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IEEE Std 1528-2003 "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head
form Wireless Communications Devices: Measure Technigues®

IEC 62208-1: 2005 Procedure to measure the Specific Absorption Rate (SAR) in the
frequency range of 300 MHz to 3 GHz Part 1: hand-held mobile wireless
communication devices
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The requirements of the calibration criterion: return Loss must be less than -20dB
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1. Calibration procedure
Return Loss is measured with the dipole mounted with the spacer to position its feed point

exactly below the center marking of the flat phantom section, with the arms oriented parallel to
the body axis. During calibration, The flat phantom is filled with the liguid whose parameters are

calibrated relative to different frequency
2. Calibration Conditions:
A. The spacer from Dipole center to TSL

Distance Dipole Center - TSL | : Frequency
10mm0.2mm with spacer 1900MHz

B. Head TSL parameters

The following parameters and calculation were applied.
Head TSL temperature change is well controlled to be within 22+0.2°C during test.

Nominal Head TSL Measurement Head TSL
Frequency Parameters parameters
- (Permittivity/ Conductivity) {Permittivity/ Conductivity)
1800 MHz 40.00/1.40 38.69/1.44

C. Body TSL parameters

The following parameters and calculation were applied.
Body TSL temperature change is well controlled to be within 2210.2°C during test.

MNominal Body TSL Measurement Body TSL
Frequency Parameters parameters
{Permittivity/ Conductivity) (Permittivity/ Conductivity)
A 1900 MHz | 53.30/11.52 54 654/1.54

3. Measurement Resulls e " ol
Fregquency | Return Loss with Head TSL | Return Loss with Body TSL
1800 MHz -34.74dB | -27.87dB




Calierated conricate penas Mo

s @ SIMT FEVELE To5% 5 2010J10-10-812014

FeESE AL R (HETD)

Fezdls of oallbErEaon and ado el eeplanalis® | oSLNuED poge |

Retum Loss Measurement Plot for head TSL

fret [ o= Meg 108 RefGdE - Cal 1
i | fi Ll 1 i
Ei i

|

— 1k

Chi Stam 1B Gz Pwr DdBm Shop | G5 GHE

Return Loss Measurement Plot for Body TSL

Trel [l B Meg 308/ FeIINdE Ca 1
51 ol i '
pr -, o -
14 -
.
- —
= . 31} — _‘
i 2 |
o i
= "
|
20 = TR
¥
L
_—l— =]
Chl Star 1R GHE Pwr [ dBm Stop 105 GHz

Remark: Attachment 1:SAR validation & Test equipment
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Attachment 1. SAR validation & Test equipment
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- ‘SAR Value {(Wikg)
__m"u"_alldﬂtmr‘r Condition 1g 10g
SAR measured :
with Head TSL AW {input power) 41.35 21.39 !
SAR measured ;
with Body TSL 1W (input power) 38.95 20.51
; A mE | EPREAIR S0 T PR
P ErR A | AT a emvicam Mo Tu auls E H u-;;;llw-m+ l:. EIE
3 & axis Robot axes, Repeatability: £ 0.05 mm.
KR3 #-027-01 ‘ Nominal payload: 3 kg
300 kHz to 8 GHz. Fregquency
Uec;n : Nen:rnrh 5.027-27 2010F31-10-001907 | resoiution: 100 uHz. Measurement
gﬂgz: i 2011.06.26 time: <8 ms, Measurement
bandwidths: 1 Hz to 500 kHz
: 5 kHz - 6 GHz,Resolution:0.1Hz,-144
e e | B0 O puwenﬂ:*?;ﬂ;:.ggn:rgﬂ:;ﬁgu / Level
Lol = -127 dBm:f<1.5 GHz:< 1dB; F>1.5
GHz:< 15dB; f> 3GHz< 2dB
Power Meter 2010F31-10-001906
i NRVD 02716 2011 06,24 100 kHz to 6 GHz,10nW to 500mwW
Millvoltmeter | .. - - | 2010F11-10-001004 | MeasUTemen fEage R.0000mY
2000 €0 11,088 Sensibility: 0.1p V™ 1m V.
0.8 - 2 GHz; Output:6W; Gain:min
Power Amplifier #.027-18 2010F33-10-001467 37.8/typ 40+ 2 dB;
BLMA 0B20-5 2011.06.26 Harmonics:2nd:20dBc, 3rd:20dBc;
r - Line power; 125 W.
Dipole resistance (in the connector
- plane): 1M _to 2M

Isotropic E-Field
Probe
E-FIELD PROBE

#-027-54

2010J10-10-801001
2011.12.25

SAM Phantom | %-027-22

i Watts/kg

Axial isotropy in human-equivalent
liquids: <0.25dBHemispherical
Isctropy in humanequivalent
liquids<0.5dB, Linearity<0.5d8 Lower
SAR detection threshold: 0.0015
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Prepared By: BUTET Romain, SATIMO
Project Description: COMOSAR E-FIELD PROBE
Prepared For (End User): cCs

This document is issued by SATIMQ, in confidence and is not to be reprﬁduoed in whaole or in part
without the prior written permission, The information contained herein is to be used only for the
purpose for which it is submitted and is not to be released in whole or in part without the prior written

permission of SATIMO,
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COMOSAR SEPT ISOTROPIC E-FIELD PROBE CALIBRATION REPORT |

DATE: 5/11/2010
OFFER REFERENCE: PF.127.1.00.SATB B

OBJECT: COMOSAR SEPT ISOTROPIC E-FIELD PROBE
MANUFACTURER: SATIMO

SERIAL NUMBER: SN 11/08 EP100

CUSTOMER: CCS

CONTRACT: B01351

DATE OF CALIBRATION: 5/5/2010

WARRANTY:

This Calibration certificate may not be reproduced other than in full. Calibration certificates
without signalure and seal are not valid. This documentation contains property information which is
protected by copyright. All right are reserved. No part of this document may be photocopied,
reproduced without the prior written agreement of SATIMO, SATIMO shall not be liable for errors
contained herein or for incidental or consequential in connection with the furnishing, performance or
use of this material. Warranty doesn’t apply to Normal wear, Normal tear, Improper use, Improper
maintain, Improper installation,
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PRODUCT DESCRIPTION |

Fn;":qwe:n-::'_n,r Hange 100 MHz - 30 GHz

* Pruhe langth | . 3;Urnm

Z Length of one dlleE | 45;nrn )

j Maximum E‘Kternal dlameter 8 mrn J
: Prube axtramily diametar | 6.5 mm . :
% Dlstance beh.veen dipolesu'probe axlremliy < 2.7 mm !
; i R .Dipale = =2.53w;£_1_‘. s
; Reslstance of the three dipole {at the connector) Dipole 2: R2=2.6353 MQ)
T T o L s A A
: Connaclor {HIRDSE series SR:ED} 6 wire mafe (Hlmse Sﬂaﬂsanes] |

The probe could be checked by measuring the resistance of the three dipoles.

CALIBRATION TEST EQUIPMENT |

TYPE IDENTIFICATION DATE OF CALIBRATION
CALISAR CALIBRATION
Multimeter Keithley (2000, SN: 1000572) Date of calibration: 01-04-2010
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MEASUREMENT PROCEDURE |

Probe calibration is realized, in compliance with CENELEC EN 50361 and IEEE 1528 std, with
CALISAR, SATIMO proprietary calibration system. The calibration is performed with the EN 50361
annexe technigue using reference guide at the five frequencies.

GEJH gable

Waveguide

sAR= 1w —Fuo) o (n2) =D
ahd

(13
Where :
Py = Forward Power
P = Backward Power
aandb =Waveguide dimensions
d = Skin depth
Kelthley configuration:

Rate = Medium; Filter =ON; RDGS=10; FILTER TYPE =MOVING AVERAGE; RANGE AUTO

After each calibration, a SAR measurement is performed on a validation d:ﬁo!e and compared with a
NPL calibrated probe, to verify i,
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PROBE UNCERTAINTIES

value (%) Distribution Uncertainty (%)

Incident or forward power 3,00% Rectanguiar 3 1 1732%
Reflected powsr 3,00% Rectanguiar Ny 1 1,732%
Liquid conduchvity 5,00% Rectangular ﬁ 1 2.B87%
Liquid permittivity 4,00% Reclanguisr 3 1 2,309%
Field homogeneity 3,00% Rectangular V3 1 1,732%
Field probe posiioning 5,000% Rectangular \5 1 2887%
Field probe linearity 3,00% Rectangular B 1 1,732%

Combined standard uncertainty 4, 761%
Expandedi r:en;;ﬁ':?:gqéfunhmngﬁ_ 4.931%
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1. Calibration at 835.00 MHz

A. Calibration parameters.

Label 850
Epsilon 41.81
Sigma 0.88 S/m
Temperature 21°C
Cable loss 0.12 dB
Coupler loss 20.50 dB
Wavequide S11 -11.22 dB

Low limit detection

0.824 Vim (0.604 mWikg)

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

E=E*+E,+E,*

Calibration curves

Efireld (Vi)

100

S

00 01 02 0.

2

SEE s

2 04 05 06 O

Yoltage [V]

AR

7 08

Skl

03 1

g1

Dipale 1
Dipale 2
Dipeles 3

The following tables represent the calibration curves linearization by curve segment in CW signal.
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Ref: CR-131-1-09-SATB-B
Page: 1/17 Issue: B | Date: 2010/05/11
Calibration coefficients for the three dipoles in CW:
Sensitivity in liquid:
Liquid Epsilon Sigma (5/m) CF dipole 1 CF dipole 2 CF dipole 3
(W.kg-1 (mV)-1) | (W.kg-1 (mV)-1) | (W kg-1 (mV)-1)
Head 41.81 0.90 20.66 20,51 28.36
Body 55.51 0.94 20.00 19.58 27.77
B. Isotropy.
- Axial isotropy: 0.029 dB
- Hemispherical Isolropy: 0.030 dB
Isotropy curves
3 e :
b1t i Hemisphere -307
.w.i__ i, Hemispheric 15"
i Hesmisphars 0*
| 51% Hesrezplien: 15°
A e 't’,‘ e e
- 3%?: Hemephen: 3
i
o
- C. Linearity.
7
- Linearity: 0.04 dB
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2. Calibration at 897.00 MHz

A. Calibration parameters.

Label 900

Epsilon 41.22
Sigma 0.81.8/m

Temperature 21°C
Cable loss 0.11 dB
Coupler loss 20.27 dB
Waveguide S11 -16.71 dB

Low limit detection 0.795 Wim (0.59 mWikg)

Calibration curves ei=f(V) (i=1,2,3) allow to obtain E-field value using the formula;
E=yE*+E*+E,*?

Calibration curves

Dipale 1

Dipale 2

Dipole 3

i

00 01 02 03 04 05
Woltage V)

LEarE
0 07 08 09

The follewing tables represent the calibration curves linearization by curve segment in CW signal.
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Calibration coefficients for the three dipoles in CW;
Sensitivity in liquid:
Liquid Epsilon Sigma (5/m) CF dipole 1 CF dipole 2 CF dipole 3
(Wkg-1 (mV)-1} | (Wkg-1 (mV)-1) | (W.ke-1 (mV)-1)
Head 41,24 0.94 22.06 22.01 30.16
Body 5569 1.00 21.56 21.36 2910
B. Isotropy.
- Axial isotropy; 0.029 dB
- Hemispherieal isotropy: 0.030 dB
Isotropy curves
Hemispheric -30"
Hermisphenc -15°
Hemispheric 0°
Hemizphen: 15°
Heteazplen: 30°
1.0-1 £l B e e e e i
-1.I:I_ 08 -0E 404 02 00 020304050B0.7080.91.0
C. Linearity,
- Linearity: 0.04dB"~
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3. Calibration at 1747.00 MHz

A. Calibration parameters.

Label 1800
Epsilon 38.58
Sigma 1.33 Sim
Temperature 21°C
Cable loss 0.18 dB
Coupler loss 20.22 dB
Waveguide S11 1313 dB

Low limit detection

0.833 V/m (0.92 mWikg)

Calibration curves ei=f(V) {i=1,2,3) allow to obtain E-field value using the formula:
E=E*+E*+E;?

Calibration curves

475
400

= 300 .::'

s Dipote 1

T 200-f Dipole 2

L Dipole 3

The following tables represent the calibration curves linearization by curve segment in CW signal.

10

Date: 2010/05/11
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Page: 1/17 | Issue:B Date: 2010/05/11
Calibrati cients for the three dipoles in CW:
Sensitivity in liquid:
Liquid Epsilon Sigma (S/m) CF dipole 1 CF dipole 2 CF dipole 3
(W kg-1 (mV)-1) | (Wkg-1 (mV)-1) | (W kg1 (mV)-1)
Head 38.56 1.33 37.12 38.56 50.42
Bady 51.99 1.49 36.66 37.99 49.66
B. Isotropy.
- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB
Isofropy curves
Humisphesc -30°
Hemisphedc 15"
Hemizpheic 0"
Heturplwnc 15°
Henmee phens 307
o Q=R D s st 2 e s
10 98 B 04 42 00 02030405080.70.80.91.0
C. Linearity.
- Linearity: 0.03dB
W

i
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4. Calibration at 1880.00 MHz

A. Callbfation parameters.

Label 1800

Epsilon 38.33
Sigma 1.44 Sim

Temperature Z21°C
Cable loss 0.19 dB
Coupler loss 21.14 dB
Waveguide S11 -26.91 dB

Low limit detection 0.797 Vim (0.91 mW/kg)

Calibration curves ei=f{(V) (i=1,2,3) allow to obtain E-field value using the formula;

E=.E*+E,*+E,’

Calibration curves

i T B
i

Yoltage [V)

Dipale 1
Dipoke 2
Dipale 3

The following tables represent the calibration curves linearization by curve segment in CW signal.
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Calibration coefficients for the three dipoles in CW:
Sensitivity in liquid:
Liquid Epsilon Sigma (5/m) CF dipole 1 CF dipole 2 CF dipole 3
(Wkg-1 (mV)-1) | (W.kg-1 (mV])-1) | (W kg-1 (mV)-1)
Head 38.35 1.45 41.05 4235 55.45
Body 52.12 1.52 40.42 41,12 54.75
B. Isotropy.
- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB
Isotropy curves
Hesmspheiic -30°
Hesnspheic -15°
Hesrspheie 0
Hemaphens 15°
Heméphene 21
4.0 ST el . b
A0 408 45 494 42 90 02030405060.708091.0
C. Linearity.
- Linearity: 0.03 dB
"’"

13
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5. Calibration at 1950.00 MHz

A. Calibration parameters.

Label 2000

Epsilon 38.18
Sigma 1.48 Sim

Temperature 21°C
Cable loss 0.18 dB
Coupler loss 20.09 dB
Waveguide S11 -30.09 dB

Low limit detection 0,788 Vim (0.93 mW/kg)

Calibration curves ei=f{V} (i=1,2,3) allow to obtain E-field value using the formula:

E=JE*+E*+E,°

Calibration curves

Dipole 1

Dipole 2

Dipole 3

00 01 02 03 04
Valtage [V)

The following tables represent the callbration curves linearization by curve segment in CW signal.
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Calibration coeffici ee dipoles in CW:
Sensitivity in liquid:
Liquid Epsilon Sigma (S/m) CF dipole 1 CF dipole 2 CF dipole 3
(W.keg-1 (mV)-1} | (W.kg-1 (mV)-1) | (W.kg-1 (mV)-1)
Head 38.18 1.45 41.91 43,15 56.44
Body 54.05 1.52 41.01 4241 55.65
B. Isotropy.
- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB
Isotropy curves
Hesmizphesic -30°
Hemizphesic 15
Hemisphesiz 0
Hemspheie 15°
Flemizphens =3
Ap=rhaEE ST L R i
4.0 08 46 04 82 00 02030405060.708031.0
C. Linearity.
- Linearity: 0.03dB
3
W

15
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6. Calibration at 2450.00 MHz

A. Calibration parameters.

Label 2450

Epsilon 37.45
Sigma 1.75 S/m

Temperature 21°C
Cable loss 0.22dB
Coupler loss 21.52dB
Waveguide 511 -13.66 dB

Low limit detection 0.784 Vim {1.07 mW/kg)

Calibration curves ei=f{V} {i=1,2,3) allow to obtain E-field value using the formula;
E=JE*+E,*+E;?

Calibration curves

43 i

400
£ ,
= N Dipode 1
- .
g 200 Dipole 2
"’ Dipole 3

8

]
oo o1 &2 03 04 05 0B 07 038 EI.EID."E
Vollage [V)

The following tables represent the calibration curves Enearization by curve segment in CW signal.
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Calibrati cients for the three dipoles in CW:
Sensitivity in liquid:
Liquid Epsilon Sigma (S/m) CF dipole 1 CF dipale 2 CF dipole 3
(W.ke-1 (mV)-1) | (W.kg-1 (mV)-1) {W.Eg-l (mV)-1)
Head v 37.45 1.75 51.18 53.87 T0.48
Body 53.70 1.95 50,35 52.98 659,78
B. Isotropy.
- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB
Isotropy curves
Hemisphaiic 30"
Heamisphatic 15"
Hemisgheis 0°
Hemuplenc 157
Hesnephens 300
1.0 ----g- -‘\; ?‘?&--.— : %6{ o e e R e
Ta0 08 05 44 02 40 020304050507080910
C. Linearity.
- Linearity: 0.03 dB
¢

17
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