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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) new
Frequency Range of Probe 0.03 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.239 MO

Dipole 2: R2=0.224 MO

Dipole 3: R3=0.223 MO

A yearly calibration mterval 1s recommended.

2 PRODUCT DESCRIPTION

21 GENERAT INFORMATION

Satimo’s COMOSAR E field Probes are built i accordance to the IEEE 1528, OET 65 Bulletin C
and CEI'IEC 62209 standards.

Figure 1 — Satimo COMOSAR Dosimetric E field Dipole

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

3  MEASUREMENT METHOD

The IEEE 1528, OET 63 Bulletin C., CENELEC EN30361 and CELIEC 62209 standards provide
recommended practices for the probe calibrations, mcluding the performance characteristics of
mterest 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 sensittivity factors of the three dipoles were deternuned using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined i the standards.

35 LOWER DETECTION LIMIT

The lower detection limi: was assessed using the same measurement set up as used for the lmearity
measurement. The required lower detection linut 1s 10 mWikg.

i< ISOTROPY

The axial 1sotropy 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 1ts main exis from 0 - 360 degrees 1n 15 degree
steps. The hemispherical 1sotropy 15 determined by mserting the probe 1n a thin plastic box filled
with tissne-equuivalent houid, with the plastic box illnmmated with the fields from a half wave dipoale
The dipolz 1s rotated about its axis (0°-180°) mn 15° merements. At each step the probe 1s rotated
about 1ts axis (0°-360°7).

3.5 BOUNDAERY EFFECT

Tte boundary effect 15 defined as the deviation hetwesn the SAR measured data and the expected
exponential decay i the liquid when the probe 1s oriented normal to the interface. To evaluate this
effect, the liquid filled flat phantom 1s exposed to fields from either a referencs dipole or waveguide.
With the probe normal to the phantorm surface, the peak sparial average SAR 15 measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The gmidelines outlined m the IEEE 1328, 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 techrique. All uncertamties listed below represent an
cxupanded uncertainty cxpressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable 1o the Internationally Accepted Guides to Measurement Uncertamty.

Uncertainty analvsis of the probe calibration in waveguide
. . Uncertainty Probability P . Standard
ERROR SOURCES value (%0) Distribution Diviser “ Uncertainty (%)
Incident or forward power 3.00% Rectangular \'r?T | 1 1.732%
Reflected power 3.00% Rectanzular 3 | 1 1.732%
Licuid conductivity 5.00% Rectangular \'{?T | 1 2887%
Liquid permittivity 40005 Rectangular -‘.'5 | 1 23009
)
F:eld homogeneity 3.00% Rectangular V3 1 1.732%
F:eld probe positioning 5.00% Rectangular \5 | 1 2887%
I.eld probe linearity 3.00% Rectangular 15 | 1 1.732%
Foge: Jr10
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IB31%

Combincd standard uncertainty

Expanded uncertainty 11.662%
95 % confidence level k=2 HRee

3 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Ligquid Temperatare 21 °C
Lab Temperature 21°C
Lab Hummdity 45 %

51 SENSITIVITY IN ATR

Normx dipele | Normy dipolg Nermz dipole
1 (W --"(‘.--'7.-"11:1}2 M2 (VAV/mM)T) |3 (WVAV/m)™)
3.66 5.98 5.64

DCP dipnl= 1 | DCP dipole 2 | DCP dipale 3
(mV) (mV) (V)
94 9) 90

Calibration curves
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Linearity

-
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33  SENSITIVITY IN LIQUID

Lo = Pemmitinite | Eos g ot
(MHz -/~
100MHz)*
HL150 150 50.12 0.77 4.36
EBL150 150 60.56 0.79 4.56
HL300 300 44.75 0.84 4.58
BL300 300 57.99 0.93 4.70
HLA43) 430 42.08 0.90 475
BL450 4350 57.63 0.96 4.89
HLE3D 835 40.96 0.90 530
BL250 835 5422 0.98 5.46
HLOOD 900 39.90 0.97 5.16
EBL900 900 55.99 1.06 5.20
HLIE00 1730 3896 1.37 4.4
BL18C0 1750 52.34 1.51 4.66
HL1900 1380 3g.07 1.40 4.72
BL19C0 1880 5212 1.52 4.84
HL2000 1950 38.97 1.43 4.24
BL20C0 1950 54.01 1.54 439
HL24:0 24350 37.97 1.83 4.19
BL24350 2450 53.04 1.96 432
* MHz +/- 50MHz for frequency bzlow 00MEz

LOWER DETECTION LIMIT: S9mWikg
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34 ISOTROPY
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HI.2450 MHz
- Axial 1sotropy: 0.09 dB
- Hemispherical isotropy: 013 dB
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / : . Current Next Calibration
D Model ~ |ldentification No.| 1 fion Date Date
Flat Phantam Satimo SN-20/09-5AM/ |/3ldated. Nocal - Walidated.  No - cal
required. equired.
COMOSAR TestBenct|  Version 3 NA aldated. Nocal  Validated.  No cal
required. equired.
Network Analyzer | hode & Sshwarz | gyqg013; 0222010 1212013
Reference Probe Satimo EP 94 SN 37/08 Characterized pricr to |Characterized prior o
test. Mo cal required. test. Mo cal required.
Multimeter Keithley 2000 1188656 11/2010 11/2013
Signal Generator Agilent E4438C MY49070581 122010 1212013
Amplifier Aethercommm SN (46 (;haracterqlzed pnor to \Uharactenized prior o
test. Mo cal required. test. No cal required.
Powzr Meater HP E4418A US38261458 11/2010 11/2013
Power Sensor IIF CCP-C26A J337131460 11/2010 11/2013
Directional Coupler Narda 4216-20 01336 Charactenzed prior to |Characterized prior io

lesl. Mo cal required.

lesl. No cal required.

alidated. Mo cal

Validated. Nc cal

Waveguide Mega Industries | 065Y7-156-13-712 - )
required. aquired.
Waveguide Transition | Mega Industries | 066Y7-158-13-701 ' 2/dated. Nocal  Validated. Ne cal
required. equired.
Waveguide Terminatior| Mega Industries | 066Y7-158-13-701 |/2/dated. Nocal  Validated. Nc cal
required. equired.
Te“‘per?;ﬁgr'"“““d"? Conirol Company 11-661-9 372012 32014
Fage: 10410
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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 CELVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to wvernify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Type COMOSAR s35 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID900
Serial Number SN 46/11 DIP 0G900-185
Product Condition (new / used) new

A vyearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

3l GENERAT INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1328, OET 63 Bulletin
C and CELTEC 62209 standards. The product 1s designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: 4/9
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4 MEASUREMENT METHOD

The IEEE 1328 OQET 65 Bulletin C and CELTEC 62209 standards provide requirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

41 RETURNILOSS REQUIREMENTS

The dipole vsed 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 MECHANICAT 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 COMOSAER. test bench employvs a 2 mum phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test bench comply with the requirements set forth for a 2
min phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

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

3.1 ERETURNLOSS

The following uncertainties apply to the return loss measurement:

Freguency 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

3.3 VALIDATION MEASUREMENT

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

Scan Volume Expanded Uncertainty
lg 16.19 %
10 g 1586 %
Page: 5/9
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6 CALIBRATION MEASUREMENT EESULTS

6.1 RETURNLOSS
4+ o 0 e 28
) -]
o=l e
‘-.._\_\
T, A -1
N
o —
Frequansy Mz ]
Frequency (AMHz) Return Loss (dB) Requirement (dB)
00 -26.52 -20
6.2 MECHANICAL DIMENSIONS
Frequency MH: L mm hmm dmm
required mueasured requined measured required measured

300 420.0 1%, 250.0 £1 % 6.35 %1 %
450 290.0 £1 % 166.7 £l % 6.35 £1 %.
750 176.0 21 %. 100.0 £1 % 6.35 #1 %
835 161.0 £1 %, 89.8 11 %, 3.61%,

900 149.0 £1 %. PAsSS B3.3 11 %. PASS 3.6 +1%. PASS
La50 E9.1 11 %, 51.7T 1% 3.6%1%,
1500 B0.5 11 %. 50011 % 3.6 21 %,
1640 79011 %, 5.7 1 % 36%1%,
1750 75.2 11%. 42.9 11 % 3.6 21 %,
1E0D F20%1 %, 11.7 1 % 36%1%,
1500 GE.0 11 %, 39.5 11 % 3.6 11 %,
1950 B6.3 $1 %. 38541 % 36+1%.
2000 G4.5 11 %, 37511 % 3611 %,
2100 61.0+1 %. 35.7+1 % 16+1%.
2300 55.5 1 %, 61 % I6+1%,
2450 51.5 %1 %. 04+1% 36+1%.
2600 48.5 £1 %, 288 £1 %, 361%,
3000 415 1%, 25.0 31 %. 3.6 1%,
3500 37.021 % 26.4 21 %, 3.61%,
3700 34,721 % 26.4 11 %, 3.611%.
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T  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
vahdaton measurements must be performed using a reference dipole meeting the fore mennoned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquad filled flar 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 flar phantom, with the top
surface of the dipole at the descnibed distance from the bottom surface of the phantom.

71 MEASUREMENT CONDITION
Software OPENSAR V4
Phantom SN 2009 SAMT1
Probe SN 18/11 EPG122
Ligqud Head Liquid Values: eps’ : 41.5 sigma : 0.97
Distance between dipole center and liquad 153.0 mm
Area scan resolution dx=8mm dyv=S8mm
Zoon Scan Resclution dx=8mm 'dv=8m/dz="5mnm
Frequency 900 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 215C
Lab Humidity 45 %
7.2 HEAD LIOQUID MEASUREMENT
Fm:_:::‘nw Relative permittivity (&) Conductivity (o) $/m
required measured required measured
300 A5.3 5% 087 #5 %
A50 A3.5#5% 087 #5 %
750 41925 % 089 5%
835 41515 % 0.50 £5 %
S00 41.545% PASS 0.97 £5 % PASS
1450 0.5 +5 % 120 £5 %
1500 30,4 £5 % 1.23 35 %
1640 40,2 £5 % 1.21 £5 %
1750 40.1 5 % 1.37 5 %
1800 A0U0 +5 % 140 £5 %
1900 $0.0 £5 % 140 5 %
1950 40,0 25 % 140 25 %
2000 40,025 % L4025 %
2100 39.8 5% L4925 %
2300 39545 % L67 5%
2450 39.2+5% LE0 +5 %
2600 05 % 1965 %
3000 38525 % 240 25 %
3500 37915 % 2.91 25 %
FPage. 7/9
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7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CEVIEC 62209 standards state that the svstem validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR i1s given with the used mput power.

g 1g SAR (W/ke/W) 10 g SAR (W/kg/W)
riegquired measured required mieasured
300 2,85 1.94
i) o8 3.06
50 8.45 5.25
Bis5 9,56 6.22
Q00 11.20(1.12) 6.99 .04 (0.70)
1450 G 16
1500 30.5 16.8
1640 34,2 24
1750 36.4 19.3
1800 g4 20.1
1900 9.7 20.5
195( 6 20,9
2000 .1 Z21.1
2100 43,6 21.9
2300 23.3
2450 52.4 24
2600 353.3 4.6
3000 63.8 25.7
3500 67.1 25

Tuty Cand

Fa AW P

¥ )

SAR, T Add Sean 0= 1,7 =0)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ificati Current Next Calibration
Description Moaodel . S Calibration Date Date
Flat Phantom Satimo SN-20/09-sam71 [/alidated. No cal alidated.  No cal
required. Fequired.
COMOSAR Test Bench|  Version 3 NA [(Fhasesl Mol Nehdaibd, N &
required. Fequired.
Network Analyzer [ Rrode % Schwarz SN100132 02/2010 02/2013
Calipers Carrera CALIPER-01 1212010 122013
Heferdice Probe g EPG122 SN 18/11 Characterized prior to|Characterized pricr to

test. No cal required.

test. No cal required.

Multimeter Keithley 2000 1188656 1172010 112013
Signal Generator Agilent E4438C MY49070581 1272010 122013
Amplifier T ——— SN 046 Characterized prior to|Characterized prior to
test. No cal required. [test. No cal required.
Power Meter HP E4418A US358261498 1172010 112013
Power Sensor HP ECP-E26A Us37181460 11/2010 11/2013
Directional Coupler | Narda 4216-20 01386 = Rarsclonwttpor 10| Chiaricibmsad g (o
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 32010 32012
Page: 9/9
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Sraparys

This document presents the method and results from an accredited AR reference dipole calibration
performed in 3ATIMO UEA vang the COMOBAR test bench  All cabbration results are traceable
to national m et ology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, CET 65 Bulletin
C and CELUTEC 62209 standards for reference dipoles used for SAR measurement systemn 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 COMOZAR 1900 MHz EEFERENCE DIFCOLE
M anufacturer Satitno
Maodel =D 1900
sertal Number =0 46011 DIP 1G200-187
Product Condition (new [ used) new

A yearly calibration wterval 1s recommended.

3 PRODUCT DESCRIPTION

31 GEMNER AT, TNECENA TTON

Satme’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, CET 65 Bulletin

Cand CELTEC 62209 standards. The product iz designed for use with the COWNOSAER test bench
only.

Figure 1 — Satisnn COMOSAR Validation Dipale
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4 DMEASUREMENT METHOD

The IEEE 1528, OET 65 Bullen © and CELTEC 622039 slandawds provide requiremnenls [or
reference dipoles used for system validaten measurements. The following measurements were
petformed to venfy that the product complies with the fore mentioned standards.

4.1 ERETUEN LOSS EECTTEEMENTS

The dipole uged for SAE eyetem validaton measurements and checlee must have a retarn loze 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 MECHAMNICAT RECTTREMENTS

The IEEE Std 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dmensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles gold for uge with the COMLDSAR test bench comply with the requirem ente zet forth for a 2
mm phantom shell thickness.

5 MEASUREMENT TNCERTATNTY

All uncerlannlies lisled below represenl an expanded uncerlanly expressed al approxnalely e 35%0

confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Wleasurement Uncertainty.

5.1 ERETUEN TOSS

The follovnng uncertainties apply to the return loss measurement:

Frequency hand Expanded Uncertainty on Return Loss
400-6000MHz 01 de

a2 DINWVEWSTON WE A STTR EWENT

The following uncertainties apply to the dimension measurements:

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

53 VAITDATION MEASTEENMENT

The guidelines outlined in the IEEE 1528, CET &5 Bulletin C, CENELEC EMN50361 and CELTEC
62209 standards were followed to generate the measurement wncertainty for wvalidation
measurciments.

Scan Volume Expanded Uncertainty
Ta 16.10 %%
0g 15.86 %
Page: 59
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6 CALIBERATION MEASUREMENT RESULTS
6.1 RETURIN LOSS

Frequency (MHz)

1500 1850 1500 1950 Hili[i]

0 )

10

) .

-

. A |-2m,23

=5 -
Frequency (WMHz) Return Loss (dB) Reguirement (dB)

15900 -25.23 -20
6.2 MECHAWICAT DINMENSIONS
Frequency MHz L mirr hrm d mm
required measured requlred measured requlred measured
300 A0+ % 250.0+1 % E.35 +1%.
450 290.0+1 %, 1EE.7 =1 %5 E.35 =1 %,
750 176.0+1 %, 100.0+1 %5 E.35 +1%.
835 1E1.0+1 %, B9.8+1%, 1E=1%.
900 149 0+1 %, B33 1%, 1E+1%.
1450 89.1+1 %, 51.7 £1%. 1E+1%.
1500 B0.5 71 %, 5000 71 %, 4.E6=1%.
1E40 79.0 =1 %, 457 1%, 1E=1%.
1750 75.2£1 %, A28 +1 %, 1E+1%.
1800 201 %, 41.7 =1%, 1E=1%.
1900 E8.0 1 %5, PASS 39.5£1%. PASS 1E+1%. BASS
1950 EE.3 =1 %%, 38.5=1%. 1E=1%.
2000 E4.5 +1 %5, 37.5 1%, 1E+1%.
2100 E1.0 =1 %%, 35.7 =1%. 1E=1%.
2300 55.5 =1 %, 32.E=1%. 1E=1%.
2450 51.5 =1 %, 30.4 =1 %, 1E=1%.
2EOD AR5 +1 %, 28.8+1%. 1E+1%.
000 41,5 +1 %, 25.0 1%, 1E+1%.
3500 37,01 %, 2E.4 =1 %, 1E=1%.
3700 34,71 %, 2E.4 =1 %, 1E=1%.
Fage: 69
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7  VALIDATION MEASUREMENT

The TEEE Std 1528, OET 65 Bulletin © and CELTEC 62209 standards state that the system
validahon measurements must be performed using a reference dipole meeting the fore mentioned
return losz 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 MEASUREMENT COMNDITION
Software COFPENZAR V4
Phartom SN 209 5 AMTL
Probe SM18A1 EPG122
Liuid Head Liquid ¥ alues: eps’ : 394 sigma: 142

Distanice between dipole center and liguid

10.0 mm

Atea goan resalution

dx=3mm/dv=3mm

Zoot S can Resolution dx=8mm/dyv=Em/ e=5mm
Fregquency 1900 MHz
Lt powet 20 dBm
Liguid Temperature 21°C
Lab Temperature i1 °C
Lab Humidity 45 %
72 HEAD LTOUTD WMEASTREWMENT
Fre:ﬂu:zncv Relative permittvity [e,') Lonductivity (o) 5fm
requlred measured requlred measured
300 453 +5% Q87 +5%
4580 435 5% Q87 +5%
730 41.9+5% 0.89+5%
435 A41.5 5% 0905 %
40 A41.5+5% 097 +5 %
1450 40.5 =5 % 1.20+=5%
15030 404 +5 % 1.23+5%
1640 402 5% 131+5%
1750 401 +5% 1.37+5%
1800 40,0 =5% 1.40 5%
190 A0 +5% PASS 1.40+5% PASS
1950 40,05 % 1.40 5%
2000 400 +5% 1.40+5%
2100 39.85% 1.48 5%
2300 395 +5% 1E?+£5 %
2450 392 +5% 1.80+5 %
2EQD 39.0=5% 1965 %
0 385 +5% 205 %
3500 37.0+5% 2.91+5%
Fage: 789
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73 MEASUREMENT RESULT

The IEEE Std. 1528 and CELTEC 62209 standards state that the system walidation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system walidation. Al SAR walues are normalized to 1 W forward power. In
braclket. the measured SAFR 15 given with the used input power,

AED 1l

BANE | cua|

B Sfma] [ ¥ )

Frea“;zm"r 12 SAR (W/kg/W) 102 SAR [Wikg/W)
requlred measured required measured
300 2.85 1.84
450 4.58 3.06
750 a.4g 5.55
835 9.5 E.22
ki 109 E.09
1450 29 1E
1500 305 168
1640 342 184
1750 IE4 19.3
1800 8.4 201
1900 39.7 40,44 [4.04) 20.5 20,60 [2.08)
1950 405 209
2000 41.1 211
2100 431E 2118
2300 48.7 233
2450 524 24
2EOD 553 24.E
3000 E38 257
4500 E71 25
SWTB08  Ha caled |rlaraty el
SAR, Z Awis Scan (X =1, =1}
w
—— :
5?
Z. 40 m E4

[k ]
ap X5 B0 7S i X5 B0 175 MD XE BD
Ziwad
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3

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Id entific ation INo Current Next Calibration
Description Nodel ’| Calibration Date Date
. alidated. Ma cal alidated. Mo cal
Flat Phantom Satimao SM-20/09-5AM7 1 Fequired. equire d.
COMOSAR Test Bench “ersion 3 R dlidaled. Mo cal dlidaled. Mu Ll
Fequired. Fequired.
Network Analyze- | Mot & Schwarz SN100132 02/2010 022013
Calipers Carrera CALIFER-OM 12£2010 1242013
Refarence Probe Satimo EPG122 SN g1 [Charaderized pricr to)Characterized prior to
test. Mo cal required. [test. Mo cal required.
Wiultimeter keith ey 2000 11358655 112010 1172013
Signal Generator Agilent E4435C WY 42907 0551 1242010 1272013
Amplifier Asthe reorm i S [4E Characterized pricr to|Characterized prior to
test. Mo cal required. |test. Mo calreguired.
FPawer Meter HF E4418A LIS35261495 1142010 112013
Power Sensor HP ECP-E2EA LI=37181460 1152010 1172013
Directional Coupler | Marda 4216-20 01386 Characterized pricr to | Characterized prior to
test. Mo cal required. [test. Mo cal required.
Ternperature anc
Humidity Sensor Control Company 11-661-3 322010 32012
Fage: 93
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Summary:

Tlus 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 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 2450 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID2450
Serial Number SN 46/11 DIP 2G450-189
Product Condition (new / used) new

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAT 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.

e e

Figure 1 — Satimo COMOSAR Validation Dipole

Page: 4/9
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELIEC 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 chall be performed agzinst 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 52209 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 thersfore 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 RETURNIOSS

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

- 300 0.05 mm

tad

5.3 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELTEC

62209 standards were followed to gencrate the measurcment uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 16.19 %
10g 15.86 %
Puge: 5/9
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6 CALIBRATION MEASUREMENT RESULTS

6.1 ERETUERNILOSS
Frequency MHz}
2360 2400 450 2500 2550
0
-5
10
§-15 —
7 — ~—] 7 N
25 - =
30 S Z
707 P
-5 ——
40
Frequency (MHz) Return Loss (dB) Requirement (dB)
2450 -31.71 -20
6.2 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 £1 %. 6.35 21 %
450 290.0 £1 %. 166.7 £1 %. 6.35 21 %
750 176.0 1 %. 1000 £1 %. 6.35 21 %
835 161.0 1 %. B9.8 £1 %. 3.6 1 %,
900 145.0 1 %. 83.3 £1 %. 3.6 1 %.
1450 89.1 £1 %, 51.7 £1 %. 3.6 1 %,
1500 80.5 £1 %, 50.0 £1 %. 3.6 1 %,
1640 79.0 1 %. 45.7 £1 %. 3.6 1 %,
1750 75.2 1 %. 429 ] %. 3.6 1 %,
1800 72.0 1 %. 41.7 £1 %. 3.6 1 %,
1500 68.0 £1 %. 355 £1 %. 3.6 1 %,
1550 66.3 £1 %. 38.5 1 %. 3.6 1 %,
2000 64.5 £1 %. 37.5 21 % 3.6 1 %,
2100 61.0 £1 %. 35.7 £1 %. 3.6 1 %,
2300 55.5 +1 %. 32,621 %. 3.6 1 %,
2450 51.5 +1 %. PASS 30.4 +1 %. PASS 3.6 31 %. PASS
2600 48.5 £1 . 28.8 1 %. 3.6 1 %,
3000 41.5 £1 %, 250 %1 %. 3.6 1 %,
3500 37.0%1 %. 264 £1 % 3.6 1 %,
3700 34.7+1 %. 264 £1 % 3.6 1 %,
Page: 6/9
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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
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 MEASUREMENT CONDITION
Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 LPG122
Liquid Head Liquid Values: eps’ : 39.0 sigma : 1.84
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 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C

Lab Temperature 21°C

Lab Hunudity 45 %

7.2 HEAD LIQUID MEASUREMENT

Fre:;lezncv Relative permittivity (') Conductivity () S/m
required measured required measured
300 45315 % 0.87 £5 %
450 43545 % 0.87 5%
750 41.9 15 % 0.89 5%
835 41,545 % 0905 %
200 41.5 15 % 0.97 £5 %
1450 40.5 45 % 1.2025%
1500 40.4 15 % 1.2315%
1640 40.2 45 % 13125%
1750 40.1 15 % 137 15%
1800 40.0 45 % 14025%
1900 A40.0 25 % 1.40 £5 %
1550 40.0 45 % 14025%
2000 A40.0 25 % 1.40 £5 %
2100 38845 % 14925%
2300 3055 % 1.67 5%
2450 38.245% PASS 18025% PASS
2600 300 5% 196 5%
3000 38545 % 24025 %
2500 3795 % 291 5%

Fage: 7/¢
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7.3 MEASUREMENT RESULT

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 is given with the used input power.

Fre:ﬂ‘:i"“ 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.594
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
900 10.8 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 384 201
1500 39.7 20.5
1950 40.5 20.9
2000 41.1 211
2100 43.6 219
2300 48.7 233
2450 52.4 54,22 (£.42) 24 24.41 (2.44)
2b00 55.3 24.6
3000 63.8 25.7
3500 67.1 25
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LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / 5 : Current Next Calibration
Identification No.
Description Model Calibration Date Date
Flat Phantom satimo sNopDoSANyT: [Thaaed. Nocat  Naidatel NG el
required. required.
COMOSAR TestBench| ~ Version 3 NA gedaled. Npcet  fishdplad. g vgel
required. required.
Network Analyzer | Th0de g‘viChwarz SN100132 02/2010 02/2013
Calipers Carrera CALIPER-01 12/2010 12/2013
Reference Probe Satimo EPG122 SN 18/11 Characterized pri_or to|Characterized pri_or to
test. No cal required. |test. No cal required.
Multimeter Keithley 2000 1188656 11/2010 112013
Signal Generator Agilent E4438C MY49070581 12/2010 122013
Amplifier Aethercomm SN 046 Characterized prior to|Characterized prior to
test. No cal required. [test. No cal required.
Power Meter HP E4418A UsS38261498 11/2010 112013
Power Sensor HP ECP-E26A Us37181460 11/2010 112013
- Characterized prior to|Characterized prior to
Direchonal Coupler aradenet ploen test. No cal required. [test. No cal required.
Temperature and AR 0 /
Humidity Sensor Control Company 11-661-9 3/2010 32012




