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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 Tvpe COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 0915 DIP 1G900-361
Product Condition (new / used) New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 iENE NEOQ 110

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 Dipaole
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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 measuremenis were performed to
verily 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 flat phantom,
with the phantom constucted as outlined in the fore mentioned standards,

42 MECHANICAL REQUIREMENTS
The IEEE Std. 1528 and CEVIEC 62209 standards specifv the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench emplovs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
A00-6000M He 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 15328, FCC KDBs, CENELEC EN530361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Scan Volume

Expanded Uncertainty

g 20.3 %
10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fioguancy, MHz

1840 1850

1E20

£11,. 48

e

18500 150 TS0 TEeED

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
159000 -33.77 =20 4990 -2.010
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUTD
Fiaguancy, WHz
1620 1840 1500 150 10 180 200

186

1840

Frequency (MEz)

Return Loss (dB)

Requirement (d )

Impedance

1900

-27.04

=20

4586 -1.5j0
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6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm dmm
required miasuned required miasured required minsuned

300 420,041 % 250,021 M. 6351 %

450 290.01 %. 166.7 £1%. 63511 %

T50 176.0 %1 % 100.0 £1 % 63511 %

B35 161.00 21 % 9.8 21 % 3.6 11 %,

500 149.0 21 % 83311 % 3611 %,

1450 89,121 %. 51711 % 3.611 %,

1500 80521 % 50,0 1 % 3621 %,

1640 79,0 £1 % 45,7 £1 %, 16zl %

1750 75241 %. 42921 % 3.641%,

1300 72021 % AL7 #1 % 3641 %,

1900 68021 % PASS 3I9541% PASS 3641%, PASS
1950 66.3 £1 % 38541 % 3641 %,

2000 64,521 % 37.5%1 % 3651 %,

2100 61021 %. 5T % .61 %,
2300 55521 % 3261 % 3641 %,
2450 515 %1% 30.4 £1 % 3641 %,
2600 48.5¢1 % 218841 % 3611 %,
3000 415 1%, 25081 % 3.6 41 %,
3500 37041 %, 264 21 % 3611 %,
3700 34,741 %, 264 £1 % 3.6 £1 %,

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
liguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards,
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel to the longest dimension of the flat phantom. with the top surface of the

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

7.1 HEAD LIQUID MEASUREMENT

Fi
":::‘" Relative permittivity (&) Conducthvity (o] 5/m
requined measured required e su red
300 A5.3 +5% 0BT 5%
450 435 +5% 087 5%
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a0 419 15% 0.89£5 %
835 41.5 15% 0.90£5 %
a00 41.545% 0.97 5%
1450 A0.5 45 % 120+5%
1500 AlA 55 113455
1840 A2 £5 % 13145%
1750 A0.1 15 % 137+5%
1800 A0 £5 % L4045 %
1300 A0D 15 % PASS 1LA045% PASS
1550 A000 15 % LAQ£5 %
2000 4000 15 % 1AD+5 %
2100 J0.B15% 149+5%
2300 39.5 5% L67 £5%
2450 39.215% LBD 5%
2600 35.0 15 % 19615 %
3000 38.515% 290 25 %
3500 379 45% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAT LIQUID

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

Software CPENSAR V4

Phantom Sh 20V08 SAMTL

Prabe SN 18711 EPG122

Liguid Head Liguid Values: eps’ - 409 sigma - 1.43

Distance between dipole center and liguid

1000 mm

Area scan resclution

dox=Emm/dy=Emm

Zoon Scan Resolution

dx=8mm/dv=8m/dz=5mm

Frequency 1900 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 2] *C
Lab Humadity 45 %
i 1 g SAR (W/kg/W) 10 & SAR (W/kg/W)
requined measured required mzasuned

300 2.85 154

A50 A.58 3.06

750 8.49 5.55
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B35S 9.56 6.22

a00 108 699

1450 29 16

1500 305 16.8

1640 34.2 184

1750 6.4 19.3

1800 384 0.1

1900 EL W) 39.37 [3.94) 05 20.51 |2.05)
1950 a0s ]

2000 a1.1 21.1

2100 436 219

2300 AR7 223

2450 524 2

2600 55.3 .6

3000 638 57

3500 67.1 25

A i ‘

E
cn o] -
b 1
1 \\
F A= M,
Aen £ E- Ty
i 3 10 N,
Tw I INITTTTTEIT
vt | e b - i ——
e e i Bo1017 M6 X MEHED
7.3 BODY LIQUID MEASUREMENT
Fi
e Relative permittivity (&) Conductivity [o] S/m
required measured required measured
150 61.9 +5% 0.80 5 %
300 58.2 15 % 0.92 5%
450 GE.7 45 % 0.5 +5 5%
750 55.5 45 % 0,96 5%
835 552 45 % 0.97 +5 %
Q00 55.0 45 % 1.05 £5 %
o135 55.0 5% 1.05 £5 %
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1450 S4.0 25 % 13055
1610 53.815% 1.40 £5 %
1800 53.345% 1.52455%
19400 53.345% PASS 15245 % PASS
2000 53345% 1.52 45 %
2100 53.2 25% 1.62 £5%
2450 52,7 45% 1,95 45 %
2600 525 45% 21645 %
3000 52.045% 27345%
3500 £1.335% 33145%
5200 45,0 £10 % 5.30£10%
5300 ABD+10% 542 +10%
5400 48,7 10 % 553 £10%
3500 ARG +10% 5.65 £10%
S600 485 +10% 577 +10%
SEO0 A8.2 +10% 6,00 £10%

74  SAR MEASUREMENT RESULT WITH BODY LIOUID

Software OPENSAR V4

FPhantom SH 2009 SAMTI

Probe SN 1B ERG122

Laguud Body Liguad Values: eps’ @ 5339 sigma : 1 55

Ihistance between dipobe center and liguid

10.0 mm

Area scan resolution

dx=Emm/dv=8mm

Zoon Scan Resolution

d=Emm/dy=8m/dz=5mm

Frequency 19030 MHz
Inpuit power 20 dBm
Liguid Temperature 21 °C
Lab Temperature 2l °¢
Lab Humdity 45 %
i 1.5 SAR (W/kg/W) 108 SAR (W/ke/W)
measured measured
1900 38.58 (3.86) 20,37 [2.04)
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LIST OF EQUIPMENT

Equipment Summary Sheet

il el e e

SAM Prantorn MVG SN-20/09-SAM71 :':‘q*:j?;‘" L E{fﬂ,‘;‘" S et

COMOSAR Test Bench|  Version 3 NA Eﬁm‘f" hlo:cel Eﬁz‘_" No cal
Network Analyzer | RNO9e & SCWarz | gnqg0132 022013 0212016
Calipers Carrera CALIPER-D1 122013 122M6
Reference Frobe MVG EPG122 SN 18M1 10/2014 102015
Multimeter Keithiey 2000 1188656 1272013 121216
Signal Generator Agilent E4438C MY 49070581 12213 1212016

e el T e
Power Meter HP E441BA US38261498 1212013 1212016
Power Sensor HP ECP-E26A LIS37181460 122013 122016

Directional Coupler | Narda 4216-20 01386 ﬂirﬂﬁgmﬁﬁ E:f“’rfg:ﬁjef‘&m“
Lﬂﬁﬁ‘gﬂﬁ Control Company 116619 8/2012 8/2015
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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: 2450 MHZ
SERIAL NO.: SN 09/15 DIP 2G450-363

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

- —__ - P,
/F‘“\‘: & [AccrepiTeD)
A Chsigtgs CROT BRSO

03/16/2015

Hi'”l”i'!r.’fi:l'.'

This document presents the method and results from an sceredited SAR reference dipole calibration |
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to |
mational metrology institutions
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Name Function Date
Prepared by : Jérome LUC Product Manager | 4/2/2015
Checked by : Jéréme LUC Product Manager | 422015
Approved by : Kim RUTKOWSKI Quality Manager 4272015

| Customer Name

Bistribition | Waltek Services

: | (Shenizhen) Co.. Ltd
Issne Date | Modifications
A 47272015 Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
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
Muda;l SID2450
Serial Number SN 0915 DIP 2G450-363
Product Condition (new /used) | New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - AfVG 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
verily 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 return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Fxpanded Uncertainty on Return Loss
400-60000M He 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:
Length (mm) Expamlrd I.fnﬂ:r‘hﬂnt}' on Length
3-300 0.05 mm

53 NALIDATION MEASUREMENT

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

1g 203 %
g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Freguency, MMz
2400 2L 2440 20

2430 SO0 SN

Z=50 2330

Frequency (MIz) Return Loss (dB) | itmuimnmt @By | Impedance |
-23.78 -20 48.50+6.310

2450

RETURN LOSS AND IMPEDANCE IN BODY LIOUID

6.2
Fiagueency, Mz
2380 2400 M Ml 240 2430 B0 AN

Mg

Impedance
51.1 Q +4.8j0

]téquil'qt_l_l_gut (dli}
-20

. [i.etu rm Loss (dB)

Frequency {_:\[[I'.r._}.
-26.13

2450

Page: 6712

This docwwieen! shall nof be reproduced, excepd Ln full o b s, withow! the wrilten apgroval of MG
The inforsustion contained hervin iy fo be msed ordy for the parpose for which i i mubitted and is not fo

be releasedd in vilwale or pard witvoud writhen appyoval of MG

Waltek Services (Shenzhen) Co.,Ltd.

http://www.waltek.com.cn Email:info@waltek.com.cn



Reference No.: WTS16S0447526E V1 Page 139 of 148

mvig SAR REFERENCE DMPOLE CALIBRATION REPORT

Ref: ACRSIBI1ISATUA

6.3 MECHANICAL DIMENSIONS

Frequency MHz L mm [ h mm

d mm
requined measuned requined . measured required measured
100  a0011% | 250.0+1 % 63511 %
450 20021 %  le7nn 63521
750 176,041 5. 100041 % | 63511 %
B35 161021 % BoEs1% | 3611 %
300 M0 % 833nx | | 3sa%.
1450 | amanw | s17n% | 3511 %,
1500 T sosux | 50081% | [ETET
1640 79.0 £1 %, 4571 | 3641 %,
1750 75221 % T 1641 %,
1800 72041% | m7nax 3631 %
1800 68021 % | sessim | 1641%,
1850 66.3 21 % 3E581% | I641%,
2000 64,521 % 758% | 3641 %,
2100 61021 % ETN% | 1641%,
2300 55.5 21 %, 32681 | 3641%,
2450 5151 % PASS oa% | PASS 1641 % PASS
2600 48,5 £1 %. BEHLN | 3.611%.
3000 AL5 21 % 5081 % 36+1%,
3500 osw | | wanw | 351%,
3700 34741 % WwBA81% | 3641%

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
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 fat phantom, with the top surface of the

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

71 A L] ST EN
F":‘:!"" Relative permittivity () Conductivity (o) S/m
required measured [ required measured
3po 453 15% 0BT £5%
450 435 15% 08T £5%
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750 a149 +55% 0.89+5%
a3s 41.545% 0905 %
900 415 5% 0,97 £5 %
1450 4p.5 1'5 % L2025%
1500 A40.4 15 % 12345%
1640 A2 45 % 131 45%
1750 an.1 45 % 13745%
1800 | 40s5% | 1d05% | -
1900 | 400#5% | 1015%
1850 A0.0 5 % 1405 %
2000 A00 15 % 1,40 £5%
2100 38,8 45 % 149 £5%
2300 35 15% | 1e7esw
2450 39.2 $5% PASS LB +5% PASS
2600 | 39045% | 1.96 5%
T 3000 BE15% | 240e5%
_ 3500 | arssw | 29s5% |
7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUITD

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

Software OPENSAR V4

Phantom SH 20009 SAMTI

Probe | SNISATEPGIZY e
Liquid Head Liguid Values: eps’ : 389 sipma : 1.79

| Distance between dipole center and liquid

10.0 mm

Area scan resolution da=Emm/dy=8mm
Zoon Scan Resolution dy=3mm/dy=>5m/dz=5mm
Frequency 2450 MHz
| Input power 20 dBm
Laguid Temperature 21°C
Lah Temperature 2t°C
Lab Humudity 45 %
e 1. SAR (W/kg/W) 10 g SAR (W/kg/W]
requined measured required measured

300 2.85 L4

450 4.58 3.08

i Lot il

Page: 812

This dhoc et shall not be reprodwced, excepd ln il or b port, withowr the writien approval of MG
The information contained hervin i to be nsed only for the prrgposs for vlicl if is submitted aod is not fo
b relecsed in vilwle o poard wi el writhen appsoval of WG,

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

Email:info@waltek.com.cn




Reference No.: WTS16S0447526E V1 Page 141 of 148

mvsg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR918.15.5ATUA

s | s | | |
a00 10.9 [ 69z | [
1450 29 [ 16 |

1500 s | 168

1640 [ 342 | 184

1750 T | | 193

1800 : 3x4 | I 20.1

1900 T | 05

1350 : 40.5 i 203

2000 1 aa | 211

2100 [ s | 219

2300 a7 | 233

2450 | sza | s338(534) | 24 | 2420 (2.42)
2600 | =53 | M6

3000 | ez | | a7

3500 67.1 ' ' 25

Il ‘

B WEm
ane x H
o e
i L3 \‘\ | |
N L]
2 |
o i e 2 0
R - i 110 MW MmN x
7.3 BODY LIQUID MEASUREMENT
m:::q' Relative permittivity (&) Conductivity (o] 5/m
requined | measured [ required [ measured
150 61915% | 0.80+5% |
300 | SB2i5% | 0.92+5%
450 | serss% | 0.9435%
750 | s55545% i 0.96+5 %
B35 55.235% | 0.97 5%
Q00 SE045% | 1.05+5 %
915 SE045% | 1.0645% I
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mvs SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRITE155ATUA
1450 540 £5% 1.3045%
1610 538 45 % 1.40 45 %
1800 53.315% 15245%
1900 | sa3ssu | 1s2esw B
2000 53.345% 1.5245%
2100 | s32i5% | 1e2e5% |
2430 527 45% PASS 1.95 5% PASS
2600 | s2515% J 21en% b
3000 52045% | 273s5%
3500 51.315% 33145 %
5200 AB0+10% 5.30210%
5300 489 +10% 542 +10%
5400 ART £10% 553 £10%
5300 486 £10% 5.65 £10%
S600 485 +10% 577 +10%
SE00 482 +10% 600 £10%

7.4 BAR MEASUREMENT RESULT WITH BODY LIQUID

[Software [OPENSAR V4
Fhantom S 20009 SAMTI
Probe SN 18/11 EPG122
Ligud S | Body Liquid Values: eps’ - 52.7 sigma : 1.94
Dnstance between dipole center and liquid 10.0 mm
| Ares scan resolution dxe=Bmm/dy=Emm
Zoon Scan Resolustion dae= Smm/dy=5m/dz=5Smm
Frequency 2450 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21*C
Lab Humidity 45 %
i 1 ¢ SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 50.67 (5.07) 23.38 {2.34)
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SAR REFERENCE MPOLE CALIBRATION REPORT Ref: ACR928.13.5ATU.A
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mvg

S5AR REFERENCE DIFOLE CALIBRATION REFORT

Ref: ACRSIBI1ISATUA

LIST OF EQUIPMENT

Equipment Summary Sheet

SAM F:hantmn MVG | SN-20/09-SAM71 Eﬁf‘f Noca m{ﬂz“- No. cal

COMOSAR Test Bench Version 3 MA :':d:jf;gd o cal E{ﬁzﬂ' Mo cay
Network Analyzer | Fhode g'vi“hw“ SN100132 0212013 | 022016
Calipers B CALIPER-01 122013 | 122016

Refererce Probe MVG EPG122 SN 181 102014 I w0015
Multimeter Keithiey 2000 1188656 1212013 | 1212018
Signal Generator | Agilent E4438C MY49070581 1202013 | 1202018

riter | rarwcanm | svow (S o s
Power Meter HP E44184 US36261498 1202013 | 122016
Power Sensor HP ECP-E26A US37181460 122013 | 122016

Directional Coupler | Narda 4216-20 01386 EﬁmﬁﬁdﬁﬁﬁifﬂﬁmﬁggﬁLLu?
L‘ﬂﬁﬁ'gﬁﬁ Control Compary 11-661-9 812012 | 8/2015

Page: 1212

This dhoc et shall not be reprodwced, excepd ln il or b port, withowr the writien approval of MG
The information contained hervin ix to be reed ondy for the parpose for which i is submitted and is not fo

b relecsed in vilwle o poard wi el writhen appsoval of WG,

Waltek Services (Shenzhen) Co.,Ltd.

http://www.waltek.com.cn Email:info@waltek.com.cn




Reference No.: WTS16S0447526E V1 Page 145 of 148

Liquid depth = 15cm
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'-ht Head Cheek ight Head Tilt

Left Head Cheek Left Head Tilt

Body-Worn(LCD UP) Body-Worn(LCD Down)

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



Reference No.: WTS16S0447526E V1 Page 147 of 148

Hotspot(LEFT EDGE)

Hotspot(BOTTOM EDGE)
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