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Summary:

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field
Probe calibration performed in SATIMO USA vsing the CALISAR / CALIBAIR test bench, for use
with a SATIMO COMOSAR system only. All calibration results are traceable to national
metrelogy institutions.




Report No.: AGC04183150401FHO01
Page 164 of 221

COMOSAR E-FIELD PROBE CALIERATION REPORT Ref ACR337TLI4SATUA
SATIMO
Name Function Date Signature
Frepared by : Jérame LUC Product Manager 12/3/2014 :;:d;;‘
Checked by : Téréme LUC Product Manager 12/3/2014 9%-
Approved by - Kim RUTKOWSKI Quality Manager 12/3/2014 |, ., Authseihi

Issue

Customer Name

Distribution :

ATTESTATION
OF GLOBAL
COMPLIANCE
CO.LTD.

Date

Madifications

12/3/2014

Initial release

FPage: 2/9

Thiz document shall net be repreduced, except in fill or in part, without the written approval gf SATIMO.
The information contained hevein iz to be used only for the purpose for which it iz submirted and iz not 1o
be released in whols or part withour vwritten approval gf L4 TIMO.



Report No.: AGC04183150401FHO01

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Fef ACE.337 1 145ATUA

Page 165 of 221

SATIMO
TABLE OF CONTENTS
1 Device Under Test oo et 4
2 Product Description ... 4
21 General Information 4
3 Measurement Method .. 4
31 Linearity 4
32 Sensitivity 5
33 Lower Detection Limit 5
34 Isotropy 5
35 Boundary Effect 5
4 Measurement Uncertatnty . 5
5 Calibration Measurement Results ... 6
3.1 Sensitrvity in air [
52 Lineanty 7
3.3 Sensitivity in ligquid 7
34 Isotropy 8
6 List of EQUEPmMISIt ..o 9

Fage: 3/9

Thiz document shall not be reproduced, except in flll ar in part, without the writfen approval gf SATIMO.
The information contained hevein iz to be used only for the purpose for which ir is submitted and iz not 1o
be released in whols or part withour vwritten approval of L4 TIMO.



Report No.: AGC04183150401FHO01
Page 166 of 221

COMOSAR E-FIELD PROBE CALIBRATION REPORT Fef: ACR337.1LI45ATUA
SATIMO
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer Satimo
Model SSES
Serial Number SN 04/13 EP163
Product Condition (new / used) Used
Frequency Range of Probe 0.7 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.238 M2

Dipole 2: R2=0.224 MQ2

Dipole 3: R3=0.223 MO

A vyearly calibration interval 1s recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

Satimo’s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C
and CELTEC 62209 standards.

Figure 1 — Satimo COMOSAR Dosimeiric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extrenity | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 63 Bulletin C. CENELEC EN30361 and CELTEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the wavegmde, performing a power
sweep to cover the SAR range 0.01W/kg to 100W/kg.
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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 liguid) vsing wavegudes as outlined 1n 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 1s 10 mW/kg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemuspherical isotropy i1s determined by inserting the probe m a thin plastic box filled
with tissue-equivalent liquad, with the plastic box 1lluminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°—180%) in 15° increments. At each step the probe is rotated

about 1ts axis (0°-360°).

3.3 BOUNDARY EFFECT

The boundary effect 1s defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
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 i the IEEE 1528, OET 63 Bulletin C, CENELEC EN30361 and CELIEC
62209 standards were followed to generate the measurement uncertamnty associated with an E-field
probe calibration using the waveguide techmique. 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 Uncertamnty.

Uncertainty analysis of the probe calibration in waveguide
oy Uncertainty Probability o . Standard
ERROR SOURCES value (%) Distribution Divisor e Uncertainty (%)

Incident or forward power 3.00% Eectangular -\ﬁ 1 1.732%
Reflected power 3.00% Rectangular | —— /3 — 1 1.732%
Liquid conductivity 5.00% Rectangular | —— +/3 — 1 2.887%
Ligquid permittivity 4.00% Rectangular | —— 3 — 1 2.308%
Field homogeneity 3.00% Eectangular J':_ 1 1.732%
Field probe positioniag 5.00% Rectangular NE) 1 2.887%
Field probe lineasity 3.00% Rectangular | —— /3 — 1 1.732%
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Combined standard uncertainty 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 Humidity 43 %

51 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uWV/OVmD) |2 (uViVim)®) | 3 (uV/i(Vim)h)
5.89 6.07 5.72
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)

94 90 91

Calibration curves er=f(V) (1=1.2.3) allow to obtain H-field value using the formula:

Calibration curves
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5.2 LINEARITY
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33 SENSITIVITY IN LIQUID
Liqud Frequency Bermittivity Epsilon (S/m) ConvF
(MHz +/-
100MHz)
HL750 750 41.85 0.90 4.31
BL730 750 36.28 0.08 443
HL2300 2300 38.75 1.64 4.01
BL2300 2300 51.66 1.77 4.16
HL2600 2600 38.16 1.93 379
BL2600 2600 51.53 221 391
HL3500 3500 37.20 2.87 3.20
BL3500 3500 52.63 3.21 3327
HL3700 3700 37.50 3.01 307
BL3700 3700 51.62 346 316
LOWER DETECTION LIMIT: 9mW/kg
Page: 7/9
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54 [ISOTROPY

HL750 MHz
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
e Model LIRS ) e E e Date
Flat Phantom Satimo SN-20/09-gaM71 [7alidated. Nocal - Walidated.  No cal
Faquired. Frequired.
COMOSAR Test Bench Versian 3 NA alidated. No cal alidated. No cal
Faquired. Frequired.
Network Analyzer | hode g‘vi‘:h"“arz SN100132 0212013 02/2016
Reference Probe Satimo EP 94 SN 37/08 102014 10/2015
Multimeter Keithley 2000 1188656 12/2013 1272016
Signal Generator Agilent E4438C MY49070581 12/2013 1272016
. Characterized prior to |Characterized prior to
Amplifier 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 UsS37181460 12/2013 12/2016
Directional Coupler Narda 4216-20 01386 Characterized prior to |Characterized prior to
P test. No cal required. |test. No cal required.
Waveguide Mega Industries | 069Y7-158-13-712 |/2'dated. Nocal  Walidated. No cal
required. required.
Waveguide Transition | Mega Industries | 069Y7-158-13-701 r;:'lﬂf;ff' No cal rea{:ﬂfgﬁ‘_j' No cal
Waveguide Termination| Mega Industries | 069Y7-158-13-701 [/alidated. Nocal alidated. No cal
Faquired. Frequired.
Tempemstzgig:'”m'd“ Control Company 11-661-9 82012 812015
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Stemmary:

This document presents the method and results from an accredited SAR reference dipole calibraticn
pesformed m SATIMO USA using the COMOSAR test bench. All cal:bration results are tiaceable
to national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bullenn
C 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 835 MHz REFERENCE DIPOLE
Manufacturer Satumo
Model SID835
Serial Number SN 46/11 DIP 0GS835-190
Product Condition (new / used) New

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION
31 GENERAL INFORMATION

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

only.

Figure 1 — Sarimo COMOSAR Validatiorle

Page: 4/11

Thiz documen: zhall nor be reproduced. exceps in full ov in port. withour the wrinen approval of SATIMO.
The contained herein iz to be uzed only for the prorpoce for whick i1 iz submisted ond iz not 1o
be releazed mwhole or part without wrirtes approval of SATIMO.



Report No.: AGC04183150401FH01
Page 176 of 221

$AR REFERENCE DIPOLE CALIBRATION REPORT R ACRIRR AT

SATIMO

4 MEASUREMENT METHOD

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

41 RETURN LOSS REQUIREMENTS
The dipole used for SAR system validauon measurements and checks must have a retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 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 uncertamnty 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 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (inm) Expanded Uncertainty on Length
3-300 0.05 mm
53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEITEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
Page. 5/11
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

S0 80 80

Frequency. Mz

§20 &840 860 8 95N

@_ !
26~
40
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24.46 -20 55404240
62 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required measured required measured
300 420021 % 250.0 £1 %. 6.35+1%
450 290.0 £1 %, 166.7 +1 %. 6.35+1 %
750 176.0 21 %, 100.0 =1 %. 635:1%
835 16101 % PASS 89821 % PASS 36:1% PASS
900 149.0 21 %, 83.3+1%. 3.621%
1450 89.1 %1% 51721 % 3621%
1500 80521 % 50021 % 3.621%
1640 79021 % 45.7 21 % 3.621%
1750 75.2 41 ¥ 42921 % 3621%
1800 7201 % 41721 % 3621%
1900 63.0 1 7. 38521 % 3.6:1%
1950 66321 % 38521 % 3641%
2000 5451 %% 37521 % 3.621%.
2100 6101 % 35.7%1% 36z1%
2300 55541 % 3261 %, 3.621%
2450 S1521%. 304 1%, 3621%
2600 485 1 . 28811 % 3621%
3000 41541 % 25.021 % 3621%
3500 37.021 %. 26421 %, S621%.
3700 34.721 %, 26421 % 3621%
Page. 6/11
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7  VALIDATION MEASUREMENT

The [EEE Std 1528, OET 65 Bulleun C and CELIEC 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 mentnoned
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;u:lmv Relative permittivity (c,’) Conductivity (c) $/m
required measured required measured
300 453+5% 0.87 25%
450 435:5% 0.8725%
750 419%55% 0.8925%
835 41525% PASS 0.9025% PASS
200 41525% 0.97:25%
1450 40545% 12025%
1500 40425% 123:25%
1840 40.2:5% 13125%
1750 40.1:25% 13725%
1800 40.045% 140:5%
1900 40025% 14025%
1950 40.025% 140:5%
2000 40025% 140:5%
2100 39825% 149:5%
2300 395:5% 1.6725%
2450 39.25% 1.8025 %
2600 383.025% 1.96125%
3000 38525% 240:5%
3500 378:5% 291:5%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 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 1s given wath the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 42 3 sigma - .92
Distance between dipole center and Liguid 15.0 mum
Area scan resolution dx=8mm/'dv=8mm
Page, 7/11
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Zoon Scaa Resolution dx=8mm’'dy=8m/dz=5aun
Frequency 835 \MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
R 1 SAR (W/kg/W) 10 ¢ SAR (W/kg/W)
required ed q d measured
300 285 194
450 458 3.06
750 848 5.55
835 5.56 9.60(0.96) 22 6.20{0.62)
900 108 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 183
1800 384 201
1900 39.7 20.5
1950 405 208
2000 411 211
2100 4386 219
2300 487 233
2450 524 24
2600 55.3 246
3000 638 25.7
3500 671 25
i Il i
1
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7.3 BODY LIQUID MEASUREMENT
Ffe;t:'ezmy Relative permittivity (e.) Conductivity (o) S/m
required measured required measured
150 51925% 0.8025%
300 58.225% 0.9225%
450 56.725% 0.9415%
750 55.545% 0.9625%
835 55.245% PASS 097:5% PASS
900 55.025% 1.055%
915 55.045% 1.065%
1450 54025% 130:5%
1610 53.845% 1.405%
1800 53325% 15245%
1900 53.345% 1.525%
2000 53345% 15225%
2100 53245% 162:5%
2450 52.745% 19525%
2600 52545% 2165 %
3000 52.025% 2.7325%
3500 51.325% 3.3145%
5200 49.0210% 5.30210%
5300 485210% $.42210%
5400 487+10% $53210%
5500 486+10% 5.65210%
5600 485210% $.77:10%
5800 482210% 5.00210%
74  SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V4
Phantom SN 20/00 SAM71
Probe SN 18/11 EPG122
Liqud Body Liguid Values: eps' ; 54.1 sigma : 0.97
Distance between dipole center and liqusd 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=8m/dz=5mm
Frequency 835 MHz
Iaput power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidaty 45%
Page: 9/11
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"‘:,“:z"" 1.g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
835 5,90 (0.99) 6.39 (0.64)
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

Description | Moder | lentifica | Caibration Date | Date
SAM Phantom Satimo SN-20/09-SAM71 :;:'gfe‘gfi Na.co) ggfég" Ho caf
COMOSAR TestBench|  Version 3 NA &':fégf" Nooa :’:f;ff' )
Network Analyzer | R0de & SeWarz | gy400137 02/2013 022016
Calipers Carrera CALIPER-01 1212013 1212016
Reference Probe Satimo EPG122 SN 18/11 1072013 10/2014
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
pber | Aavocnm | o [Graceand oo fChscrzedyor
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 1212016
Directional Coupler Narda 4216-20 01386 ‘Cef:rax)e Zlerdezg:(e:io g:.raNc:)e:;Ieim::
L‘Z’;‘:;‘,;“g:nas.'}f Control Company 11-661-9 82012 812015
Page: 11/11

Thiz document shall not be reproduced., except ix firll ov in part, withous the viritten approval of SATIMO,
ion contzined herein iz to be wsed only for the purpose for-which it iz submired and iz wot o

The
be releazed m whole or par: withow wristen approval of SATIMO.



Report No.: AGC04183150401FHO01
Page 183 of 221

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report
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ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXITANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 46/11 DIP 1G900-187

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

ACCREDITED
Calibration CERT #2246.02

11/14/13

SURIMATY!

This docurmnent presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO US4 using the COMOBAR test bench All calibration results are traceable
to national metrology institutions.
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([ . \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRIIEZIISATU A
S'ATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to venfy that the product complies with the fore

mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Serial Number SN 46/11 DIP 1G900-187
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 CEIEC 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 € and CEUIEC 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.

4.2 MECHANICAL REQUIREMENTS

The IEEE 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 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 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 in the TEEE 1528, OET 65 Bulletin C, CENELEC EN350361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements,

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1%
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frequency, M
1880

1300

1920

S11.8

&0

Frequency (MHz) Return Loss (dB)

Requirement (dB)

Impedance

1900 -32.90 -20

48.9Q+23iQ

62 MECHANICAL DIMENSIONS

Frequency MHz? L mm hmm dmm
required measured required measured required measured

300 4200 £1 % 50021 %

450 290.0 £1 %.

750 176,021 %

135 16L041%

300 149.0 1 %.

1450 9L 21 %

1500 805 £t %

1640 To.0£1 %

1750 79,221 %

1800 7201 %

1500 58,0 £1 % PASS PASS PASS
1850 66.221%
2000 6451 %

2100 51.0£1 %
2300 S55%1%
2450 S1S5£1%

600 43.5£1 %
2000 415%1%
3500 37.0%1 %

3700 34,71 %
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
retum loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined i 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 a the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION

Software OFENSAR V4
Phantom SN 2009 SAMT1
Probe SN 1811 EPG122
Ligqud Head Liquid Values: eps’ -39 8s1igma 143
Distance between dipole center and hiquid 10.0 mm
Area scan resolution dx=Smm/dy=8mm
Zoon Scan Resolution dx=_2rm/dy=8m/dz=5mm
Frequency 1900 MHz
Input power 20dBm
Liquad T emperature 21 °C
Lab Terrperature 21°C
Lab Hurmdity 45%
7.2 HEAD LIQUID MEASUREMENT
F":;'::‘” Relative permittivity (e") Conductivity (c) $/m
required measured required measured
300 45315% 0B8745%
as0 43545% 0.8725%
TS0 A1525% 08345 %
83% 41529% 0,90 25 %
s00 a1525% 0.9745'%
1450 A0525% 1,20 45 %
1500 40.425% 1.2335'%
1640 aw225% 1.3145%
1750 40.135% 1.37145%
1800 A0o25% 1,40 25 %
1300 400325% PAasS 14045 % PASS
1950 WO25% 1.40 5 %
2000 A0025% 1.40 #5 %
2100 39845% 1.4935%
2300 39525% 16725%
2450 39235% 18045%
2600 19025% 1.96 45 %
3000 38525% 2,40 45 %
3500 37935% 29145%
Page: 710
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7.3 MEASUREMENT RESULT

The TEEE Std. 1528 and CEITEC 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 mput power,

i oviad 1 g SAR (W/kg/W) 10 g SAR (W ke/W)
! required measured requived measured

300 ,\ 7.8% 1.54

“aso | ass T 30

750 T sas 555

835 2.56 6.27

0o 10.9 6.99

1450 29 16

1500 30.5 168

1640 34.2 18.4

1750 3%.4

1600 38.4

1%00 ] 38.7 39,65 (3.96) 205 20.24(202)
1550 40.% 208

2000 4.1 211

o | s s

2300 ! 487 233

2850 | %2.4 74

2690 53 246

73(00 } F3 8 2;,\ 7‘

3500 67.1 25
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74 BODY MEASUREMENT RESULT

[ Software OPENSAR V4
| Fhantem SN 20/09 SAMI1
[ Probe SN 18/11 EPG122

s
ips

Body Liquid Values 52.5 sigma : 1.50

etween dipole center and hquid
slution
tesolubion

| Frequenc
Input posrer

| Liquid Temperabure
| Lab Temperature

[ Lab Humidity

r"'f‘:":’"“" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured mus sured
1500 40.74 (£.07) 21.43(2.14)

1 LR I e e
Saotare [ aiabed aw e Lovm =G0
bt il
T Il
(R

Wil

V4

PR
| 3 e

£ ‘ ] e 10 171 L » 2 {4

-an - i

wr | Cwen
B Xewt B Yt
Page: 910
scumert shall not be reprodhuced, exegpr i ftdl or m part, withows the wriften ggproval of SATIMG

2 i3 %0 be used ¢ for the purpose for which (113 submitied and 35 not 10

ation covtfoined here
B refecoed (n whole or part withowt written approval of SATIMO



SATIMO

Report No.: AGC04183150401FH01
Page 192 of 221

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR31E7.135ATU A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

|raentification No.| (. EE e |

= | 5
- Validated. No cal Malidated No cal
SAM Phartomn Satimo SN-20/08-SAMT1 Fequired Foquirad I
Valideted. Nocal  Nalidated.  No call
COMOSAR Test Bench Version 3 NA Fequired bequired
Network Analyzer R"°°e§V§°""’m SN100132 0202013 0202016
Calpers Carmrera CALIPER-O1 1272010 1272013
Charactenzed pnor to [Charactenzed prior to
=12
Reference Probe Satimo EPG122 SN 18/11 test. No-cal required_|test. No cal required
Muitimeter Keithley 2000 1188656 112010 11/2013
Signal Generator Anilent E4433C MY49070581 12/2010 12/2013
Charactenzed pnorto {Charactenzed prior to
S
Amplifier Aefitercomm N 046 test. No cal required [test. No cal required
Power Meter HP E4418A US38261498 1172010 1"r203
Power Sensor HP ECP-E26A US37181460 1142010 1172013
¥ Charactenzed prior to |Characterzed prior to
7162
Directonal Coupler Narda 4216-20 01386 test. No cal required |test. No cal required
Tempersture and - " \
Humidity Sensor Control Company 11-661-9 32012 312014
Page: 1Vi0
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SAR Reference Dipole Calibration Report

Ref: ACR.318.6.13.5ATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 46/11 DIP 1G800-186

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

ACCREDITED
Calibration CERT #2246.02

11/714/13

SHPMATY:

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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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEIIEC 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 46/11 DIP 1G800-186
Product Condition (new / used) | Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GE! INFO TION

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

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: 4/i0
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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.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEUIEC 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 Intemationally 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 0.1 dB

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 ¥ ATION U

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

Scan Volnme Expanded Uncertainty
lg 203 %
10g 20.1 %
Page: 5/10
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -23.74 -20 43.8 Q--0.1 ;8

6.2 MECHANICAL DIMENSIONS

Frequency MHz L mem hmm d mor
required measured required measured required measured
300 420.0 21 % 250,041 % 6,35 41 %

450 290,041 % 166,71 % 6.35+1 %
176.0 21 %
161.0 41 %

14301 %

1450 19.1 £1 % S1.7£1% I6EL%
1500 30.5£1% | S00£1% 3621%
1640 7901 % 4571 % 3621 %
175¢ 5.2 £1 % 42.5+1 %
1800 12.0%1 % PASS 41.7£1 % PASS FASS
1500 68.0 £1 % - *a—':'f_v 1“:.— - *‘{ 521% H
1950 66.3 11 % 38921 % 3621 %.
2000 545 £1 % 315 £1% 3Iszl%,
2100 510 £1 % | 35.7#1 % %
2301 55,5 £1 % 32.6 'T\ Ti
245( 519 £1 % 1.4 1 % 1521 %
.

2600 435 £1 % 288 £1 % 3621 %
inoo a15 41 % | 250 %1% 3681%
350¢ 37.0¢1 % 6.4 +1 %

3700 L% |  26441% [
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7  VALIDATION MEASUREMENT

The TEEE Std. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
retum loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards, Per the gtandards, 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 MEASUREMENT CONDITION
Software OPENSAR V4
Fhantom SN 20/09 SAMT1L
Probe SN 18/11 EPG122
Liquid Head Liquid Values eps' 40 2s1gma 1 38
Distance between dipole center and hquid 10.0 o
Area scan resolution dx=8rm/dy=2mm
Zoon Scan Resolution dx=Smmy/dy=am/dz=5mm
Frequency 1800 MHz
Inpat powar 20dBm
Lagquid T ernperature 21°C
Lab Temperature 21°C
Lab Hurnidity 45%
7.2 HEAD LIQUID MEASUREMENT
"‘M"":’l L Relative permittivity () Canductivity (6) $/m
required measured required measured
300 a5.325% 0.6745%
450 43525% 0.8725%
750 19:25% 0.8925%
835 A1525% 0.90+5%
200 41525% 0.9715%
1450 2051:5% 1.20£5%
1500 40.445% 1,2385%
1640 a0,225% 1.3125%
1750 W1:5% 1.37:5%
1800 W0025% PASS 140 £5% PASS
1900 A00£5% 1,4035%
1950 0025% 1.4035%
2000 A0025% 1.4035%
2100 398125% 1.4925%
2300 39.925% 1.6725%
2450 39.225% 1.8025%
2600 33.025% 1.9645%
£ 38545% 2,40 £5%
3500 37945% 2.9145%
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7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CEIMEC 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.

"e’&‘:f:““ 1 g SAR (W/Kg/W) 10 g SAR (W/kg/W)
required } measured requiced measured

300 285 | 1.94

450 458 2.06

70 3.49 5.55

835 356 ; £.22

400 10,9 6.99

1450 29 " 16

1500 30.% 16.8

1640 34.2 | 18.4

1750 w4 | 1.3

1800 /A | 3817(362) 20.1 13.98 {2.00} |

1900 39,7 ‘ 205 |

1950 an.s L 202 ‘
1 {

2000 a1 211

2100 436 21,9

2300 8.7 ‘ 23,

2450 52.4 1 28

2600 55.3 2456

2000 63.8 " 25.7

3500 674 ‘ 15

o
0N !
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EXE \\
Zam ' \ ‘
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74 BODY MEASUREMENT RESULT

Software
Fhantem
Fr

Liquud

Distance batwe=n

dipole center and liquid 4100 mm

Ares scan resoltion de=Srmm/dy=amm
Zoon Scan Resolubion dr=Smm/dy=_m/dz=5mm

Frequency
Inpul power

Liquid T emperature

Lab Temperature

Lab Humdity

Frequen
il 1 SAR (W/kg/W) 10 g SAR [W/kg/ )
measured measured
1800 3828 [3.43) 20.89 [2.08)
— T T ——————— = r 4

ot | | /

i

Page: 910
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8 LIST OF EQUIPMENT

Validated No cal Validated No ca
oL 7
SAM Phantom Satimo sN-2009-5aMT1 [2E00 Hmgeer 'I
2 Validated Nocal  |aldated  No call
COMOSAR Test Bench Version 3 NA required toquired
Netwiork Analyzer R"°°ez‘gvi°“”‘a"‘ SN100132 0212013 02/2018
Calipers Carrera CALIFER-D1 1272010 12/2013
- y Charactenzed pnor to ([Characlerized peior to
Relyrence Pmbs o EPGI22 SN 18M1 | oot No cal roquired [test No cai required
Multimeater Kedhlay 2000 1158656 11/2010 112013
Signal Generator Agllant E4435C MY48070581 12/2010 122013
; Charactenzed pnor to ([Charactenzad paor to
Armpiitier Asthercomm SN.046 test No cal required |test No cal required
Power Meter HP E4418A US38261498 11/2010 112013
Power Sensor HP ECP-EZ6A US37181480 11/2010 112013
) Charactenzead prior to |Characterized paorto
E 3 2 )
Drrectional Coupler Marga 4216-20 01386 tost No.cal equined. [fes. No-cal required
Tempsarature and =
Humidity Sensor Control Company 11-651-3 3/2012 /2014
Page: 1Vi0
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fil. ) SAR REFERENCE IMPOLE CALIBRATION REPORT Bef ACRANZMNATYA
SATIVIO
1 INTRODUCTION
Ths document comtains a y of the req st forth by the LEEE 1528, OFT 65 Bulletin

C el CEVIEC 62209 stamdarsdy for reference dipoles used for SAR measurement system validutions
and the measurcments thet were perfarmed to verify that the product complies with the fore
mentionad standanls.

2 DEVICE UNDER TEST

Device Under Test

COMOEAR 750 MHz REFERENCE DIPOLE
Satimo

SINTa0

SN 47718 DIP 0(i750-340

New

A vearly cabibeation interval i recommended.

3 PRODUCT DESCRIIFTION

il GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipeles are buill in secordance to the 1EEE 1528, OET 65 Bullctin
C and CEVIEC 82200 standarde. The product i designed for use with the COMOSAR tewt benich
atily

.-‘

Figure 1 - Satiam COMOSAR Validation Dipol

Poge 401

TRE At S0l o Ay raperdi ol St A Ao e, wataat Y wrn anpesni/ o LTI
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEVIEC 62200 furdds provide requir foe
reference dipoles uwd for system validution messurcmsenis,  The following measarcments werg
performed 1o verify thut the product complics with the fore mentioned standards,

41 RETURN LOSS REQUIREMENTS
The dipole used for SAR system validation measarcments and checks must have & returm Joss of <20
di or better. The return Joss mezsurement shall be performed against a liquid filled fMat phaston,
with the phantom constucted 25 outlined in the fore mentioned standards

42 MECHANICAL REQUIREMENTS

The IEEE Sid 1528 and CEVIEC 62209 stamdards specify the miechanical components snd
) of the validation dipoles, with the dimensions y and ph whell thickness

dependent.  The COMOSAR test booch employs o 2 mm ﬂ:nnlom sholl thicknoss thorofore the
dipodes sold for use with the COMOSAT seat bench comply with the reguiremonts sct forth for a 2
mans phantom sbell thickpess

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncerinty expressed at approsimately the 95%,
cunfidence level ming a coverage factor of £=2, mmecablc 1o the tmemationally Accepted Guides 10
Measrzment Uncertaimy
51 RETURNLOSS
The following uncertalntics upply 1o the return loss measureaent:
Frequency band Expanded Uncertainty an Retarn Loss
400-6000M 17 0.1 d8

52 DIMENSION MEASUREMENT

The following i apply o the i )
Lungth (mm) Expunded Uncertaloty on Length
1300 005 mm

53 VALIDATION MEASUREMENT

The gndehnes outlined mn the [EEE 1528, OET 65 Bulletin C, CENELEC EN50361 snd CEVIEC
62209 standurds were followed 0 geoerste the  measurement  unceetinty  for  valubation
messurements.

" Scan Volume Expanded Uncertainty
g 204%
0p ' 200 %
Page:- 31

TN b wmmns sh iV el Ay v il sverpe o A i 10 purt it e soibvn apgrennd of LITAND
The iabmnet tanbemd byvees (o A b wmd waly o e putyerne fer wim & 10 10 sl el (oo b0
I ld i wbady o s it 8070en spyewend W NITINYY




Report No.: AGC04183150401FHO01
Page 208 of 221

SANREFERENUE IPOLY CALIBRATION REPORY

SATIVMO

( CALIBRATION MEASUREMENT RESULTS

6.0 RETLURN LOSS AND IMPEDANCE IN HEAD LIOUID

& -

Frequency (MH2) Heturn Low (dB) Requirement (1B

TS0 5.8 0

0.2 RETURN LOSS AND IMPEDANI

Tagumoy MG

3 requency (MHz) Roturn Loss (dH) Iirquinmcnl {dB

TS0 26.5¢ al|]
€3 MECHANICAL DINENSION
frecamniy N (L )
roues maaned i abed o aans
= ' 0 14 ¥
|
« 00 SETL
'
Ve 00.0 13 ¥ A
{
n | wumaw
. " L

ysarmw

lwpedance

Int)- 202

Impedance
50 - 460

—vasered
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| | SARREFERENCE DIPOLE € ALBIRA TRON 300 PONT G ACH 122 45T A
SATIMO
o usoaw | Bias T B
T a0 Wins [rEnT 1 emw
190 ©ins | o ety | ==
7Y monw | BIAN Thein,
o) %Inn Qs TS
00 nons | winan Thatn
10 YL W% TS -
1980 Wik | | wsan AAL s, :
Jom Miris | WiN bt s
10 MoLiN min e |
1300 winw AN 1641%,
20 s wans | 164N |
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7 VALIDATION MEASUREMENT
The IEEE Swd, 1528, OET 08 Bulletin C and CEVIEC 62209 stancrds state that the ualan

valitation mossutciments musl be performed wing a reference dipale macting the fore
return Joss and mechamical & . The valwd " i must be performed
qmnu » Nguid filled i phamtom, with. the phant d s outlined i the fore mentioned

Pur the lands, the dipole shall be positioned below the botom of the phamtom, with
the dlpolc length cemtered and paraliel 10 1he longest dimension of the flat phastom, with the lop
sirface of the dipole ot the described destance from the botom sarfice of the phaitom

7.1 HEAD LIQUID MEASUREMENT
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1740 1% LT
1500 Bon% Ly |
1500 0N | rassw
193 T 1 1y
1000 oann | | 1essw
Page et
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RAL mans 14955
a0 mits LET AW
T i RIS
o AN 1%6155%
oo | ussas 28045 %
{ 1500 3N 19135%

71 SARMEASUREMENTRESULT WETH HEAD LIQUID
The TEEF Sid. 1528 and CEMITC 62209 standands state dat the system validation messurements
should peoduce the SAR wslues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values we normalized o | W forwand power. In
bracket, the measared SAR s given with the wsed input power.

AN EANTT —
T ——
L Hewd Liggead Values e 518 g 650
| Uhesner bt wisn dywle carties and bgwed L 1A 0 e
LA seam residuthon exmAmndy S
{ S e Rearlotions ax-immdySmdeinm

{ sk Vsality

i~y AR W)
reguined mennree
w0 7
s i |
T w = B35 NS 555 $62 0563
ais ™ 57
e 108 [
1450 a w |
1900 0 e |
‘5-“1 “a ms |
1750 64 T
) wi 1
190 197 203
wn | s m
o 01 n1
"o s 18
1en ar | T
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T Smamens S0 o by rapranbis s w7 e pant saivas Sy weaen qqresal of S TG
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5 LISTOF EQUIPMENT

Equipment

Manufacturer /

(dentification N

Current Next Calibheation

Humsaly Senor

Description Madel Calibration Date Date
SAM Prantam Satiro SN-2000-SAMT NMaldated No cal Nalsatea No ¢®
3 : __equied yeauied
LOMOBAR Tesl Banch Version 3 NA Natgate Ko csl Nabssaine Mo o
1 " yrqured requiend
Natwies Analyzur "'“"z"\,f"""" SN 100132 02012 027260
oA ! ! . :
Caloers Canurs CALIPER-O! 121200 1\ 7208
Ratarence Probe Satro EPG122 8N M 102004 102015
] '
Mutlimatesr Kaithloy & 1155856 12200 127206
| : {
Sgrat Gonenta Aglen E4438C MYADOTOSEY 1272011 12208
T t 1=
Amoblier Silhbrconn sN 048 {Gharacicrized gror i Charatlonzee por 10
| |leat No cal reguirud lesl. No cal requred
Prower Matwr HO4 E2AY A ussazetdce | 122000 202018
Puewr Sensor HP ECP-EJ5A US3nNmeso von 22018
' - 4 hoccoot it !
Démctional Coupier | Narda 321620 01380 |Chemckivised joo ke Sl mucedad prine 1o
- |imat. No col reguirng [tasl Mo o e
$ | . Ve e R bl crimand
1 1 N . - > |
e o pms Cortrol Company 116619 012 7015
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SAR Reference Dipole Calibration Report

Ref: ACR.318.9.13.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERIAL NO.: SN 46/11 DIP 2G450-189

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

111413

Swmmary.!

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 metrofogy institubions,
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dllﬁ'i \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref MCR318913SATU A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to venfy that the product complies with the fore
mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID2450
Serial Number SN 46/11 DIP 2G450-189
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 CEIIEC 62209 standards, The product is designed for use with the COMOSAR test bench
only.

Figure 1 - Satimo COMOSAR Validation Dipole

Page: 410
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEI/IEC 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.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 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 Intemationally Accepted Guides to
Measurement Uncerfainty.

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements,

Scan Volume Expanded Uncertainty
g 203 %
10g 20.1 %
Page: 10
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frguency. MH:
420 2un

2400 2460 248D

2500

Frequency (MHz)
2450

Return Loss (dB)
-30.98 |

Requirement (dB)
=20

Impedance
47302+ 012 |

6.2 MECHANICAL DIMENSIONS

Frequency M-z Lmm hmm d mm
required measured required measured required measured
300 4200 £1 %, 250.0 £1 % 6.35£1 %
450 290,01 %, 166.7 1 % 6351 %
750 17601 % 100.0 £1 % 6.35%1%
835 161081 % 3B EL%.
00 143081 %, 36£1%
1450 B5121°% 517£1% 361N,
1500 20,51 % 50021 % 3.6%1%.
1640 759.0 £1 % 4571 % 361 %.
1750 15,231 % 429%£1% 3611 %.
1800 72021 % 41.7£1% 361 %.
1300 66.0 21 % 39521 % 36£1%
1350 6321 % 3851 % 6+l %
2000 64531 % 375£1% 3.6 11 %.
2100 61.011% 35721 % 3611 %.
2300 55511 % 326 1% 3611 %
2450 51541 % PASS 304%1% PASS 3631% PASS
2600 48,511 % 28821% 3611 %.
3000 41511 % 25021 % 36%1%
3500 37021 % 26421 % 36£l%.
3700 34. 721 %, 6421 % 3611 %
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
retum loss and mechanical dimension requirements, The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole a the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION

Software OFPENSAR V4
Phartom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Head Liquid Values eps’ 38 6sigma . | 82
Distance between dipole omter and hquid 100 mm
Area scan resolution dx=Smm/ dy=8mm
Zoon Scan Resolution dx=Srmydy=8m/dz=5mm
Frequency 2450 MHz
Input power 20dBm
Ligquid T erviperature 21°C
Lab Temperatura 21 °C
Lab Hurradity 45%
7.2 HEAD LIQUID MEASUREMENT
F"’;’::"“ Relative permittivity (&) Conductivity (c) S/m
required measured requised measured
300 45335% 0.37£5%
450 43515% 0.87+5%
750 £19+5% 0.89+5%
835 241545% 0.90 5%
200 41545% 0.9745 %
14%0 40,55 % 1.20 45 %
1500 40.835% 1.22+5%
1640 40.25% 1.31 5%
1750 40.115% 1.3745%
1800 40.015% 1.40 £5%
1500 40.045% 1.40 45 %
1550 40.0 5% 1,40 45 %
2000 A0.045% 1,40 £5 %
2100 3905% 1.45+5%
2300 3955% 167+5%
2850 39235% PASS 1.80+5% PASS
2600 38.045% 1.9615%
3000 3B525% 2.40 £5 %
31500 37925% 2.91%5%
Fage: 710
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73 MEASUREMENT RESULT

The IEEE Std. 1528 and CEIIEC 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 mput power.

m&‘::“ 1 ¢ SAR (W/kg/W) 10 g SAR (W kg/W)
required I measured required mea sured
300 2,85 \ 1.94
450 458 \ 3.08
750 8.43 5.55
834 3,56
900 103 ,'
1450 28 \ 1e
1500 30.% \ BT
1640 34,2 ‘ 18.4
1750 6.4 [ 193
1800 T R 204
1200 38,7 ‘ 205
1950 40,5 ‘ 209
2000 a1.1 1 211
2100 436 \ 219
2300 8.7 \ 23.3
2450 2.4 54,40 (5,44) 74 3.7 (2.38)
2600 55.3 \ 248 . j
2000 3.2 \ 257
3500 £7.1 | 25
‘ /
1l ]“
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74

BODY MEASUREMENT RESULT

Software | OPENSAR VA
Fhantom S 20409 SAMT1
Frobe SN 1811 ERG122
Liquid Body Liquid Values eps’ © 52 0sigma 194
Distance bebween dipole omter and liquid 10 0 mm
Area scan resolution dx=8rm/dy=8mm
Zoon Scan ] | dx=Benmy/dy=6my/dz=5mm
Frequency MHz
Input power 20dBm
Liquud T emperabure 21°C
Lab Temp eraturs 21 %
Lab Hurrudity 45%
i gl 1 g SAR (W/kg/W) 10 £ SAR (W/kg/W)
measured measured
2450 5419 (3.42) 1495 (1.%0)
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

2 \Validated No cal \/alidated No ¢
SAM Phantom Satima sN-20m9-saMT1 [EHER Fepdin a‘
Validatad. No cal Validated.  No caf
COMOSAR Test Bench varsion 3 NA raquired aquired
Network Analyzer | FNode fvicmm SN100132 0272013 0212016
Calipers Camera CALIPER-D1 1202010 12/2013
z . ~ Charactanzad pnorto [Charactenzed prior to
3122
Refarsnce Pobe Safimo ERGI22:EN 1911 tast No cal reguired |test. No cal required
Multimater Keithley 2000 1188656 1172010 12013
Signal Generator Agilent E4438C MY43070581 1272010 1272013
. Characterized pnor to |Charactenzed prior to
Ampiiar Feiharoomm SN.048 test No cal required |test. No cal required
Power Meter HP E4418A US38261498 1172010 112013
Powar Sensor HP ECP-E26A US37181469 11/2010 112013
) = Charactenzad prior to |Charactenzed prior to
aveciianal Couphar Nards 4216-20 01386 test No cal required [test. No cal required
Temperature and "
Humidity Sensor Control Company 11-661-8 372012 372014
Page: IW10
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