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This document presents the method and results from an aceredited COMOSAR Dosimetric E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR test bench, [or use
with a COMOSAR system only.  All calibration results are tracesble 1o national metrology
institutions
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1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROEBE
Manufacturer MVG
Model SSES
Serial Number SN 07/15 EP249
Product Condition {new / used) Used
Frequency Range of Probe 0.7 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.180 MO
Dipole 2: R2=0.191 M
Dipole 3: R3=0.179 ML

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E ficld Probes are buill in accordance to the IEEE 1528, OET 65 Bulletin € and
CEVIEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum extemnal diameter & mm
Probe Tip Extemnal Diameter 5 mm
Distance between dipoles | probe extremuty | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELVIEC 62209 standards provide
recommended practices for the probe calibrations, mcluding 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 lineanty was done in free space using the wavegude, performing a power
sweep to cover the SAR range 0.01W/kg to 100W/ke.
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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 sel up as used for the linearity
measurement. The required lower detection limit is 10 mW/kg

34 ISOTROPY

The axial 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 confipuration 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°~180°) in 153° increments. At each step the probe is rotated
aboul its axis (07-360°).

1.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effeet, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 15 measured and
compared 1o the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELVIEC
62209 standards were followed 1o generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 93% confidence level using a coverage factor
of k=2, traceable o the Intemnationally Accepted Guides to Measurement Uncertainty.

Uncertainty amalysis of the probe calibration in waveguide

4 e Uncertainty Probability 21 Standard

ERROR SOURCES value (%) Distributi Divisor i Uncertainty (%)
Incident or forward power 3000 Rectangular g"j 1 1.732%
Reflected power 3007 Rectangular —_— {j — 1 1.732%
Liguid conductivity 5.00%% Rectangular | —— q,nrj — 1 2857%
Liguid permittivity 4 0084 Fectangular —_— e,,n"j — 1 2.309%

.

Field homogeneity 3000 Rectangular V3 1 1.732%
Field probe positioning 5000 Rectangular \l"j. 1 2838
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Field probe linearnity 3.00% Rectangular ‘."i I 1 1.732%
Combined standard uncertainty — 1 583]1%
Expanded uncertainty 12 o8
05 % confidence level k=2 ol

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Hunudiry 45 %%

5.1 SENSITIVITY IN AIR

Nommx dipole | Normy dipole | Normz dipole
(VAP [ 2 ViV im)®) | 3 (uV AV imY)
6,91 T.46 6,48

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(m\} (mV) (m\V)
97 93 94

Calibration curves ei~f{V) (1~1.2,3) allow to obtain H-field value using the formula:
E'+E'+E’

Calibration curves

B00- f,,‘j_:.
— _ ...-“"..-""/
= =
3 ::;; Dipoke 2
i - /ﬁ

a n2 03 o4 s g o7
Vokage V]

=
=
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3.2 LINEARITY

Linearity

0,25~
5 050
L0.75-F
-1.00-

0

S0 100 150 200 250 300 350 400 450 4%
E-Fiekd (\i/m)

Linearityl+/-1.94% (+-0 09dE})

3.3 SENSITIVITY IN f

Lagwd Erequencv | Permitwvity | Egsilon (S'm} ConvF

(Hz -+

LN 12 A
HL7T50 750 41 %82 0,540 474
BL750 750 5628 (108 4 85
HLE50 B35 42 59 0.50 5.05
BL350 B35 53.19 ne7 3322
HLS00 Q) 4205 098 4 82
BLIOD M) 56,41 108 499
HL 1800 (BT 41,82 38 421
BL IR0 1800 53.040) 1.52 433
HL 1900 15000 40,38 1.41 486
L1900 1900 5393 1.55 505
HIL-200400 2000 4012 1.43 437
BL2 2000 53.65 1.54 4.51
HL.2450 2450 3834 1.80 421
BL2450 2450 5270 1.04 436
HL2600 26100 3816 .93 4,18
BL26IX) 2600 51.55 221 431

LOWER DETECTION LIMIT: TmW/kg
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6

LIST OF EQUIPMENT

Equipment Summary Sheet

quipment Manufacturer / Identification No. Current Next Calibration
Description Model Calibration Date Date
Walidated Mocal Validated. Mo cal
Flat Phantam MVG SMN-20/09-3AMTY required required
Walidated Mo cal Validated Mo cal
[COMOSAR Test Bench Version 3 MA Fequired required
Network Analyzer Rmez‘?‘ﬁ’”“a"z SN100132 022016 022019
Reference Probe MVG EF 94 SN 37108 1072015 102018
Multimeter Keithiey 2000 1188636 122013 122016
Signal Generator Agilent E4438C MY42070581 122013 122016
Characlenzed prior to|Characterized prior to
Ampiifier Aethercomm Shi e test Mo cal required. [test. Mo cal required
Fower Meter HP E4418A US38261498 122013 122016
Power Sensor HP ECP-EZ6A LIS3T181460 1272013 1272018
Charactenzed pror to |Characterized prior to
Directional Coupler Marda 4216-20 1386 test No cal required. [lest No cal required
\alidated Mo cal Validated. Mo cal
Waveguide Mega Industries | DE9Y7-158-13-712 equired recined
Walidated Mo cal Validated. Ma cal
Waveguide Transition | Mega Indusiries | D&9Y7-158-13-701 equired equired
Walidated Mo cal Walidated. Mo cal
[Waveguide Termination| Mega Indusiries | DESYT-158-13-T01 equired Faniriid
Temperature / Humidily| o000 company 11-661-9 82015 82018
Sensar
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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 to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Deviee Type COMOSAR 833 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDE33
Serial Number SN 0915 DIP 0GE3IS-358
Product Condition (new /used) | New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31| H v IR i

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
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4 MEASUREMENT METHOD

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

4.1

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

4.2 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 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 Imernationally Accepted Guides to
Measurement Uncertainty.

al CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000MHz 0.1dn

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

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

lg 20.3 %

10g 20.1 %o

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETLRN LOSS AND IMPEDANCE IN HEAD LICUT

Frequency, kg

b MO0 M0 B0 G0 S0 B0 00 90 W6

51148

Fregquency (MHz) Retum Loss (dB) Requirement (dB) Impedance

835 2.7 220 50.7Q 030

6.2 RBETURN LOSS AND IMPEDANCE IN BODY LIOUID

Fioguerey MH2
TH o0 TR B0 i) aa0 EED =00 50 90 I8

LA A

H0-

Frequency (MHz) Return Loss (dB) Requirement (d 1) Impedance

835 -24.40 -20 4530 +3.7jQ

FPage: 612
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6.3 MECH:

NICAL DIMENSIONS

Freguency MHz2 Lmm hmm d mm
required measured required mieasured requined measured
300 A20.021 % 250.0£1 5% 63521 %
450 F0.021 % 166.7 #1 % 635%]1 %
70 176021 % 1000021 5. &835%] %
835 161,021 %, PASS 89.8 11 % PASS 1621 % PASS
00 145,021 % 83381 % 1641 %,
1450 89.1 1 % 51711 % 3611 %,
1500 BO.5#1 % 50,021 % 3621 %
1640 79.0%1 % 457 ¥1 % 1611 %
1750 15 241% 12981 % 1621 %,
1800 T20£1%. ATH® 161 %
1900 68.0£1%. 19521 % 1621 %
1850 65,3 £1%. WEE1% 1621 %,
2000 64,5 £1 % 175815 1641 %,
2100 [SHESLS BT % 1641 %
2300 55521 % 32621 % 1621 %
2450 515+1%. ELEETE S 1621 %,
2600 48581 %, BEX % 1621 %,
3000 A15$1%. 5081 % 1621 %,
3800 37,021 % A1 % 1641 %,
3700 34741 % 26821 W 3621 %.

7 VALIDATION MEASUREMENT

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

7.1

MIHI L Relathve permittivity (2] Conducthiity [0) 5/m
requined maeasuned requined measuned
300 A5.3 £5% 0.87 25 %
A50 43545 % 0.87 25 %
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750 419 £5% 089 £5 %
235 41.515% PASS 09015 % PASS
00 415 5% 0.97 £5%
1450 405 £5% 12045 %
1500 A0 5% LI35'%
1640 40,2 ¥5% 1.3125%
1750 40.1 £5% 13715%
1800 A40.0 £5% 140 25 %
1900 0.0 £5 5 1403255
1350 400 £5 % 14025 %
2000 40.0 £5% 14025 %
2100 88 15% 1.49 £5%
2300 395 5% LeT 5%
2450 3B2E5% 1B015%
2600 39.0 £5 % 1.96 5%
3000 33.5:5% 240 £5 %
3500 7.9 155 291 15%

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 walues 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 20109 SAMTI

Probe SNI811 EPG122

Liguid Hend Liguid Values: eps” : 42,1 sigma ; D592

Drstance between dipole center and hiquad

15.0 mm

Area scan resolution

lt@'!ﬁ'l'l-_l.!-'l.'ﬂ}"ﬂ mm

Zoon Scan Resolution de=8mm/dy=8m/dz=3mm
o 835 MHz
Input power 20 dBm
Ligud Temperature 21 *C
Lab Temperature 21°C
Lab Humidity 45 %,
o 1.8 SAR (W/kg/W) 10 SAR (W/kg/W)
requined measured required measured

300 285 194

450 458 3.06

750 845 555
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L) 9.56 9.53 [0.95) 622 620 |062)
200 0.9 659
1450 29 16
1500 ans ic.B
1640 4.2 184
1750 36.4 19.3
1800 EL K 0.1
1500 9.7 0.5
1950 40.5 09
2000 1.1 211
2100 LER] 18
23040 487 3.3
2450 52.4 24
2600 553 2.6
3000 638 5.7
3500 67.1 15

- Tus
gl
| i .
7.3 BODY LIQUID MEASUREMENT
F",j“,‘,‘f,"“' Relative permittivity s’} Conductivity [o) §/m
reguined masuned riquined misasuned
150 619 5% 0,80 5%
300 58.2 5% 0.92£5%
450 557 25% 094 25 %
750 55.5 #5% 09515 %
835 55.2 5% PASS 0,97 £5 % PASS
900 55.0 #5% 10515 %
915 55.0 £5 % 1.06 25 %
Page: %12
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1450 S4.0 $5% 130455
1610 538 15% 14035 %
1 801D 53345% 153 45%
194H) 53315% 15235%
2000 533 £5% 1.5225%
2100 5.2 15% 1.62 5 %
2450 5.7 15% 19545%
260H) 525 5% 21635%
30040 52.085% 273455
3500 513 25% 33125%
5200 45.0 £10% 5.30£10%
5300 489 £10% 5,42 210%
5400 48.7 £10% 553 £10%
5500 AR5 +10% S.65 £10%
S600 485 +10% 577 £10%
SE0D0 482 £10% 6.00£10%

74 SAR MEASUREMENT RESULT WITH BODY LIOUTD

Software OPENSAR V4

Phantom S 20009 SAMTI

Probe SN 1811 ERG122

Lagpuc Body Liguid Values: eps” - 53 8 sipma : 0,98

[hstance between dipole center and higuid

15.0 mm

Area scan resolution de=8mm/dy=8mm
Zoon Scan Resolution dx=Bmmidy=8m/de=5mm
Frequency B35 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 35 %
' Mﬂ:w 1 g SAR [W/kg/W] 10g SAR {W/kg/W)
mieasuned marasuned
B35 9,44 (D.94) 6.25 [0.62]
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e O

SAM Prantom MVG SN-20/09-SAM71 Eﬁff wioes :‘:‘;ﬁ;ﬁ" Lol

COMOSAR Test Bench|  Version 3 NA Eﬁf;‘;d' hocal :ﬁﬁ:ﬁ" o cal
Network Analyzer [ RO9€ B S0MWarz | sngg01a2 0212013 0212016
Calipers Carrera CALIPER-01 122013 1212016
Reference Probe MVG EPG122 SN 18111 102014 1012015
Mudtirmeter Keithley 2000 1188655 1212013 122016
Signal Generator | Agilert E4438C |  MY49070581 1212013 1212016

e I I 5o o
Power Meter HP E44184 US39261498 122013 122016
Power Sensor HP ECP-E26A US27181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ﬁ;‘?mﬁfﬂ“ﬁfﬁﬁ;ﬂ ?',l?“fé“ﬂif"mfjﬁ'eff
LEU”;F;;';’ e and | control Compary 11-661-9 812012 BI2015
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WALTEK SERVICES (SHENZHEN) CO., LTD

1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/15 DIP 1G800-360

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

=, Nt P
A=

% 7= 7 [AccrEDiTED)

03/16/2015

.":.'lﬂi'.hl‘u'r!:_!'.'

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA wsing the COMOSAR test bench.  All calibration results are truceable o
national metrology institutions
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1 INTRODUCTION

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

the measurements that were performed 1o 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 SIDI®00
Serial Number SN 09/15 DIP 1GEOO-360
Product Condition (new /used) | New

A yearly calibration interval is recommended,

3 PFPRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Vahidation 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

FPage: 4/12
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—— -

4  MEASUREMENT METHOD

The TEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verifly 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 retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled Mat 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 employvs a 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 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply to the retum loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 % i

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOLID

Fregercy, Mg
1700 1720 1740 7R 1780 1 B0 1820 184D 1B 1830 TS0

511,48

0 |
Frequency (MHz) | Retum Loss (dB) | Requirement (dB) | Impedance
1800 _ -31.91 -20 4850 - 2050

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1700 17 1 ran 170 ean THI 1320 TR0 13l il F LR

m

Frequency (MIlz) Returmnm Loss (dI3) Hequirement (d 1) Impedance
1 Bk -22.95 =20 48.7 L3 - 7.0 502
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6.3 "HAN o] (8
Frequensy MHz [ Lmm b mim d mm
required measuned requined measured requirad measured
300 420,041 %. 250.0 41 %, 63541 %
450 7900 £1 %, | 1s67s1% 63511%
' 750 176041 %. | 100021 %, 63581 %
835 161.01 %. | mmmax 161 %
800 145,041 %, | e3a% 3641 %
1950 89141%, sL741% 3641%
1500 805 £1 % 50,041 % 3615
1640 19,041 % asTH% I6H%
1750 752415 42941 % 1641 %
| 1800 72.041%. PASS ATH% PASS 161 % PASS
' 1900 68.021%, 39511 % 361 %
1950 66341 % 38581 % 3641 %
' 2000 S4541% 1 ssaxs 3%
| 2100 6101 % ITHL R A6+1%
' 2300 55.5 11 %, 32641 % 361 %,
; 2450 5151% | 304s% 1641%
: 2600 48.521%. | sanx B
| 3000 4L5%1%. 501 % 361 %
| 3500 A7.0+1 % 26411 % 3611 %
3700 34781 W 6.4 21 % A6l %
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 retum loss
and mechanical dimension requirements.  The validation measurement must be performed against a
ligquid filled Nat 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 deseribed distance from the bottom surface of the phantom,

7.1 HEAD LIOUID MEASUREMENT
G v | Relative permittivity (6] Conductivity (0] §/m
| requied | messured | required | measured
300 | as3ssw O.BT £5 %
450 | d3si5% 0AT 5%
Page: 712
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750 | A1915% 0.9 45 %
a3s 41545% 09045 %
900 415 15% 0.9725%
1450 405 15 % 1.2045%
" 1500 | a0ass% 11385%
1640 | an245% 1.3125%
1750 40.1 45 % 13745%
1800 A0.0 45 % PASS 14045% PASS
1900 | 400#5% | 14025%
1950 40.0 5% 14025%
2000 40,0 45% 14045 %
200 | 3985% 14955%
2300 | 39515% 16715%
2450 39245% 18045%
2600 39.045% 1.96.45%
3000 BE 5% 24025%
| 300 | wesx | | 2mes%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 15328 and CEVIEC 62209 standards state that the syvstem validation measuremenis
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

 Soltware | OPENSAR V4
Phantom SH 20000 SAMTI
Probe SN 18711 EPG122
Liquid - Head Liguid Values: eps” : 41.1 sigma : 139
Dhstance between dipole center and hgud 10,0 mm
Aren scan resolution dx=Bmm/dy=8mm
Zoon Scan Kesolution dy=Emm/dv=8m/dz=5mm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature b
Lab Humdity 45 %
"'MH‘"':"' | 1 g SAR (W W) 10 g SAR (W kgW)
requined mieagured required measured

300 285 154

450 4,58 06

750 | Bag 555

Page: 812
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835 [ ass 622

900 | 10.9 699 |
1450 | 29 16 I
1500 | 385 | 168

1540 [ 32 8.4 i
1750 | 364 193
1800 384 37.56{3.76) 0.1 2022 (2.02) |
1800 T | 25 |
1950 | aos 208
2000 | a1 2.1
2100 | ass 29

2300 | 487 133 :
2450 l 3249 24 :
2600 | ssa | M5 ]
3000 63.8 57 !
3500  en 3

7.3 BODY LIQUID MEASUREMENT

F"’::""" Relathve permitthvity (5] Conductivity (o] $/m

requl.red [ measured requ.lred . measured.
150 | s13msu 0.8045 %
300 | ssz215% 09245 % |
-Iﬁifl 56.7 15 % 094 +5 % j
750 555 35% 0.95 5% ,
£35 55745 % 097 £5% :
040 55.0 45 % 1.05 5 % :
o15 55.0 £5 % 10615 W !
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1450 A0 45 13015 %
1610 538 45% 14045 %
1800 | sasassw |  eass | 1seasw | pASS
[ 1900 5335% 15215%
| 2000 53.335% 15245%
| 2100 53.2 35 % 1.6225%
2450 L1745 % 1.95 £5 %
2600 | S51515% 2.1615%
| 3000 52.045% 27355%
L3500 513:5% 33155%
| 5200 49.0 £10 % 530 £10%
| 5300 4B9£10% 542210 %
5400 487 £10% 553 £10%
5500 485 £10 % 5,65 £10%
S6IH AR5 +10% 577 £10%
S800 | 482:10% £.00+10%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Soltware CPENSAR V4
Phantom (SN 20708 SAMT1
Probe SN 1811 EPG122
Lequd | Body Liquid Values: eps™ : 53.0 sigma : 1.52
 Drstance between dipale center and hquid 10.0 mm
Area scan resclution = Bmm/dy=8mm
Zoon Scan Resolution dyx=EBmm/dy=8m/de=5mm
Frequency 1800 MHz
Input power 20 dBm
Ligquid Temperature 21 "C
Lab Temperature 2
Laob Humidity 45 %
"’:H":“’ 1 g SAR (W/kg/W) 10 g SAR {W/kg/W)
msasured measuned
1800 17591 (3.79) 20,62 (2.08)
Page: 1V12
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LIST OF EQUIPMENT

Equipment Summary Sheet

:u"""'“’l""’“Jt Mmm" |entification No.| . “"3""“[_'_' Itlhtc [HarChrte;
SAM Phartom MVG si-200a-sau71 [OREN Nocal - aleed Mo cal
COMOSAR Test Bench Version 3 NA :i“ff:gd Nocal ﬁ{ﬂ:ﬂ No cal
Network Analyzer | <09 % SCTWaiZ | snqoptaz T E—
Calipers F— CALIPER-O1 1202013 1212016
Reference Probe MVG EPG122 SN 18/11 1072014 10/2015
Multimeter Keithiey 2000 1188656 1202013 1202016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
e R IR - e e
Power Meter HP E44184 US38261498 1212013 1212016
Power Sensor HP ECP-E26A US3T181480 1272013 122018
Directional Coupler | Narda 4216-20 01386 ﬁ?éﬁzfﬁgﬂf i’;ﬂrﬁgﬁmﬁfﬁ
Emi?”&’?g Control Comparny 11.651-9 8/2012 812015
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WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
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CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/15 DIP 1G900-361

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

%/ 7~ [AccEbiTep)
LT B S ——

03/16/2015
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This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA wing the COMOSAR test bench.  All calibration results are traceable o

national metrology institutions
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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 to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Muodel S1D1900
Serial Number SN 09/15 DIP 1G9200-361
Product Condition (new /used) | New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

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

4.1

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

4.2 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 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 Imernationally Accepted Guides to
Measurement Uncertainty.

al CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000MHz 0.1dn

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Sean Volume Expanded Uncertainty
lg 203 %
10g | 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LICGUTL
Frequency, ey
1800 JE20 1840 180 10 1800 10 TMD 1SE0 1980 2000
10-
ﬁ .
el
-
-
@
Fregquency (MHz) Retum Loss (dB) Requirement (dB) Impedance
15 0Hd -33.77 - 4990-20;0
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Fisngmngy MH2
-l H-.I.‘in 1540 L 21 =- 1] 1500 1 '.-:II: I"_'Ik'..'l 150 L]
10
15-
ﬂ -
-
P
40~
Frequency (MHz) Return Loss (dB) Requirement (d 1) Impedance
1 900 -27.04 =20 45802 - 1.5)62
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6.3 MECHANICAL DIMENSIONS

Freguency MHz2 Lmm hmm d mm
required measured required measred required measured
300 A20.021 % 250.0 1 % 63521 %
450 FI00zl % 1667 21 % 63521 %
750 176.021 % 100,021 5. 63521 %
B35 161.021 . 89.B 21 % 3621 %
800 149.0 21 % LEEE S 1621 %,
1450 89.1 %1 % 31Tl % 3611 %,
1500 BOLS 1 % S0.0%1 % 1621 %
1640 79.0%]1 % 4571 % 16%] %
1750 75.2 £1 % 42.921 % 3621%,
1BOO 72021 % 41721 % 16l %
1800 68.0£1%. PASS 39,521 % PASS 161 % PASS
1850 66.3 £1 %. 38521 W 3621%
2000 54,5 £1 % ErAE RN 3641 %
2100 61.0£1 %, 35721 % 1621 %
2300 55511 % 126:1 % 161 %
2450 515:1% 3041 % 621 %
2600 48521 %, JBEzl % 1621 %
3000 AL5$1 % 25021 % 1621 %,
3500 37,021 % FLCE SR Y 3.6 £1 %
3r00 34,741 % 264 xl W 361l %

7 VALIDATION MEASUREMENT

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

7.1
MIHI L Relathve permittivity (2] Conducthiity [0) 5/m
requined maeasuned requined measuned
300 A5.3 £5% 0.87 25 %
A50 43545 % 0.87 25 %
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750 419 £5% 089 £5 %
235 41.515% 09015 %
00 415 5% 0.97 £5%
1450 405 £5% 12045 %
1500 A0 5% LI35'%
1640 40,2 ¥5% 1.3125%
1750 40.1 £5% 13715%
1800 A40.0 £5% 140 25 %
1900 0.0 £5 5 PASS 1403255 PASS
1350 400 £5 % 14025 %
2000 40.0 £5% 14025 %
2100 88 15% 1.49 £5%
2300 395 5% LeT 5%
2450 3B2E5% 1B015%
2600 39.0 £5 % 1.96 5%
3000 33.5:5% 240 £5 %
3500 7.9 155 291 15%

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 wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power,

Software OPENSAR V4

Phantom SN 20109 SAMTI

Probe SNI811 EPG122

Liguid Hend Liguid Values: eps” | 0.9 sigma : 143

Drstance between dipole center and hiquad

1000 mm

Area scan resolution

lt@'!ﬁ'l'l-_l.!-'l.'ﬂ}"ﬂ mm

Zoon Scan Resolution dx=8mm/dy=8m/dz=3mm
Frequency 1900 MHz
Input power 20 dBm
Ligud Temperature 21 *C
Lab Temperature 21°C
Lab Humidity 45 %,
o 1.8 SAR (W/kg/W) 10 SAR (W/kg/W)
requined measured required measured

300 285 194

450 458 3.06

750 845 555
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B35 9.56 6.22
200 g 659
1450 29 16
1500 305 i6.8
1640 34,2 184
1750 36.4 19.3
1800 38.4 20.1
1300 9.7 39,37 |3.94) 05 2051 [2.08)
1350 40,5 209
2000 411 711
2100 43,6 218
2300 48,7 23.3
2450 52.4 24
2600 55.3 26
3000 638 5.7
3500 67.1 25
- [ r.
4 \ ‘
il
o
o HEN
| "i:ll' P i :
T ?: ,_\{ il 1
e = R
o Y ] U NMBEONESD
7.3 BODY LIQUID MEASUREMENT
v Relative permistivity (6] Conductivity o) 5/m
reguined masuned riquined misasuned
150 61.9 #5% 0.B0 25 %
300 582 #5% 0.92 £5 %
450 55.7 5% .94 25 %
750 55.5 15 % 03615 %
835 55.2 #55 0.97 25 %
a0 55,0 45% 105 £5%
915 55.0 5% 1.06 5%
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1450 S4.0 $5% 130455
1610 53B 5% 14025 5%
1 801D 533 45% 150 85%
19000 533 45% PASE 15225% PASS
2000 533 £5% 1.5225%
2100 5.2 15% 1.62 5 %
2450 5.7 15% 19545%
260400 525 45% 21615%
30040 52.085% 273455
3500 51.345% 33125%
5200 45.0 £10% 5.30£10%
5300 489 £10% 5,42 210%
5400 48.7 £10% 553 £10%
5500 AR5 +10% 565 210%
S600 485 +10% 577 £10%
SR00 482 £10% 6.00£10%

74 SAR MEASUREMENT RESULT WITH BODY LIOUTD

Software OPENSAR V4

Phantom S 20009 SAMTI

Probe SN 1811 ERG122

Lagpuc Body Liguid Values: eps” - 53.9 sipma : 1 .55

[hstance between dipole center and higuid

100 mm

Area scan resolution de=8mm/dy=8mm

Zoon Scan Resolution dx=Bmm/dy=8m/de=5mm

Frequency 1900 MHz

Input power 20 dBm

Liguid Temperature 21°C

Lab Temperature 21 *C

Lah HLIJ.'I‘Jid[I:_:.' 45 %,

P 18 SAR [W/kg/W) 10 g SAR (W/kg/W)
mieasuned marasuned
1300 38,58 (3.85) 20,37 [2.04)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e O

SAM Prantom MVG SN-20/09-SAM71 Eﬁff wioes :‘:‘;ﬁ;ﬁ" Lol

COMOSAR Test Bench|  Version 3 NA Eﬁf;‘;d' hocal :ﬁﬁ:ﬁ" o cal
Network Analyzer [ RO9€ B S0MWarz | sngg01a2 0212013 0212016
Calipers Carrera CALIPER-01 122013 1212016
Reference Probe MVG EPG122 SN 18111 102014 1012015
Mudtirmeter Keithley 2000 1188655 1212013 122016
Signal Generator | Agilert E4438C |  MY49070581 1212013 1212016

i I I 5o o
Power Meter HP E44184 US39261498 122013 122016
Power Sensor HP ECP-E26A US27181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ﬁ;‘?mﬁfﬂ“ﬁfﬁﬁ;ﬂ ?',l?“fé“ﬂif"mfjﬁ'eff
LEU”;F;;';’ e and | control Compary 11-661-9 812012 BI2015
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Ref : ACR.92.8.15.SATU.A

WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/15 DIP 2G450-363

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

< [AccreébiTep)
R prlentioa S48 npuial

03/16/2015

SHmmary;

This decument presents the method and results from an accredited SAR reference dipole calibration
perfomed in MVG USA wang the COMOSAR test bench.  All calibration résults are traceable to
national metrology institutions
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Name ! Function Diate Signature

FPrepared by : Jérome LUC | Product Manager V212015 ;;j:%‘
Checked by : Jérome LUC | Product Manager 422015 ;j:fff
Approved by Kim RUTKOWSKI | Cuality Manager 4272015 i Aarthend

Customer Name

Waltek Services

Dhistribution (Shenzhen) Co., Ltd
Issue | Date _ | Modifications
A 4/2/2015 | Initial release
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1 INTRODUCTION

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

the measurements that were performed 1o verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
[Device Type COMOSAR 2450 Milz REFERENCE DIPOLE
| Manufacturer MVG
Model Sm24s0
! Sernal Number SN 09/15 DIP 2G450-363
| Product Condition (new / used) | New

A yearly calibration interval is recommended,

3 PFPRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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—— -

4  MEASUREMENT METHOD

The TEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verifly 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 retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled Mat 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 employvs a 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 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply to the retum loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

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

1 g Eh.j' o
10g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETLURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequercy, Mg
6D ZE0 MO0 M M MeE) M8 =N SN =E
Fregquency {.\IT‘.{)-“ |  Returm Loss(dB) | Requirement (d1)
2450 _ -23.78 -]
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUTD
Treguency. MHz
-I'l s 2Em 24X "»'.IL'I '-&;hli 2 1'I-:" ."_IH e
Frequency (MIlz) Return Loss (d B) Requirement (di3)
-26,15 -20

2450
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6.3 "HAN ek (8)
Frequensy MHz Lmm b mim d mm
required measuned requined measured requirad measured
300 420,081 5%, 250,01 %, 635815
450 290,051 %, | 1ee7s1%. G351
' 750 176021 % | 100021%. 63521 %
835 161.01 %. | mmmax 161 %
300 115,051 5%, | e3a% 3641 %
1950 89141 % s1741% 3641%
1500 B0551% 50,081% 361%
1640 19,041 % asTH% I6H%
1750 752215 42981% 16415
! 1800 72,041 % 78 % 36£1%
' 1300 58021 % 38581 % 1651 %
1950 56.3:1% 3521 % 1641%
' 2000 G5 % 1 smsax  36H%
| 2100 6101 % ITHL R A6+1%
' 1300 55.551%. 32621% 3.6+ %
; 2450 5151% PASS | 3pds1% PASS 1641% PASS
: 2600 asu% | | sanx T 3611%
| 3000 41521 %. 1081 % I6£1%
| 3500 A7.0+1 % 26411 % 3611 %
3700 34781 W 6.4 21 % A6l %
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 retum loss
and mechanical dimension requirements.  The validation measurement must be performed against a
ligquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the deseribed distance from the bottom surface of the phantom,

7.1  HEAD LIOUID MEASUREMENT
G v | Relative permittivity (6] Conductivity (0] §/m
| requied | messured | required | measured
300 | as345% 0.87 £5%
450 | d3si5% 0AT 5%
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750 | A1915% 0.9 45 %
a3s 41545% 09045 %
900 415 15% 0.9725%
1450 405 15 % 1.2045%
" 1500 | a0ass% 11385%
1640 | an245% 1.3125%
1750 40.1 45 % 13745%
1800 A0.0 45 % 14045%
1900 | 400#5% | 14025%
1950 40.0 5% 14025%
2000 40,0 45% 14045 %
200 | 3985% 14955%
2300 | 39515% 16715%
2450 39245% PasS 18045% PasS
2600 39.045% 1.96.45%
3000 BE 5% 24025%
| 300 | wesx | | 2mes%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CEVIEC 62209 standards state that the syvstem validation measuremenis
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

 Soltware | OPENSAR V4
Phantom SH 20000 SAMTI
Probe SN 18711 EPG122
Liquid - Head Liguid Values: eps” : 38.9 sigma : 1.79
Dhstance between dipole center and hgud 10,0 mm
Aren scan resolution dx=Bmm/dy=8mm
Zoon Scan Kesolution dx=Smm/dv=5m/dz=5mm
Frequency 2450 MHz
Ingut power 20 dBm
Liquid Temperature 21°C
Lab Tempermture 21°%C
Lab Humdity 45 %
FreaunY | 1 gsAR(W/kg/W) 10, SAR (W/ke/W)
requined mieagured required measured

300 285 154

450 4,58 06

750 | Bag 555

FPage: 812
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835 9.56 622

800 w09 699 |
1450 29 16
1500 s | 168
1510 342 184

1750 364 19.3

1800 384 0.1

1900 39.7 20.5

1950 40.5 209

2000 411 211

i!im -13.6 ZII. 9

2300 46.7 233 |
2450 524 53.38 (5.34) 2 l 20.20 [2.42) |
2600 53 | ETT '
3000 638 5.7

3500  en s

7.3 BODY LIQUID MEASUREMENT

Froguancy
MAH 2

150
300
450
750
835
Q{0
915

Redathve parmitthvity (8.7

requined
61.9 5%

58.215%

56,715 %
B3
55.245%
55,045 %
55.0 +5 %

measured

FPage: @12

Conducthdty (o] 5/m

requined
0.80 5%
092 £5 %
09415 %
0.96 15 %
0.97 £5 %
105 25 %
1.06 5 %

maasured
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1450 A0 45 13015 %
1610 538 45% 14045 %
1800 | sasss% L5215%
[ 1900 5335% 15215%
| 2000 53.335% 15245%
| 2100 53.2 35 % 1.6225%
2450 L1745 % PASS 1.95 £5 % PASS
2600 | S51515% 2.1615%
| 3000 52.045% 27355%
L3500 513:5% 33155%
| 5200 49.0 £10 % 530 £10%
| 5300 4B9£10% 542210 %
5400 487 £10% 553 £10%
5500 485 £10 % 5,65 £10%
S6IH AR5 +10% 577 £10%
S800 | 482:10% £.00+10%
74 SAR MEASUREMENT RESULT WITH BODY LIQUID
Soltware CPENSAR V4
Phantom (SN 20708 SAMT1
Probe SN 1811 EPG122
Lequd | Body Liquid Values: eps™ : 527 sigma : 1.94
 Drstance between dipale center and hquid 10.0 mm
Area scan resclution = Bmm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=5m/de=5mm
Frequency 2450 MHz
Input power 20 dBm
Ligquid Temperature 21 "C
Lab Temperature 2
Laob Humidity 45 %
"’:H":“’ 1 g SAR (W/kg/W) 10 g SAR {W/kg/W)
msasured measuned
2450 50,67 [5.07) 2338 (234}
Page: 1V12
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LIST OF EQUIPMENT

Equipment Summary Sheet

:u"""'“’l""’“Jt Mmm" |entification No.| . “"3""“[_'_' Itlhtc [HarChrte;
SAM Phartom MVG si-200a-sau71 [OREN Nocal - aleed Mo cal
COMOSAR Test Bench Version 3 NA :i“ff:gd Nocal ﬁ{ﬂ:ﬂ No cal
Network Analyzer | <09 % SCTWaiZ | snqoptaz T E—
Calipers F— CALIPER-01 1202013 1212016
Reference Probe MVG EPG122 SN 18/11 1072014 10/2015
Multimeter Keithiey 2000 1188656 1202013 1202016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
e R IR - e e
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US3T181480 1272013 122018
Directional Coupler | Narda 4216-20 01386 ﬁ?éﬁzfﬁgﬂf i’;ﬂrﬁgﬁmﬁfﬁ
Emi?”&’?g Control Comparny 11.651-9 8/2012 812015
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SAR Reference Dipole Calibration Report

Ref : ACR.156.12.15.8ATU.A

WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-376

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

..........

xxxxxxxxx

% 7~ [AccreDiTED)

IIIIIII

Calibration Date: 05/16/2015

.'\-JHFHJ‘JEH:]'.'

This document presents the method and results from an accredited SAR reference dipole cahbration
performed in MVG USA wing the COMOSAR test bench.  All calibration results are traceable 1o
national metrology institutions
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Name Function Date Signature
Prepared by : Jérome LUC Product Manager 6/5/2015 fg,'
Checked by : Jérdme LUC Product Manager 6/5/2015 ja‘%ﬁ"
Approved by : Kim RUTKOWSKI Quality Manager 6/3/2015 fat Furthsth

Customer Name
Waltek Services
(Shenzhen) Co., Lad

Distribution :

fssne Diate Madifications

A G/5/2015 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref® ACR 136 17.15.8ATU.A
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mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Refi ACR.IH612135ATU.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 venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Deviee Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D2600
Serial Number SN 16/15 DIP 2G600-376
Product Condition (new /used) | New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

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 - MTG COMOSAR Validation Dipole

Page: 411
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4 MEASUREMENT METHOD

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

4.1

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

4.2 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 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 Imernationally Accepted Guides to
Measurement Uncertainty.

al CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000MHz 0.1dn

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

The guidelines outlined in the 1EEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Sean Volume Expanded Uncertainty

lg 20.3 %

Page: 511
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10 g 20.1 %o

6  CALIBRATION MEASUREMENT RESULTS

6.1 REETURN LOSS AND IMPEDANCE IN HEAD LIOUII

Froemncy, MH2
X0 XM 2D

S e ] 20 6l 0 L0

10
15=
ﬂ ) -]
-
x5
-
Frequency (MHz) Return Loss (dB) Requirement (d13) Impedance
2600 -29.44 =20 5340+01jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID
Fraquency, Mg
Z0 XN BE M X0 XN XX R0 X0 ¥W 2w
10
1%
&
e
i1
-
i5-
e
Frequency (MIHz) Retum Loss (dB) Requirement (dB) Impedance
2600 -449. 59 -2 30.1 Q2 +0.3 78
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
remuired miasuned required meamired requlned A sned
kT i 420021 % 250.02]1 % 5352] %

Fage: 611

Tivis dhocumny shall i be reproheced, exceps in full or in port, withour the wrilten appevval of MVG
Rpfirmacation covatiae anvin Lnbo be st ooy for the purpo five whic i i s oo in nel fe
ter nelpasad in whiole or part wi feosd wiritien approval af AT

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn




Reference No.: WTS17S0169747E V1

Page 161 of 179

mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Refi ACR.IH612135ATU.A
450 290.0+1 % 166.7 1 % 63521 5%
750 176021 %. 100.0 21 %. 63521 %
R3S 161.0 21 %. BBl % 16 %
300 145,021 %. B33s1% 1641 %
1450 29.1#1 % 51731 % 361 %
1500 80,511 % 50.011 M. 3611 %,
1640 79,041 %, A5.7+1 % 3621 %
1750 7521 % 42931 % 1641 %
1800 T2.D %] % 41721 % 3621 %,
1800 B68.0 ] % 39521 % 361 %W
1850 66.3 £1 %. 5L 1681%
2000 64,5 £1 % EPATIN 1641 %
2100 61.0 11 5. 35711 W 31621 %,
2300 55.5#1 %. 32611l % 3621%.
450 SLE+1 % ELETIE S 1641 %,
2600 48.5+1 %, PASS BB % PASS 1611 % PASS
3000 41,5 +1 %. 25011 % 36 1%
3500 37.041 % 260 21 T 3641 %
3700 347+l % FI L EIR S 3621 %
7 VALIDATION MEASUREMENT

The IEEE Sid, 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
lengih centered and parallel 1o the longest dimension of the (Tat phantom, with the top surface of the

dipole at the described distance from the bottom surface of the phantom.

7.1

Frtr:.::q Relathve permitthvity (2] Conducthdty (o] 5/m
required maeasured required measured
300 A5.3 £5% 087 25 %
450 435 15 % 0.87 5%
750 1.9 £5% 0.89 25 %
-EL] 4155 % 09015 %
200 A1.515% 097 £5%
1450 0.5 £5 % 12025%
1500 0.4 £5 % 1.2325%
1840 40,2 £5 % 1.3125%
1750 40.1 £5 % 1375%
Page: 711
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1800 A0.0 £5% 140 #5 %
1300 400 5% 14015 %
1950 400 5% 1.40 25 %
2000 40.0 5% 140 25 %
2100 98 +5% 149 15%
2300 9515 167 £5%
2450 322 15% 1.B0 5%
2600 39.0 5% PASS 1.96 5% PASS
3000 A3.545% 2400 25 %
3500 A7.9 55 29115%

72 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 20009 SAMTI

Probe SN 1811 EPG122

Ligund Head Ligusd Values: eps’ : 38.2 sipma : 1.93

[hstance between dipole center and hguid

10,0 mm

Area scan resolution

dx=Bmm/dy=8mm

Zoon Scan Resolubon

dy=Smm/dy=Smm/dz=3mm

Frequency 2600 MHz
Input porwer 20 dBm
Ligud Temperature 2C
Lab Temperature 21*C
Lab Humidity 45 %4
g g 1§ SAR (W/kg/W] 10 & SAR (W/kg/W)
rmequined measured required measured
300 2,85 154
450 A58 3106
T50 843 555
835 9.56 6.22
a0 10,9 809
1450 23 16
1500 ans 16.8
1640 342 184
1750 36,4 19.3
1800 ELR 0.1
Page: 811
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1300 9.7 205
1350 405 0.9
2000 411 211
2100 436 218
2300 4B8.7 3.3
2450 52.4 24
2600 55.3 55,02 (5.50) 2.6 2430 (2.43)
3000 638 %7
3500 671 5

L

. |
1 Tl L |
g 3 & T
] al ) | 1]
-t T T LI 1| '_4 I\.J mEEIZTAEZIR
7.3  BODY LIOUID MEASUREMENT
"'E:, e Relative permitthity (6] Canduethvity {2) 5/m
regquined maasured requined measured
150 619 £5% 0,80 £5 %
300 58.1 15 % 092 +5%
450 55.7 £5 % 0.94 25 %
750 55.5 £55% 0,96 £5 %
834 552 +55¢ 0.97 5%
Q00 55.0 5% 10515%
915 55.0 #5 % 1.0625%
1450 54.0 25 % 1.3025%
1610 53.8 15 % 1.40 25 %
1800 53315% 151 45%
1900 53.3 £5% 1.52 5%
2000 533 45% 1.52 5%
2100 53.2 5% 1.62 £5 %
2450 52.7 #5% 1.95 5%
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2600 525 35% PASS 21625 % PASS
3000 S2.025% 27345%
3500 51.335% 33125%
5200 43,0 £10% £.30£10%
53040 A48.9210% 5.42210%
54040 AB.7 £10% 5.53 +10%
5500 4B.6210% 5.65 £10%
56000 4B.5 £10% 577 210%
5SRO0 48.2210% 6.00£10%

74 SAR MEASUREMENT RESI

LT WITH BODY LIQUID

Safltware OPENSAR V4
Phantom SN 20409 SAMTI
Probe SN 1811 EPG122
Liguid Body Ligusd Values: eps” - 51.6 siema : 2.21
[Dnstance between dipole center and Iaguid 10.0 mm
Area scan resolution de=Bmm/dy=Emm
Zoon Scan Resolution de=3mm/dyv=5Smm/dr=3mm
Frequency 2600 MHz
Input power 20 dB3m
Ligand Temperatire 21 *C
Lab Temperature 21*C
Lab Humidity 45 %
Frin
e 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
maasured maasured
2600 53.02 {5.30) 23.6612.37)
15 M
1
i
_______ | el |
' 2 ™
i - £ i N
et
I .
| s Tttt
T gt T e d & B0 |I'|||.';.'.'. HE DX
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LIST OF EQUIPMENT

Equipment Summary Sheet

el e O

SAM Prantom MVG SN-20/09-SAM71 Eﬁff wioes :‘:‘;ﬁ;ﬁ" Lol

COMOSAR Test Bench|  Version 3 NA Eﬁf;‘;d' hocal :ﬁﬁ:ﬁ" o cal
Network Analyzer [ RO9€ B S0MWarz | sngg01a2 0212013 0212016
Calipers Carrera CALIPER-01 122013 1212016
Reference Probe MVG EPG122 SN 18111 102014 1012015
Mudtirmeter Keithley 2000 1188655 1212013 122016
Signal Generator | Agilert E4438C |  MY49070581 1212013 1212016

e e I 5 o
Power Meter HP E44184 US39261498 122013 122016
Power Sensor HP ECP-E26A US27181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ﬁ;‘?mﬁfﬂ“ﬁfﬁﬁ;ﬂ ?ﬁrﬁagfdmgu“ﬁ::
LEU”;F;;';’ e and | control Compary 11-661-9 812012 BI2015
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17 Re-calibration for Dipole
17.1 DIPOLE 835 (SN 09/15 DIP 0G835-358)

Page 166 of 179

Return Loss and Impedance in Head liquid(Mar 8,2016

835 -30.227 -20 48.00Q-0.842jQ
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Return Loss and Impedance in Body liquid(Mar 8,2016)
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17.2 DIPOLE 1800 (SN 09/15 DIP 1G800-360)

Return Loss and Impedance in Head liquid(Mar 15,2016

1800 -37.494 -20 48.766Q-0.248jQ
Return loss
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Return Loss and Impedance in Body liquid(Mar 15,2016)

1800 -25.849 -20 47.9920+7.543jQ
Return loss
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17.3 DIPOLE 1900 (SN 09/15 DIP 1G900-361)

Return Loss and Impedance in Head liquid(Mar 25,2016

Trel B Smih RefiU  Cal

1900 -31.607 -20 47.520-0.735jQ
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Return Loss and Impedance in Body liquid(Mar 25,2016)

1900 -25.967 -20 48.40-4.6jQ
Return loss
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17.4 DIPOLE 2450 (SN 16/15 DIP 2G450-363)

Page 172 of 179

Return Loss and Impedance in Head liquid(Mar 28,2016

2450 -27.642 -20 46.5Q+1.998jQ

Return loss
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Return Loss and Impedance in Body liquid(Mar 28,2016)

2450 -27.494 -20 46.80-2.446jQ
Return loss
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17.5 DIPOLE 2600 (SN 16/15 DIP 2G600-376)

Return Loss and Impedance in Head liquid(Mar 28,2016
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-20 53.316Q-3.186jQ
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Return Loss and Impedance in Body liquid(Mar 28,2016)

Frequency(MHz) Return loss(dB) Requirement(dB) Impedance
2600 -30.161 -20 50.5970-3.015)Q
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18 SAR System Photos

Liquid depth = 15cm
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19 Setup Photos

ight Head Cheek ight Head Tilt

x el
Left Head Cheek Left Head Tilt

Body-Worn/Hotsspot (LCD UP) Body-Worn/Hotspot (LCD Down)
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Hotspot (TOP EDGE)

Hotspot (BOTTOM EDGE)
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20 EUT Photos
Front side
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Back side
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