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LIST OF EQUIPMENT

Equipment Summary Sheet

Manufacturer /

Identification No,

Current

Next Calibration

Description Model Calibration Date Date
| Validated. Nocal  |Validated. No cal
SAM Phantom MVG SN-20/09-SAMT71 required required.
|lcomosAR TestBench|  Version 3 NA Validated. Nocal  Velidated. ~ No cal
) | _fequired required.
Network Analyzer | Rnode & Schwarz SN100132 0212016 0212019
Calipers Carrera CALIPER-01 01/2017 012020
Reference Probe MVG EPG122 SN 18/11 10/2017 102018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generator Agilent E4438C MY49070581 01/2017 01/2020
‘ Characterized prior to| Characterized prior to
Amplfier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor HP ECP-E26A US37181460 0172017 01/2020
2wz Characterized prior to| Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 11/2017 11/2020
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ACCREDITED

C alllnatmn Date: (M/l‘)/"()ls

Summanry:

TTus document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology mstutunons
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1 INTRODUCTION

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

CELIEC 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 1800 MHz REFERENCE DIPOLE

Manufacturer MVG

Model SID1800

Serial Number SN 03/13 DIP 1G800-349
Product Condinion (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built m accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

4.1  RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The TEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold tor use with the COMOSAR test bench comply with the requirements set forth for a 2
nun phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The followimng uncertamties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertamties apply to the dimension measurements:

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

3.3 VALIDATION MEASUREMENT

The guidelines outlined m the IEEE 1528, FCC KDBs, CENELEC ENS50361 and CEI'TEC 62209
standards were followed to generate the measurement uncertamty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10 ! 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Fraquency, Mk:
72 740 1760 1780 1800 180 ’L‘I-'; P','é'if, 1880

Requirement (dB)

<20

Return Loss (dB)

-26.62

| Frequency (MHz)
1800

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

6.2

Frequency, Mz

—Fx—c:auu:ml(\llh) Return Loss (dB) Requirement (dB)

miﬁpcdnpg_{_ "

1800 -27.86 -20 46.20-0902
63 MECHANICAL DIMENSIONS
Frequency MHz ‘ Lmm ‘ hmm d mm l
| | |
‘ required ‘ measured ‘ required ‘ measured required messured ’
300 | 4000% | | 250.0 41 %. 6.35 41 [
Poge: 6711
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450 290.0 +1 % 166.7 £1 %, 63541 %

750 176.0 £1 %, 100.0 £1 %, 6.3541%

835 161.0 41 % 89.8 11%, 3.6 41%.

ano 149.0 41 %. 833 41%. 3.641%,

1450 89.1 41 %. 51.7 +1%. 3.6+1%,

1500 Cs0si% | T s0041% | 36e1% :
1640 C m0n% | Cas % |  3611%,

1750 75.2 31 %. 42,9 +1%, 3.621%.

1800 7204% | PASS 1.7 41 %. PASS 3.621%, PASS
1900 Tes0n% | | 3e5u% 3641%,

1950 T 66.341%, 385 11 % 3621%.

2000 64.5 41 %. 37541 %. 3.6+1%.

2100 61.0 41 %, 35.7 41 %, 36+1%

2300 55.5 41 %, 326 41%. 3.621%,

2450 51.5419%, 30.4 +1%. 3.6 21 %.

2600 485 41 %. 28.8 +1%. 3.6 1%

3000 41.531%, 25.0 +1%. 3.6:1%.

3500 37.0:1% 264 +1%, 3621%,

3700 34,721 %. 264 41%. 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 agamst a
liquud filled flat phantom. with the phantom constructed as outlined m 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 1o the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fn;:::’ncy Relative permittivity (&) Conductivity (0) S/m
required measured required measured

00 | 453w | | osresw |
as0 43515% 0.87 15%

750 41945% 089 1t5%

835 415 5% 0.90 £5 %

900  A1545% 097 5%

1450 A0515% 12045%

1500 404 15% 1.23¢5%

1640 40245% 13115%

1750 40.1 45% 1.3745%
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1800 400 5% PASS 1.40 :5% PASS
1900 40.045% 1.40 £5 %
1950 20.025% 1.40 45 %
2000 40.025% 1.40 £5 %
2100 398:5% 149 5%
2300 39.5+5% 167 ¢5%
2450 39.215% 1.BO £5 %
2600 39.045% 1.96 £5%
3000 38.525% 2.40£5%
3500 379:55% 291:5%

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
uncertamty for the system validation. All SAR values are normalized to 1 W forward power. In
bracker, the measured SAR 1s given with the used mput power.

Software | OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPG122
Ligqud | Head Liquid Values: eps” - 41.7 sigma : 1.46
Distance berween dipole center and liquid 10.0 mm
_Area scan resolution | dx=Smmvdy=8mm
Zoon Scan Resolution L dx=8mm'dy=8mu/dz=5mm
Frequency 1800 MHz
[uputpower 20 dBm
_Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 % ]
"’:A‘:l""' 18 SAR (W/kg/W) 10 5 SAR (W/kg/W)
required measured reguired measured
300 2.85 194
450 458 3.06
150 8.49 5.55
B35 9.56 b.22
200 109 6.99
1450 29 16
1500 305 16.8
1640 342 18.4
1750 364 193
1800 38.4 38.11(3.81) 201 20.05 (2.00)
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1900 39.7 205
' i"ﬁb | 405 209 [ .
‘ 2000 | 411 211 | ‘
2100 436 219
2300 48.7 233
2450 524 24
' 2600 . 53 246 [ ‘
' 3000 [ 638 25.7 ' .
‘ 3500 [ 67.1 25 [ ‘
3700 67.4 242
T}
\ ,%,’-1{,\;‘;
,,.;; B40y \
b N |
ML AN
o % - ]
o iRl
R i icawmurna :‘;1 % 3%
b N " v = ol
7.3 BODY LIQUID MEASUREMENT
‘ Fre:nt:rlncy Relative permittivity (£.) Conductivity (o) §/m
o required measured required [ measured 1
150 61945% 0.80 +5%
300 58.215% 092 +5%
A50 56.7 #5% 054+5%
. 750 [ 5554#5% 0.96 +5% | I
. 835 [ 55245% 097 5% | ‘
' 900 [ 55045% 1.05¢5% [ f
915 55015% 1.06 5%
' 1450 [ 540:5% 130 ¢5% [ .
‘ 1610 [ 538:5% 140 +5% [ '
1800 5334#5% PASS 152 5% PASS
' 1900 [ 533¢55% 152¢5% [ ’
' 2000 | 533:5% 152t5% | '
2100 53.215% 1.62+5%
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Softwa

2300 52.9 £5 % 1.8115%
54-‘,.)0 5.7.1 5% 19515 %
2600 52545% 2.1645%
1000 520 45% 2.7315%
3500 51315% 313145%
3700 5104+5% 35545 %
5200 49.0 10 % 530 +10%
5300 48.9410% 542 410%
5400 487 410 % 553410%
5500 A8.6 £10 % 5.65410%
5600 48.5 310 % 577 210%
5800 482 +10% 6.00 10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Rvi

ware OPENS.
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps™: 53.9 sigma - 1.46

Distance between dipole center and liqud

10.0 mum

Area scan resolution

dx=8nmum/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=Smm

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C

Lab Humidity 45 %

F
",‘3;::" 1g SAR (W/kg/W) 10 g SAR [W/kg/W)
measured measured
1800 38.13(3.81) 20.65 (2.06)
R r
Telme ke wa bobved '
T
! il
(it
i N :
. oy
Baltone S N T
gt -g 00+ \\
| 2m -
|
Y Lot [Ty 1 — \
P E S WRUEBIBDZAXED
¥ et W ¥ - < ol
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 3 Current Next Calibration
Descrivti Model Identification No. Calibration Dat Date
Validated, No cal Validated, No cal
SAM Phantom MVG SN-20/09-SAMT71 required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal ~ |Validated.  No cal
required. required.
Network Analyzer | node % Schwarz SN100132 0212016 0212019
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 18/11 102017 1012018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generator Agilent E4438C MY48070581 01/2017 01/2020
Characterized prior to | Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. [test. No cal reguired.
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
T Characternzed prior to|Charactenzed prior to
Directional Coupler Narda 4216-20 01386 test. No cal required, |test. No cal required,
Temperature and )
Humidity Sensor Control Company 150798832 112017 11/2020
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(ACCREDITED)

l {0 2
LT -~

Calibration Date: 04/19/2018

Summary:
|

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR rest bench.  All calibration results are traceable to
national metrology mstitutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEITEC 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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID 1200
Serial Number SN 03/15 DIP 1G900-350
Product Condition (new /used) | Used

A yearly cahbration nterval 1s 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 1s designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Talidation 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 to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The TEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty,

3.1 RETURN LOSS
The following uncertainties apply to the return loss measurement
Frequency band [ Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

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

lg 203 %
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CALIBRATION MEASUREMENT RESULTS

6

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
”:l 320 1340 1960 1350 2000

Frequency
106D 1880 300

| Frequency (MHz) | Return Loss (dB) |  Requirement (dB) | Impedance
1900 -25.15 | -20 526Q+5.1jQ |

=

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

4760 +6510 |

6.2
Frecuency. Mz
% 1840 1860 1850 19500 1920 1540 1560 1530 XX

10
R | -
e

]'~

| Requirement (dB) |  Impedance

__Return Loss (dB)

-22.99

| Frequency (MHz) |
1900

-20

6.3 MECHANICAL DIMENSIONS

Frequency MH7 Lmm h mm dmm
required measured roquired measured required measured
| ! : |
300 420041 % 2500 £1 % 635+1%
Page. 611
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450 2900 +1% 166.7 +1 %. 6.35 +1 %.
[ 750 176.6 nr'x. 106.0 1i %. 6.375 171 %. |
815 161.0 +1 %, B89.8 21 %. 36121%.
900 1490 £1%. 833 21%. 3.6+1%.
1450 89.1+1%, 51.7 #1%. 36 :1%.
1500 80.5 +1%. 500 £1%. 3.6+1%.
1640 79.0 41 %. 457 $1%. 3.6 #1%.
1750 75.241%. 82921 % 3.641%.
1800 72.041%. N7:41% 3.6+1%.
1900 68.0 1%, pASS 30,5 31 % PASS 3641% | PASS
| 1950 66.3 41 %, = 385 01% 6% |
2000 64.5 21 %. 37521 %. 3.6 £1%.
2100 61.011%. 35.7 x1%. 3.6+1%.
2300 55521 %, 32.6+#1%. 3.6 +#1%.
2450 51.5 21 %, 30.4 #1 % 3.6 +1%.
2600 8511 %. 288+1% 3641%
3000 A1.5 1%, 2501 % 3.6:1%
[ 3500 37.0:1% 26441% 36:1% |
3700 34.721 %. 26.4 21 %, 3.6 11 %.

7 VALIDATION MEASUREMENT

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

7.1  HEAD LIQUID MEASUREMENT

F":n‘::l""’ ‘ Relative permittivity (<) Conductivity (0) $/m
i required measured required measured
300 ‘ 45.3 5% 0.87 £5%
450 | Tassesn 0B715% |
750 | 41915% 0.89 25 %
835 | a1545% 0.90 £5 %
900 | 41545% 0.97 5%
1450 | 20545% 12045 %
1500 | 40445% 1.23£5%
1640 | 40245% 13135%
1750 | 40.145% 137 5%
Page: 7/11
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1800 40.0 45 % 1.40 45 %

1900 | 40015% PASS 1.40 £5 % PASS
1950 [ a00s5% 1.40 £5 %

2000 \ 40,0 £5% 140:5% |

200 | 30815%  1.49:5%

2300 | 39515% 1.67 +5 %

2450 | 39245% 1.8035%

2600 | 39045% 1.96 5 %

2000 | 855% 2405 %

3500 ‘ 37945% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

| Software OPENSAR V4
| Phantom SN 20109 SAM71
Probe SN 18/11 EPGI22
| Liquid Head Ligmd Values: eps” - 38.5 sigma : 1.45
| Distance berween dipole center and liqud 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/'dy=8mm/'dz=5Smm
| Frequency 1900 MHz
| Inpur power 20 dBm
| Liqud Temperature 21°C
Lab Temperature 21°C
| Lab Humidity 45 %
Frequency | 1 gsaR (W/ke/W) 10 g SAR (W/kg/W)
‘ required measured required measured
300 | 285 1.9
450 \ 458 3.06
750 | Ba9 5.55
835 | 956 6.22
900 \ 109 6.99
1450 \ 29 16
1500 \ 30.5 16,8
1640 ‘ 34.2 184
1750 [ 6.4 19.3
1800 \ 38.4 201
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1900 39.7 38.92 (3.89) 205 20.00 (2.01}
1950 40,5 ‘ 20.9
2000 411 ‘ 211
7100 4316 ‘ 21.9
2300 48,7 | 233
2450 | 524 24
2600 | 55,3 | i 24.6
3000 63.8 ‘ 25.7
1500 67.1 25
3700 | 67.4 [ ‘ 24.2
7
\ -
. ’;‘l'!!_l.“
s N |
S AUl |
— ;MH\\ : ;
T % 00— —t—P S mT e
200 + +
1.00- : B |
» | a4e-, P —
S U A N9 APL i i g 0 s e |
P it T Zowwt
7.3 BODY LIQUID MEASUREMENT
F":::;"W Relative permittivity (/') Conductivity (0) $/m
required measured | required measured
150 61.9+5%
300 | S5B245% | 1
450 | se715% | [
750 55.5 5 % | 0.9645%
835 55.2 £5 % [ 09715%
900 | 55.0 5 % [ ‘ 1.05 45 %
915 | ssos% | ‘ 1.06 15 %
1450 54.0 £5 % | 13045%
1610 ' 53845% . ' 1.40 45 %
1800 ' 53.345% [ 15245%
1900 53.345% PASS 1.52145% PASS
2000 533+5% | 15245%
2100 [ 53.245% [ ' 1.62 5%
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2300 52945% 18145%
2450 52.715% 19515%
2600 52525% 2.16 5%
3000 52015% 2.7315%
3500 51.345% 3.3145%
3700 51.045% 15545%
5200 49.0 £10 % 5.30 210 %
5300 489 £10% 75-12 10 %
5400 48.7 +10 % 553 £210%
5500 48.6 +10 % 5.65110%
5600 48.5+10% 5.77110%
5800 48.2 +10 % 6.00 10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

_Distance between dipole center and liquid

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 1811 EPGI22

Liquid | Body Liquid Values: eps’ © 53.3 sigma : | 56

10,0 mum

_Are 1 resolution

Zoon Scan Resolution
Frequency

L dx=Smn/dy=Smm
| dx=8mm/dy=8mm/dz=Smm

1900 MHz

Lnput power

20 dBm

Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidaty 45 %
"’;‘:"l“‘y 1.8 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1900 39.02 (3.90) 20.57 {2.06)

R R TR

I e

| \ [l

|

N

= $—t— .- -
200 e -
057 ! P —

A E DN WO RN DN

Z o
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8 LIST OF

EQUIPMENT

Equipment Summary Sheet

Sl el e e

SAM Phantom ‘ MVG SN-20/09-SAMT1 :g‘::ﬁfégf" Nocs :ﬁ]’ﬁfégf" No: ce)

COMOSAR TestBench|  Version 3 NA :’:;Efetgf" it :’e‘:"ﬁrﬂégc" No: e
Network Analyzer | \node o SN100132 0212016 0212019
Calipers Carrera CALIPER-01 01/2017 01/2020
Reference Probe ‘ MVG EPG122 SN 1811 10/2017 10/2018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator | Agilent E4438C MY48070581 01/2017 01/2020

ot || v [ e
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor | HP ECP-E26A US37181460 01/2017 01/2020

Directional Coupier Narda 4216-20 01386 i‘;?ra&ezgf?e::ﬁ;? g:raﬁ? gfrdeg[jn?;?
Leu’:“ﬁg{t:‘gfnzgf ’ Control Company 150798832 11/2017 11/2020
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SHENZHEN NTEK TESTING TECHNOLOGY
CO.,LTD.
BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,
BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 03/15 DIP 2G450-352

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

ACCREDITED

C allblalwn Date: 04/19/2018

Summary:

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

This document contams 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 venify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST

Device Under Test

Device Twvpe

COMOSAR 2450 MHz REFERENCE DIPOLE

Manufacturer MVG

Model SID2450

Serial Number SN 03/15 DIP 2G450-352
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3

3.1

PRODUCT DESCRIPTION

GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built m accordance to the IEEE 1528, FCC KDBs and
CEIVTEC 62209 standards, The product 1s designed for use with the COMOSAR test bench only.

Figure 1 — MI'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 62209 standards provide requrements for reference
dipoles used for system validation measurements. The following measurements were performed to
venty that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELNIEC 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 o 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertamties apply to the retum loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertamuies apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlmed m the IEEE 1528. FCC KDBs. CENELEC EN50361 and CEI'TEC 62209
standards were followed to generate the measurement uncertamty for validation measurements.
Scan Volume Expanded Uncertainty

lg 20.3 %
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6.1

} _Frequency (MHz)

L

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR 109718 SATU.A

llig

CALIBRATION MEASUREMENT RESULTS

20.1°

)
(V]

RETURN LOSS AND IMPEDANCE IN HEAD LIQU
Frequency, Mz
2380 240 440 80 4

Return Loss (dB)

-28.15

220

_Requirement (dB)

Impedance

{
| 5390+03i0Q

2450

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MH:
350 400 242 2440 2460 2480 2500 2520
~ Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -22.99 -20 576 Q-08)Q
63 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
250.0 11 % 6,35 +1 %

300

420021%
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450 290.0 +1 % 166.7 21 %. 6.35 +1 %

750 176.0 +1 %. 100.0 £1 %, 63541 %

835 163.0 41 % 89.8 41 %. 3.6 41%.

900 149.0 +1 %. 833 41 % 3.631%,

1450 89.1 41 %. 51.7 +1%. 3.621%.
1500 805:1% | 50041 %, 3621%. ;
1640 79041%. | 45.7 41%. 3641 %, ]
1750 75.2 41 %. 42.9 41 %. 3.61%.

1800 72.041%. A7 41%. 3.621%.
1900 68.041% | T 395 11%, 1641%

1950 66341% | 385 11%. 3621% | i
2000 64.5 +1%. 37541 %, 3.621%,

2100 61.0 +1 %, 35.7 41 %. 3.621%.

2300 55.5 41 %, 32.6 +1%. 3.621%,

2450 51.5 41 %, PASS 30.4 1 %. PASS 3.6 41 %. PASS

2600 48.5 41 %. 28.8 11 %. 3.641%.

3000 41.5 1%, 25.0 +1%. 3.61%.

3500 37.0:1 %. 264 +1%. 3621 %,

3700 34.7:1%, 26.4 41 %, 3.61%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIVIEC 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 agaiust a
liquid filled flat phantom. with the phantom constructed as outlined 1 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

"‘;‘;:I““ Relative permittivity (c’) Conductivity (0] S/m

required measured required measured

300 Cas3as% | | osrasw |
450 h35 .|‘5 % 08/ l')\%
750 41945% 0.8915%
pa— §%5‘_ _:1»1.‘5 5% 0,90 £5 %
900 N515% 097 +5%
145;0 = 405 +5 ');7 771—).0;; %
1500 20.4 +5% 1.23¢5%
1640 40.245% 13145%
1750 40.1 +5 % 137 45%
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1800 40.0 £5 % 1.40 £5 %
1900 40,045 % 1.40 45 %
1950 40,0 45 % 1.40 45 %
2000 40,0 45 % 1.40 £5 %
2100 39.8 +5 % 1,49 45 %
2300 39545 % 1.67 5%
2450 39245% PASS 18045% PASS
2600 39.045% 1.9645%
000 | 38515% | ©24015%
3500 37.945% 2.9145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mum). within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR 1s given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Head Liquid Values: ¢ps™ - 37.5 sigma : 1.80
Distance between dipole center and liquid 10,0 mum
Area scan resolution dx=8mm/dv=8mm
Zoon Scan Resolution dx=Smm/dy=3mm/'dz=Smm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperaruge 21°C
Lab Temperatre 21°C
Lab Humidity 45 %
F";‘:l"‘y 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4,58 1.06
750 8,49 5.55
835 9,56 6.22
900 109 6.99
1450 2‘_! 16
1500 30,5 16.8
1640 342 184
1750 6.4 19.3
1800 8.4 201
Page: 811
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1900 39.7 205
' 1950 | 405 209 |
‘ 2000 | 41.1 21.1 |
2100 4316 219
2300 48.7 233
2450 52.4 53.76 {5.38) 24 24.12 {2.41)
' 2600 | 55.3 16 |
' 3000 | 638 5.7 |
' 1500 [ 671 25 [
3700 67.4 24.2
o —— ] | '

e

1

W"-V |
) 890 |
scatens 3 B0 :
- é am ! N
o NN
| v 0- I ! Tt |
0246 8 216613 D2 MK B X
F Nl B e Zw
7.3 BODY LIQUID MEASUREMENT
‘ Fre:‘\:'e’ncy Relative permittivity (g,’) Conductivity (o) §/m
o required measured required | measured
150 619:5% 0.80 £5%
300 582:5% 092 £5%
450 56.7 25 % 0.94 £5%
‘ 750 | 55585 % 0.96 5% |
' B35 | 55245% 097+5% [
‘ 900 | 550+5% 1.05¢5% [ '
915 550:5% 106:5%
' 1450 [ 540:5% 130 5% [
' 1610 [ S53815% 140 5% [
1800 533:5% 152:5%
. 1900 [ 533+5% 152+5% [
' 2000 | 53315% 15245% |
| 2100 53.215% 1.62 £5%
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2300 52.9 +5 % 1.81 £5 %
2450 52,7 45 % PASS 1,95 45 % PASS
2600 52545% 2.1645%
1000 52.045% 2.7345%
3500 51,3 45 % 3,31 45 %
3700 51,045 % 3,55 +5 %
5200 49.0 10 % 5.30 410 %
5300 489 410% 542 410%
5400 48.7 410% 553110%
5500 48.6410 % 5.65410%
5600 485410 % 5.77 410 %
5800 482 410% 6.00 +10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

ware OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPG122 -
Liquid Body Liquid Values: eps” : 53.2 sigma - 1.89
Distance between dipole center and liqud 10.0 mm
Area scan resolution dx=8nmnydy=81mm
Zoon Scan Resolution dx=5mmy/dy=>mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humdity 45 %
F
","‘4‘::‘“ 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 52.90{5.29) 24.09 (2.41)
IR T r
Telme ks Baved l

¥
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o -
!
SEm
2
I
34 \\
!
2 T
(Y A |
16 w1261 02 2%E2RN
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Report No.: S20120101603002

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR100.7.18 SATU.A

8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . Current Next Calibration
Description Model [ldentificationNo.| o iy ation Date Date
| Validated, No cal Validated No cal
SAM Phantom MVG SN-20/09-SAM71 required. bequired.
|coMOSAR TestBench|  Version 3 NA Valdeteo. Nocel  Veldeed.  No ol
) | required required
Network Analyzer | Rnode & Schwarz SN100132 0212016 0212019
Calipers Carrera CALIPER-01 01/2017 01/2020
Reference Probe MVG EPG122 SN 18/11 1012017 1072018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generator Agilent E4438C MY45070581 01/2017 01/2020
Characterized prior to | Characterized prior to
Ampiifier Aethercomm SN 046 test. No cal required. test. No cal required.
Power Meter HP E441BA US38261498 0172017 01/2020
Power Sensor HP ECP-E26A US37181460 0172017 01/2020
s Characterized prior to|Characterized prior to
Kicactional Coupier Harde 4216-20 01356 test. No cal required, (test. No cal required,
Temperature and ’
Humidity Sensor Control Company 150798832 11/2017 1112020
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<Justification of the extended calibration>

If dipoles are verified in return loss (<-20dB, within 20% of prior calibration for below 3GHz, and

<-8dB, within 20% of prior calibration for 5GHz to 6GHz), and in impedance (within 5 ohm of prior

calibration), the annual calibration is not necessary and the calibration interval can be extended.

<Head 750MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-35.83 - 51.3 - Apr. 19, 2018
-35.948 0.329 51.314 0.014 Apr. 18, 2019
-35.975 0.405 51.341 0.041 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

CMiL 84y leg Wag S ebs REF ~BO @0 4:=20.9% 740'

~ TR nQTo wne

——— —

\
1

START  530.08 e o 8. 008 888 Wiz

|
+
|
e e

~878.91 mn 241.44 pF
B =S 750.900 009 MWNz

EML B4y log WAO S ¢/ REF -20 o8 §:-39.979 o8
3 | T f=—glpt 750.000 080 NNz
\

i

50,000 008 Wiz

1: S1.34f @ ~878.91 wa 241.44 pF
T T 750,800 000 Wz
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<Body 750MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-32.65 - 50.8 - Apr. 19, 2018
-32.051 1.835 51.838 1.038 Apr. 18, 2019
-32.075 1.761 51.817 1.017 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

1:-32.051 o8
[7s0.00e ode wWuz

—4

=]

B

«S5.5107 » 2.20: pF

720.000 OO Nz

BTOF E30,800 808 MWWz STERT  G30.000 880 MH: ' 930,008 800 W=

REF ~20 aB i

e ————1 1 | e = T - P
START G00.000 BOE MMz STOF B30.000 P08 MMz START 420.000

S1.817 0 ~-5.5147 o 30.90% pF
g, Y 750,000 000 W=

T STOF S50.000 B0 NM=
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<Head 835MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-23.67 - 56.8 - Apr. 19, 2018
-23.947 1.17 56.615 0.185 Apr. 18, 2019
-23.920 1.056 56.632 0.168 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

WL By lag Wb Ar=02 "4.‘ o« A 2M.019 » “8.9999 » 2.0 v
| | | | | | 995. 928 B8R Waa e S35, 100 008 Wiz
-

799.000 808 Wex STOF H35,.008 BON W

S8.832 o ~8.5338 o B2.934 pF

— B 33,100 A00 WMz
\
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<Body 835MHz>
Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-27.64 - 53.5 - Apr. 19, 2018
-27.789 0.54 53.734 0.234 Apr. 18, 2019
-27.735 0.344 53.747 0.247 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

) 1
- ) N S———
START 730.0080 808 Wwa

J1=R7.789 o0
| sa8. 948 200 wvs

- b ————
STOF 230,000 M08 e

8.7TTID » LAT.00 pn

20.794 »
S 999,100 008 MMz

sTes 09,000 A0 Nes

START 729.0909 008 Wws

EML 0y, lo' uao

START 735,000 208 Wus

neF -20 a» §1-27.738 a8
yus ‘4. TR

L

B SR =2
““STOF 905,080 009 WMz

Lurs p: 83,747 » 8.774% » LA7.03 pH

T S35.100 008 NNz
=

ML 84,

705.000 008 WM

START
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<Head 1800MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-26.62 - 47.3 - Apr. 19, 2018
-25.8 3.080 45.156 2.144 Apr. 18, 2019

-25.880 2.780 45.246 2.054 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

cma I,.Lﬁl;o'_!m. = S abv REF ~20 o0 jr=83.0 1) et gy s 00 . 48.498 » 29.004 & 2.8048 a0

= Do R P A A
| 1 sen.dee oao Wi
|

et es— ! ‘ —

STRAT | 700.008 808 Wes

CHL Byy log WAR ’ | 40046 » 29.604 & B.BR4E M

. i -
* 000 wHE .
START & 700.000 000 Wiz BTOF & 990,000 SYARY & 700.080 S80 e STOF 1 S08.008 SO0 Wex
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<Body 1800MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-27.86 - 46.2 - Apr. 19, 2018
-27.017 3.026 44.51 1.69 Apr. 18, 2019
-27.027 2.990 44.32 1.88 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

32.129 & R80T =N

S as REF -20 o8 L:=27.047 =8 -t
—_— v - S——_ 1 000.000 209 WNx

MTET

rebi—
- D UEEIEEIED VSIS G — —— -
START 1 708.900 808 whaz BTOF 1 900,000 W88 .

™
22.439 & R, BT =N

ENL B3y log wae L:-27.087 o8
v - v L SON.000 SO WNx

~ 1 one.don ede wis

START | 788,800 888 Whe TRTOP 1 A0, 000 BE8 WNs START & 790.968 888 ez
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<Head 1900MHz>
Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-25.15 - 52.6 - Apr. 19, 2018
-23.144 7.976 53.604 1.004 Apr. 18, 2019
-23.923 4.879 53.344 0.744 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

2 ab

et By  leg WM

—————— "

REF 20 =

1] s00. 000 ade sz

|

proRB, 144 o

START 1 009.000 009 MNs

L.7944 0 14920 pH

§' 55.804 o
o Tl 990.008 208 Mex

STOF 2 S00.000 200 Wws

REF ~20 &0
i

jt~23.903 o0

-

START 1 000.008 2080 wMs (5

L.7944 143.20 pN

1t 53,344 o
- Tl 500.080 208 WMz

STOF 2 000.000 008 Nis
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<Body 1900MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-22.99 - 47.6 - Apr. 19, 2018
-22.679 1.353 49.311 1.711 Apr. 18, 2019
-22.690 1.305 49.385 1.785 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

AEF -20 o 1 -20.67% = 49.918 8 ~1.9000 o SE.LN pF

nl'oTc.in sln wus| 2= i 00.000 288 NNz

DS U N E——

v W— o S S ~ T — | p—
START & 909.008 000 Wns ATOF 2 900,500 S08 Nwa START & 900.000 909 NNz STOF R 900,000 P08 Wes

49.38% » ~1.9089 o SE.040 pr

—

TS i S00.000 809 NNz

~—
~

START § 009.000 288 MNz ATOF 2 000.000 ARR NNz START | 009.900 208 WMz ATOF R 900,000 AR Mix
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<Head 2450MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-28.15 - 53.9 - Apr. 19, 2018
-26.296 6.586 54.99 1.09 Apr. 18, 2019
-26.456 6.018 54.65 0.75 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

3 m  R.A030 & AD6.S5 pN
2] «50. 400 ode Wz " ' S~ 450.000 000 Wz

\\\\

START 2 200.000 000 wez STOF 2 000,000 SR8 Nea

3 ~06.456 a9 2.1088 a 136.65 pN

.———l]mfn—acln wtz] - ‘\\ﬁ”..“ 000 wu:

= S
START = 200.000 208 WHz STOF 2 500,000 08 Wux START 2 290.008 200 Wmx STOF 2 300.000 008 MMz
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<Body 2450MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-22.99 - 57.6 - Apr. 19, 2018
-20.498 10.840 56.16 1.44 Apr. 18, 2019
-20.445 11.07 56.26 8.66 Apr. 17, 2020

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

[_-l..f'l - A* 98,48 » “2.070) » .08 pF
2 AS0.0R0 2ER Wn: e y T A30.000 000 Wz

L lx, ) th— e — A
START 2 290.000 000 wna . START 2 255.000 208 Mwua STOF £ 290,008 08 Wex

ner L1-20.440 @0 : . -~2.0781% & 31.26 pF
| 2] anu.d2e oo wns

. ——
STAAT B 350.000 080 MMz STOF 2 B00.000 908 WNa

END




