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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 8335 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID835
Serial Number SN 09/15 DIP 0G335-358
Product Condition (new / used) New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 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 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 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,

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

203 %

1 e

=1

10g 20.1 %

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fiaguancy, MHz
T35 7 7 B -r1) B0 =) Bl ‘500 ) =535
I "

£11, 48
#

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

835 -42.72 =20 50.7Q+0.3;0

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIOUITD

Fraquency. MHE
735 760 B0 200 H20 a0 BED Ll S00 @0 95

2 [ -
275
0.0

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

B33 -24.40 =20 4530+ 3.7i0
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6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm d mm
required miasuned required miasured required minsuned
300 420041 % 250,041 %. 63541 %
450 290,041 % 166.7 £1 %. 63511 %
750 176.0+1 % 100.0 21 % 635+1 %
B35 161,021 % PASS £9.8 £1 % PASS 3611 %, PASS
00 149.0+1 % Bl % 161 %,
1450 £9.1 51 %. 51.7#1% 1611%,
1500 80521 % S0.0 £1 %. 1611 %,
1640 79,01 % 45,7 21 % 3611 %,
1750 75.2£1 %, 42931 % 3E1%,
1300 72021 % ALT#1% EEIES
1900 GB021% 39,581 % 1621%,
1950 66,319 3851 % 161 %,
2000 64.551 % 37541 % 161 %,
2100 61,041 %, 157 £1% 161%,
2300 5051 % 326 £ % 1641%,
2450 51,5 £1 %, 30.4 £1 % 1E1%,
2600 ABG£1 % 18881 % EES LS
3000 41521 % 25041 % 3641%,
3500 37,041 % 6.4 81 % 161 %,
3700 34,741 % 26.4 £1 %, 3621 %,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements.  The validation measurement must be performed against a
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 %
B35 41.515% PASS 0,90 £5 % PASS
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 15 % L4045 %
1300 A0D 15 % 1LA045%
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’ - 42.1 sigma - 052

Distance between dipole center and liguid

15.0mm

Area scan resclution

dox=Emm/dy=Emm

Zoon Scan Resolution

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

Frequency 835 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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Rell ACR 923 15.3ATULA

e 956 9,53 (0.95) 622 £.20 [0.62)
200 10.9 699
1450 29 16
1500 ns 16.8
1840 a4.2 184
1750 364 153
1800 ELA 20,1
1300 34.7 205
1350 A0.5 0.8
2000 a1.1 21.1
2100 43.6 219
2300 487 23.3
2450 524 24
2600 55.3 2.6
3000 638 57
3500 67.1 25

73 BODY LIOUID MEASUREMENT

m:: e Relative permittivity (&) Conductivity [o] S/m
required measured required measured
130 619 15% 0.80 45 %
300 58.2 5% 0.9245 %
450 557 5% 0,94 £5 5
750 E5.E 5% 0,96 45 %
B35 E5.2 45 % PASS 0,97 £5 % PASS
Q00 55045 % 1.05 £5 %
913 S5.015% 1.06 +5 %
FPage: W12
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mvg SAR REFERENCE DIPOLE CALIBRATION REPORT
1450 S4.0 25 % 13055
1610 53.815% 1.40 £5 %
1800 53.345% 1.52455%
19400 53.345% 15245 %
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’ @ 538 sigma : 0.98

Ihistance between dipobe center and liguid

15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency B35 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
835 8,44 (0.94) .25 [062)
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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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SAR Reference Dipole Calibration Report

Ref : ACR.92.5.15.5ATU.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: 1800 MHZ
SERIAL NO.: SN 09/15 DIP 1G800-360

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

—::"*,_‘.' = m—
*./”/I,-.\\ s |ACCREDITED|
o Tho dlion i W

03/16/2015

| HHJHH!(H'_I.‘.'
[

This decument 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 traceable to
national metrology institutions
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INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and

CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type _| COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer IMVG
Model SID1800
Serial Number SN 015 DIP 1G200-360
Product Condition {new / used) | New

A vearly calibration interval is recommended.

3

31

PRODUCT DESCRIPTION

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 - MG 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

1 g 2”3 %o

10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOQUID

Freguency, MMz
17 It thed 1E0 TTED TROO 1AM 1RM0  1BE0 1830 10

| Frequency (MIz) Return Loss (dB) | -R(‘ﬂl.lil‘(‘lm'lﬂ By | Impedance _:
I 1800 | -31.91 _ -20 | 48.5Q-20;0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOQUID

Frecusncu, MH:
10 1720 TH0 TR0 YTE0 MBO0 1M T840 1850  EAD 1500

| Frequency {_:\[[I'.r._}. .[ietum__l_.ﬂ:_'x_w {_dll._} Ri.'{.luil'ﬁfl_'l_l_i'li.l‘.(:_l."fjl. _ Impedance
[ 1800 | -22.95 | -20 | 48.7Q-7.0j0
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6.3 MECHANICAL DIMENSIONS

Frequency MHz L mm [ h mm

dmm
requined measuned requined . measured required measured
300  a0011% | 250.011 %. 63511 %
450 20021 %  le7nn 63521
750 176,041 % 10001 % | 63511 %
B35 161.0%1 % BoEs1% | 3641 %
900 15041 % 83311% | | 3sa%.
1450 1 wmaax | s17n% | 3511 %,
1500 T sosam | s0081% | [ETET
1640 79.0 £1 %, 4571 | 3641 %,
1750 752 +1 % T 3641 %,
1800 7201 % PASS | MLTHL% PASS 1621%, PSS
1800 68021 % | sessim | 1641%,
1850 66,3 #1 %, BE1I% | 3641 %
2000 G454 5 ETLTSE S 3.641%,
2100 EL0+15% BTN% | 3641%
2300 55.5 21 %, 32681 | 3641 %,
2450 51.5#1 % 41% | 3641 %
2600 48,5 £1 %. BEHLN | 3.611%.
3000 ALE+1 %, 5041 % 3641 %,
3500 osw | | wanw | 364N,
3700 34,741 % A% 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%
1900 | é0ossw | pass | 1doass | eass
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% LB +5%
2600 | 39045% | 1.96 5%
T 3000 BE15%  24015%
_ 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 values shown below (for phantom thickness of 2 mm), within the
uncerainty for the syvstem validation. All SAR values are normalized 1o 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom SN 20000 SANT]

Probe | SNISALEPGIZY i
Liguad Head Liquid Values: eps’ | 41,1 sigma : 1.39

| Distance between dipole center and liquid

10.0 mm

Area scan resolution dx=Emm/dy=8mm
Zoon Scan Resolution dx=8mm/dyv=8m/dz=5mm
Frequency 1800 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
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s | s | | |
a00 10.9 [ 69z | [
1450 [ 29 [ 6 |

1500 s | 168

1640 | a2 | 18.4

1750 | aa | 193 |

1800 : 3ga | 3756 [3.76) I 20.1 20 22 (2.02)
1500 I I E

1550 | a0s | L]

2000 1 e | 211

2100 [ s | ns

2300 a7 | 133

2450 | sza | 24

2600 | =53 i M6

3000 | ez | 357

3500 67.1 ' 25

£13 "
K
-
§ =
5 1
O
100
o=
7.3 BODY LIQUID MEASUREMENT
m:::q' Relative permittivity (&) Conductivity (o] 5/m
requined | measured [ required [ measured
150 61915% | 0.80+5% |
300 | s82i5% | 0.92+5%
450 | serss% | 0.9435%
750 | 55545% i 0.96+5 %
B35 55.235% | 0.97 5%
Q00 SE045% | 1.05+5 %
915 SE045% | L0645% I
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1450 540 £5% 1.3045%
1610 538 45 % 1.40 45 %
1800 53.315% PASS 15245% PASS
1900 Ts33ssw | | visassw |
2000 53.345% 1.5245%
2100 | s32i5% 16245% |
2430 527 45% 1.95 5%
2600 | sassu 21645% |
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 5N 1811 EPGI22
Liquid S | Body Liquid Values: eps’  53.0 sigma : 152
Dnstance between dipole center and ligud 10.0 mm
| Ares scan resolution dx=8mm/dv=8mm
Zoon Scan Resolution dre=Emm/dy=8m/de=5mm
Frequency 1800 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
1800 37.91(3.79) 20,62 {2.06)
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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

wter | rarweanm | svow (G 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
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Ref : ACR.92.6.15.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: 1900 MHZ
SERIAL NO.: SN 09/15 DIP 1G900-361

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

[ACCREDITED]

03/16/2015

Stmmary:

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