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Probe Calibration Certificate

COMOSAR E-Field Probe Calibration Report
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MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 43/15 EP276
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Calibration Date: 12/09/15

Summary:

Thes document presents the method and results from am aceredited COMOSAR Dosmetne E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR test bench, for use
All calibration results are traceable to mational metzology

with a COMOSAR system only,

institutions.
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1 DEVICE UNDER TEST

Device Under Test

Device Tvpe COMOSAR. DOSIMETRIC E FIELD PROBE
Manufachurer MWVG

Model S5ES

Serial Number SN 43/15 EP276

Product Condition (new / used) New

Frequency Fange of Probe 0.7 GHz-3(GHz

Resistance of Three Dipoles at Connector

Dipole 1: R1=0.211 MQ
Dipole 2: R2=0.206 MO
Dipole 3: R3=0.211 MO

A vearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENMERAL INFOEMATION

MMVGE's COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and

CELUTEC 62209 standards.

Figure 1 — MT'G COMOSAR Dosimeiric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 45 mm
Maxizmun external diameter 8 mim
Probe Tip External Diameter 5 mm
Diistance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

Ref: ACR.34 1 155ATUA

The IEEE 1528. OET 65 Bulletin C. CENELEC EN50361 and CELIEC 62209 standards provide
recommended practices for the probe calibrations. including the performance characteristics 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 linearnity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/kg to 100Wikz.

Page: 49
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3.2 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

3.3 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limit is 10 mWig

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 confisuration 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 defermined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquad, with the plastic box ilhaminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°-1807) in 157 increments. At each step the probe s rotated
about its axis (0°—3607).

3.5 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 fo the interface. To evaluate this
effect. 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 is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IFEE 1328, OET 65 Bulletin C, CENELEC EN30361 and CELTEC
62200 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigque. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 25% confidence level using a coverage factor
of k=2. traceable to the Internationally Accepted Guides to Measurement Uncertainty.

TUncertainty analyzis of the probe calibration in waveguide
ERROR SOURCES Uncertaingy | Probabiliey Divisor ci _ Standard
value (%) Diztribution Uncertaimty (%)
Incident or forward power 3.00% Fectangular -\E 1 1.732%
Feflected power 3.00% Fectangular — 1_.'?— 1 1.732%
Liguid comductivity 3.00% Fectangular — \E - 1 2887
Liguid permuttivity 4.00% Fectangular — \.E_ 1 2.309%
Field homogeneity 3.00% Rectangular ﬁ_ 1 1.732%
Field probe positioning 5.00% Fectangular \_,"3_ 1 2.887%
Page: 578
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Field probe lineanty 3.00% Fectangular -,_E 1.732%
Combined standard nmcertainty 5.831%
Expanded uncertainty 12.0%

95 % confidence level k=2 -

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Hunudity 45 %
51 SENSITIVITY IN ATE
Normx dipﬂl_lE' Nomy dl'pﬂl_lE' Nomz dipc-l:a
1 (uVI(Wim)) | 2 (WV/(Vim)7) | 3 (uVAV/im))
437 4.52 521
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
100 06 a7

Calibration curves ei=f{V) (i=1.2.3) allow to obtain H-field value using the formmula:

E-\E'+E'+E/}

Calibration curves
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52 LINEARITY

Linearity
1.00-
0.75-
0.50-
0.25-
0.0 Mmoo e
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-0.A0=
0.75-

-1.00- J
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E-Field ' |

Linearity 0+/-2 48% (+-011dE]

x
¥

Lingarihy Error [dE]

53 SENSITIVITY IN LIQUID

Licnd Frequency Penmithvity Epsilon (S'm) ConvF
WMH=z +/-
100MH=)
HL750 750 42.24 .90 5.96
BL750 750 56.85 .99 6.13
HIL&50 B35 43.02 .90 6.81
BL&30 435 33.72 .98 107
HLS00 900 42.47 .99 6.05
BLA0OO a00 36.97 1.09 6.28
HL1200 1750 42 24 1.40 544
BL1300 1750 53.53 1.53 5.62
HL1900 L8380 40.79 1.42 6.05
BL1900 L8380 54.47 1.57 6.13
HL200D0 1930 40.52 1.44 563
BL2OOO 1950 54.18 1.56 5.79
HL2300 2300 39.14 1 .66 576
BL2300 2300 5217 1.79 5.99
HIL2450 2450 38.73 1.81 5.52
BL2450 2450 5323 1.96 5.70
HIL2&00 2&00 38,54 1.95 5.57
BL2600 2600 52.0 223 3.73

LOWER DETECTION LIMIT: SmW/kg

Page: 7%
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54 ISOTROPY

HI 900 MHz
- Axial 1sofropy: 0.04 dB
- Hemispherical isotropy: 0.06 dB
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6 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
. . Identification No. . .
Description Model Calibration Date Date
Fiat Phantom MVG SN-20/09-SaM71 [f2Ndated. Nocal - Waldated. Mo cal
required. required.
- o Jalidated. Mo cal /alidated. Mo cal
COMOSAR Test Bench Version 3 MA Fequired. required.
Network Analyzer R“"degt Ji':“’"m SM100132 0242013 0212016
Reference Probs MY G EP 94 SN 37/06 1082015 10/2016
Multimeter Keithley 2000 1188856 1242013 1212016
Signal Generator Agilent E4438C MY 45070551 1282013 1212016
. = Characterized prior to |Characterized prior o
Amplifier Aethercomm SNDse test. Mo cal required. [test. Mo cal required.
Fower Meter HF E44184A US36261498 1262013 1212016
Power Sensor HPF ECP-E26A US37151460 1282013 1212016
) ) Characterized prior to |Characterized prior o
Directional Coupler Marda 4216-20 01386 fest. No cal required. |test. Mo cal required.
. . Jalidated. Mo cal alidated. Mo cal
Waveguide Mega Industries | 069Y7-158-13-712 Fequired. Fequired.
Waveguide Transition | Mega Industries | 069Y7-158-13.70¢ | 2/9ated. Nocal - /alidated. No cal
required. required.
pare -
\Waveguide Termination| Mega Industries | 089v7-158-13.701 | ahdated. Nocal  \Validated. No cal
required. required.
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SID750 Dipole Calibration Certificate

SAR Reference Dipole Calibration Report

Ref: ACR.154.1.15.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 750 MHZ
SERIAL NO.: SN 23/15 DIP 0G750-378

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

e
Wy,

== @!

T~
% 7~ [AccrEDITED

l.f,,|,.\~‘\‘\ CENT

06/01/15

Summary:

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

CCIC-SET/T-1 (00) Page 135 of 212




)

Report No. SET2016-22546

mvg SAR REFERENCE DIPOLE CALIBRATION REPORT Rof: ACR.134.1.15.5ATU.A
Name Function Date | Signature
Prepared by : Jérome LUC Product Manager 6/3/2015 ﬁ’
Checked by : Jérdme LUC Product Manager 6/3/2015 ﬁ’
Approved by : Kim RUTKOWSKI Quality Manager 6/3/2015 tm PacthadAd

Customer Name

CCIC SOUTHERN
ELECTRONIC
PRODUCT
TESTING
(SHENZHEN) Co.,
Ltd

Distribution :

Issue Date Modifications
A 6/3/2015 Initial release

Page: 2/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.

CCIC-SET/T-1 (00) Page 136 of 212



Report No. SET2016-22546

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.154.1.15.5ATU.A

TABLE OF CONTENTS

R [ T T A 4
2 DEVICE UNAET TESL .....cuvvieierisisssrieissisisesssissessseeseesseseesssessessessessessssesssesssseesessns B
O T 4
3.1  General Information 4
4 Measurement Method ..........cccovereviiieinceiereencrernn, e e 5
4.1 Return Loss Requirements 5
4.2  Mechanical Requirements 5
5. Meammretnent LIROBHBIILT ..ot s iissesisn 5
5.1 Return Loss 5
5.2 Dimension Measurement 5
5.3 Validation Measurement 5
6 Calibration Measurement RegUIS .. ciiiiviiisiinimiiiionismssnsserensesssasasrorsasaonsensabissinsanses 6
6.1 Return Loss and Impedance In Head Liquid 6
6.2  Return Loss and Impedance In Body Liquid 6
6.3  Mechanical Dimensions 6
7 Validation MEaSUNEMENL .........ccoevverereriierinseressisssssesssssssessessssesseesssssessessnsssssessssssses 7
7.1 Head Liquid Measurement 7
7.2 SAR Measurement Result With Head Liquid 8
7.3 Body Liquid Measurement 9
74  SAR Measurement Result With Body Liquid 10
B LABLOEBUIDINEIL i o omirmmsnmett e et o v nssur R op S SPRs SN 11

Page: 3/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.

CCIC-SET/T-1 (00) Page 137 of 212




)

1
\—/ Report No. SET2016-22546

mvag SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.134.1.13.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEI/IEC 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 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Serial Number SN 23/15 DIP 0G750-378
Product Condition (new / used) New

A yearly 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 COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.

CCIC-SET/T-1 (00) Page 138 of 212




)

Report No. SET2016-22546

mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.ISL1ISSATUA

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 constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply 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 0.05mm

5.3 VALIDATION MEASUREMENT

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

Ig 203 %

Page: 5/11
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6

6.1

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR.154.1.15.5ATU.A

10g 20.1 %

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
740 760 780 800 820

650 660 680 700

720

0-

S11.d8

840 850

_‘,B_
| Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -31.38 -20 519Q+19iQ |
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz

760 780

800

S11.d48

: Fréquency (!\‘le). Return Loss (dB) Requirement (dB) Impedance ‘{
== 750 _ 2486 | e Y 493 Q+5.7jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mm d mm
required measured required measu_red— _requ;red measured
i 300 420.0 £1%. N 250041%. e 63541%. |
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450 290.0 +1 %. 166.7 +1 %. 6.35 £1 %.
750 176.0 £1 %. PASS 100.0 +1 %. PASS 6.35 £1 %. PASS
835 161.0 1 %. 89.8 +1 %. 3.6 +1 %.
900 149.0 £1 %. 83.31%. 3.6 +1 %.
1450 89.141 %. 517 +1%. 3.61%.
1500 80.5 1 %. 50.0 1 %. 3.6+1%.
1640 79.0 +1 %. 45.7 £1 %. 3.6 +1 %.
1750 75.2 41 %. 42.9 +1 %. 3.6 41 %.
1800 72.0 +1%. 41.7 £1%. 3.6 +1 %.
1900 68.0 1 %. 39.5 +1 %. 3.6 £1 %.
1950 66.3 11 %. 38.5 41 %. 3.6 41 %.
2000 64.5 1 %. 37.541%. 3.611%.
2100 61.0 £1 %. 35.7 1 %. 3.6 41 %.
2300 55.5 £1 %. 32.6 41 %. 3.6 11 %.
2450 51.5 +1 %. 30.4 11 %. 3.6 41 %.
2600 48.5 +1 %. 28.8 £1 %. 3.6 41 %.
3000 415 +1 %. 25.0 +1 %. 3.6 41 %.
3500 37.0¢1 %. 26.4 +1 %. 3641 %.
3700 34.741 %. 26.4 41 %. 3.641%.
7 VALIDATION MEASUREMENT

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

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

7.1 HEAD LIQUID MEASUREMENT
F":::‘" Relative permittivity (e.") Conductivity (o) $/m
required ed required measured
300 45.3 5 % 0.8745%
as0 43.545% 0.87 5%
750 41.915% PASS 0.89 +5 % PASS
835 41.545% 0.90 £5 %
900 41545% 0.97 5 %
1450 40.5 45 % 1.20%5%
1500 40.4 45 % 1.2345%
1640 40.245% 13115%
1750 40.145% 1.3715%
Page: 7/11
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1800 40.0 5% 1.40 £5 %
1900 40.0£5% 1.40 5 %
1950 40.0£5% 1.40 5%
2000 40,015 % 1.40 15 %
2100 39815% 1.4945%
2300 39515% 1.6715%
2450 39.2+5% 1.801+5%
2600 39.015 % 1.96 +5 %
3000 38545% 24015 %
3500 37915 % 291+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 41.8 sigma : 0.90
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
o 18 SAR (W/kg/W) 10 g SAR (W/kg/W)
quired ed required measured
300 2.85 1.94
450 4,58 3.06
750 8.49 8.67 (0.87) 5.55 5.73 (0.57)
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 184
1750 36.4 193
1800 384 20.1
Page: 8/11
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1900 39.7 205
1950 40.5 209
2000 41.1 211
2100 43.6 21.9
2300 48.7 233
2450 524 24
i 2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25 N
= —— //
AP -
\T
1?-.\
10
i $os
" : 5o N
_Loma = N
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7.3 BODY LIQUID MEASUREMENT
Fre::::w Relative permittivity (&) Conductivity (o) S/m
required measured required measured
150 61.915% 0.80 £5 %
300 58.2 45 % 0.9215%
450 56.7 £5 % 0.94 5%
750 55.5 45 % " ass | 0.96 5% PASS
835 55.245% 0.97 £5 %
900 55.0 5 % 1.05 £5 %
915 55.0 5 % i 1.06 £5 % j
1450 54.015 % 1.30 45 %
1610 53.845% _ 1.40 45 % o
1800 | s33#5% - 1.52 5 % ai
1900 53.345% 1.52 45 % g
2000 53.3+5% 1.52 45 %
2100 53.245% 16245%
2450 52.745% 1.9545%
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2600 52.515% 21645%

3000 52.045% 2.7345%

3500 51.315% 3.3115%

5200 49.0 £10 % 530+10%

5300 48.9 £10 % 5.42 £10 %

5400 48.7+10 % 5.53+10 %

5500 48.6 +10 % 5.65 +10 %

5600 48.5 +10 % 5.77 +10 %

5800 48.2+10% 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom ) SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’ : 56.3 sigma : 0.98
Distance between dipole center and liquid 15.0 mm
Area scan resolution ) dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
F"e:l"::‘"" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
750 8.43 (0.84) 5.63 (0.56)
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8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom MVG SonneaaNr: [ReEC. toes (redaled. | Ho' om
required. required.
: Validated. Nocal  Malidated. No cal|
COMOSAR Test Bench Version 3 NA required. required.
Network Analyzer | Rhode & Behwarz SN100132 0212013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
s Characterized prior to |Characterized prior to
Ampliier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
S 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 11-661-9 8/2012 8/2015
Page: 11/11
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SAR Reference Dipole Calibration Report

Ref: ACR.240,1.14 SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, P.R. CHINA (IPOST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 0913 DIPOGS35-217

Calibrated at SATIMO US
2105 Barrett Park . - Kennesaw, GA 30144
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Summory:

This desament preserts the method and resuliz feom an aceredited SAR reference dipole callbmton
performed in 3ATIMO USA wsing the COMOSAR st bench. Al calibrotion results are maceablz
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SATIMO

\—/ Report No. SET2016-22546

1 INTRODUCTION

This document contding a summary of the requirements set forh by the TEEE 1328, OET 63 Bulletin
Cand CEUIEC 6220% stancards for relerence Gpoles asad Tor SAR messurement system validaions
and (he mewsurements thol were perlormed © verily that the prodoct complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Type COMOSAR 833 MUz REFERENCE IPOLE il
hanufaciumer Sulima
Peduacliel slDE35
Serial Banber &M 0413 DIPOGE3Z-21T
Froduel Condilion (new ¢ used) wed

A veariy calibration interval 15 Tecommended,

3 PRODUCT DESCRIPTION

il GEMERAT INFORMATION

Satime’s COMOSAR Yalidation Dipoles are buill in accordance 1o the [EEE 1328, OET 63 Bulletin
Cand CENTEC 62209 standards,  The prodoct 1 designed Tor use with the COMOSAR test bench
only.

I“I _IE":
Al EE E B

Figure 1 — Sofime COMOSAR Validation Dipole

P Qe {74
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4 MEASUREMENT METHO}X

The IEEE 1328, OFT 65 Bullotin © and CEVIRC 62200 simdambs provide requirements for
reference dipales vaed for svatem walidation messorements. The [Dllowing mepsurementy wens
performed to verifv that the product complies with the Tore mentioned standands.

4.1 RETURMN 1.OSS RECHITREMENTS

The dipale used for SAR system validation measurements and checks must have s retun loss of =20
did or etter. ‘The retuen loss measurement shall be performed against a lguid flled flat phantam,
with the phantom consueied ds oulline] in the fre mentioned stnduards,

42 MECHANICAL REQUIREMENTS

The TEEE Sud 15284 and CLELIEC 622059 sandaeds specify the mechanical components and
dimensions ol the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test borch emplovs a 7 mm phantom shell thickness therefore the
dipoles sold far vse with the COMOSAR st bench comply with the reguirements sel frth e a 2
mum phantom shel] thickness,

5 MEASUREMENT UNCERTAINTY

All uncemainrics listed below represent an expanded uncerfainty expressed ot approximately the 83%
confidence level using g coveraye Betor o'k 2, iraceable i the Imermationally Aceepted Guides o
Megsurement Lincertainty,

51 RETURN LSS
The Illowing uncertaintizs apply to the retuen loss measurement:
Frequency hand Fapanded Uneertainty an Return Loss

AH-AOHIN H 0.1 dn

52 DIMENSION MEASUREMENT

Thae following vncerainiies apply w0 the dimesion messurenenis;

Length (mm) Expanded Uncertainty on Length

3 =300 0.0 mm

33 NALIDATION MEASUREMER |

The zuidelines outlined in the [REE 1528, OET 65 Bullain C, CENFLEC EN503a1 aml CEVTEC
02209 apandsrds  were followed W penerate the messorement uncertainly foe ealidation
measurements,

Scan Volume Expanded L neertainty
le 203 %
g | 20.1 %
Fage: ¥
s et dsal an e neeredonodd, ecer e Sl s i par, efinn S eries aeeren? af ST
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i CALIRRATION MEASUREMENT RESITLTS

6.1 BETLEN LOvsS ANEY IBMMEIANCE I8 TIEAL LU

Freyueney [HI_Ir.}
833

Freuancy, RiFHz 1
B MG W W A s

Fia

D SR SRR oNe Bk B

I..{:I -
Return Loss (dB) Reguiremeni (dl) Impedance
-23.17 =20 574 0-02i0

6.2 RETLUEN LOSS AKD IMPEDANCE IN BODY LIQUID

Frequency, M-z
TE Jel FED  BOOD BN D40 BED  BED SO0 90D S35

PSR - R ——

l_‘:_{
5.2
2 !
Frequency (MHz Heturn Loss (dB) Requirement (dB) Impedance
B33 -24050 -2 3508 350
6.3 MECTTANICAL DIMENSIONS
Frequency Wk L mm hmm dmm
reguired measured required mcasurcd required measwred
300 420011 % 50011 K. 6.35=1 %,
A5D 230041 %, 156.7 12 %. 53521 %,
750 176041 %, 10015 %, 53521 %,
B35 161041 %, PSS EEE 1%, FASS 16 1 %, PSS

Page: o/
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Ret ACR.2AN L1 25T A

SATIMO
ao 148,041 % B331 % 16 11 %
1495 HE -1 5171 % 146115
LTS AN°5 =1 %, 30.0=1 %. 161 %
16 a0l 45.7=1 %, ER N
1IL0 7623210 41.0=1%, 15:15&._
1800 . T1021%. 41.7=1%. E 4
I 400 GE =1 %. 30 5=1%. 3H £l 5.
. 1550 G321 %, 3E.5=1%. I
oo . Gd 5 21 %. 375 =L %. FHEL M.
Falilsl . GLaz1%. 35T=h 361 %.
2300 . 55.5 11 %. 31E=1%, JE =L,
2450 . 51541 % 304 =1 %. E It
i FROD AR 521 % 2B.B=1%. [ 38l 5.
0D | AL5z1% 5.0=I%. 1615
In00 : 3T I=1%. 2B =1 %, IHEL M.
e R i 343=1% | 264=1%. 36£1%.

T VALIDATION MEASUREMENT

The 1EEL Std. 1328, OET 63 Bulletin C and CELFIEC 0220 standards state thar the system
validation measurements must be performed wvsing @ reference dipole mecting the fore mentioned
return loss and mechanical dimension regquirements, The validation measuremnen! must be perlommed
against o lquid [lad ol phantom, with the phantom constrocted as outlined in the lore mentioned
standards. Per the standands, the dipole shall be positioned belove the bottom of the phantom, with
the dipole length centered and parallel to the lengest dimension of the flar phantom, with the top
aurface of the dipale at the deseribed distance from the bottom surface of the phantom,

7.1 HEAD LIQUID MEASUTREMENT

" E o

S aree it et e preadad e il ar i s,

Frei":_i"“ Relative permittivity [1.7]) Conductivity [u] 5fm
required e askired requirad measured

o d53z5% OET 5%
450 415 5% 0LE? £5 %
750 419:=5% 0.E3 £5 %

LEE 415:5% P35S 0.83£5 % Pass
w0 415 :5% 0.87 £5 %
1450 d15:5% 13315 %
1500 A0 £5% 123 £5%
1540 -1:: 2z5 % 1315 %
1750 01 z5% 137z5%
i 1g0a A0 =5 % 14125 %
190a AD0=5% 1AT=5%
1950 A0 5% 1Al zh %
-llllDCI D0 =5 % 147z5%

Poge. 707

ST dh e aanna aF TR
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1.2

SAR KEFERENCE DIFOLE CALIRREATICN REFOR]

Ref: ACRHD T FLIATILA

Lo J9E15% LAB 15 %
300 :IEIS-.t-S‘]'- o -l G.F-:lfn %
250 38115% LAD15 %
ZE0D 39015 % LOB 1S %
300 JES15%h 24015 %
3500 370i5% 29115 K

SAR MEASURFMENT EESULT WIITH HEAL LI 1Y

[ Sofiwure

The IBEE Std. 1328 and CELIEC 62209 standards stare that the svarem validation measurements
should produce the SAR walues shown beliss (for phantem thickness of 2 mum), within the
mnegrtainty for the svatem validation. AN SAR walves ure normelized o | W foreard power, In
hrackes, the meansured SAR i= piven with the used inpur power.

| Phuntom

CPENSAR Y4
M MR RAMT

Prooe

mMOEST EPLTAZ

Lagpuid

Henel Ligquisl Wilues: eps” 42,3 sigmu - (.92

Distaney between dipule cenber and liguid

15,10 mm

A seon resolution

du=Ermmidy=Emm

Lovn Scan Resolaiion

dx—Bmmedy-Bmide - Smm

Fregqueny: 835 MHx
Inpul power 2 di3m
Ligpuind Termproture - 212C
Lab Temperalir: a1
Lah Hureddily =— =0 a5 =5
s 1§ SAR (W/log/ ] 10 g SAR Wk /W)
reguired measurad required measured
0 HHa T
Ll A.54 b
a0 BA3 533
FE) i3,55 DRIV E B27 B30 1763
Wi i 549
1250 Fa:l 1B
15061 Aika Thaa
16dd] 2.2 He
1750 154 193
1800 184 0.1
1400 1.7 0.5
1950 0.5 0.9
2000 4Ll 111
2100 436 119
I 2300 a7 i s
Poggee he
E-j."e- erat AR ae be _n'.'lf--Jll.'-.."_:'J::xm' e St e e et pesthong -'-ju.' Wrirn .'.J\.'u-.r'n':._.' el BA TN

CCIC-SET/T-1 (00)

Page 153 of 212




Report No. SET2016-22546
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SATIMIO

Ref AURZELL IS SAT A

2450 524 24
2620 53,3 MR
Inca Eid w7
éE-:IJ E7.1 Z5

t i
Ldda dibd i ea s o Ea s

e, TN -l les
ta

e M

Ziwd

T3 BODY LIOUID MEASUREMENT

"T:T"" Relative permittiuity [£ ') Canductivity |a] 5/m
reduiran maasyred requiirarl measured
130} BLAt5% 080 £5 5%
S0 SEZIS% 052 £5 %
430 567 15 5% DS8E5%
T30 E55i5% D36 £5 5
833 55245 % FASS 057 £5 3 PREE
ELRH ES0 5% L6 £5 %
913 E50 5% LO6+5 %
1430 a0t5% | L0535
lis10) ERE 4T H, 10+ 5
| &00 EEE 4N 1,57 5 %
| 0 B3 5 5 A
2000 gk 1R FR G
2100 E3Z 5% L B2 ES
2430 BTN LS HR W

AR00

E1E A H

Plata

Jnnn

5205 %

1TAE S

3300

ElL3IEEY

331454

200

9.0 +10 %

b A0 +10%

3300

A0 +10%

542 10

400

13.7 £10%

5.53 +10%

Page: #7117
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74

et ACR 240 T T4A0TA

36510 %

5,77 =10 %

5500 485 ol %
560 40,5 £10 %
SKi) w2:10% |

6.00 =10 5

SAR MEASUREMENT RESULL WITH BODY LIQLUID

l Sofiwere
Phanzom

Proax

_ Ligaid

Diszznce betwesn dipole centes ane higuid

Arca scan resolutisn

_ Zoon Scan Resoluhon

_ Frequeney

Triput peover

_ Liguid Temperotare

Ll Temmperature

 Lak Humidity

OFERSAR V4

| 5% 2008 SAMTI

SN R RMGI22

Hody Liguid Yalues: cps'
1500 mm
de=Rmmedy=8mim

(34 slgma  0.07

de=Rinnvdy=8m'dz=35mm
B33 MTlz

0 dBim
280
250
45 %,
Frague =
3 r":::”" 1 AR (W kg 10 g S4R (W, kg/w]
ks
measured ! megsured
B35 10311103 ' 5,74 {E)

£y

R e
E’EE B __5!’(_

P, HEw

M

OE—+ 1.““-'

1! | "“-—-.._ -

= —=d. \
Lo d o3 B UL TR A & o

T avesmen ol no e reereaticanl, evospd S ae el i) e Coidn aiiredad af KAV
.o ! Al - 1 i
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BATINMIO
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§  LIST OF EQUIFMENI]

e

AR AT T4EATA

Equipment Summary Sheet

w0 LT Cuprente ||, Nt Clibeation
B ldirﬂ'll;it!!:_rrﬁh. ﬁﬁmﬁnﬁﬂw— m:mmrgn.:' l“j%:.
SAM Phantem Salira SN-20/05- SAM7T 1 Eﬁz"ﬁ” il E‘:ﬂiﬁ” D gl
i_:EIMEIEAF'. Tas: Baneh Wersion 3 NA Eﬁiﬁd No cal :‘3:_':?’;3‘1 Ne: cal
Network Analyzer H””“Egﬁ““w” SN100132 0212013 02/2016
Calipers Carrara CALIPER-O1 1202013 1272016
Reference Prebe Satimo EPiE122 &M 1811 | {2013 102014
[ Museter Kellhiay 2000 1IHBB5E 1202013 1212016
_Eignal Ganerator Agibent E4L35080 MY4507 058" 1212013 1212018
o | pemorm | v [omess o s e
Fawer Mater HP E44184 US35261496 1242013 1212016
Pawer Sansar HP ECP-EZ26A [JS37 181450 1202013 122G
_Dir-:ctin::-nal Coipler Marda 4295 2 01383 E;Z?mﬁf:ﬁggﬁ;;n.E;T_“ﬁfg:iﬁ:ﬁ;?
L‘ilr[‘nil’;;tgfnigf Cartiel Campany 11-661-8 B/2012 812015
P {4
.: i gt skl non fe reerelvca! e _",'"III. .:.'.'."_ '_I".:Il Y, lr--'-'._-:-wu' '-:\ Ir.'--n'.'rr\- -|:|.,-.n:.rﬁ'.:"'-.-' I"' '|"-'.'r-u"'.'
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SID1800 Dipole Calibration Certificate

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR.240.3.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/13 DIP1G800-216

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144
S,
SRNTAS
s %
i'-:E/"“"\E‘sE :
NS D
‘/"ﬂ'"t“\“\‘ Caligratign CERT 8224801
08/28/14

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.240.3.14.SATU.A

SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEV/IEC 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 Satimo
Model SID1800
| Serial Number SN 09/13 DIP1G800-216
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEIIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
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 CEI/IEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
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 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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for validation

measurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.1 %

Page: 5/11

This document shall not be reproduced, except in full or in part, without the written approval of SATIMO.

CCIC-SET/T-1 (00) Page 161 of 212




i

Report No. SET2016-22546

SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.240.3.14.SATU.A

6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
1820

1720 1740 1760 1780 1800 1840 1860 1880 1900

811, dB

Frt_zqqgnc_v (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1800

-25.01

20

46.7 Q2+ 4.5 iQ

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

811, dB

Frequency, MHz

1720 1740 17&0

1780

1800 1820 1240 1360 18

20

1900

‘IL_
Frequency (MHz) Return Loss (dB) _Requirement (dB) Impedance
1800 -26.43 -20 458 Q+1.31Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz . Lmm h mm d mm
required measured required measured required measured
300 420.0 +1 %. 250.0 +1 %. 6.35 +1 %.
450 290.0 £1 %. 166.7 +1 %. 6.35 +1 %.
750 176.0 £1 %. 100.0 £1 %. 6.35 +1 %.
835 161.0 £1 %. 89.8 +1 %. 3.611%.
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900 149.0 £1 %. 83.3 1 %. 3.6 +1%.
1450 89.1+1%. 51.7 1 %. 3.61%.
1500 80.5 +1 %. 50.0 +1 %. 3.6+1%.
1640 79.0 +1 %. 45.7 £1 %. 3.61%.
1750 75241 %. 42.9 +1 %. 3.611%.
1800 72.0 41 %. PASS 41.7 £1 %, PASS 3.6+1%. PASS
1900 68.0 +1 %. 39.5 1 %. 3.641%.
1950 66.3 1 %. 38.5 1 %. 3.611%.
2000 64.5 +1 %, 37.5 +1%. 3.6+1%.
2100 61.0 1 %. 35.7 £1%. 361 %,
2300 55.5 £1 %. 32,6 +1 %. 3.61%.
2450 51.5 +1 %. 30.4 1 %. 3.611%.
2600 48.5 1 %. 28.8 +1 %. 3.6 +1 %.
3000 41.5 +1 %. 25.0 £1 %. 3.611%.
3500 37.0£1 %. 26.4 £1 %. 3.641%.
3700 34.7¢1 %. 26.4 £1 %, 3.641%,

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C 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
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1

HEAD LIQUID MEASUREMENT

Fre:d:eznw Relative permittivity (g,") Conductivity (o) S/m
required measured required measured
300 453 5% 0.8715%
450 43.5 5% 0.87 +5%
750 41915 % 0.89 £5 %
835 41.545% 0.90 5 %
900 415+5% 097 £5%
1450 40.5+5% 12045 %
1500 404 £5% 1231+5%
1640 40.2+5% 13115%
1750 40.15% 13745%
1800 40.0+5 % PASS 14015 % PASS
1900 40.0 5 % 14045 %
1950 40.0 5 % 14045 %
2000 40.0 £5 % 1.40 5%
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2100 39845 % 1.4945%
2300 39.545 % 1.67+5%
2450 39.245% 1.80+5%
2600 39.0+5% 196 5%
3000 38545 % 2405 %
3500 37945% 2911+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values: eps’ : 41.3 sigma : 1.38

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21.°C
Lab Temperature 21°C
Lab Humidity 45 %
Fre:n':fz"q' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
500 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 342 18.4
1750 36.4 19.3
1800 384 38.67 (3.87) 20.1 20.30 (2.03)
1900 39.7 20.5
1950 40.5 209
2000 41.1 211
2100 43.6 21.9
2300 48.7 23.3
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