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Appendix D. Probe Calibration Data
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The sensitivity factors of the three dipoles were determined using a two step calibration method (ar
and Ussue siznulaling Dogwid) wsing waveguides as oullined o the slandar ds,
33 LOWEER DETECTION TIWTT

The lower detection limit was assessed using the sarmne measurement set up as used for the lineanty
measnrement The remured lower deterti on Timidt 12 100 m Wk g

34 ISOTRCPY

The axial 1setropy was evaluated by exposing the probe to a referenc e wave from a standard dipele
with the dipole mounted under the flat phantom in the test configuration suggested for system
validabions and checks. The probe was rotated along its main axis from 0 - 360 degreesin 15 degree
steps. The hemispherical isotropy iz determined by inserting the probe in a thin plastic bex filled
with tissue-equivalent i quid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole 13 rotated about its axis (0°—180% in 15° increments. At each step the probe is rotated
aboutits amiz (03607

35 BOTUMNDARY BFFRCT

The boundary elect 15 delined as e deviabon belween the SAFR measured dala and the expecled
exponential decay in the liquid when the probe 15 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 te the phantem swface, the peak spatial avwerage SAT 15 mecasured and

compared to the analytical value at the surface.
4 MEASTUREMENT UNCERTATNTY

The guidelines outlined in the IEEE 15328, JET 63 Bulletin C, CENELECZ EINS03461 and CELTEC
62209 standards were followed to generate the measurem ent uncertainty associated with an E-field
probe calibration using the waveguwide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 23% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Gui des to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
TUncertainty Prohahility . . Stand ard
ERROR S0URCES value (%) Disirisuiivn Divisor €l Unvertainiy (%)
Trwi et or firweard pooaver T NN% Rentanmal ar E_E I 1 1 7932%
Feflected poaret 3.00% Fectangmalar «,§ I 1 1.7329%
Liguid conductivity 500% Rectangilar \E I 1 2 ORRTOL
Liguid permittiwty A 00% Ractanmal ar \-"_7_) I 1 23009
Field hot ogeneity 3.00% Rectanmalar V3 1 1.732%
Field probe positioning 2.00% Rectanmalar 1,§ | 1 2 BET%
Field probe litearity 3.00% Rectanmalar NE I 1 1.732%
Fage: 2%
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Comb ined standard uncertainty 5.E31%
Eapanded unceriainily 11 6679
95 % confidence level k=12 A

5 CALIERATION MEASUREMENT RESULTS

Calibration Parameters
Liguid Ternperaluie 21 ™2
Lab Temperature 219
Lab Humidity 45 %
51 SEMNEITIVITY I A TR
HNormz dipele | Mormy dipole | Nonmz dipole
1 WV | 2 orroriey™ | 3 (oo im)®)
5.01 4 86 477
DCP dipele 1 | DCP dipole 2 | DCP dipole 3
(m V) (m i) im V)
oo 104 101

Calibration curves et=f( V) 1=1,2,3) allow to obtain H-field valu e using the formula:

E= B +E +&®

P D ) TR -

000 005 070 015 020 025 030 035 043
Valtage [V)
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Next Calibration

test. Mo cal required.

Equipment Manufacturer / . . Current
Description Model [lentilicatcin Calibration Date Date
Flat Phantorn Satimo SN-20/09-Sap7 1 [falidated. Nocal o p/alidated. Mo cal
equired. equired.
COMOSAR TestBench|  Wersion 3 MA alidated. hocal  /alidated. Mo cal
equired. equired.
Netwark Analyzer Rh':'dezg;,ithwa” SN100132 02/2010 02/2013
Raference Probe St EP 94 SN 3708 Characterized priprtn Characterized pripr to
test. Mo cal required. Jtest. Mo calrequired.
Multirneter Keithley 2000 1188656 1142010 11/2013
Signal Generator Agilent E4433C kY 49070531 1272010 12/2013
Amplifier Aethereomm SN 045 Characterized prior to |Characterized prior to
test. Mo cal required. Jtest. Mo calrequired.
FPower Meter HP E44184A, LIS38261498 1142010 11/2013
Power Sensor HF ECP-EZ26A U5371814R0 112010 112013
Directional Coupler Marda 4216-20 01386 Characterized prior to|Characterized prior to

test. Mo calrequired.

OBSY7-158-13-712

alidated. Mo cal

alidated. Mo cal

YWaveguide Mega Industries ) aquired.
Waveguide Transition | Mega Industries | OBSY7-158-13-701 an'hdif;‘;fi Mo cal an"udifg‘;_d' No cal
VWaveguide Termination] Mega Industries | OB3Y7-158-13-701 alidated. No cal alidated. Mo cal

equired. equired.
Temperagtz:fs;f'“m'd'“’ Contral Company 11-661-9 32010 20012
Fage: 2.2
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Appendix E. Dipole Calibration Data



Report No.: AGC191120201-01S1
Page 87 of 103



Report No.: AGC191120201-01S1
Page 88 of 103



Report No.: AGC191120201-01S1
Page 89 of 103



Report No.: AGC191120201-01S1
Page 90 of 103



Report No.: AGC191120201-01S1
Page 91 of 103



Report No.: AGC191120201-01S1
Page 92 of 103



Report No.: AGC191120201-01S1
Page 93 of 103



Report No.: AGC191120201-01S1
Page 94 of 103



Report No.: AGC191120201-01S1
Page 95 of 103

SAR Reference Dipole Calibration Report

Ref: ACR313.7.11.8ATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO. LTD.

1&2F, INO.2 BUILDING, HUAFETNG IN0.1 INDUSTRIAL PARK, GUSHU
COMMDONITY XIXTANG STREET

BAOAN DISTRICT, SHENZHEN, F.R. CHIIVA
SATIMO COMOSAR REFERENCE DIPOLE
FHEQUEMNCY : 1YU0 MH X
SERIAL NO: SN 46/11 DIP 1G900-187

Calibrated at SATINIO 175 ‘
2105 Rarvett Park Tir - Kennesaw. (74 30144

12/09/11 ‘

SLEIERATYS

Thizs dosament presents tae method and results from en accredited 3AR reference dipole calibwatior
petformed in SATIMD TEA using the COMOZAR test bench Al calibration resilts are traceable

trnati nnal m etrnlngyinstibutinas
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
Cand CELTEC 62202 standards for reference dipoles used for 3AR 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 CCMMOSAR 1200 MH= EEFERENCE DIFOLE
Manufacturer Satimo
Ilodel =ID 1900
Serial Mumber SH 46411 DIP 1G500-187
Product Condition {new f used) new

A yearly calibrati on interval is recomm ended.

3 PRODUCT DESCRIPTION

51 GEMEEAT TNFOREMATTON

Satitme’ s COMOSAE. Validation Dipoles are built in accordance to the JEEE 1528, OET 65 Bulletin
C and CELIEC 62209 standards. The product 15 designed for use wath the COMOZAE test bench

rnler

Figure 1 — Satimma COMOSAR Validation Dipale
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The IEEE 13228, OET &5 Bulletin C and CELIEC 62209 standards provide requirements for

reference dipoles vzed for systemn walidabon measurernents. The following measurements were
performed to venty that the product complies with the fore mentioned standar ds.

41 EETUEN TOSSEEOUTREMENTS

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

42 MECHAMICAT EEOUTREMENTS

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 COWMOZAE test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSATR test bench comply with the requirements set forth for a &
mim phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

A1l 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.

51 ERETUENIOSS

The foll vwing uncertainties apply to the return loss measurement:

Frequency hand Expanded Uncertainty on Return T.oss
400-60000Hz 0.1dE

52 DIMENSTON MWEASTTRERETNT

The foll ewing uncertainties apply to the dimensi on measurements:

Length (mm) Expanded Uncertainty on Length
2300 0.05 mm

53 VAIIDATION MEASTREMENT
The guidelines outlined in the IEEE 1528, OET &5 Bulletin C, CEIMNELEC EN50361 and CELIEC

62209 standards were followed to generate the measurement uncertainty for wvalidation
teasuremerits.

Scan YVolume Expanded Uncertainty
lg 16,159 %
g 15,86 %0
Page: 59
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61 ERETURINLOSS

Fraquency [MHz)

1200 1860 1900 1050 2000

0 ,

10

o _

-2

28 Amem

-5 a
Frequency (MHz) Return Loss (dB) Requirement (dB)

1900 -25.23 =20
6.2 MECHAWICAT DIMEMNSIOHS
Frequency MHz L trim h e d mm
resqul red measured requlred measured requ | reed measured
300 4200 +1 % 250019 E.45 =1%
450 2000 =1 %. 1EE.7 =1 % E.45 =1 %
750 17601 %, 1000+1% E.45 =1%
835 161.0 =1 %. 89 8 =1 % 4B =1 %
500 149.0+1 %. 83,321 %. 1B +1%.
1450 89,1 =1 % 51.7 =1 % 4B =1 %
1500 8015 +1 % 50.0+1%. 1B +1%.
1E40 79.0+1 % 457 £1%, 1E+1%.
1750 75.2 =1 % 42.8+1%. 4B =1 %
1800 2.0+ % 41.7 £1%. 1B +1%.
1900 E&.0+1 %, RASS 39.5 1%, FASS 3E+1%. FASS
1954 BE.3 1 %5 18.5 =1 % 1B +1%.
2000 E4.5 =1 % 7.5 +1%. 1E+1%.
2108 E1.0+1 % 457 +1%. IB+1%.
2300 55.5 =1 % 12 E+1%. 1E+1%.
2454 51.5+1 % 304 +1%. IB+1%.
2E00 485 =1 % 288 -1 % 4B =1 %
3808 41.5+1 % 250+1%. IB+1%.
4500 47001 % 264 1% 4B =1 %
700 4.7+1 % 2E.4+1%. 1B +1%.
Fage: 69
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The IEEE Ztd 1528 and CELIEC 62209 standards state that the system validation measurements
should produce the SAFR 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 ZAFE 15 given with the used input power.

- 1

Z-Cukz Contl

ool | R : ;

st |

B Himm) [ ¥ jea]

Frer?ﬂ”;zm’ 12 5AR W/kg/W) 102 SAR (W/kg/W)
recqul red meas ured requlired measured

300 2.85 1.84

450 458 .06

750 8.49 5.55

835 8.5 £.22

500 10.9 £.99

1450 29 16

1500 305 1.8

1640 34.2 18.4

1750 6.4 19.3

1800 384 201

1900 397 40.44 [4.04) 205 20,50 (2. 06)
1850 405 209

2000 411 211

2100 436 21.9

2300 487 233

2450 524 24

2600 55.3 245

3000 3.8 25.7

A Y [ e B | e

SAR, 7 Awds Sean (X =17 = -1)

ol

4 [k
e
/1

b,

o

P,

]

el

Ao 5 Su 75 100 125 180 175 Ao M5 ®mo
Tiwwrd
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Equipment Summary Sheet

Equipment Manutacturer / Identification N Current MNext Calibration
Description Mdodel enaiieation 201 o olibration Date Drate
. walidaied, Mo cal g died. Mo cal
Flat Phantom Satimo =M-2 008 -5 AN 1 equired. Fequired.
COMOSAR Tast Banch \Farsion 3 MA alidated. Mo cal alidated. Mo cal
Fequired. Fequired.
Metwork Analyzer R“”d”z‘g;f,i“"w" SN100132 022010 022013
Calipers Carrera CALINMER-O1 1242010 122013
Reference Probe Satimio EPG122 SM 18711 Characterized prior to|Characterized prior to
test Mo oral required [test Mooral reognired
Fultimeter Heithley 2000 1188556 1142010 11,/2013
Signal Generator Agilent E4435C b 49070581 1272010 12/2013
Amalifier Asthercomm SN 046 Characterized prior to|Characterized prior to
P test. Mo cal required. [test. Mo cal required.
Fower Meter HF E44184, LIS38261498 1142010 11/2013
Fower Sensar HP ECP-EZEA US37181460 1172010 1172013
Directional Counler Marda 4216-20 01386 Characterized prior to|Characterized prior to
P test. Mo cal required. test. Mo cal reguired.
Tampearatire and - - o \ . .
Humidity Sensor Contral Caompany I'1-661-3 342000 32012
Fage: 49
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