05 mm

|

53 . NT
The guidelines outlined in the IEEE 1328, FCC KDBs, CENELEC EN50361 and CEI'TEC 62209
standards were followed 1o generate the measurement uncertainty for validation measurements

Scan Volume Expanded 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

»

P
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
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450 20001 % 166741 % 63581 %
7% [ imonw T 0001w | | Te3san
&35 161041 %. PASS LRSS PASS I641% PASS
00 118021 % 83311 % 3621%
1450 | 85121 % | $1.721 % | | 36:21%
1500 [ 80521 % | S0D41% I f 3621%
lG‘b [ 75.0:1 w. | 45-.7 1% | | A621%
1750 75281 % 42,9 41 % 36815
1800 T2021% 41721 % 361N
1500 6R01 N, 35541 % 3621 %

{ 1950 [ se3nn T zasaw | [ 3621w
2000 | 64521 %, | EYA TSN | | 36:1\
2100 [ 61021 %, | 35741 % [ [ 31621%
2300 ETI Y T neunw | T
24%0 | sasarw I sanw | [ 3621w
2600 [ arsnw T zmanw | T
3000 A5 25.041 % 3681%

| w0 | somw 1 2w | T asnsx |
k) TN 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
forconnd Relative permittivity e.’) Conductiviy (0) 5/m
) ‘ - d ‘ 4 'V: . s |

30 45325 % Q87 25%
450 435:5% 087:5%
750 11525% 08925%
235 AA535% PASS 1 pass
500 55N - )

T M50 | A0sssw | |
. 1500 AA25% [ '
‘ 1640 40225 % | '
[ ume | aosssw ‘,
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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%

72

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

| 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 0.5 208
2000 a1s 211
2100 A6 219
2300 a8y 233
2150 524 bl
2600 553 216
3000 £33 ‘ 5.7
isco 7.3 5

W
]

M=

73  BODY LIQUID MEASUREMENT

Frequency

MMz Refative permittivity {e.”) Conductivity (o) 5/m
requind | measured | regquiced | measured

150 | 61925% | [ ORO25% [

300 | $8.215% | | Q9225%

450 | 567 25% | | 09425%

750 [ 555:5% [ [ 095255

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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2600 52525%

3000 [ S205%
3500 | S1325%

200 | 450110%
5300 A8S230%
5400 . AB7£10%
5500 [ RLEFS A
5600 ' 425+10%
5800 | 4582+10%

74 SARMEASUREMENT RES!

Software
Phartom

Probe

Laquid

Drastance between dipole center and liqusd
Area scan resolutuon

Zocn Scan Resolution

Freguency

Input power

SAR REFERENCE MPOLE CALIBRATION REPORT

Rel' ACHZI6226.5ATT

27325%

33185%

553210%

565210%
577210%
600210%

JLEWITH BODY LIQUID

OPENSAR V4
SN 20009 SAMTI
TSN ERGIEE
"h'-d} Lagud Values eps™ © 57.5 sagma - 096
150mm
: cx=Smm dy=Smm
dxSmmydy-Smm/ dz- Smm
R385 MHz

20 dBm

A

L wuid Temperature |21°C
Lab Temperuture 121°C
Lab Humidity 45 %
Freque:
v 1 SAR (W/be/ W) 10 & SAR (W/ke/W)
measured measured
23S 9.85 (0.99) 6.45 (0.65)
/
"
[l
eIt

FPage: 101]
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SAR REFERENCE DIPOLE CALIBRATION REPORT

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Rel ACRIIG2A6.8ATU A

L. Maldsted Nocal |Validated No ca
SAM Phantom MVG SN-2008-SAMT1 l'esl"‘ed__a;’?‘:{"m("i; i
NMaldated Nocal Valicated No ca
COMOSAR Test Berxh VersAlet\ i , NA b odl od
Network Analyzer | RPode 5 Sctwarz SN100132 0272016 0212019
Calipers Carrera CALIPER-OY 1212013 1272018
Reference Probe MVG EPG122 SN 1811 12015 102016
Mutimeter Keithley 2000 1188655 122013 12218
Signal Generator Agilent £4438C MY45070581 1272013 122018
Characterized prior to| Characterized prior 1o
Ampilfies Asthero SN o4 test No calrequired |test No cal required
Power Meter HP E44184 US38261498 1272013 122016
Power Sensor HP ECP-E26A US37181460 122013 1272018
Craracterized priof to| Charactenzed prior 1o
Directional Coupler | Narde 4216-20 | 01386 test MNo cal required [test No cal required
T a e 7
:’w’:“.’;’w ey | Control Company 150798832 102015 1072017
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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

(ACCREDITED)
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 bench,  All calibration resilts are truceable to
natsonal metrology instsutions.
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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 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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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 standards.

4.1 RETURN LOSS REQUIREMENTS
The dipole used for SAR system validation measurements and checks must have a return loss of -20

dB or better.  The return loss measurement shall be performed 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 CENIEC 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 13528, FCC KDBs. CENELEC EN30361 and CEVIEC 62209

Secan Volume Expanded Uncertainty

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

Fioguency, NH:
113 £4 1} AN 118 1] 90 w a0 w0 1w 1om

.“‘ITI
0
5
&0
Frequency (MHz) | Returmn 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)
51.9Q+7.81Q

900 [ 21.87 20

6.3 MECHANICAL DIMENSIONS

Frequency MMz 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 11 %. PASS a3181% PASS 1621% 9A5S
‘; 1150 89141 % | s17n1% 3621%
[ 1500  BaSHl%, T soonim Ta6a1%
: 1640 Te081% aL7em 2621%
k 1750 75.211%, 42011% 3621%
' 1800 72011%, 7% 3621%
' 1800 68021% 39541 % 3621%
" 1950 3w | 3854 % 3621%
T E— T 5 n
| 2100 61021%, EL R ES N 1621
: 2300 55521 %, [ 32621% 36 21%
2450 51511%. 0411% 1621%
’ 2600 425 21 %. 288121% 1621%
: 3000 1521 %, 25081% 3621%
" 3500 37041 % 2WAEL% 3621%
[ 3700 | 34711% | | 264 £1% \ | 3621%
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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 3585% 0.8745%

750 41925% Q.85 15%

I 838 415 25 % 0.50 45 %
300 £1515% PASS 09715% PASS

1450 05 5% 12045 %

T 1so0 20,4 £5% 1.23 45 %

1640 02:5% | 12115% |
1750 01 15% 13715%
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1800 T mowse | [T1a0sen |
1900 ANO 5% [ 140£5%
1950 0015% | 140 £5%

T 2000 w00s% | 1.0 25 %
2100 NB5% | 149+5%
T 200 | m5es% | T1e7e5% |
T ams0 0215% 180£5%
2600 BOL5% 1.96 5%
3000 385:5% [ 240 £5%
C aso0 wese | 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
Phantom

Zoon S«:a_n Rcs{o_lt_mb;
Frequency

Laguid Temperature
Lab Temperature
Lab Humidity

"":‘:z““' 1 5 SAR (W/kg/W) 10 5 SAR (W/kg/W)
oed = el =
T 30 285 | 134
150 458 | | 308
750 249 : 555
835 9.56 ‘ 6.22 |
300 108 | 1088(110) 688 688 (0.68)
1450 x| 6 |
1500 305 | 168
T 32 | 18.4
1750 68 | 181
T Y 201
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1300 39.7 205

1350 405 208

2000 411 211 |
2100 43.6 218 |
2300 48.7 233 |
2450 524 24

56{10 553 296 |
3000 638 257

350 67.1 25

- ;/

e un -

73 BODY LIQUID MEASUREMENT

Fr;menrv

oyl
|l|]||%..'”||

MHz Relative permittivity (e.') Conductivity (0)5/m
required measured required measured
150 61925% 0.80£5 % |
300 58.2:5% 0.5225%
a50 56,7 25 % 08415% |
750 55545 % 08645% |
835 55245 % 09745% |
00 S5045% ' PASS 1.0545% PASS
91s 550455 I 1.06 £5% .
1450 L0285 % 1.3025% |
1610 538155 14085% |
1800 53.345% 152£5%
1300 S53385% 1.5245%
2000 533:5% 152 5%
2100 5321255 162 25%
2;150 52725% 1 95725‘& |
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2600 [ 82545% . [ 2.1625%
3000 ' 52045% [ ' 27345%
1500 [s13es% | [T3mesw |
£200 | ae0si0% | | s3or0m |
5300 | asat10% | | sazsi0% |
5400 | a7e0% | | “s53t10%
5500 | as6110% | | “sesza0% |
S600 [ asse10% | | "s77+10%
S800 ' 48.2+10% I [ 600 £30%
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; Software OPENSAR V4

Phantom SN 20100 SAMTI
| Probe | SN 1811 EPGIR2
: Lagud Body Liguid Values. eps’ 353 spoma . 1.08
| Dastance between dipode center and hguxd | 150 mm )
|_Aren scan resofution | che=8mm dy-Bmm
| Zoon Scan Resolution | dx~8mm/dy-Smm/dz=5Smm
| Frequenc | %00 MHz

Inpu powes
| Laquid Temperature
| Lab Temperuture
| Lub Humidity

"‘:‘:’:‘"’ 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
00 1133(113) 7.231072)
— /

[l

II Y'l“”

1
|
W ——t—
“ - 1
T
|
e | cem) | ’ T
0 t &y 1" % N3 BN
L e e S
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / S , Current | Next Calibration

Validated No cal Validated No ocal
SAM Prantom MVG SN-20/09-SAM71 7‘.’3“_‘[?(’___  requred
Malicated Nocal  Valicated  No cal
COMOSAR Test Bench Version 3 NA Fequired required
Network Analyzer | Fenode % Schwaz SN100132 0212016 02209
Calipers Carrera CALIPER-01 12/2013 12216
Reference Probe MVG EPG122 SN 1811 1012016 10216
Muttimeter Keithley 2000 1188656 12/2013 1212016
Sugnal Generator Agilent E44380C MY49070681 1202013 122016
) [ Tl ‘éhalacterzéd prior IB.Cfsaracterlied prior 16
mphiet Astheroomm SN 046 test No cal required, test No cal required
Power Meter HP E4418A US382614%8 1212013 12°2M86
Power Senzor HP ECP-E26A UsSa71814a0 12/2013 12120186
. {Characterized pror to |Characterized prior to
Cicectional Coupler | Nards 4216-20 01385 test MNo cal required test No cal required
Tempersture and R
Humicity Sensor Caontrol Comparmy 150798832 1072015 102017
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Ref : ACR.216.3.16.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: 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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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2165.16.5ATU.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 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 standards.

4.1 RETURN LOSS REQUIREMENTS
The dipole used for SAR system validation measurements and checks must have a return loss of -20

dB or better.  The return loss measurement shall be performed 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 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 EN30361 and CEVIEC 62209

Secan Volume Expanded l,’}lcenainly

le ' 20.3 %
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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

0
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

120 180 1330 680 150

§ 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  BaSHl%, T soonim Ta6a1%
: 1640 Te081% aL7em 2621%
k 1750 75.211%, 42011% 3621%
' 1800 72021 %, PASS ATEL% PASS 3621% s
' 1800 68021% 39541 % 3621%
" 1950 3w | 3854 % 3621%
T TS 5 n |
| 2100 61021%, EL R ES N 1621
: 2300 55521 %, [ 32621% 36 21%
2450 51511%. 0411% 1621%
’ 2600 425 21 %. 288121% 1621%
: 3000 1521 %, 25081% 3621%
" 3500 37041 % 2WAEL% 3621%
‘{ 3700 | 3% | | 264 0% | | 3621%
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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 3585% 0.8745%
750 41925% Q.85 15%
I 838 415 25 % 0.50 45 %
300 £15:5% 09715%
1450 05 5% 12045 %
T 1so0 20,4 £5% 1.23 45 %
1640 02:5% | 12115% |
1750 01 15% 13715%
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1800 T o | pass | 140sex | pass
1900 ANO 5% [ 140£5% |
1950 0015% | 140 £5%
T 2000 w00s% | 1.0 25 %
2100 NB5% | 149+5%
T 200 | m5es% | T1e7e5% |
T ams0 0215% 180£5%
2600 BOL5% 1.96 5%
3000 385:5% [ 240 £5%
C aso0 wese | 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 5 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
160 a2 | 18.4
1750 e | 18.2
1m0 84| 37a3a74) 201 1928 (1.99)
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7.3 BODY LIQUID MEASUREMENT
F"m":" Relative permittivity (&) Conductivity (a) S/m
required measured ' required measured
150 | 619 25% [ | 0.8025% |
300 | Tes2ssw | | osassn
a50 | “ss7ss% | | “ostrsmn |
750 | sssesw | | “ossesx |
835 35,2 £5 % 097£5% |
00 | sspasw | | 1055w
915 | sspew | | 1o645%
1450 505 % 1.3025% |
1610 $3.815% 14085% |
1800 S3345% PASS | 152¢5% | PASS
1300 [ Tesaesw [T1s2ss% |
2000 533:5% 152¢5%
2100 532255 162125%
2;150 S2785% 1 SSV!S‘& |
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2600 2.5 85%
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1500 51385%
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| OPENSAR V4
| S 20000 SAMT
| SN 1811 EPGT.
| Body Liquid Values. eps’ 53 Osema . | 46
: 100 mm )

| che=8mm dy-Bmm

| dx~8mm/dy=Smm/dz=5Smm

| 1800 MH2

20 dBm

e

| 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 3653 1365) 16.80 {1.98)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / S , Current | Next Calibration

Validated No cal Validated No ocal
SAM Prantom MVG SN-20/09-SAM71 .'?321[?(’___  requred
Malicated Nocal  Valicated  No cal
COMOSAR Test Bench Version 3 NA Fequired required
Network Analyzer | Fenode % Schwaz SN100132 0212016 02209
Calipers Carrera CALIPER-01 12/2013 12216
Reference Probe MVG EPG122 SN 1811 1012016 1286
Muttimeter Keithley 2000 1188656 12/2013 1212016
Sugnal Generator Agilent E44380C MY49070681 1202013 122016
) [ Tl ‘éhalacterzéd prior IB.Cfsaracterlied prior 16
mphiet Astheroomm SN 046 test No cal required, test No cal required
Power Meter HP E4418A US382614%8 1212013 12°2M86
Power Senzor HP ECP-E26A UsSa71814a0 12/2013 12120186
. {Characterized pror to |Characterized prior to
Cicectional Coupler | Nards 4216-20 01385 test MNo cal required. test No cal required
Tempersture and R
Humicity Sensor Caontrol Comparmy 150798832 1072015 102017
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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

AL

oy b vow il

Calibration Date: 0705/2016

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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Checked by : Jérome LUC Product Manager &3/2016
Approved by Kim RUTROWSKI Quality Manager 8372016 -
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Distribution :

Issue Date Modifications
A | 8732016 Initial release
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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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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACH2I6T165ATUA

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 MKz [ Lmem hmm dmm
roquired measured required measured required maasurod
300 [ 20021 % | 5001 % [ [ 63521 % [
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a0 290021 % 166781 % 635N

%0 176021 % | [ 100041 %, [ 63511 % [ ‘
Ras 61081 % | T sesnn [ 3snw ‘
500 149021 % 83381% 3621%

1450 B1a% | T s [ 3% | |
1500 5% | | soosim | aeaw | '
1640 T re0sn | amran T

1750 75221 %, A2581% 3621%

1500 7200% | T amTan | 3smam. | '
1900 68021 % 39511 % 621N
1950 663t1% | | ssuw [ 6% | |
2000 BMsa% | PASS [ asan PASS [ 3sai% | PASS
2100 Ter0s1w | T saaw | [asaw | |
2200 55521 % | | 326810 | 36219 | ‘
2450 s15e1%, | T anw [Taenn '
2600 185 21%. 28821% 1%
3000 asH% | T 2s0m% [ 36 | '
3500 won% | | 260t1% [ asman | "
3700 ETR IS 26141 % | 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 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.’ Conductivty (o) $/m

300 s3sn | 08785% |
450. 435:’57\‘ | 08725%
750 L4195 % 089 25%
£3% 41525% | 0.5025% [

T 200 41 ;5 i 08725%
1450 MS5E5H 12025%
1500 WALSS | 1.2345% |
1640 2025 % | 13125%
1750 A15% LAT25%
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1800 Wos% 14045%
1500 L ELS | 14025%
1950 00N | 14045% |
2000 00 5% PSS 1405 % PASS
2100 WBSH | 14925% |
2300 B5e5N | L6745%
T a0 92155 13045 %
2600 BO5BN | 19645 %
3000 35:5% | 24025% |
3500 9% 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 20108 SAMTI

Probe SN 1811 EPGI22

Laquid Head Ligud Values eps” 38 3 sigma | 38

Distance between dipole center and bauid

| 100 mmy
T
| d=Brmm/dy=§mm

Zoon Scan Resoluton

dx-5Smm/dy=Smm/dz=5mm

Frequency 2000 MHz
Inpu power _ | 20 &Bm
Laqusd Temperature >
Lab Temperature
Lab Hisndity

ey 1§ SAR (W/kg/W) 10 5 SAR (W/kg/W)
W;‘ B E 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
Page: 8171
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1500 38.7 205
1950 50,5 205
2000 1.1 | 1315(832) 211 | 2141(2.19)
2100 436 | 218 |
2300 A8.7 233
250 52,4 2
2600 55.3 | 216
3000 638 57
3500 671 25

1 N ,’/.

e l]
I]“t{}!”
vy
o - i |
. = i LI
73 BODY LIQUID MEASUREMENT
"'::‘:,"'" Relative permittivity (&'} Conductivity (0) S/m
required measured required measured

150 619 15 % 0.80 5%
300 205% 0.52 45 %
as0 6.7 15% 0.94 45 %
750 5S535% . | 0%6:5% |
835 55245% 0.97 5%
200 SS045SN 1D525%
915 SS0s2s 1.0635%
1450 2025 % 1.3025%
1610 S385% | 14045 %
1800 S3345% 15245 %
1500 53325 1.5245%
2000 533 15 % PASS 15225% | PASS
2100 S2s% | 16225% |
2450 52725% 1955%
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2600 S25:25% 23625%
300 S2025% 2T7325%
1500 5135 % 33325%
SX0 B0210% $30220%
5300 489+10% 542110%
54200 487 £10 W 553:10%
5500 4B 6+10% S65210%
5600 485 +10% ST7£10%
5800 48.2:10% 600210%
74  SARMEASUREMENT RESULT WITH BODY LIOUID
[ Software [ OPENSAR V4
| Phantom SN 20009 SAM7
| SN NI EPGI22
| Body Liguid Vilues eps’ 527 sigma 1 51
| nce between dspole center and bqud 100 mm
| Ared scan resolution | dx=8mm/dy=Smm
Zoon Scan Resolutson dx~Smm/‘dy=5Smm/dz=Smm
| Frequency W) MH2
| Inpu power |
| Lxquid Tempersture |21*C
| Lab Temperuture | 21'C
| Lab Huemdity | 45%
o 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
MHz
moasured moasured
2000 1081 (408) 20 51 (2.08)
| ’.'
Tl
Ml l||‘
1
\Il"} l‘
4 4 - }
: 4 ‘ N < +
N
\\
|
- 3 | ‘1u Do AN A
™

O
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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 Astheroomm 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 102015 1no2m7
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SAR Reference Dipole Calibration Report

Ref: ACR.216.9.16.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: 2450 MHZ
SERIAL NO.: SN 29/15 DIP 2G450-393

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

3 S [AccREBiTED)
ECTART P

Calibration Date: 07/05/2016

Summary:

This document preseats the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA wing the COMOSAR test bench. Al calibration resulls are traceable %
natworml metrology irstitutons

The results ,u' H ol ﬂ‘a@sﬁ‘ report refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document
isissued b , this dom{f@ \t cannot be reproduced except in full with our prior written permission. The more details and the authenticity of the report will be
confirmed tﬁttp://www.agc-cgS t.com.

o

AGC ¢
. 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 e F1m
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Raf: ACR.2169 16 SATU A
| Name | Function | Date | Signature
Prepared by Jérdme LUC Product Manager 8372016
Checked by ; Jérome LUIC Product Manager ¥32016
Approved by : Kim RUTROWSKI Quality Manager 8732016 o

Customer Name
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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 2450 MHz REFERENCE DIPOLE |
| Manufacturer MVG
Model | SID2450
Serial Number SN 29/15 DIP 2G450-393

| Product Condition (new / used) New
A yearly calibration interval s 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 - M1V'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for roference
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 flut phantom,
with the phantom constucted as outlined in 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 a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test beneh 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 tollowing uncertainties apply 1o the retum loss measurement:

Frequency band . Fxpanded Uncertainty on Return Loss
400-6000M Hz 0.1d8B

5.2 DIMENSION MEASUREMENT

The following uncertainties apply 1o the dimension measurements:

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

5.3 NVALIDATION 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 l Expanded Uncertainty

g | 203 %
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10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Freoercy M2

230 20 MM M0 D N0 Zald X0 D 0

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

2450 -24.35 -20 47.5Q + 540

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

imauency, Nz
2 233 220 " 240 JéeD =30 20 =20 2

= "~
0
»
2 . - -—— 2
Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
2450 -27.41 -20 50.50Q+421Q

6.3 MECHANICAL DIMENSIONS

Frequency M Lmm . h mm dmm
required measured required measured required measured
300 | Q0021 %N [ | 2500¢1 63521 %
"'.t(- 611

TRLS doc s svall A

T ipformeton ¢
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450 230021 % 166721 %, 63521 % |
' 750 176021 %, [ 100021 %, | | 63521 %, " .
’ 82 161081% | DA% | [ 26w | '
| s ueoein. | mans | |_2ssiw | |
1450 89121% 51721% I621% |
' 1500 wsa% | s0081% | e, \' ‘
1640 r80a1% s 7% 6 |
1750 75.221% 42921% 3621% |
' 1400 7200% | nrn% | | asaw | '
[ wonx | moaw | [ sux | |
1950 66381% 38521 % 3681%, |
' 2000 sas521% | wsnw | I aeni% | ’
' 200 | e10mw | T asrne | IBETTT | ‘
’ 2300 85521% | 32621 % | | 3621 %, ‘. '
} 2450 s1s:1% | PASS wanx | PAS | 3eaim | PASS |
2600 ABS521% 28821 % 3621% |
_— wsax | sonx | [ seax | j
3500 37.081 % | wanw 6% |
3700 M| ' wan1N | 3sun |

7 VALIDATION MEASUREMENT

The IEEE Sid. 1528, FCC KDBs and CEVIEC 62209 stndards state that the svstem 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 helow the bottom of the phantom, with the dipole
length centered and parallel to the fongest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71
"'M""'m""" Relative permittivity (g,') Conductivity (0] §/m
1 1, Y 4 I d | pe
300 453 45% 08725 %
&80 A3525% DET 25 %
750 41935% D325 %
a5 415 25% 0.90 25 %
00 115 25% 0.97 25 %
1450 105 15% 12045 %
1500 404 25% 12325%
16%0 402 15% 13125 %
1750 A0125% 13725 %
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1800 A0025% 180:25%
1500 [ 400 25% [ 12025% [
1950 | a00s8% [re0ss%
2000 0.0 25 % 14025 %
2100 T [ T1messn
2300 [ essmw [Ti@asw |
T 2es0 | 9215w | PASS | 18085k | PASS
2600 | “39045% [ “1es25% |
3000 | 38525% | 28025%
3500 37915% 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
uncertamty for the system validation, All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR s given with the used input power.

Software | OPENSAR V4 |

Phantom SN 20008 SAM7] |
Probe SN %11 EPGI22
Laquid Head Liquid Values: eps’ 375 sigma 1 80
| Dastance between dipole center and liquid 10,0 mm .
| Area sean resolution dx=8mm dy=8mm
| Zoon Scan Resolution _ dxe=Smmidy=3Smm/dz=3Smm .
Trequency |
_Input powee

1

|

Lab Husmdity

o 1§ SAR (W/kg/W) 10 ¢ SAR (W/kg/W)

300 | 285 T

0 158 3.06

750 [ Taas [ Tess |

 £11 [ 956 I 622 [

- 109 659

1450 T T

1500 ™ 305 T

1640 342 184 ‘
st | 364 183 | :
1800 Y T
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1900 [ 397 [ 205
1950 ‘ s [ 209
2000 ' 411 [ ‘ 11
2100 aie | 219
2300 487 23
2450 ‘ 524 ' 54,53 (5.45) 24 | 24 10 (2,43) .
2600 | 583 | | PLE | 1
3000 638 ' 57
3500 67.1 25

\

N

|
=TIN

73 BODY LIQUID MEASUREMENT

"':1‘:':"" Relative permiztivity (s,") Conductivity (7} 5/m
required ‘ measured . required . measured
150 | saossw | | nsossw |
100 | es2am% | | oo2ssn
150 | s6725% | | 0oes5%
750 | Tsss25% | nesssx
335 | s5245% 097125 %
SO0 [ S550¢5% [ [ 105:25%
215 [ 550253 [ | 10525%
1450 [ S4025% [ . 13025%
1610 | S3825% | | 14025 %
1500 | s335% | [ 1s225%
1500 [ 53325% [ . 1L5225%
2000 [ sazssw | T
2100 | s32s5% | [ 1e2es%
2450 | sa7es% | eAss | 1eses% |  eAss
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2600 [ massmx | 21625 %
3000 | e20s5% | 17345 %
3500 [ 51325% [ [ 13125%
5200 | aso0s10% | | 530210%
5300 | 8as10% | | sa2:10%
5200 | am7s10% | 553210 %
5500 | A36210% | | 'aé‘S t10%
5600 | aassi0% | 577210%
5300 [ 482210% [ [ 6£00210%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID
: Software |
| Phantom

| Probe | SN 18711 EPG122
| Lgquid . Body Liquid Vaalues: eps” 33 2 sigma | 89
| Dastance between dipole center and liquid 10.0 mm
| Area scan resolution _dx-Smm/dy “Smm )
Zoon Scan Resolution dxSmm/dy=Smm/dz=5mm
| l-.'c;ﬁm'mf' | :7-3"« MHz
| Inpuz power | 20 dBm
| Laquid Temperture 121°%C
| Lub Temperuture L2AC
| Lab Humdity _45°%
Fro
::.m L g SAR {W/ig/W| 10 g SAR {(W/g/W)
measwred measured
2450 4592 (1.99) 13.16(232)
N \ w
p _”. H' .
I
ol l
= : I'N l
“w Ppo i 51 &, N I O 9 5 S S I G I A A
et | ]
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8  LIST OF EQUIPMENT

Equipment Summary Sheet

SAM Phartom MVG SN-20/09-SAMT71 ?’;‘:;d No cal :’;fezd No  cal

COMOSAR TestBench|  Version 3 NA :’ﬁ:‘egd Noosl rosssorlilie cal
Network Analyzer ‘7 h@?&‘g"wa’z sn00132 | 02018 | comoe
Calipers [ i CAUPERO! |  1oo013 | 1206
Refererce Frobe | MVG iemmsmam L aems | 1ot
Multimeter Keithiey 2000 1188656 122013 12/2016
Signal Generator ‘ QIO E3C | Mvasoross | 122013 | 1zame

arper | pamemonm | snow |(Coamamiesd el et
Power Meter l HP EA418A J US38261498 1202013 122018
Power Sensor HP ECP-E26A Usaiateen | 1amo13 | 120016

Directional Coupler | Nevs 21620 01386 'i:m&egmgﬁx'ga&eg:fg&?
L‘Jﬁm:";;::f Cortrol Compary 1 150798532 102015 102017
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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

G ',"7‘,
N\ o
N N
S

%7~ [ACCREDITED)
"’"’A-l Ao R o e oy

Calibration Date: 07/05/2016

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration |
performed in MVG USA using the COMOSAR test bench.  All calibration results are traccable to |
national metrology institutions

The results ,m H ol ﬂ‘a@sﬁ‘ report 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 C§€ 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

confirmed tﬁttp://www.agc% t.com.
= o

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 e F1m
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR 216.1016.SATU.A
| Name l Function | Date | Signature
Prepared by : Jérome LUC Product Manager | 3/3/2016 | 9 L
Checked by : Jérome LUC Product Manager | %/3/2016 :J""»
Approved by : Kim RUTKOWSKI | Quality Manager | 832016 | It h sl
| Customer Name
ATTESTATION
OF GLOBAL
Distrib - ; YA
AN COMPLIANCE
CO. LTD.
Issue Date ‘ Modifications
) A | 83,2016 | Initial release -
Page: 2/11

This docament shvll ot be reprodvced escepy In Sl ov in part, withowt the writter agproval of MVG
The tnformation comsatmed frevein 1x 30 be wied only for the purpose for vhich it &5 swbwattted and (s not o
b redeased in whole or part withow written appvoral of MVG

The results sh@oi this)fes

POWID streport refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document
AN &

is issued by/A C§€ this dom{mc 7

tlﬁttp://www.agc%
o

[ AGC ¢

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 e F1m
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR 2161016 SATU.A

TABLE OF CONTENTS

(G o T T P e B o S PR X DA RO W A D SR S RN S N MR R 4
2. Device Under Test do ot goithimem i i s i ki s i i sisaases 4
3 Product DRSCRPIION (.ot bbbt n et en s 4
3.1 General Information 4
4 MEASURCINBOT MO . i cvrimesosioniirmsshussns o G e asamy iy sy HeN o3+ S v oS ans 5 RGeS 5
4.1 Return Loss Requirements S
4.2 Mechanical Requirements 5
S N eastrenient UIMCOTMMENG .\ v iira cosiinayasedinins vasin s o oy s anremrms e s0SV eSS A8 08 G St 5
5.1 Return Loss 3
5.2 Dimension Measurement 5
33  Vahlidation Measurement 5
6 Calibration Measurement ReSUMS .. ..o s s s 6
6.1 Return Loss and Impedance In Head Liquid
6.2 Return Loss and Impedance In Body Liquid 6
6.3  Mechanical Dimensions 6
7 N A O I O AT s A o b e Vs Lo b b S S b W A ST 7
7.1 Head Liquid Measurement 7
7.2 SAR Measurement Result With Head Liquid 8
7.3  Body Liquid Measurement 9
7.4  SAR Measurement Result With Body Liquid 10
S B0 BV 8 ST | ey S R T R e SR R oA PO I R SR, 11

Page: 3/11

This docament shvll ot be reprodvced escepy In Sl ov in part, withowt the writter agproval of MVG
The tnformation comsatmed frevein 1x 30 be wied only for the purpose for vhich it &5 swbwattted and (s not o
b released in whole or part withow written appvoral of MVG

The results ,m H ol ﬂ‘a@aﬁ‘ treport 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, @€, this docufe

tlﬁttp://www.agc%‘vS
o

[ AGC ¢

A

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




®
A\G EF 0B
Attestation of Global Compliance

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR 2161016 SATU.A

1 INTRODUCTION

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

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

standards,
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number - SN 22/16 DIP 2G600-407
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 [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 Dipole
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4  MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CEIIEC 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
dB3 or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS
The IEEE Std. 1528 and CEIIEC 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%
conlidence level using a coverage factor of k=2, traceable to the Intemnationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

| 400-6000MHz 0.1dB

3.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:
‘ Length (mm) Expanded Uncertainty on Length
‘ 3-300 (.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528, FCC KDBs, CENELEC ENS0361 and CEVIEC 62209
standards were followed 1o generate the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
I lg 20.3 % J
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10g 20.1%

6 CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fisquercy, MHz
M0 XX X&) Xet Xm0 20 220 B0 XD XA 20

S1.d8

<0 :
Frequency (MHz) | Retum Loss (dB) | Requirement (dB) | Impedance
2600 -33.38 -20 50.0 Q +2.1jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fiaquercy, MHz
2 ¥} el el a0 m ol

2040 2E0 X8 2700

S1L 43

40
Frequency (MHz) | Return Loss (dB) | Requirement (dB) | Impedance
2604) -'}Q 03 | -20 | 47.0 ) + H,K_iﬁ.‘

6.3 MECHANICAL DIMENSIONS

Frequency MH2 Lmm hmm dmm
required measured required measured required measured
00 420.0 £1 %. 250.0 £1 %. 63521 %
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450 | 2g00s% 166781% | sasaw
750 176.0 £1 %. 100.0£1%. 6.35z213%
83s 161081 % 89841 % 3611%.
00 119.0 £1 %, 83311 % 36 21 %,
1450 §9.1+13% S517%1% 3621 %,
1500 80.5113% S0011% 3621 %,
1640 79.0 #1 % AST 1% 3621 %,
1750 75241 % 42941 % 3621 %
1800 72041% A1741% 36 £1%,
1500 68.041%. 39541% 3621 %,
1950 66311%. 38541 % 3621%
2000 64.5113%. 37511 % 3.6 =1 %,
' 2100  sL0m1% T 1 a6mm
2300 55.5 1 %. 326%1% 3621 %,
2450 51.5$1%. 304%1% 3621%,
2600 485141 %. PASS 28841 % PASS 3621 % PASS
3000 41541% 25041 % 3621 %,
aspo 37.001% 26.4 21 % 3621 %,
3700 34721 % 26441 % 3621 %,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CELIEC 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 JOUID MEASU
g Relative permittivity (¢) Conductivity (o) S/m
quired d required measured
300 5315 % 087e5% |
A50 A3515% 0.8725% [
750 419 15% 0.89 £5%
835 41545 % 0.9025%
00 A545% 097 25%
1150 405 5% 1.2025% [
1500 AD4 15% 12325% |
1640 20.2 15 % 13125%
1750 0.1 45 % 13735%
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1800 | 4001s% | T 14085% |

1300 40.0 15 % 148025%

1350 0.0 45 % 14025% |

2000 20,045 % 14055% |

2100 39815% 143 25%

2300 39.545% 1.67 £5%

2450 39.245% 1.80£5%

2600 3B015% PASS 19625% | PASS
3000 BS5% 22025% |

3500 I7945% 29125%

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 1T W forward power. In
bracket. the measured SAR is given with the used mput power.

| Software OPENSAR V4
Phantom SN 20109 SAM71
Probe SN 1811 EPG122
Liguac Head Liquid Values: eps’ - 39.8 sigma - 1.99
Distance between dipole center and hquid 10.0 mm
Area scan resolution dx~8Smm/dy-8mm
Zoon Scan Resolutyon dx=Smm/dy=Smm/dz=Smm
Frequency 2600 MHz2
Input power 20 dBm
Liquid Temperatuse 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
f ""“'Mm"" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
quired d required = measured
300 285 134
450 458 306
750 849 555 |
= —— e !
8315 9.56 6.22 |
a00 10.9 699 |
1450 29 16
1500 305 1638
1640 34.2 184
1750 36.4 1893
1800 384 201
Page: 811
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1300 [ a7 ] [ 205
1950 [ a05 [ [ IO 9
2000 [ 111 [ . 21.1
2100 . 436 . ‘ 213
2300 | 487 | | s
w0 | s2a | [ 2a
2600 [ SSV.’; [ 55:26 l3:357 | Z;'lé [ 23 35 {27 39) l
000 | 638 | [ 7 | '
3500 [ e7a | [ 25

i

At
o

7.3  BODY LIQUID MEASUREMENT

"*::“:!"" Refative permittivity (5] Conductivity {o} $/m
o required - maasurad [ required - measured
150 ‘ 61915% ‘ ‘ 0.8025% .

300 [ 58.2 15 % [ [ 0.92 25%
4;50 [ 5!;17 15 “~ [ [ 0,94i .:.S *‘
750 . 55545% . . 0.95£5% .
78357 [ 55 2 :S‘* [ [ 097 :S';}
“a00 | ssosmsw | | 10s25%
a15 | ssossw | | 10625%
!‘1507 [ 5'1 0 tS ‘.x-r [ | 1 50 :é' %
lGibr [ 5187 5% [ [ 1.71‘53 :AS %
1800 ' S3315% ' ‘ 15225%
1900 | 53315% [ [ 152:25%
2000 [ 53.345% [ | 1 ‘;2 25%
2150 ' 532 tSi‘.<: . . 16225%

2450 52715% 19525%
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2600 S2545%
3060 52.6 5%
3500 513145 ‘~
5200 A30210%
537007 [ /1879 :16 %
75417(7370 &8 7 27107'-\'.
SSO(:’ [ 48 b: 1\':) ‘«
5500 ; “;!’;.5 3 107‘.-%
5800 A48.2210%

PASS 2.1625%
2.7325%

3 51 25%
530£10%
5A2£10% |
553£10% |
565410% |
577810% |
600 £10%

74 SARMEASUREMENT RESULT WITH BODY LIQUID

| Software
| Phantom
| Probe
| Liguid
| Distance between dipole center and liquid
Area scan resolution

Zoon Scan Resolution

| Frequency

| Input power

| Liquid Temperature
Lab Temperature

Lab Humidity

Frequency

[ OPENSAR V4
SN 2049 SAM71
| SN 18/11 EPGI22

| Body Liquad Values: eps’” - 525 sigma

| 00mm.

| dx=Smm/dy=8mm

| dx=5mm/dy=5mm/dz=5mm
| 2600 MHz

Ref. ACR.216,1016 SATUA

PASS

ra
4
W

- ———

Mz 1 g SAR {W/kg/W)| 10 g SAR (W/kg/W)
measured measured
2600 51.69{517) 23.33 (2.33)
7
’

Ll
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

O
, this docﬁﬁp

'Equipment %ﬁr, ldentification No.| . C’llrr’mtm ch;::m«u |

SAM Phantom MVG SN-20/08-SAMT1 gﬁfg’ Nercal :giﬁzd- Na s

COMOSAR Test Bench|  Version 3 NA | eae"ﬁfézd No cal :';‘;"lf’aézd No  cal
Network Analyzer | hode g‘vic"warz SN100132 02P2016 02/2018
Calipers éarrefa CALIPER-D1 122013 12/2016
Reference Probe MVG ‘ EPG122 SN 18/11 1012015 1002016
Multimeter Keithley 2000 1188656 1212013 122016
Sigral Gererator | Agllent E4438C | MY49070581 1212013 1212016

ot | pevaamn | o[ St ez
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 122016

Directional Coupler | Narda 4216-20 01386 g’:’aﬁ:gf’fegﬁ'ef tce';f‘a&e;':ff’eg&‘:;f
Le;“n‘l’g"t:"éfnaso"f Control Compary 150798832 102015 1002017

Page: 11/11

Thix docamwnt sl nor be reprodaced escepy In full ov in part, withow the written agproval of MVG
The tnformation comsatmed frevein 1x 30 be wied only for the purpose for vhich it &5 swbwattted and (s not o
be releasad in whole or part withow written appvoval of MG

confirmed tﬁttp://www.agc%é t.com.
o

isissued b

[ AGC

Tel: +86-755 2908 1955

Fax: +86-755 2600 8484

E-mail: agc@agc-cert.com
Add: 2/F. , Building 2, No.1-4,Chaxi Sanwei Technical Industrial Park,Gushu, Xixiang, Baoan District, Shenzhen, Guangdong China

report 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

@ 4000892118




