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1 DEVICE UNDER TEST
Device Under Test
Dewvice Ty CONOS AR DO IWVETRIC E FIELD PROEE
I nufacturer Satiro
Iiode]1 SoES
Serial Mumber SH 35111 EP132
Frodue t Condition {newr / used) hEwr
Fre quency Bange of Probe 0.5 GH=z3GH=
Eesistance of Three Dipoles at Connector | Dipole 10 B1=1.200 K10
Dipole 2: B2=1 214 V122
Dipole 3: B3=1.004 I

& wearlyealibration interval iz e corn ended.
2 FRODUCT DESCRIFTION

21 GENERAL INFORMATION

Satirmo’s CONIOSAR. E field Probes are bnlt in accordance to the [EEE 1525, OET A5 Bulletin C
and CEITEC 62209 standards,

Figure 1 - Safimo COMOSAR Doametric F flald Dhinole

Probe Length 330 mm
Length of Indradual Dipole 5 4.5 mmn
I xiranrn exterral diarae tex B i
Probe Tip External Diamete Smm
Dhistance betareen dipoles § probe extremity | 2.7 mn

3 MEASUREMENT METHOD

The [EEE 1328, OFT A5 Bulletin C, CEMELEC ENX0361 and CELTEC 62209 standards prordde
recominended practices for the probe calbrations, including the performance characternstics of
interest and rethods berwhich to assess their aftect. All calibrations /rneammernents performed meet
the fore mentioned standards.

31 LIMEARITY
The ewaluation of the linearits was done i free space using the wawegnide, performing a power
sueep fo cover the SAR. range 0.01W kg to 100W kg,
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32 ZEMSTTVITY

Tte sensitiwity fartors o the three dipales were datermined wsing a fwo sten celibration method (air
and tissue simulating i gaid) usiag waveguides as cutlined in he standards.

33 LOWER DETECTION LINMIT

Tte lowe: detect on lim:t was essessed using the same measiremen: se; up as used for the lineanty
measurement The requiredlower detection lirait is 10 m Wikg.

34 I[SCTECEY

Tlte azial 1soropy was evaliated by exposing the prebe to a reference wawve from a standard dipole
with the dipele mounted under the flat phantom in th= test configuration suggested for cystem
validations ard caecks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. Tre hemispherical isotropy 15 determined by inseriing the probe in a thin plastic box filled
with tissue-equivalent 11 quid, with the plastc box illuminated with th= fields from ahalf wave dipole.

Tte dipole 1s rotated about its axiz (0°—180% in 15% increments. At each step the probe is rotated
ahontits awis (1°=3607)

35 BOIMDARY EFTECT

Tte boundary effect is defined as he deviation tetween the SAFR measured data and the exoected
exponential decay in the ligud when the prob= 15 ortented normal te the inzerface. To evaluate this

effect, the ligqud Alled flat phantom is exposed to delds from either a reference dipole or waveguide.
TWith the prebe normal to the phantom surface, the peak spatial average SAFR is measured and

compared to the analytical value at the surface.
4 MEASUREMENT TWCERTATNTY

Tre gaidelines outlined in the TEEE 1328, CET 65 Bulletin C, CEXJELEC EMN50361 and CELTEC
62203 standards were followed to zeneratz the measnrement uncertanty assodated with an E-field
probe calibration using the waveguide technicue. All urcersainies lised below represent an
expanded uncertainty ezpressed at approzimately the 25% confidenze lavel using a coverage factor
of k=2, tracezble to tae Intemational ly Accepted Cuidzs to Measurem ent Uncertainty.

Uncertainty analysis of the probe calibration inwaveguile
Uncertainty Frohahility . s . Stand axd
ERROR SOURCES value (%4) Di wtion Div isor ci Uncertainty (%)
Incident or fororard power 3.10% Eectangmil ar 15 | 1 1.732%
Reflected aowrer 3.10% Eectangmil ar -.E | 1 1.732%
L:oguid conductvity 50% Eectangmil ar ,ﬁ I 1 2 ERTH
L:guid pemittivity 4.10% Rectangmilar \.-'g | 1 2.309%
F.eld homogeneity 3.0 [ectangular L 1 1.732%W
F:eld probe positioning 5.10% Fectanglar 15 I 1 2 ERTH
F:eld probe linzarity 3.00% Fectangiar «,-'g I 1 1.732%
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SATIMOD
Combined standard sncertaimiy 3 E31%
Expanded uncertainty
9% % confidenwe level k=2 11 6682%

3 CALTBFATION MEASTREMENT RESTULTS

Calibration Parameters
Liguid Temperature 219z
Labk Temperatire 21 %
Lab Humidity 45 %
5.1 SEMNSTTTVITY TW ATR
Hormzx dipole | Moy dipole | INormez dipole
1 ) |2 oy | 3 o o
5.1 486 477
DCP dinole 1 | DCF dipole 2 | DCP dipole 3
mV) V) (m V)
95 174 101

Calibrati oa curves er=t(V) (=1,2,2) all sw to obtain H-fiel d walue usng the Formula:
E=\E ' +E +E°

Calibration curves

620- _
500 o
— _
= 400 -
= ] Dipole 1
3 300- e Dipole 2
ﬁ e pole 2
W 200- ’
- -G-_:-:’/
100~ f,,.r =
1_. i i i
000 005 €10 015 020 025 030 035 0.43
Vaoltage [V)
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5.2 LINEARITY

Linearity

1.00-
0.75-
0.50-
0.25-
B LM ae e L
-0.25-
-0.50-
0.75

-1.00-
IEI 100 200 300 400 500 B0OO 700 @200 900 EHIEEI
E-Field [+/m]

Linearity Error [dB]

Linearityl+£2. 29% (+-0.10dE]

5.3  SENSITIVITY IN LIQUID

Liquid e eql;;;;\%g{z_k Permittivity Epsilon(S/'m ComvF
HIL300 300 44.76 0.30 591
HIA50 450 42.52 0.88 0.06
HIRB30 850 41.53 091 6.79
HLo00O 900 41.54 097 6.82
HL1800 1750 38.35 138 6.01
HL1200 1880 39.43 142 .42
HI.2000 1950 40.34 144 5577
HIL2450 2450 38.00 154 5.60
LOWER DETECTION LIMIT: 7TmW/kg
Page: 749
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54 ISOTRCPY

HT.900 MHz
- Axial 1sotropy: 0.08 dB
- Hemispherical 1sotropy: 0.06 dB
Isnirogee carves
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- Axial 1sotropy: 011 4B
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& LIST OF EQUIPMENT

Equipment Summary Sheet

test. Mo cal required.

Equipment Vanufacturer f Identific ation Mo Current Next Calibration
Description Model ‘| Calibration Date Date
Flat Phantom Satimo SN-2009-sAny 1 [faldated. Nocal - f/alidated. © Hlo - cal
equired. equired.
. alidated. Mo cal alidated. Mo eal
COMOSAR Test Bench “ersion 3 MLA, equired. equired.
Ietwark Analyzer ph””ﬁf”vi“hwm SH100132 022010 022013
Reference Prohe Satir g EF 94 S 3705 Characterized prior ta|Characterized prior 1o
test. Mo cal required. [test. Mo cal required.
Multirmeter Keithley 2000 1188656 1152010 1172013
Signal Generalur Agilenl E44380C h™ 4307 0551 12/2010 1252013
Arnnlifie r P p—— SH 046 Characterized prior to|Characterized prior to
p test. Mo cal required. Jtest. Mo calrequired.
Power hater HF E44182 538261498 11,2010 1172013
Mower Sensar HM ECM-E2EA 537181460 1172010 1152013
Directional Coupler Marda 421620 01386 Characterized prior to|Characterized prior to

test. Mo calrequired.

OB8Y7-158-13-712

alidated. Mo cal

alidated. Mo cal

Waveguide Mlega Industries aquired. aquirad.
. . . alidated. Mo cal alidated. Mo cal
Wiy eguide Transition kega Industrics 0E9YY 168 13 701 equired. equired,

Waveguide Termination

Mlega Industries

OBESY7-1598-13-71

alidated. Mo cal
eguired.

alidated. Mo cal
equired.

Termperature f Humidity

Sensnr

Control Company

11-661-9

320310

32012
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Summary:

This document presents the method and results from an accredited COMOSAR. Dosimetric E-Field
Probe calibration performed i SATIMO USA using the CALISAR / CALTBAIR test bench, for use
with a SATIMO COMOSAR system only. All calibration results are traceable to national
metrology institutions.
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SATIMO
1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETERIC E FIELD PROBE
Manufacturer Satimo
Model SSES
Serial Number SN 22/12 EP159
Product Condition (new / used) new
Frequency Range of Probe 0.3 GHz-3GH=z

Eesistance of Three Dipoles at Connector

Dipole 1: R1=0.228 MO
Dipole 2: R2=0.227 MO
Dipole 3: E3=0.234 MO

A yearly calibration mmterval 1s recommended.

2 PRODUCT DESCRIPTION

21 GENEERAT INFOEMATION

Satimo s COMOSAR. E field Probes are bualt mn accordance to the IEEE 1328, OET 65 Bulletin C

and CELIEC 62209 standards.

Figure 1 — Satimoe COMOSAR Dosimertric E field Dipole

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

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELIEC 62209 standards prowvide
recommended practices for the probe calibrations, including the performance characteristics of
mterest and methods by which to assess thew 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 waveguide, performing a power
sweep to cover the SAR range 0.01Wikg to 100W/ikg.

FPage: 4/10
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3.2 SENSITIVITY

The sensitivity factors of the three dipoles were determuned usmg 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 limearity
measurement. The required lower detection limit 1s 10 mWikg.

3.4 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted uncer the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along 1ts main axis from 0 - 360 degrees m 15 degree
steps. The hemispherical 1sotropy 1s determmed by mserting the probe i a thin plastic box filled
with tissue-squivalent liquid, wwith the plastic box illuminatad with the fields from a half wave dipole.
The dipele 1s rotated about its amis {0°—180°) in 13° mcrements. At each step the probe 1s rotated
about its axis (0°—3607).

3.5 BOUNDARY EFFECT

The boundary effect 15 defined as the dewviation between the SAR measured data and the expected
exponential decay in the liguid when the probe 1s oriented normal to the mterface. To ewvaluate thas
effect, the Liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 1s measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined m the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CEL'IEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration usmg the waveguide technique. All uncertamnties listed below represent an
expanded uncertainty expressed at approxumately the 93%0 confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
. . Uncertainty Probability e . Standard
ERROR SOURCES value (%) Distribution Divisor e Uncertainty (%)
Incident or forward power 3.00% Fectangular J?T | 1 1.732%
Reflected power 3.00% Rectangular W3 | 1 1.732%
Liquid conductivity 5.00% Rectangular M3 | 1 2.887%
Ligquid permittivity 4.00% Rectangular N:) | 1 2.309%
Field homogeneity 3.00% Fectangular ﬁ | 1 1.732%
Field probe positioning 5.00% Rectangular NEY | 1 2.8879%
Field probe linearity 3.00% Rectangular N:) | 1 1.732%
Fage: 5/10
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Combined standard uncertainty 5.831%
Expanded uncertainty 11.662%
93 % confidence level k=2 e

5 CALIBRATION MEASTUREMENT RESULTS

’

Calibration Parameters

Liquid Temperature 21 =C

Lab Temperature 21°C

Lab Humdity 45 %

51 SENSITIVITY TN ATR
Normx dipole | Normy dipo].je Normz dipole
1 uV/(Vim)™) | 2 (V/(Vimy™) | 3 (uViVim))
2.41 4.68 J.48

DCP dipole 1
(mW)

DCP dipole 2

DCP dipole 3

102

7a8-

Calibration curves

700-

B00-

€ 500-
400+

300~

E-Field [V

Dipole 1
Dipole 2

200

100- =

1-7
000 0.05 010 015 020 025 030 0.35 040 0.45

Valtage V)]
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Linearity

1.00-
0.75
0.50
025
B L e o ST B
0.25
0.50
0.75

1 . I]D = |
0 100 200 300 400 500 EOD E53

E-Field [v/m)

Linearity Error [dB)

Linearity0+/~1.97% (+/~0.09dE)

5.3 SENSITIVITY IN LIQUID
Ligmid Frequency Permuittivity Epzilon (5/m) ConvE
(MWMH=z +/-
1000EH=)
HL:00 300 44 87 0.86 7.03
HL450 4350 42.90 0.87 5.89
HLES0 233 41.62 0.91 6.05
HILS00 900 4240 0.98 5.79
HL 1800 1730 39.75 1.38 5.22
HL 1200 1880 38.09 1.39 5.73
HL2200 1930 40.85 1.42 5.30
HL2450 2430 40.32 1.79 5.49

LOWEER DETECTION LIMIT: TmWkg

Page: 710
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54 ISOTROPY

HI 900 MHz
- Axial 1sotropy: 003 dB
- Hemuispher:cal isotropw: 0.08 dB
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HL.2450 MHz
- Axal 1sotropy: 0.07 dB
- Hemaspherical isotropy: 0.14 dB
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Directional Coupler

Equipment Manufacturer / . . Current Next Calibration
Description Model e e Date
Flat Phantom Satimo sN-20/09-sam7q |falicated. Nocal  Walidated. No  cal
requred. required.
COMOSAR Test Bench Version 3 NA Walicated. Mo cal Vallc:!ated. Mo  cal
requred. required.
Network Analyzer | 09 & Sehwarz SN100132 02/2010 02/2013
Reference Probe Satimo EP 94 SN 37/08 Characterized prior to |Characterized prior to
test. Mo cal required. [test. Mo eal required.
Multimeter Keithley 2000 1188656 11/2010 1172013
Signal Generator Agilent E4438C MY49070581 12/2010 1272013
Amplifier Aethercomm SN D46 Characterized prior to |Characterized prior to
test. Mo cal required. |test. Mo cal required.
Power Meter HF E4418A US38261495 11/2010 1172013
Power Sensor HP ECP-EZ6A US37T181460 11/2010 11/2013
Marda 4216-20 01386 Charactenzed prior to |Charactenzed prior to

test. Mo cal required.

test. Mo cal required.

0E9Y7-158-13-712

Walicated. Mo cal

WMalidated. Mo cal

a . .

Naveguide Wega Industries requred. required.

Waveguide Transition | Mega Industries | 069Y7-158-13.7g1 [/ aIcated. Nocal  Walidated. No cal
requred. required.

Waveguide Term nation

Wega Industries

0B9Y7-158-13-701

Walicated. Mo cal
requred.

Walidated. No cal
required.

Temperature / Humidity
Sensor

Control Company

11-661-9

32012

32014
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Appendix E. Dipole Calibration Data

SATIMO

The microwae vision compary

SAR Reference Dipole Calibration Report

Ref: ACR.343.5.11.5ATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO. L1D.
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.: SN 46/11 DIP 0G200-185

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

ACCREDITED

Cabbranan CERT #2144.00

12/09/11

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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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.3435.11.54TU A
SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 OET 65 Bulletin
C and CEUVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to vernify 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 SIDS00
Serial Number SN 46/11 DIP 0G9200-185
Product Condition (new / used) new

A vyearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

Sarimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1328 OET 63 Bulletin
C and CEL'TEC 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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SATIMO

4 MEASUREMENT METHOD

The TIEEE 1528 OET 65 Bulletin C and CELTEC 62209 standards provide requirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to venify 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 against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The IEEE sStd. 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 mun phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mim phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

3.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Expanded Uncertainty on Return Loss
0.1dB

Freguency band

400-6000MHz

52

DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm)
3-300

Expanded Uncertainty on Length

0.05 mm

33 VALIDATION MEASUREMENT

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

Scan Volume

Expanded Uncertainty

lg

16.19 %

10g

15.86 %

Fage: 59

Thiz document shall net be reproduced, except in full or in pars, without the wrirten approval af SATIMO.
The irformarion conrained herein is ro be used only for the purpose for which it is submitred and is not to
be released m whole or part without written approval of SATIMO.



SATIMO

SAR REFERENCE DIFOLE CALIBRATION REFORT

Report No.: AGC05U121002-1S1
Page 191 of 203

Ref ACR. M3 311 SATUA

6 CALIBRATION MEASUREMENT EESULTS

6.1 RETURN LOSS
" . K I » -
"‘--.h__“\x =
- = —
T I A
8 N\ 4
/
\ |/
‘H R
Fesguansy iz
Freguency (MHz) Return Loss (dB) Reqguirement (dB)
900 -26.52 -20
6.2 MECHANICAL DIMENSIONS
Frequency MHz L mm b mim d mm
required mueasured reguined measured required measurcd
300 A20.0 £1 %. 250021 % 6.35 £1 %
450 200.0 21 %. 1667 1% 6.35 21 %
750 176.0 £1 %. 100.0 £1 % 6.35 £1 M.
B35 1610 21 %. B9.8 £1 %, 161 %
SO0 1459.0 £1 %. PaSS B3.3 £1%. FASS 3.6+1 % PASS
1450 B9.1 41 %, 51.7£1% 3621 %,
1500 805 +1%, 50,041 % 3.6+1 %
LE40 7900 £1 %. 157 £1% 3621 %
L5 752 £1'%. 2.9 +1% 3641 %
1800 720 £1 %, §1.7 +1% 3621 %
1500 68.0 £1 %, 39.5 £1 % 3.6£1 %
1950 66.3 +1%. 351 1621 %
2000 645 £1 %, 37.5 111 361 %
2100 61.0 +1 %. 35.7 +1 % 3641%
2300 55.5 £1 %, I2.6+1% 16£1%.
2450 51.5 +1%. 30.4 +1% 16 +1%.
2600 A8.5 £1%. BB 1N 3621 %,
000 41541 %, 25.041% 3641 %
3500 37,081 % 264 £1% 361 %
1700 34.721 % 25.4 £1 % J.6x1 %
Page: &9
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7 VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEIVIEC 62209 standards state that the system
valhidaton measurements must be performed using a reference dipole meeting the fore mennoned
retum 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.

7.1 MEASUREMENT CONDITION
Software OPENSAR V4
Phantom SN 20409 SAMT1
Probe SN 18/11 EPG122
Ligqud Head Liquid Values: eps’ : 41.5 sagmia : 0.97
Distance between dipole center and liquad 15.0 mm
Area scan resolution dx=8mm dv=Smm
Zoon Scan Resclution dx=8nm 'dv=8o/dz=5mm
Frequency 900 MHz
Input power 20 dBm
Liguid Temperature 21 *C
Lab Temperature 21 =5C
Lab Humidity 45 %
7.2 HEAD LIOUID MEASUREMENT
Fm:_:::‘nw Relative permittivity (&) Conductivity (o) $/m
required measured required measured
300 A5.3 5% O.B87 #5 %
A50 A35+5% 0BT #5 %
750 4195 % 0E9 5%
835 415 5% 0.50 25 %
Q00 41.5 5% PASS 0.97 £5 % PASS
1450 0.5 +5 % 1.20 +5 %
1500 304 £5 % 1.23 35 %
1640 40.2 £5% 1.31 £5 %
1750 40.1 +5% 1.37 25 %
1800 4000 +5 % 140 £5 %
1900 $0.0 £5% 140 5 %
1950 40,0 25 % 140 25 %
2000 40,0 25 % 140 25 %
2100 39.8 £5% L4595 25 %
2300 39545 % L67 £5 %
2450 392 +5% 180 +5 %
2600 05 % 1.96 5%
3000 38525 % 240 25 %
3500 37.9+5% 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 system vahdation 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 input power.

e 1g SAR (W/ke/W) 10 g SAR (W/kg/W)
required measured required measured
300 2 85 1.94
i 06
750 a. 5.
B35 9,56 622
1 1.9 11.20 (1.12) 6.99 £.04 (0.70)
1450 19 (7
1500 305 16.8
164 14,2 184
1751 36, 1%
1800 3B, 20.1
1900 9.7 20.5
1950 5 0.9
2000 " | 211
2100 416 21.9
230K ¥ 3.3
2450 524
$600 353.3 2.6
3000 63,8 25.7
3500 67.1 25

04y Cambdd

Ta AW P

(R R -

¥ i

SAR, T Ao Soan (M= 1,7 =0)
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8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / 3 ; Current Next Calibration
Description Model Rl el Giom Mne | 2n Tl e Date
Flat Phantom Satimo SN-20/09-sam71 [/alidated. No cal alidated. ~ No cal
required. Fequired.
COMOSAR Test Bench|  Version 3 NA [ohaed. Nocwd  [eaed. o cd)
required. Fequired.
Network Analyzer [ Rrode % Schwarz SN100132 02/2010 02/2013
Calipers Carrera CALIPER-01 1212010 122013
Retiraiee Drobe G EPG122 SN 18/11 Characterized prior to|Characterized pricr to

test. No cal required.

test. No cal required.

Multimeter Keithley 2000 1188656 11/2010 11,2013
Signal Generator Agilent E4438C MY49070581 12/2010 1212013
: Characterized prior to|Characterized pricr to
Aamplificr Asthercomm SN 846 test. No cal required. |[test. No cal required.
Power Meter HP E4418A US38261498 1172010 1142013
Power Sensor HP ECP-E26A Us37181460 11/2010 11/2013
Directional Coupler | Narda 4216-20 01386 Charsciei=ad fior o [Chizritiorisod g to
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Contral Company 11-681-9 3/2010 32012
Fage: 39
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SATIMO

Thie microvaie fsion company

SAR Reference Dipale Calibration Report

Ref: ACR.343.7.11.5ATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO. LTD.

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

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

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

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

ACCREDITED

Calbranan CERT #1146.01

12,09/11

SheFRIRAII

This document presents the method and results from an accredited 3AR reference dipole calibration
petformed in 3ATIMO T34 using the COMOZ AR test bench A1 calibration results are traceahle
to national m etrology institutions,
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A 12/972011 Initral release

Fage: 249

Thuin ehecwervasret afecall meent B repreoefced, sasepl i g7 o deepreed, witfeos e worittee cppe ovee 8 ol SATIA !
The infvonation conrained hevein s to be wed caly fov the popose fov wisch it i submatted o 15 notto
be released i whole o pavt without written gproval of SATIICO.



Report No.: AGC05U121002-1S1
Page 197 of 203

SATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT BeC ACE AT ILS AT
TAEBLE OF CONTENTS

10 Introduction: iy 4

2. DemcenderTestl onnmnnmnnmnninninennsisssnsin i st 4

5 R O 5 o o e A 4
341 Feneral Information 4

4 Measurement MNIBHOd o s s s S R S R R R R ]
4.1 Eeturn Lossz Bequirements 3
4.2 Mechanical Eequirements )

9 MWeasurement TTncertainty . . i,
4.1 Eeturn Loss )
52 Dimension Measurement i
5.3 Walidation Measurement ]

& Calibration Measurement Besulle v )
6.1 Eeturn Loss &
6.2 Mechanical Dimensions &

T Walidabiofn MEeasuremiennt ... )
7.1 Measurement Condition &
72 Head Liguid Measurement &
7E Measurement Eesult &

B List ol Equipmient oo 3

Fage: 29

T docunent shall not be rgproduced, except in full ov in part, withowt the written appe oval of SATIIC
The infmwction covtained hevainis 1o be wed omiy fow the oy ose for wiieh it is sufmaned and is notto
Be released i whole o perr withog written gpraval gf SATRACO



Report No.: AGC05U121002-1S1
Page 198 of 203

¥ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR337113ATILA
SATIMO

1 INTRODUCTION

‘This document containg a summary ot the requirements set Porth by the IEEE 1526, QR 65 Bulletin
Cand CELIEC 62209 standards for reference dipoles used for SAR measurement systemn validahons

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

mentioned standards .

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1200 MHz REEFERENCE DIFCLE
Manufacturer Satito
Model =10 1900
Sertal Mumber SI46/11 DIP 1G200-187
Product Condition (new / uzed) e

4 yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

Lo GEMEE AT THNEFCEMATTCHN

Satmo’ s COMOSAFE Validation Tipeles are built in accordance to the IEEE 1525, OET 65 Bulletin
C and CELVIEC 62209 standards. The product 1z designed for use with the COMOSAE test bench
only.

Figure 1 — Sziima COMOSAR Palidation Dipole

Fage: 449
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4 DMEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin © and CELTEC 62209 standards prowide requirements for
reference dipoles used for system walidation measurements. The fellowing measurem ents were
performed to wverify that the product complies with the fore mentioned standards.

4.1 ERETUEN Loss RECITTREMENTS

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 cutlined in the fore mentioned standards.

42 MECHAWICAT RECTTREMENTS

The IEEE 3td. 1528 and CELTEC 6220% standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COWMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the CORMMOZAE test bench comply with the requirements set forth for a 2
mm phantem shell thickness.

5 MEASUREMENT UTNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximatel v the 25%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measur erenl Uncerlanly.

51 ERETUREN LOSS

The following uncertainties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return L oss
A00-6000Hz 0.1dE

52 DIWMEMNSTOMNWEASTRENMENT

The following uncertainties apply to the dimension measurements:

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

53 VALTDATION MWMEASTURENMENT

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

Scan Volume Expanded Uncertainty
lg 16,19 9%
10z 1586 M
Fage: 5%
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6 CALIERATION MEASUREMENT RESULTS
6.1 RETURN LOSE

Frequency (MHz)

1500 1850 1500 1950 2000
0 )
10
) .
;-I‘.’ - — ——
-
. A |-2m,23
=5 -
Frequency (MHz) Return Loss (dB) HRequirement {dB)
15900 -25.23 -20
6.2 MECHAWICAT DIWEMNSTONS
F-equency MHz L mim h mm dmm
required measured requlred measured requ red meas red
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 % E.35 +1%.
835 1E1.0+1 %, 8.8 =19, 1E=1%,
900 149 0+1 %, B33 £1%. 1B+
1458 89.1 =1 %, 51.7 =1%. 1E=1%,
1500 80,5 1 3%, SO0 £1%. 1E+15%.
1640 79.0 1 %, 457 +1%. 1B+
1750 75.2 71 %, 42.9 1%, 1E=1%,
1800 201 %, 41.7 =1%. 1E=1%,
1900 E8.0 1 %5, PASS 39.5 £1%. RASS 1B+ ]
1950 EE.3 +1 %5, 38.5 £1%. 1B+
2000 E<4.5 =1 %, 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%. 1B+
3000 41.5 =1 %, 25.0 =1%. 1E=1%,
3500 37.0+1 % 2E.4 £1%. 1B+
3700 34,71 %, 2E.4 £1%. 1E=1%,
Fage: &9
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7  VALIDATION MEASUREMENT

The IEEE 5td. 1528, OET &5 Bulletin C 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
against a ligqud filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottem 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.

71 MEASUREMENT COMDTTICHN
Softwate OPENSAR V4
Phantom SN 20409 3ANTL
Probe SN 18/11 EPG1342
Licuid Head Liguid V alues eps” 394 signa: 142

Digtatice between dipale center and lguid

10.0 mm

Area scan resolition

dr=Emim/dy=2 mim

FZom JcanResohigion

dr=EmmSdy=EmiE=5mm

Fregquency 1900 MHz
Inpat powet 20 dBm
Liguid Temperature 21°C
Lah Temperatire 21 *C
L ab Humidity 45 %
7.2 HEAD LIOUTD WMEASTREMENT
Frer?dLll-‘eznw Relative permittvity (&) Lonductlvity (o) §/m
requlred mreasured requlred measured
4] 453 5% QA7 =5 %
450 435 +5% QA7 5 %
750 41,9 =5% 0.89 =5 %
815 41.5+5% Q.90 +5 %
G{x0 41.5+5% 087 +5 %
1458 405 =5% 1.20+5%
1508 40,4 +5% 1.23+5%
1643 402 5% 1.31+5%
1750 401 +5% 1.37 +5 %
18080 0.0 +5% 1.40+5 %
1843 4059 FASS 1,48 +5 % FASS
1950 40,0 5% 1.40+5 %
2000 40,0 5% 1.40+5 %
2108 9.8 +5% 1.49 +5 %
2300 395 =5% 1E7+5%
2450 9.2 =5% 180 +5%
2B 9059 1.0E +5 %
00 385 =05% 240 =5 %
50 379 +5% 2.91+5%
Fage: 79
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73 MEASUREMENT RESULT

The IEEE Ztd 1528 and CELTEDT 62209 standarde ctate that the system walidation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR walues are normalized to 1 W forward power. In
bracket, the mecasurcd SAR 12 giveon with the veed input power.

Frer?dfzm" 12 SAR (W/kg/W) 102 SAR (Wikg/W)
requlred measured requlred measured
k[ 3] 285 1.94
an0 458 3406
750 249 5.55
835 9.5 E.22
L) 109 E.99
1450 29 1E
15040 305 16.8
1640 342 184
1750 4 19.3
1800 384 201
1900 39.7 40,44 [4.04) 205 20,60 [2.08)
1854 445 2048
2000 411 211
2108 EXN 214
2304 487 2313
2450 524 24
2B00 553 246
3000 E18 258.7
35040 E?.1 25
Smfaoe Fadsbsdiniarcly el
. ]
!
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SAR REFERENCE DIPDOLE CALIBRATION REPORT Refl ACRM3TI1EATI A
SATIMO

83 LISTOF EQUIPARENT

Equipment Summany Shee:

Equipment Manufacturer / Tdentific ation o Current Next Calibration
Description MModel ’| Calibration Date Date
. alidated. Ma cal alidated. Mo  cal
Flat Phantom Satima SM-20/09-3AM7 1 Fequired. equired
COMCSAR Test Bench “eesion 3 R dlidaled. Mo cal dlidaled. Mo el
Fequired. Fequired.
Network Analyzer | Mot & Schwarz SN100132 0242010 0242013
Calipers Carrera CALIFER-OM 12£2010 1242013
Reference Prabe Satimo EPG122 SN g1 |Charaderized prior to)Characterized prior to
test. Mo cal required. [test. Mo cal reguired.
rlultimeter keithley 2000 11356456 112010 11/2013
Signal Generator Agilert E4435C WY 4907 0551 1242010 1272013
Amplifier T =1 045 Characterized prior to|Characterized prior to
test. Mo cal required. Jtest. Mo cal reqguired.
Fower Meter HPF =4418A LIS35261495 1142010 11/2013
Power Sensor HP EZP-E2EA LI=371814E60 1152010 1172013
Direstional Coupler | Marda 4216-20 0138€ Characterized prior to | Tharacterized prior to
test. Mo cal required. [test. Mo cal reguired.
Temperature and
Humidity Senser Contro Company 11-661-9 322010 32012
Fage: 38
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