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COMOSAR E-FIELD PROBE CALIBRATION REPORT Rel ACR2IT15 14 SATULA
SATIMO
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer Satimo
Model SSES
Serial Number SN O04/13 EP 166
Product Condition (new / used) Used
Frequency Range of Probe 0.7 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.232 M£}

Dipole 2: R2=0.226 ML}

Dipole 3: R3=0.228 ML}

A wearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

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

Figure 1 — Sarimo COMOSAR Dosimertric 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 extremity | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CEMNELEC EN30361 and CEIVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

lhe evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.0 1W/kg to 1000W/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 liquid) using waveguides as outlined in the standards.

3.3 LOWER DETECTION LIMIT

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

34 ISOTROPY

lhe 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 configuraiion suggesied for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°—~1807) in 15° increments. At each step the probe is rotated
about its axis (0°—3607).

3.5 BOUNDARY EFFECT

l'he boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal 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 avermge SAR is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. 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 Accepied Guides to Measurement Uncertainty.

Uncertainty analyvsis of the probe calibration in waveguide
. - Uncertainty Probabhility .. " Standard
O . ¥ ¥
ERROR SOURLES value (%) Distribution Dwviser o Uncertainty (%)
Incident or forward power 3.00% Rectan gular -\|'r3_ | 1 1.732%
Reflected power 3,00% Rectan gular -\.E | I 1,732%
Liquid conductivity 5.00%% Rectangular -J'E | 1 2.887%
Liquid permittivity EXLE Rectan gular 'u'f3_ | 1 2305
Field homogeneity 3.0 Rectangular \E | 1 1.732%
Field probe positioning 5,00% Rectan gular -\.E | I 288 7%
Field probe linearity 3.00% Rectan gular J_?T | 1 1.732%
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Combined standard uncertainty 58319
Ex panded uncertainty 12 00
95 % confidence level k=2 o

'

CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liquid Tem perature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %

5.1 SENSITIVITY IN AIR

Normx dipole

Normy dipole

Normz dipole

L (uVAVImMT) | 2 (VA | 3 (nvViivim)®)
B.57 4,83 7.15
DCP dipole | | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)

02 )] 03

Calibration curves ei=fi V) (i=1,2,3) allow to obtain H-field value using the formula:

Calibration curves

Dipole 1
Dipole 2

1025-

ann-
) /
= E00-
=
o
L 400-
1] /

200- /
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5.2 LINEARITY

Linearity

1.00-
0.75-

0.50-

0.25-

BN o e o e e o e o o

0.25-

Linearity Error (dB)

-0.50-
0.75=

1.00-
E-Field [V/m)

Linearity.0+/-1.55% (+/-0.07dE)

5.3 SENSITIVITY IN LIQUID

Liquid Frequency Permittivity Epsilon (5/'m} ConvE

(MHz +/-

1008 HZ)
HLA&50 B35 42.81 089 5.68
BL 850 B35 53.46 .94 5.84
HLS00 CHMD 42,47 0.5 534
BL 900 M) 56,69 1.08 5.54
HL 1800 1800 41,31 1.38 475
BL I8 1800 53.27 1.51 4.93
HL 19400 15010 41.09 1.42 5,25
BL 1900 1900 54,20 1.54 542
HL2000 2000 39,72 1.43 451
BL2000 2000 53.91 1.53 4.91
HL2450 2450 39,05 1.77 493
BL2450 2450 52,97 1.93 5.07
HL2600 2600 38.35 1.92 5.02
BL 2600 2600 51.81 219 522

LOWER DETECTION LIMIT: TmW/kg
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54  ISOTROPY
HL900 MHz
- Axial isotropy:
- Hemispherical isotropy:
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No. Current Next Calibration
Description Model Calibration Date Date
. Malidated. Mo cal Malidated. Mo cal
Flat Phantom Satimo SN-20/09-5AMT1 required, required.
. Validated. Mo cal Malidated, No  cal
COMOSAR Test Bench Version 3 NA required. required.
Network Analyzer | 098 % Sehwarz SN100132 02/2013 0212016
Reference Probe Satimo EP 94 SN 37/08 10/2013 10/2014
Multimeter Keithley 2000 1188856 12/2013 1212018
Signal Generator Agilent E4438C MY48070581 12/2013 12/2016
. Characterized prior to |Characterized prior to
Amglier Asthercomm SN 046 test. Mo cal required. [test. Mo cal required.
Fower Meter HF E44184 US38261498 12/2013 12/2018
Power Sensor HP ECP-EZ26A, US37181460 12/2013 1212016
) ) . Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01366 test. Mo cal required. [test. Mo cal required.
. ) Malidated. Mo cal Malidated. Mo cal
Waveguide Mega Industries 069%7-158-13-712 required. required.
) " , Validated. Mo cal Malidated, Mo cal
Wavequide Transition [ Mega Industries | 069%7-158-13-701 required. required.

. _— . Validated. Mo cal Malidated. Mo cal
Waveguide Termination| Mega Industries | 089%7-158-13-701 required. required.
Temperature / Humidity

) Control Company 11-661-9 8/2012 8/2015

ensor
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CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO., LTD

ELECTRONICTESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518035)

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERTAL NO.: SN 09/13 EP169

Calibrated at BIVG TS
2105 Barrett Park Dr. - Kennesaw, GA 30144

? g
% 7~ [ACCREDITED

05/05/15

AT e gt

This domiment presents the method and results fom an accredited COMOS AR Dosimetre E-Fiald
Probe calbration pedfonmed in MV TS A using the CALIS AR F CALIBAIR test berch, for use
with a COMOSAR system only. Al calibration resalts are traceable to nabional metmwlogy
ins b Hons .

CCIC-SET/T-I (00) Page 107 of 169




CIC
\—J Report No. SET2015-09927
COMOSAR E-FIELD FROEE C ALTER ATION REF ORT Ref: ACE.125.1.14 54TTLA
Mane Function Dte Signatire
Frepared by : Jerdme LUC Product Manager Y5015 e
Checkad by Jériitne LUC Product Manager 574015 )=
Approved Bp - Kim RUTKOWSKI Ciality Manager 574015
Cuis tormer Merme
CCIC B0OUTHERM
ELECTEOMIC
e FERODUCT
Distrifuition TESTING
(mHEMZHEM) Co |
Ltd
Jesue Diega Modifications
& 552015 Initial release
Page: 249

This documens shallnotbe vaprrduced, excepy e full orin poxt, wirfour the weidtey approwel of MG

The igformmion contmined beved i5to be wed oy B fie paepose fv which ir is subpdtted aud 35 noe o

Be yeleased B Whole o paat Wow weitien axprovelof Wz

CCIC-SET/T-I (00) Page 108 of 169




CIC
v Report No. SET2015-09927

COMOSAR E-FIELD FROEE C ALTBRATION REFORT Ref: ACR.145.1.14.24TTA

TABLE OF CONTENTS

1 DresiceUnder Test e
2 ProductDescaphon . oo

21 General Infortnation 4
3 Measarement Method

3l Linearity

32 Sensitivity
33 Loweer Detection Limit
34 lzotropy
35  Boundary Effect
4 Deasurerment Uncertadnty . S
5 Calibration Measurement Fesalts B

51 Sensitivity in atr

L T T T R

52  Linearity

53 sensitivity in liqud
54 lzotropy

[ v I = ¥

6 ListofEquiprment o B

Page: 3%

This docugen sialinotbe reprprduced, excepd i full orin poxt, witfourthe witten opprowel of MG
The informmion contained Beved i5to e wed oudy B fie paopose fiv Which ir is subpdtted mad 35 noe o
Be releaned B Whole o pard Wiew weitin apprwalof Wz

CCIC-SET/T-I (00) Page 109 of 169




)

CIC
v Report No. SET2015-09927

COMOSAR E-FIELD PROBE C ALIBRATION REFORT Fuf: ACE.125.1 .14 SATTL A

1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Mlanufacturer LIV G
Ilodel SEES
Setial Mumber SMO%153EP1A8
Product Condition {new / used) Jsed
Frequency Fange of Probe 0.7 GHz-3GH=z
Resistance of Three Dipoles at Connector Dipole 1: R1=0222 102
Dipole 2 R2=0232 102
Dipole 3: R3=0.231 MO

& wyearly calibration interval is recomrmnended.
2 PRODUCT DESCRIPTION

21 GENERAL WFORMA TION

LWV G s COMOEAR E field Probes are built in accordance to the [EEE 15238, OET 6% Bulletin C and
CELIEC A2209 standards.

Figure 1 - AFE COMOSAR Dosimetric B field Dipole

ProbeLength 330 mm
Length of Individual Dipdles 4.5 mm
Ilasdmum extemal diameter & 1mm
Probe Tip Esternal Diameter 5 mm
Distance hetween dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C, CENELEC EMN50361 and CELIEC 62209 standards prowvide
recotrumended practices for the probe calibrations, including the performance characteristics of
irterest and methods by which to assess their affect. All calibmations/ measurements performed meet
the fore mentioned standards.

31 LINEARITY

The evaluation of the linearity was done in free space using the wavegnide, performming a poswer
sweep to cover the 3AR range 0.01W/log to 100W gz,
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3.2 BENGITIVITY

The sensitiwity factors of the three dipoles were detenmined using a two step calibration method (air
and tissue simulating ligquid) using waveguides as ouflined in the standards.

3.3 LOWEER DETECTIONLIWIT

The lower detection imit was assessed using the same measurement set up as used for the lineanty
measuremnent. The required lower detection litndt iz 10 mW/ig,

34 [BOTEOPY

The azzial isotropy was evaluated by exposing the probe to a reference wawe from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
walidations and checks. The probewas rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The herispherical isotropy 15 determmined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic hox illuminated with the fields from a hal fwave dipole.
The dipole is rotated about its ams (0°-180" in 157 increments. At each step the probe is rotated
ahot its asis (0°-3607)

3.5 BOUNDARY FFFECT

The boundary effect 15 defined as the dewiation between the SAFR measured data and the expected
exponential decay in the liquid when the probe iz oriented nonmal to the interface. To ewvaluate this
effect, the Lquid filled flat phantom iz exzposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial awverage SAF iz measured and
cotrpared to the analytical value at the surface.

4 MEASUREMENT UNCERT AINTY

The guidelines outlined in the IEEE 1538, OET 65 Bulletin C, CENELEC EN30361 and CEIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigque All uncertainties listed below represent an
expanded uncettainty expressed at appro:dmately the 95% confidence level using a coverage factor
of k=1, traceahle to the Intemati onally Accepted Guides to IMeasurement Uncertainty.

Report No. SET2015-09927

Uncertaindy analysie of the prob e c alibration inwaregud e
Uncertainiy Prohahility .. . Standard
ERROR SOURCES value (%) Distrihution Dvisor ci Une ity (%)
Incident cr forerard power 3000 Eectanglar -\."3_ 1 1.733%
Feflected povrer 300 Rectananlar | ——+fF — 1 1.732%
Liguid conductvity 50005 Rectanglar — 'gllg_ 1 2887
Liguid pemmuttvity 4 00 Fectanglar -\E— 1 2.309%
Field homogereity 3.0 Fectanglar V3 1 1750205
Field probe posiboning 5000 Eectanglar 1.|'§ 1 28R
Page: 3%

This docwsen sinllnotbe reparduced, except i full orin poxd, Witfoudthe witem approwel of MG
The igformmiy contaned Beved i5to e wed oy B e paopose fr Waich ir is subpdtted mad i 5w i
Be veleased b waole oy pard Wifie it weitin approwal of V7

CCIC-SET/T-I (00)

Page 111 of 169



Report No. SET2015-09927

@
= COMOSAR E-FIELD FROBE CALIERATION REFORT

Eef: ACE.125.1.14.5ATTT.A

Field probe linearity 3000 Fectangnlar \IIL_:IT 1.753%
Conh ined standard uncertainty 5851
Expanded uncertainty 1205

95% confidence level k= 2 ’

5 CALIBRATION MEASUREMENT RESULTS

Calibration P arameters

Liguid Temperabire a1 ec
Lab Tempemture a-C
Lab Humidity 45 %
51 SEMNSITIVITY M AR
Mortne: dipole | Moy dipole | Homz dipole
1 UV AWy | 2 QU AR myy | 3 (U AV im))
.16 f.11 5.85
DCP dipole 1 | DCP dipole 2 | DCP dipale 3
(1) (1) (1)
95 36 91

Calibration curves ei=13") (1=1,2,3) allow to obtain H-field valueusing the fonmula:

E=JE'+E'+E’

Calibration curves

8EE-
L= "
P
L1 L
£ EO0- »” —
S |
= LT 4
3 d0- — T
& A
20—
A
1=
0.000050100.150.200 250.300.350 400450 2005060058 0.2
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-0.50-

0.75-
-1.00-

LINEARTTY

1.00-
0.75-

Linearity

0.50-

n.25-

01 00— bt o ettt

0.25-

1] ]

100

E-Field [V /m)

Linearity.0+-1.83% (+-0.08dE)

53 BENGITIWITY N LIOUID

150 200 250 300 350 400 4ED4E|!'I

Liquid Frequency Permithivity Epsilon {3 im) CorwF
{(MHz +/-
100RH =)
HL7?50 750 4185 0.20 526
EL?50 50 5628 0o 541
HL2200 2300 3875 1.64 475
BLZ300 2300 s5les 1.77 493

LOWER DETECTION LIMIT: FmWilg
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54 [EOTEOPY

HL 750 MHz
- Aszial izotropy:

- Herri sphierical isatropy

.-"‘-

0.04 dB
0.07 db

IBolEy Cuns

=

Page: S

This docimens shollnotbe raprrduced, excepy e full orin poxt, wirfour the ueiiten approwal of MG,
The ixformmion comtoined heved i5to be wed oy B fie paopose fiv which iz is subpdtted mud 15wy fo

Berelrased I whole oy poxt withow weitsen apprrvalof MFE

CCIC-SET/T-I (00)

Page 114 of 169




)

CIC
\-/ Report No. SET2015-09927

COMOSAR E-FIELD FROEBE CALIBRATION REFORT Fef: ACR.145.1 14.5ATTLA

6 LIST OF EQUIPMENT

Equiprnent Surmmary Sheet
e e e
Flat P hantom MG SN-20/09-54M 71 ;'E;E’i izf" Mo cal e?; Ef';?" Mo cal
COMOSAR Test Bench “ersion 3 hA, ;'E;E’iiff' Mo cal Ei‘mfg?' Mo cal
Netnark Analyzer | FP00E g‘vi':h‘““ﬁrz SH1 001 32 022013 0212016
Reference Probe MG EP 94 SN 37/08 10/2014 10/2015
M Litim eter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E 44380 MY 49070581 12/2013 1212016
R T R
Power Meter HF E44184 US35261 493 12/2013 1212016
P ower Sensor HP ECP-E2BA US371 81460 12/2013 1212016
Directional C oupler M arda 4216-20 01386 feﬁ_raﬁuengfeg[jﬁ;f feﬁ_raﬁuegsfig[jﬁ;:f
Waveguide Mega Industriss | 069¥F-158-13-712 ;ﬂi‘fﬂf" Mo cal Ei‘;ﬁf‘;'fﬁ' Mo cal
Waveguide Transition | Mega Industries | 0B3Y7 -158-13-7 01 ;‘E;E’iizf’- No cal Ei‘q'l‘j’ifg?- Mo cal
aveguide Terminstion| Mega Industries | 0B9Y7-158-13-701 ;ﬂi‘fﬂf" Mo cal Ei‘;ﬁf‘;'fﬁ' Mo cal
Temperagt:fséf“mid”’f Cortral Company 11-661-9 82012 82015

FPage: e
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SATIMO

The sdcromy s vhdan Sy

SAR Reference Dipole Calibration Report

Ref: ACR.240.1.14. SATU.A

)L

CCIC SOUTHERN ELECTRONIC PRODUCT

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI

TESTING (SHENZHEN) CO., LTD

TOWN
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIPOGS35-217

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

& 'ACCR;DWED

“Yuuf, [dsy whEwbTy AT LI

08:’28\/ 14

Summary:

This decument preserts the methad and results from an aceredited SAR reference dipole ealibration
pecformed in SATIMO USA using the COMOSAR wst bench.  All calibrution results are mraccable

1o mhivnal metlogy instiiutions,
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1 INTRODUCTION

mentioned standards.

2 DEVICE UNDER TEST

Device Type
Manufacturer
Muodel

Serial Number

Device Under Test

COMOSAR 8§35 Mz REFERENCE DIPOL E_|
Salima

SID$33
SN 06713 DIPOG835-217

Produel Condilion (new !

used)

used

il GENERAL INFORMATION

only.

A
1

l"iguré

St

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

-, = W"\"m
ArE e
‘ I . ;

aima COMOS, h‘l’ Validation Dipole

Page: 411

TRk QN UM ST G B A Al S S A v W It WA R eRens oy el of NS

This document conrains a summary of the requirements set forsh by the JEEE 152§, OET 63 Bulletin
Cand CELIEC 62209 standards for reference dipales used for SAR mensurement system validations

and the measurements that were perlormed 1o verify that the preduct complies with the fore

Satumo’s COMOSAR Validation Dipoles dre built in accordance to the [EEE 1528, OET 65 Bulletin
C and CENTEC 62209 standards, The precluet is designed lor use with the COMOSAR test bench
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4 MFASUREMENT METHOD

The IEEE 1528, OET &5 Bulletin € and CEITEC 62200 siandanls provide requirements for
reference dipoles used for system walidution measurements.  The Tollowing measurements were
performed to verify that the product complies with the fore mentioned stancards.

4.1 RETURN LOSS REQUIREMENTS

The dipale used for SAR system validation measurements and checks must have & return loss of =20
dB or setter. ‘The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom coaswcted us oullined in the fore mentioned standards.

4.2 MECHANICATL REQUIREMENTS

The TEEE Sid. 1528 and CEFIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test berch employs a ® mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements sel forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncermainrics listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor al'k 2, traceable to the Tnteratianally Accepled Guides 1o
Measurement Unuerlainly,

5.1 RETURN LOSS
The follawing uncertainties apply to the return loss measurement:
Frequeney band Expanded Uncertainty on Return Loss

A0-60HONMH 2 N.1dB3

52  DIMENSION MEASUREMENT

The following uncertainiies apply (o the dimension measurenents.

Length (mm) Expanded Uncertainty on Length

3300 0.05 mm

33 VALIDATION MEASUREMEN I

The guidelines outlined in the [EEE 1528, OET 65 Bulletin €, CENFLEC ENSO36a1 and CEITEC
02209 standards were followed lo gencrale the measurement uncerlainly  for validation

measurements, S
Scan Yolume Expanded Lncertainty
lg 20.3%
[0y \ 20.1 %

Page: 3:11
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i CALIBRATION MEASUREMENT RESIILTS

6.1 RETLRN LOSS AND IMPEDANCE IN HEAD LIQUIL

Fraquency. MHz
&0 B0 %0

S0
Freyueney (MIlz) Return Loss (AB) Requirement (dB)

833 -23.17 20

Impedance

574 Q-0.2j0

6.2 RETLURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, Mz

735 €0 70 B0 X S 860 B0 S0 %20

£35

l
4
|
{
{
1
i

.)(* 4
30~ |
Frequency (MHz) Return Loss (dB) Requirement (dB)
835 -24.50 -20

6.3  MECITANICAL DIMENSIONS

Impedance
35001 390Q

Frequency k2 L mm hmm dmm
required meassured required measured required measwed
300 420021 % 250.0 22 %, 6.35 =1 %,
450 230041 % 156.7 21 %, G.35 21 %,
750 176041 % 13002 X%, 6.35z1%.
835 | 161.031%. PASS 89.8 21 %. PASS 1.6 11 %. PASS

Page: 081
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SATIMOD
am 49021 % 843 1% 3.8 01 %,
1350 T 557-1m 1611%.
7800 8051 S0.0=1 %, 16 +1%.
1540 201 %, 45721, 36 £1 %,
1750 7521 %, 428:1% 3.6 £1%.
1900 720:21%. 417:1%. 3551%.
1400 6B0=1%. 3521%, 36:1%.
BT 6631 365=1%. 35:1%.
2000 64521 % 3751, 35£1%.
2100 61021 % 3720 36:1%.
2300 55521 316=1%. 36£1%.
2450 | stsatm. 304=1%. 35 1%
T 4B 5 21 %, 26821 %, 35:1%.
f 200 | arsam. 22021% 3551%.
3500 | s7eaim 26.0=1%. 35£1%.
3700 34721 %, 26421 %, 35£1%.
| I 1 .
i

!

-

!

1

VALIDATION MEASUREMENT

HEAD LIQUID MEASUREMENT

F“;‘ﬁ"“’ Relative permittivity (1) Conductivity (o] $/m
required measured required measured
3co 45325 % 0.57 5%
450 45:5% 0.67 £5 %
750 419:5% 0.63 =5 %
815 41525 % PASS 0.92 25 % pASS
0 41515% 0.97 £5 %
1250 405:5% 121:5%
1500 DA% 123:5%
1640 402:5% 131:5%
1750 01=5% 137:5%
1300 W00 =5% 143 =5 %
1909 0055 14325 %
1950 We=5% 143=5%
2000 400=5% 142=5%

"

S clnrienent st sor e sdpendacad, R o full ar o o,

Page. =T

IR 2 e e Al af VT

The LKL Std. 1328, OET 65 Bulletin 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 mechameal dimension requirements, The validation measurement must be performed
against a hiquid filled Nlal phantam, with the phantom constructed as outlined in the [ore mentioned
standards.  Per the standands, the dipole shall be positioned below the bottom of the phantom. with
the dipele length centered and parallel to the lengest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.,
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Z100 39815% 14915 %
2300 395 ;5 ’}’; l. '57 15K
2450 30215% 13015 %
2800 39015% 13615 %
3000 3B525%H 24015 %
3500 37945% 29.15%

7.2 SARMEASUREMENT RESULT WIIH HEAD LIQUID

[ Softwure

Rel: ACRZA0 1 MSATULA

The IEEE Std. 1328 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR wvalucs shawn below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. Al SAR values are normalized o | W forward power, In
hracket, the mensured SAR is given with ke nsed input power.

CPINSAR Y4

|_Phuntom B SN 20408 SAMT
Proze SNIRT] EPGI22
Liguid Hed Liguid Values: eps” 1 42,3 sigma - 0.92

Digtunge between dipole venter and liguid

1510 mm

el AR oy S el vRvCEY w S o a pneet s g (e Wesee arpy sy

Aren sean resolution dx~8mmidy-8mm
Locn Scan Resolation dx-8mmidy - Smidz~Smm
Freyquenty 835 MHz
Input power 20 didm
Ligquid Temperature - 21°C
Lab Temperatare 21°C
| Lab Hum dily a5 %
F"f';l‘i"" 1 g SAR (W/kg/W| 10 g SAR (W /kg /W)
required measured required measured
0 283 04
450 453 jle
750 BA3 5.590
&35 .55 09,72{D.53) 622 £30(263)
wu w09 649
1450 9 16
1504 0.5 6.8
1640 .7 184
1750 5.4 93
1800 134 20.1
1900 39.7 20.5
1950 40.5 20.9
2000 411 211
2100 436 21.9
‘ 2300 4.7 23.3

Pope: 88

TG,
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2450 524 24
2620 533 246
3020 B3R 5.3
;5:0 §7.1 25

1"\2

?I Y‘ \

YL ‘\i_‘_

e o e T .

-
T

3

BODY LIQUID MEASUREMENT

"’::r“’ Relative permittivity [5,") Canductivity |a) 5/m
required maasured requived measured

130 6l9:3% 080 £5 %

300 E2.215% 0.5215%

430 56.745% DS £55%

730 £5515% D3615%

8§33 £5.215% FASS 057 £5% PASS
woo 55.045% 10585%

913 £5.045% L06£5%

1430 £4.04550 [ 1304535

1610 E3B45 K TADERH

1800 53345 % 1E245%

1900 E3345 5, 1%
2000 L3345 % | 16243 %
2100 £3245% 162 £5%
2430 E27 55 K 1A R
2600 £25+5% 216+ %
3000 £2.045% 2.7345%

3300 EL355% 331455

2200 190+10% 530410%

3300 A39+10% 542 £10%

2400 137 +10% 553 +10%

Page: ¥1T
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S600)
SRiX)
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48510 %

405010 %

CAUCR A0 13 SATTULA

565=10%

3.77=z10%

482:z10% |

6.00 =10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQLID

Sofiwere
Phanzom
Prone
_Liquid )
Dismance between dipole centes ane liguid
Arca scan resolution
Zoon Scan Resolution
_ Frequency
Input pover
_Liquid Temperature
Lab Temperature
Lab Humidity

Fraguency
MHz

1 54R (W/kg/W)

measured '

| OPENSAR V4
SN 20:09 SAMT]

| SN &1 EPGI22 ,
Body Liguid Values: eps’ 1 5341 sigma 1 0.97
13.0mm
dx=Rmm'dy=8mm
dx=Rmmdy=8m:dz=3mm
813 M1z
20 dBm
21 °C
21 °C

J f‘ l)'il

10 g SAR (W/kg/W]

messured

B35

10.3111.03)

68,74 {067

IR Rl

¢l 3 sl RkERAIZEISA S

Pz Ll
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
| Manufagurd 1 | " yCugrent. | Néxt Calibration
| ,‘bi)qlcﬁ-f LH,' : @Hluﬁhl)nh e whale m 'y
SAM Phantom Saliro SN-20/09-SAM71 }:‘;{j’;’;’;“ Nocal ‘r‘;‘;'t’lfe‘z" Na.
COMOSAR Tas: Banch Version 3 NA :‘g"ﬁf;zd No cal \:{:':’Ifetzd No cal
Network Analyzer R""’“egvic"“’a'z SN100132 02/2013 022016
Calipers Carrera CALIPER-O1 1202013 122018
Reference Probe Saz;mc EPG122 SN 1811 | 1012013 10/2014
-Muih' meter Keithley 2000 1185656 1212013 1212016
»Signal Generater Agilent E4£58C MY4507058° 12:2013 122016
Amplifier Agthercomm SN 046 ;:?raéfggp:egzﬁreg g‘s?ra':;;;f(ég;;é;o
Fawer Metar HP E44184 US35261458 1212013 12/2016
Pawer Sansar HP ECP-E26A US37181450 1202013 1212016
[ ovstonicoior | Nanartozy | owes |Chamieiee o b Cecsiied i
L‘j}",‘;i’g{fy‘gfnzgf Cortral Gompany 11-661-9 82012 12015
Poge {111
: i goesmend shall noy g2 reevonia exe :;_-'. " .:.-.‘."‘ I'",:“ L, m.‘-’._-:x.'.‘ ~:\ ‘r"u'.'v " -l;l.,'-f::'n‘-:" TR ELEAT
J
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SID1800 Dipole Calibration Ceriticate

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref : ACR.240.3.14.SATU.A

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

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

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

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

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

\\\‘\\Illlll"/',
" [ACCREDITED

=
Z

NN\

\
s Calibration CERT 2208402

08/28/14

<
/,/,’

Summary:

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

to national metrology institutions.
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1 INTRODUCTION

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

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1800
Serial Number SN 09/13 DIP1G800-216
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — Satimo COMOSAR Validation Dipole

Page: 4/11
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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.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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

measurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.1 %
Page: 5/11
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. MHz
1700 1720 1740 1760 1780

811, dB

1200 1820 1840 1860 1880

1900

50~
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -25.01 -20 46.7 Q +4.5iQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz
700 1720 1740 1780 1780 1800 1820 1840 1860 1880 1900
0- ' ’ ! ' |
= -
” -25
4{;_
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -26.43 -20 458 Q+1.3jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm dmm
required measured required measured required measured
300 420.0 +1 %. 250.0 +1 %. 6.35 £1 %.
450 290.0 +1 %. 166.7 +1 %. 6.35 +1 %.
750 176.0 £1 %. 100.0 1 %. 6.35 +1 %.
835 161.0 £1 %. 89.8 +1 %. 3.6+1%.

Page: 6/11
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900 149.0 1 %. 83.3+1 %. 3.6 +1%.
1450 89.1+1 %. 51.7 +1 %. 3.61%.
1500 80.5 +1 %. 50.0 1 %. 3.61%.
1640 79.0 +1 %. 45.7 +1%. 3.6 +1 %.
1750 75.2 +1%. 429 +1 %. 3.611%.
1800 72.0 1 %. PASS 41.7 +1 %. PASS 3.611%. PASS
1900 68.0 +1 %. 39.5 +1 %. 3.6 +1%.
1950 66.3 £1 %. 38.5+1 %. 3.611%.
2000 64.5 +1 %. 37541 %. 3.61%.
2100 61.0+1 %. 35.7 1 %. 3.6 £1%.
2300 55.5 +1 %. 32.6 11 %. 3.6 +1%.
2450 51.5 +1 %. 30.4 +1 %. 3.6 +1 %.
2600 48.5 1 %. 28.8 +1 %. 3.61%.
3000 415 +1%. 25.0 +1 %. 3.6 £1 %.
3500 37.01 %. 26.4 1 %. 3.611%.
3700 34.7+1 %. 26.4 +1 %. 3.6 +1 %.
7 VALIDATION MEASUREMENT

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

7.1

HEAD LIQUID MEASUREMENT

Fre&:ezncy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured
300 45315 % 0.87 5%
450 43.5+5% 0.87 5%
750 419+5% 0.89+5 %
835 41.5+5% 0.90 5 %
900 41.5+5% 0.97 +5 %
1450 40.5+5 % 1.20+5%
1500 40.4 £5 % 1.2345%
1640 40.2 +5 % 1.3145%
1750 40.1+5% 1.3745%
1800 40.0+5% PASS 14015 % PASS
1900 40.0+5 % 1.401+5%
1950 40.0 £5 % 14015 %
2000 40.0 £5 % 14045 %
Page: 7/11
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2100 39.8+5% 1.49+5%
2300 39.545% 1.67+5%
2450 39.2+5% 1.80+5%
2600 39.0+5% 1.96 £5 %
3000 385+5% 2.40£5 %
3500 379+5% 291 5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

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

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
Fre:AuHechv 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 555
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 193
1800 38.4 38.67 (3.87) 20.1 20.30(2.03)
1900 39.7 20.5
1950 40.5 20.9
2000 41.1 211
2100 43.6 219
2300 48.7 233
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2450 52.4 24
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25
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7.3 BODY LIQUID MEASUREMENT
F
rel?ﬂt:-{ezncy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured

150 61.9 #5 % 0.80 +5 %
300 58.2 +5 % 0.92 +5%
450 56.7 +5 % 0.94 45 %
750 55.5 45 % 0.96 +5 %
835 55.2 45 % 0.97 +5%
900 55.0 5 % 1.05 45 %
915 55.0 45 % 1.06 5 %

1450 54.0 +5 % 13045 %

1610 53.845% 1.40 5 %

1800 53.345% PASS 1.52 45 % PASS
1900 53.35% 1.52 5 %

2000 53.3 45 % 1.52 5%

2100 53.2 45 % 1.62 +5 %

2450 52.745% 1.95 +5 %

2600 52.545% 2.16 45 %

3000 52,045 % 27345 %

3500 51.345% 33145%

5200 49.0 10 % 5.30 +10 %

5300 48.9+10 % 5.42 +10 %

5400 48.7 +10 % 5.53 +10 %

T
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5500 48.6 +10 % 5.65 +10 %
5600 48.5 +10 % 5.77 +10 %
5800 48.2 +10 % 6.00 +10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Body Liquid Values: eps’ : 53.3 sigma : 1.51

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21°€
Lab Temperature 212C
Lab Humidity 45 %
Fre:ﬂ“HeZ“CV 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1800 40.07 (4.01) 21.27 (2.13)
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