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Appendix C. TEST SETUP PHOTOGRAPHS &EUT PHOTOGRAPS

Test Setup Photographs

Bottom touch
Same test position for GSM/WCDMA and WIFI

Horizontal touch
Test position for WIFI and GSM/WCDMA on each Horizontal Side
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Vertical touch
Test position for WIFI and GSM/WCDMA on each Vertical Side
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DEPTH OF THE LIQUID IN THE PHANTOM—ZOOM IN

Note : The position used in the measurement were according to IEEE 1528-2003
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EUT PHOTOGRAPS
TOTAL VIEW OF EUT
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BOTTOM VIEW OF EUT
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BOTTOM VIEW OF EUT

LEFT VIEW OF EUT
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RIGHT VIEW OF EUT

OPEN VIEW OF EUT-1

Wi-Fi & BT
Antenna

GSM & WCDMA
Antenna
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OPEN VIEW OF EUT-2
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INTERNAL VIEW OF EUT-1
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INTERNAL VIEW OF EUT-2

INTERNAL VIEW OF EUT-3




INTERNAL VIEW OF EUT-4

INTERNAL VIEW OF EUT-5
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INTERNAL VIEW OF EUT-6

INTERNAL VIEW OF EUT-7
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INTERNAL VIEW OF EUT-8
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INTERNAL VIEW OF EUT-10

GPS
Antenna
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Appendix D. Probe Calibration Data

SATIMO

Thes mescrrwres winion compary

COMOSAR E-Field Probe Calibration Report

Ref: ACR343.2.11.5ATU.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 DOSIMETRIC E-FIELD PROBE

SERTAL NO.: SN 35/11 EP132
Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED)

dbnon CHET 2044 00

12/09/11

SRR

This document presents the method and resdts from an accredited COMOSAR Doamelne E-Field
Probe calibration perfommed in SATIMO USA usng the CALISAR / CALTEAIR test bench, for use
with a SATIMO COMOSAR syslem enly Al calibration results are traceable to natonal
m etrology mstitulions
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COMOSAR E-FIELD PR OBE CALIBRATION REPORT Fef ACE 3211 5ATIA
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COM 0SAR E-FIELD FRORBE CALIBRATION REF ORT Fauf FCEF43211.2ATT A
SATIMO
1 DEVICE UNDER TE ST
Device Under Test
Devwice Type COLICS 8B DOSINE TRIC E FIELD FROERE
Il nnfacturer Satitno
Ivbiclel S5ES
_SEIiELl Nu_mher SH 35711 EP132
Product Condition (netsr § nsed) e
Frecmuency Range of Probe 03 GHz3GH=
Resistance of Three Dipolesat Connector | Dipole 1: R1=1 200 I
Dipole 2: B2=1 214 I
Dipale 3: B3=1.004 Iy

& warlyealibration intersal is weorrmended.
2 PRODUCT DESCRIPTION

21 GENERAL INFORNIETION

aatima’s COMOGAR E fleld Probes are bmlt in accordance fo the IEEE 1548, OFT 65 Bulletm ©
and CELTEC 62209 standards.

Figure 1 - Safimo COMOSAR Dosimetric E field Dipole

Frobe Length 330 mm
Length of Indrndual Dipoles 4.5 1mm
Nzt external diarne ter B mim
Frobe Tip External Diarneter Smm
Dhgtance betaeen dipoles [ probe extrerity | 2.7 mm

¥} MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin &, CEMELEC EN50361 and CELTEC 62209 standards provade

recomrnetded practces for the probe calibrations, incloding the performance charactenstcs of
interest and methods by which to assess their affect. All calbrations [ measurements perforred meet
the fore menhioned standards.

31 LINESRITY

The evaluation of the lineanty was done m free space usmz the wawegwde, performung a power
sweep to cover the SAR range 0.01 Wikg to 100W ke,

Page 450
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRHM3IZ115ATT.A

22 SENSTTIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and fiaane simalating 1) naing wawemnides az eontlined in the standards

3.3 LOWELR DTETTCTICN T IMWTT

The lower detoction limit waz asscsscd uasing the samec moasurcment sct up as veed for the lincarity
measurement. The required lower detection limit 15 10 mWikg

94 TEOTROPY

The aual 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 configuraton suggested for system
validations and checks The probe was rotated along its main axis from 0 - 360 degreesin 15 degree
stepps. The hemispherical isotropy 1z detertnined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box 1lluminated with the fields from a half wave dipole.
The dipole 15 rolaled aboul 1ls axis (O"=1807 10 157 imeremenls. AL each slep the probe 1s rolaled

aboutits amis (0°-3607),

35 BOUNDAERY EFFECT

The bonndary effert 12 defined a2 the dewiation between the SAR measured data and the reperted
exponential decay in the liquid when the probe 15 oriented normal to the interface. To ewaluate this
effect, the liquid filled flat phantom is exposedto fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAE i3 measured and
compared to the anal vtical value at the surface.

4 MEASUREMENT UNCERTAINTY

The gmdelines cutlined in the ITEEE 1522, TET &5 Bulletin ', CEMELEC ER50361 and CELIEC
62209 standards were foll owed to generate the measurement uncertainty associated with an E-field
probe cabbration using the waveguide techricue. All unecertmnbes listed below represent an

expanded uncertainty expreszed at approximately the 95% confidence level uzing a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
Uncertainty Probahility . . . Stand ard
ERROR SOURCES value (%) | Distribution Divisor | Uncertainiy (V)
Ineiderd or forwatrd powet 3.00% Rectanmidar V3 | 1 1.732%
Feflected power 3.00% Rectanmidar j | 1 1.732%
Licuid conductiwity 5.00% Rectangidar xg I 1 2 EET%
Licuid permittivity &.00%; Rectangidar -.."'3_’ | 1 2.300%
Ficld homogso ty 3.00% Reoctangadar V3 1 1.732%
Field probe positioning 5.00% Rectanmidar J I 1 2.E8T7%
Field probie linearity 3.00% Rectanmidar ﬁ,-"?T | 1 1.732%
Fage: W3
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COMOSAR E-FIELD FROBE CALIBRATION REPORT Ref ACEA3Z11IATINA
SATIMO
Comb ined standard uncertainty SE31%
Exp anded uncertamty
95 % confidence level k=2 11 662%

5 CALIBBATION MEASUREMENT RESULTS

Calibration Parameters
Ligquid Temperature 21
Lab Temperature 212
Lab Humidity 45 %

51 ZEMSITIVITY T ATR

Hormz dipole | Wormy dipole | Hormz dipole
1 (W)™ | 2 (Wi i)™ | 3 (i)™
5.01 4.6 4.77

DCP dipele 1 | DCP dipole 2 | DCP dipole 3
(m V) iy (W)
29 104 101

Calibration curves et=f{V) (1=1,2,3) all ow to obtarn H-field value using the formula:
E=E +E +E’

Calibration curves

G20
500 e 5l
— ,:;'/
£ 400 ——
< ] Dipole 1
< 300- s e T
L;E_ e == Dipole 2
wi 200- /
100- —
1 - Il i ] ] |
poo 005 010 075 020 025 030 035 043
Yaltage [V
Fage: a9
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5.2 LINEARITY

1.00-

Linearity

0.75-
0.50-

0.25-

0,25

D.DD—N-I-H-l-I-l-I-I-H-I-ﬁ-I-I-P-H-H-

Linearity Erraor [dB]

-0.50-

075~

1.00-,

0

E-Field [¥4m]

Linearity 0+-2 24% (+~0.10dE]

5.3 SENSITIVITY IN LIQUID

Frequency(MHz+/

Liquid e Permittivity Epsilon($/m) ConF
HL300 300 44.76 080 5.01
HILAS0 450 42.52 088 0.06
HLE50 850 41.53 0091 6.79
HLOGO 900 41.54 097 6.82
HL1800 1750 38.35 138 6.01
HL1900 1880 30.43 142 6.42
HL2000 1950 40.34 144 5.77
HI.2450 2450 38.99 1.84 5.60
LOWER DETECTION LIMIT: 7TmW/kg
Page: 7/9

100 200 300 400 500 600 700 800 900 EIEIIEI

This document shall not be reproduced, except in full or in part, without the written approval of SATIMO.
The gfbrmation contained herein &5 to be used anly for the purpose for which it is submitted and s not to
be refeased in whole or part without written approval of SATIMO.
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SATIMO

54 ISCTECPY
HI. 200 MHz
- Axial 15 otropy: 0.08 dB
-Hemispherncal 1sotropy: 0.06 dB
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

MNext Calibration

test. Mo cal required.

Equipment MManufacturer | . . Current
Description Model [ et Calibration Date Date
Flat Phantom Satimn SN-20/m9-5anr1 [0 dated. Nocal — j/alidated. Mo cal
equired. equired.
. Jalidated, Mo cal Jalidated. Mo o cal
COMOSAR Test Bench “ersion 3 A, . !
equired. equired.
Network Analyzer RhDdEZ‘gﬁChwa” SN100132 02/2010 02/2013
Reference Probe Satimo EP g4 Sna7mg |-haracerized priorta|Characterized prior o
[A=F=18 LAl II:L.lLIIIULI. [A=f=18 o L4l IULn|LIIII=LI.
hultirneter Keithley 2000 1188656 1142010 11/2013
Signal Generator Agilent E44380C hAW 4307053 1 12/2010 12/2013
Armplifier Asthercomm SN D46 Characterized priprtn Characterized pripr to
test. Mo cal required. [test. Mo cal required.
Pawer Meter HP E44184 538261498 1142010 11/2013
Fower Sensar HF ECP-EZBA LS371581460 1172010 1142013
Dire ctional Coupler Narda 4216-20 01386 Characterized prior to |Characterized prior to

test. Mo cal required.

alidated. Mo cal

alidated. Mo cal

Waveguide Mega Industries | OBSY7-158-13-712 | 7.0 o
I:LnlLIIII:LI. I:LnlLIIII:LI.

. . . alidated. Mo cal alidated. Mo cal
Waveguide Transition | Mega Industries | 0B9%7-158-13-701 equired. equired.

WWaveguide Termination

Mega Industries

0BSY7-158-13-701

alidated. Mo cal
equired.

alidated. Mo cal
equired.

Temperature S Humidity
Sensar

Contral Campany

11-661-2

342010

32012

Fage: 34
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The microwave vision comparry

SAR Reference Dipole Calibration Report

Ref: ACR.343.5.11.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: 900 MHZ
SERIAL NO.: 3N 46/11 DIP 0G900-185

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

ACCREDITED

Calbranan CERT #2144.01

12/09/11

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA uvsing the COMOSAR test bench  All calibration results are traceable
to national metrology institutions.
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Distribution :
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Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.3435.1154TUA
SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 635 Bulletin
C and CEI'IEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to venify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR g35 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID%00
Serial Number SN 46/11 DIP 0G900-185
Product Condition (new / used) new

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CELTEC 62209 standards. The product 15 designed for use with the COMOSAR test bench
only.

=

Figure 1 — Sarimo COMOSAR Validation Dipole

Page: 49
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SATIMO

4 MEASUREMENT METHOD

The IEEE 1328 OET 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 RETURNIOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed agamnst a 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 COMOSAR. test bench emplovs a 2 nun 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.

511 ERETUEBNIOSS

The following uncertainties apply to the return loss measurement:

Freguency bhand 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 0.053 mm

53 VALIDATION MEASUREMENT
The guidelines outlined 1 the IEEE 1528, OET 65 Bulletin C. CENELEC EN30361 and CELVIEC

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

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

6.1 RETURNLOSS
143 - K Y » 0
"‘-u-h_____‘a ==
HL*-». -
i, e A
; N 74
4
\ |/
R
Frsguency St
Frequency (MHz) Return Loss (dB) Requirement (dB)
500 -26.52 -20
6.2 MECHANICATL DIMENSIONS
Frequency MMz L mm hmm d mm
required masured reguired measured required measured
300 a420.0 £1 %, 2500 #1 % 6.35 £1 %
450 290.0 £1 %. 166.7 £1 % 63521 %
750 176.0 £1 %. 100.0 £1 % 6.35 %1 %
835 161,021 %, BOE+1%, 1641 %,
SO0 1490 £1 %. PASS B33 t1%. FASS 3.6 41 %, PASS
1450 B9l +]%, 51.7+1% 1621%,
1500 805 +1 %, 50.0041% 3.6+1%.
1640 T0.0 £1 %. 45.7 +1%. 36+1%.
1750 75.2 11 %, 429 £1 %, 3641 %
1800 72011 %. dAl.7 1%, 1621 %,
1900 GE.0 £1%, 39.5+1%. 36£1%.
16950 EEIR 38.5 £1%. 1641 %
2000 B4.5 1%, 375411 362l %
2100 61.0 +1%. 35.7 1%, 3.641%
2300 55.5+1 %, 32.6¢1%. 1b6%1l%.
2450 515 1%, 304 £1% 3.6 41 %,
2600 ABS +1%. 28R +1%. 36+1%.
300 41541 %, 25.041% 3641 %.
1500 IT.0E1 % 264 1 %, 1621 %,
3700 34.7:1 % 264 £1%. 16+1%

Page: 6/
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T VALIDATION MEASUREMENT
The IEEE 5Std. 1528, OET 65 Bulletin C and CEIIEC 62209 standards state that the system

validation measurements must be performed using a reference dipole meeting the fore menhoned
retumn 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 cenrered 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 phanrom.

7.1 MEASUREMENT CONDITION

Software OPENSAR V4
Phantom SN 20109 SAMTI
Probe SN 18/11 EPG122
Ligqud Head Liquad Values: eps’ : 41.5 sagma . 0.97
Distance between dipole center and liquid 150 mm
Area scan resolution dx=8mm/ dv=8 mm
ZLoon Scan Resolution dx=8mm/dyv=8m'dzr=>num
Fraqueney S00 MHz
Input power 20 dBm
Liguid Tenperature 21
Lab Temperature 2l =C
Lab Humidity 43 %
7.2 HEAD LIOUID MEASUREMENT
Fre::::!{nw Relative permittivity [g,) Conductivity (o) 5/m
required measured required measured
300 45,335 % 087 25 %
450 43535 % 0E7 25 %
750 41.9+5% 0ES +5%
835 41515 % 050 25 %
S00 41.5+5% PASS 097 £5 % PASS
1450 &#0.5 £5 % 1.20 25 %
1500 30,4 5 % 1.2335%
1640 40,2 £5 % 1.31 25 %
1750 40,1 £5 % 1.37 25 %
1800 40,0 £5 % L4025 %
15600 4000 +5 % 1.40 £5 %
1950 40,0 +5 % 140 25 %
2000 40,0 5% 140 25 %
2100 39.815% L4915 %
2300 39545 % LE6T #5 %
2450 39.2 5% L.B0 5 %
2600 390 5% 1.96 25 %
3000 38.525% 240 25 %
3500 37.915% 291 15 %
Page 7/9
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MEASUREMENT RESUILT

The IEEE Std. 1528 and CEVIEC 62209 standards state thar the system vahidatnon measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertanty for the system validation. All SAR values are normalized to 1 W forward power. In

bracket, the measured SAR 15 given with the used input power.

ey 18 SAR (W/kg/W) 10 g SAR (W/kg/W)
required meas ured required measured
300 285 2 |
150 1.58 3046
50 8.49 5
835 9,56 6.22
i i 1120 (1.12) 5.99 F04 (0. 70)
1450 29 [
1500 305 16.8
1 630 34,2 18.4
1750 6.4 19
1200 1e.4 20.1
1500 39,7 20.:
1950 20.9
LEL | 211
2100 416 21.9
2300 3.3
2450 52,4 2
600 55.3 2.6
1000 61.8 25.7
3500 br.1 25

T-Lay Candud

I W jmmp [§

¥ i)

BAR, 7 M SEn (X = 1,7 =0)
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SATIMO

8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ¥ ; Current Next Calibration
Discsiptinn Maodel Eemtriicatian: o || Gl o Diats Date
Flat Phantom Satimo SN-20/09-5AM71 [/alidated. Nocal — |Validated. - No cal
required. Fequired.
COMOSAR Test Bench Veisicn 3 NA "-a’ahc!ated_ Mo cal Valldated. No cal
required. required.
Network Analyzer [ Rrode £ Schwarz SN100132 02/2010 0212013
Calipers Carrera CALIPER-01 1272010 1212013
Hebirence bvobe G EPG122 SN 18/11 Characterized prior to|Characterized prior to

test. No cal required.

test. Mo cal required.

Multimeter Keithley 2000 1188656 1172010 1112013
Signal Generator Agilent E4438C MY49070581 1202010 1212013
. Characterized pricr to |Characterized pricr to
Humphficr Acthercormn AN B46 test. No cal required. |test. Mo cal required.
Power Meter HP E4418A US36261498 11/2010 11/2013
Power Sensor HP ECP-E26A US3T181460 11/2010 11/2013
Direétional Couplsr Narda 4216-20 01386 Characterized prior to Characterized prior to
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Contral Company 11-661-9 32010 32012
Fage: 99
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Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED

Callbranon CERT #22146.00

12/0911

STV

This documettt presents the methed and remdss from an eoeredted SAR reference dipole celibraton
petformed in ZATIMG TEA vaing the COMOIAR test bench  All calibiation results are raceable
to nat onal metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1525, OET 65 Bulletin
Cand CELTEC 62209 standards for reference dipoles used for SAE measurement systemn validations
and the measurements that were performed to verify that the product complies with the fore

tentioned standards.

2 DEVICE UNDER. TEST
Device Under Test
Device Type COMMOZAR 1200 MHz EEFEEENCE DIFOLE
Manufacturer Satitno
Iodel ST 1900
Serial Mumber ST 46/11 DIP 13900-187
Produrt Condition (new / nerd) newr

& yearly calibration interval 15 recommended.

3 FPRODUCT DESCRIPTION

3.1 GEMEEAT THNEORITATION

satime s COMOSAR Validation Dipoles are built in accordance to the IEEE [528, OET 63 Bulletin
 and CELIEC 62209 standards. The product 15 designed for use with the COMOZAE. test bench
only.

= T

Figure 1 — Satirne COMOSAR Validation Dipole

Fage: 4%
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4 MEASUREMENT METHOD
The IEEE 1528, OET 65 Bulletin C and CELTEC 62208 standards prowvide requirements for

reference dipoles vzed for systemn validation measurements. The following measurem ent: were
performed to werify that the product complies with the fore mentioned standards,

41 EBETURWIOSE REQOUTREMENTS

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

42 MECHAWICAT REQUIRERMERTS

The TEEE 5Std 1528 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, wath the dimensions frequency and phantom shell thickness
dependent. The COMMOSAR test bench employs a 2 mm phantem shell thickness therefore the

dipoles sold for use with the COMOZAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

A1l uncertainties listed below represent an expanded uncertainty expressed at approximmatel ¥ the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally &ccepted Guides to
Ieasurement Uncertainty.

51 EETURNILOSS

The foll owing uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-60000He 0.14B

52 DIMENSTOR MEASTIR EMENT

The following uncettainties apply to the dimension measurements:

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

53 WALIDATION MMEASTEEMENT
The guidelines cutlined in the IEEE 1525, JET &5 Bulletin ©, CENELEC EN50361 and CELIEC

02208 slandards  were  [ollowed Lo generale  he measureraenl  uncerlaoly [or validalion
measurements.

Scan Volume Expanded Uncertainty
lg 16,19 %
10z 1386 %
FPags: 59
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& CALIBEATION MEASUREMENT RESULTS
&1 EETUENLOSE
Frequency (MHz)
1500 50 o) 1850 2000
1 n "
10
@ -
E 15 — Sl
w s
L ! =
25 _—
-l -
Frequency (MHz) Return Loss (dB) Reqguirement (dB)
1200 -25.23 -20
&2 MECHANWNICAT DINWMENSTONS
Frequency MHz L i h rm d mm
required measured requlired me-asured requlred measured
300 42001 3% 280801 %5 E.35 =1%.
450 2900 +1 35, 1BE. 7 155 B35 +1%.
150 17601 35, 10081 %5 E.35 =1%.
235 1E1.0+1 35 208 +1%% 3B *1%.
o0 1498 +1 S, 83.3+1% 1E*1%.
1454 89.1+]1 %= 51.7 1% 3B *1%.
158 B0 5] % SO0 1 1E*1%.
164 79.0+1 % 457 £1% 3B 1%
1754 75.2+1 % 42,8 +1%, 3B *1%.
1880 T2 417 £1%. 1E*1%.
1888 B +] 3 FASS 495 +1 % A S5 3B 1% PASS
1954 EE.3+1 %5 B9 1% 1E*1%.
2080 E4.5+1 % 4751 3B 1%
2188 E1.d+] %= 35.7 1% JE=1%.
23508 5551 % 42E 1% 3B 1%
2354 51.5+1 % 304 1% JE=1%.
2EDD 485 +1 %= LR 3B *1%.
L ) 41.5+1 %= 25019 JE=1%.
3588 3701 %5 o 3B *1%.
El-H 34,71 % B4 1% 1E*1%.
Frage: &%
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7 VALIDATION MEASUREMMENNT
The IEEE =td 1525, OET 65 Bulletin C and CELTEC 62209 standards state that the system

validation measurements must ke performed vsing 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 MEASUREWEMNT CCMDITION

Software OPEMZAR V4
Phattom BN 20,00 3AMTI
Prabe SN 1311 EPGIE2
Licuid Head Liguid ¥ alues: eps” : 304 sigma: 1.42
Distance between dipole center and liguid 100 mm
Area scan resolution dr=Emm/dyv=Emm
Zoon JcanResolution dr=Emm/dv=Em/de=Smm
Frecuency 1200 MH=
Ingnat power 20 dBm
Ligquid Temperature 21°C
Lab Temperature a1+
L ab Humidity 45 %
7.2 HEAD LICUID WMEASTREMENT
[
rer?ﬂu:zm Relative permitthvity (e, Conductivity o] S/m
required meas U red required measured
300 453 +5% D=5 %
458 4345 +5% O87+5%
750 41.9+5% 080 +5 %
315 415 +5% 0.80+5%
a0 41.5+5% 097 +5%
1450 405 +5% 1.20+5%
1580 404 +5% 1.23+5%
1640 4.2 +5% 1.31+5%
1750 4.1 +5% 1.37 5%
1800 400 =5 % 1.40+5 %
15080 400 =5 % FASS 1.40+5 % FA55
1950 400 =5 % 1.40+5 %
2000 400 +5% 140+5%
2100 398 +5% 149 +5%
2300 39.5+5% 1E?+5%
2450 302 +5% 1.80+5%
2EOD 309.0+5% 196 +5%
3000 38559 2.40+5%
31580 37.9+5% 2.91+5%
Fage: 749
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73 MEASTEEWENT EESTLT

The IEEE 5Std. 1528 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR walues shown below (for phantom thickness of 2 tmm), within the
uncertainty for the system validation, All AR values are nommalized to 1 W forward power. In
bracket, the measured ZAF iz miven with the used input power.

Z-Luiz Conlal

c0-F T
150 14

B | o |

[ ¥mal [T W)

Frer‘:'ﬂ“::“"' 1g SAR (W/kg/ W) 102 SAR (W/kg/W)
requlred meas U red reaquired mreas mred

300 2.85 1.94

450 458 106

750 a.49 555

435 a.56 E.22

300 10.9 E.99

1450 29 16

1500 30.5 16.8

1640 11.2 18.4

1750 164 19.3

1800 8.4 201

1500 39.7 20,44 (4.04) 205 20.60 (2. 08)
1950 405 209

2000 411 211

2100 5 219

2300 48.7 233

2450 52.4 24

2600 55.3 245

3000 £3.8 25.7

3500 £7.1 25

Zeoam | Dud

SAR, 7 Axis Sean (= 1,7 = -1}

K

b,

‘\

~—

25 50 75 100 125 180 175 MD 25 A
Zivwry
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LIST OF EQUIPMENT

Equipment Summsa

ry Sheet

Equipment Manufacturer § Identification N Current Next Calibration
Description Model enfalicalion 230-1 - ¢ a)ibration Date Date
. aldated. Mo cal alidated. Mo cal
Flat Phantam Satimao SN-2009-5AM7 1 baruiired argiired
COMOGAR TestDench|  Version 2 N, alidated. Nocal — |Validated. Mo cal
Fequired. Fequired.
Network Analyzer | "100% & Scmarz SN100132 022010 02/2013
Calipers Carrerd CALIFER-O1 122010 1272013
Reference Prahe Satimo EPG 127 SH 18411 Characterized prior to|Characterized prior to

test. Mo cal reguirad.

test. Mo cal raguirad.

Multimeter

keithley 2000 1138656 11/2010 112013

Signal Generatar Agilent E4435C b 4207 0551 12/2010 1272013
) Characterized prior to|Characterized prior to
Amplimer Aethe reomm S D48 test. Mo cal required. |test. Mo cal reguired.

FPower Meter HP E44184, LIS38261498 11/2010 112013

Hower mensar HH ECH-EZb A =34 1814k8U 112070 112013
Directional Coupler |  Narda 4216-20 01385 Characterized prior to) Characterized prior 1o
est. Mo cal required. |test. Mo cal required.

Tamperature and
Hurmidity Sensor Caontrol Company 11-661-9 32010 32012
Fage: 24
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ATTESTATION OF GLOBAL COMPLIANCE CO. LTD.

1&2F, W02 BUILDING, HUAFENG NO.1 INDUSTRIAL PARK, GUSHU
COMMUNITY XIXTANG 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. - Eennesaw, GA 30144

ACCREDITED

Calibratan CERT #2146.02

12/09/11

SRR

T Ao oo oo o e A o oA O o oo A AT A T O oo AT A AT oa
LIRS QUULHTLEILL PIESEILLS LI T ELIIUE 3110 TESLULS ITOII 41l aCCIEWLeEd an TEIEIEIICE IpUIE CallorallioL
performed in 3ATIMO T3 A using the COMIZAR test bench  All calibration results are traceable
to nati onal et olo gy institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the TEEE 1528, OET £5 Bulletin

Cand CELVIEC 62209 standards for reference dipoles used for SAR measurement system wali datl ons

and the measurements that were performed to werify that the product complies with the fore

mentioned standards.

2 DEVICE UNDEER TEST
Device Under Test
Device Type COMOSAR 2450 MH: REEFEEERCE DIFOLE
b anufacturer Sabmo
Mlodel 1D 2450
Serial Mumber S 4611 DIP 2G450-189
Product Condition (new f used) rLEwr

A wearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENER AT INFORN A TTON

Satime’ s COMOZATR Validation Dipoles are built in accordance to the IEEE 1528, OET &5 Bulletin

C and CETIEC 62209 standards.
only.

The product 15 designed for use with the COMOSAE. test bench

Figure 1 — Satirme COMOSAR Validaiion Dipole

Fage: 4%
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4 MEASUREMENT METHOD

The TEEE 1528, OET &5 Bulletin © and CEITEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
petformed to werify that the product complies with the fore mentioned standards.

41 EETUEN LOSSEEECUIRENENTS

The dipole used for SAER svstem walidation 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 MECHAWICAT REQUIREWMENTS

The IEEE 3td 1528 and CELUIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMNOZAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMNOEAE test bench comply with the requirements set forth for a 2
mim phattomn shell thickness,

5 MEASTUREMENT UNCERTATNTY

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 Internaticnally Accepted Guides to
Measurement Uncertainty.

51 EETUOEMTLOSS

The following uncertainties apply to the return loss measurem ent:

Frequency hand Expanded Uncertainty on BEeturn Loss
400-6000MHz 0.1 dE

52 DIMENSION MEASTUREMENT

The following uncertainties apply to the dimension measurements:

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

55 VALITDATION WMEASTEEWMENT
The guidelines cutlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELIEC

62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Yolume Expanded Uncertainty
lg 16.19 %
10 g 15.86 %
Page: 59
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6 CALIBERATION MEASUREWMENT RESULTS
61 EETUENLOEE

Frequency (MHz)

2350 2400 450 500 2550
L Il
-1
1
] — |
a5 i
30 -
31707 _
3 -
i)
Frequency (MHz) Return Loss (dB) Requirement {dB)
24350 -31.71 21

6.2 MECHAMNICAT DIMNERNSTORNS

Frequency MHz L mim h mm dmm
requlred measured requ| red measured required mieasured
300 42001 %, 25001 % E.35 +1%.
4580 2900 +] %, 1BE.7 +1 %5 E.35 +1%.
50 17601 %, 100.0£1 %%, E.35 =19,
835 1E1.0+1 %, BB +1%. 1E+1%.
a0 14950 +1 %, B33=1% 3E+1%.
1450 89,1 =1 %, 51.7=1%. 3E+1%.
1500 051 SO0 1% 3E+1%.
1E40 7901 % 45,7 1%, 1E+1%.
1750 5.2 1 % 42.9+1%. JE+1%.
1800 J2.0=1 % 41.7 =1%. 3E+1%.
1000 ER.0 1 %, 30.5 1%, 1E 1%,
1950 EE.3 *1 % 385 x1%. 3E+1%.
2000 E4.5 +1 % 37.5+1% JE+1%.
2100 E1.0+1 % 357 =1 %, JE+1%.
2300 55.5 =1 %, 32.B=1%. 3E+1%.
2450 51.5+1%. PASS 30.4+1%. PSS 1E+1%. PASS
2EDD 48.5 +1 %, 2B 8x1%. 1E+1%.
3000 41.5+1 %, 25.0+1%. JE+1%.
PG 27.0:1 % 26.1£1%, 26 +1%.
3700 34.7+1 % 2B 1% 3E+1%.
Fage: &%
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7 VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin © and CELTEC 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
azainst a liquid filled flat phantom, with the phantom constructed as cutlined 1o the fors mentioned
standards. Per the standards, the dipole shall be positioned bel ow 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 MEASTUEEMENT COMNDTTTON

= ot o o DOPEHEAR V4
Phiart ot A 2000 ZAMTL
Pt dbe aM 18011 EPG 122
Licguid Head Liguid ¥ alues eps” : 390 sigma: 184
Digtatice between dipole center and Hoguid 10.0 mm
At ea suan resululivn x— B dy— B 1o
Zoot 3 can Resolul on di=EmmSdy=EmSde=Smm
Ft equency 2450 MH=
Ingng powet 20 dBEm
Licuid Temperatire 21 =
Lah l'ethpetatire 4102
L ab Huni dityr 45 %
7.2 HEAD TICTID hWEASTEEMENT
r
R Rolative permitthiity fe,') Conductivity [2) §m
requl red measured reaulred measured
300 453 5% O.87 +5 %
A0 43,0 L00% 087 100
7580 41.9 5% 080 +5 %
L-E ] 410 E5% Q.00 0
Ll 415+5% 097 +5 %
1458 405 5% 1.280+5 %
15050 404 =5% 1.23+5%
1840 40,2 =5 % 1.31 5%
1750 401 5% 1.37 +5%
1800 40.0+5% 1,48 +5 %
1000 40025 % 140 5%
1950 40.0+5% 1,40 +5 %
2000 40.0=3 % 1.4 =5 %
21050 398 5% 1.49 +5 %
23050 39.5+5% 1E7 +5 %
2450 39.2 5% FASS 1.80+5 % PASS
2B00 39.0+5% 19E +5 %
3000 385=5% 2,40 =5 %
3500 37.9+5% 2.9 5%
Fage: 7%
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4.3 MEASTTREMEDNT EESTILT

The TEEE 5Std 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAFE walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation, All ZAF values are normalized to 1 W forward power In
braclet, the measured SAR 1z given with the used input power.

Fr“’r‘:'ﬂfz"“"' 12 SAR W/l /W) 10 g SAR [W/ kW)
re-gul rerd mreas U red requlred measured
300 2.85 1.404
450 458 0B
750 8.49 5.55
835 9.5E E.22
Ll 109 E.99
1450 24 1E
1508 305 1E.8
1B 34.2 184
1758 3E.4 19.3
1800 EER:) 20.1
1900 19.7 20.5
1950 40.5 20.9
2000 411 211
2100 LYR 21.9
2300 487 23.1
2450 2.4 5422 [5.42) 24 2441 [2.449)
2E00 55.3 24.E
3000 E3.8 25.7
3500 E?.1 25
fwrface Fackusdirlarsiy Zoimril i Dl
Cokas 5ol
ikl
SEFYINY
bt y
5711587
ApE=T110
AERHL
A4 B335
LR o]
pr
irmTa
14345
127169
EN ez )|
A To0
pL-=ierd
e a: )
2peeanal BAR, T Axis Scam (=2 % = -1}
B \
Z.Cits Condil 5. \
e N
z- A48 L 2o M
| , [l
-‘.‘"—"—|_
[k o
an 25 S0 75 100 135 150 1795 M0 25 H2¥0
sk | o | 2 bl
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8 LIST OF EQUIPMENT

Equipment Sumim:

Equipment MManufacturer / Identification o Current Next Calibration
Description Model ‘| Calibration D ate Date
. alidated. Mo cal alidated. Mo cal
Flat Phantom Satimo SN-20/09-5407 1 equired. equired.
COMOSAR Test Bench \ersion 3 A alidated. Mo cal alidated. Mo cal
equired. Fequired.
Network Analyzer Rmdeﬁfimw“ SM100132 02/2010 02/2013
Calipers Carrera CALIPER-OM 1272010 1202013
Reference Probe Satirmo EPG122 SM 181 Characterized prior to|Characterized prior to
test. Mo cal required. |test. Mo calregquired.
Multimeter Keithley 2000 1186656 1172010 1142013
Signal Generatar Agilent E4438C b 4907 0551 1272010 1242013
. Characterized prior to|Characterized prior to
Amplificr Asthercomm SN 046 test. Mo cal required. |test. Mo calrequired.
Poweer Meter HP E4418A U538261493 1172010 1142013
FPower Sensor HP ECP-E26 A LIS37181460 1142010 1172013
Directional Coupler | Marda 4216-20 01336 Characterized priot o/ Characterized prior to
st Nnoral required [fest Mo cal regqoired
Termperature and
Humidity Sensor Control Caompany 11-661-9 322010 3202
Fage: 99
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