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WARRANTY:

This Calibration certificate may not be reproduced other than in full. Calibration certificates
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% Frequency Range i 100 MHz - 30 GHz

g Praobe iength % 330 mm

Length of one ::Ilpoia _____ | | [' 4.5 mm . . . |
g Maxtmum external diameler 8 mm

g Probe extramity diameter 6.5 rﬁm

§ Distance between dipulasfprubé extremity <2.7mm

? llllllllllllllllllllllllllllllllll — 1 Dip;le 1: R1=2.6307 Hﬂ =
é Resistance of the three dipole (at the connector) Dipole 2: R2=2.6353 MQ

1 N - ) o Dipule 3: R3=2.5471 MQ B

é Gunnactor (HIROSE series SRSO) 6 wire male {leuse SRSUseries)

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

CALIBRATION TEST EQUIPMENT

TYPE IDENTIFICATION DATE OF CALIBRATION
— CALISAR CALIBRATION
Calibration bench SYSTEM V2.0
Multimeter Keithley (2000, SN: 1000572) Date of calibration: 01-04-2011
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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 technique using reference guide at the five frequencies.
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Where :

P = Forward Power

Pow = Backward Power

aandb =Waveguide dimensions
= Skin depth

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

ot

After each calibration, a SAR measurement is performed on a validation dfﬁole and compared with a

NPL calibrated probe, to verify it.
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PROBE UNCERTAINTIES

it SOURCES U:a‘:?:?'li:t)y -Dlst-rlb-utl:::'l Diviear ¢l Uncertainty (%)
Incident or forward power 3,00% Rectangular JS— 1 1,732%
Reflected powaer 3,00% Rectangular Js_ 1' 1.732%
Liuid conductiity 5.00% Rectangular B 1 2.887%
Liquid permitiivity 4 .00% Rectangular JE; 1 2,309%
{Field homageneity 3,00% Rectangular B 1 1.732%
Field probe positioning 5,00% Rectangular JE 1 | 2.887%
|Field probe linearity 300% | Rectangular 3 1 1,732%
_' Cdrhbined standard unr:e.rta.irii:zg.ilr | 4.761%
Expandedi r:::;tﬁr;tg tyc(, ;:ﬂnﬁdet_]ge; I 9 331%
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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 0.12dB
Coupler loss 20.50 dB
| Wavegquide S11 |

| -11.22dB _"
Low limit detection 0.824 Vim (0.604 mW/k

1

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

———————

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




OMOSAR E-Field probe

Calibration Report

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: | 3
Liquid 5 Epsilon Sigma (S/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 4181 0.90 20.66 20.51 2836
Body 55.51 0.94 20.00 19.88 27.77
. Isotro
- Axial isotrapy: 0.029 dB
- Hemispherical isotropy: 0.030 dB
Isotropy curves
- Hemispherc -30°
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C. Linearit

- Linearity:
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2. Calibration at 897.00

A. Calibration parameters.

Label

900

Epsilon

41.22

Sigma

0.91 S/m

Temperature

21°C

Cable loss

0.11 dB

Coupler loss

20.27 dB

Waveguide 511

-16.71 dB

L.ow limit detection

0.795 V/m (0.59 mW/kg)

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

E=\E*+E,>+E,>

Calibration curves
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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 (S/m)

CF dipole 1
(W Xg-1 (mV)-1

CF dipole 2

(W.kg-1 (mV)-1)

CF dipole 3
W.kg-1 (mV)-1)

 Head

v 41.24

0.94

22.06

22.01

30.16

Bady

5569

- 1.00

21.56

21.36

29.10

B. Isotropy.

- Axial isotropy:
- Hemispherical isotropy:

0.029 dB
0.030 dB

Isotropy curves
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C. Linearity.

- Linearity:
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3. Calibration at 1747.00 MHz

Label ) 1800 B |

Epsilon | 38.58

__Sigma _ | 1.33 S/m_ ” __
Temperature 21°0C '

Cable loss | | 0.18 dB

Coupler loss 5 20.22 dB

Waveguide S11 -13.13 dB | .

Low limit detection N 0.833 V/m (0.92 mW/k

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

Calibration curves
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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 (S/m CF dipole 1
(Wkg-1 (mV)-1)

CF dipole 2
W.keg-1 (mV)-1)

CF dipole 3
(W .kg-1 (mV)-1)

Head

38.56

1.33 37.12

38.56

50.42

Body

51.99

149 | 36.66

37.99

49,66

. Isotropyv.

- Axial isotropy:

- Hemispherical isotropy:

0.050 dB

0.076 dB

Isotropy curves
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C. Linearity.

- Linearity;
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4. Calibration at 1880.00

A. Calibration parameters.

Label | | 1900
Epsilon | 38.33
Sigma B 1.44 Sim
| Temperature 21°C
Cable loss B ' 0.19dB
Coupler loss B 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
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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 (8/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 5545 |
Body | 5212 152 40.42 4112 54.75

. Isotro

- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB

Isotropy curves
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C. Linearit

- Linearity: 0.03 dB
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5. Calibration at 1950.00

Label - 2000

Epsilon B | 38.18

Sigma 1.48S/m

Temperature - 21°C

Cable loss | | 0.18 dB

Coupler loss 2 20.09 dB

Waveguide S11 | | -30.09 dB

Low limit detection 0.788 V/m (0.93 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
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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 (S/m CF dipole 1 CFdipole2 | CF dipole 3
- (W.kg-1 (mV)-1) | (Wkg-1 (mV)-1) | (W.kg-1 (mV)-1)
Head 38.18 1.45 4191 43.15 56.44
Body 54.05 1.52 41.01 241 55.65
B. Isotropy.
- Axial isotropy: 0.050 dB
- Hemispherical isotropy: 0.076 dB

Isotropy curves
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C. Linearity.

- Linearity: 0.03dB
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6. Calibration at 2450.00

A. Calibration parameters.

Label T 2450

Epsilon | 37.45

Sigma | 1.75 S/m

Temperature - | 21°C

Cableloss __0.22dB

. Coupler loss 21.52 dB

‘Waveguide $11 | -13.66 dB

Low limit detection

| - 0.794 V/m (1.07 mW/k

Calibration curves ei=f(V) {i=1,2,3) allow to obtain E-field value using the formuia:
E=,E*+E>+E,?
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The following tables represent the calibration curves linearization by curve segment in CW signal.
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COMOSAR E-Field

Calibration Report

probe

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 (S/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 37.45 175 51.18 ' 53.87 70.48
Body 53.70 ) 1.95 50.35 52.98 69.78
B. Isotro
- Axial 1sotropy: 0.050dB
- Hemispherical isotropy: 0.076 dB
Isotropy curves
Hemispheric -30°
Hemisphetic -15°
kel des Hemispheric 0°
i:?i ﬂ%? :‘:li Hemizphene 157
1.0~
Y
C. Linearity.
- Linearity: 0.03 dB
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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 62209-1; 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

A BeAE BT oy Bl BthvESs AL

Wldin el miarm el EEnam o Lseil in e el ibeah on

LS fﬁ &%iﬁl%ﬂfﬂﬁiﬁlﬂi Elﬂﬁilﬂmﬁwﬁ
300 kHz~8 GHz, Frequency
Wﬂlﬂigﬂﬂﬂﬂ #5.027-27 2010F31-10-001907 resolution: 100 pHz. Measurement
7VE 8 : 2011.06.26 time: <8 ms, Measurement
bandwidths: 1 Hz~500 kHz
s e T s s
e il 53 K B AR
Locaton mf amirsomentsl candhon for the calibrsson
M: i 11#¢ 718 & (No. 716 Yishan Road)
ﬂgt 23 T ?ELE.'L“ 48 %RH: ﬁ:l“_'.-: /
A R HESS B e A e B
Expanden unceTimndy

+3dB :-15dB: U=08dB (k=2)
-15dB3-25dB: U=1.2dB (k=2)
-25dB3:-35dB: U=3.1 dB (k=2)

BEHESS /5 .

Fesults of cailbrabon and sodilonnd gxpianstion

Pass

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 onented 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 Fraquency
15mm=0.2mm with spacer 835MHz

B. Head TSL parameters

The following parameters and calculation were applied.
Head TSL temperature change is well controlled to be within 221+0.2°C during test.

Nominal Head TSL Measurement Head TSL

Frequency Parameters parameters
(Permittivity/ Conductivity) (Permittivity/ Conductivity)

835 MHz 41.50/0.890 40.55/0.95

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.

Nominal Bedy TSL Measurement Body TSL
Frequency Parameters parameters
(Permittivity/ Canductivity) (Permittivity/ Conduclivity)
835 MHz 55.20/0.97 | 53.59/1.03 '

3. Measurement Results

Frequency

Return Loss with Head TSL

Return Loss with Body TSL

B35 MHz

-20.19 dB

-21.33 dB




K oEAIF 15405 2011J10-10-812011

Calibratan cartiScabe manan ha.

Bere s R/ (BT

Fmmte of G anon and ekl o sxpananoen - conmnved pags |

Return Loss Measurement Plot for head TSL
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Return Loss Measurement Plot for Body TSL
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Remark; Attachment 1:SAR validation & Test equipment
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Attachment 1: SAR validation & Test equipment

M HEE P8 ¥ 2011.010-10-812011
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_ SAR Value (W/kg)
Validation Condition 19 10g
SAR measured
with Head TSL 1W (input power) 9.41 6.27
SAR measured '
with Body TSL 1W (input power) 8.78 6.63
LR thi ) UF Yo 48 S5/ AR {0 Tk 0 P refe o
e s Shewasts o Ao dels Moo rage wecurscs
B axis Robot 4.027-01 / 6 axes, Repeatability: £ 0.05 mm.
KR3 ' Nominal payload: 3 kg
300 kHz to 8 GHz. Frequency
‘*‘E'ﬁ;ﬁ?* se.027.27 | 2010F31-10-001907 | resolution: 100 yHz. Measurement
7VB 8 2011.06.26 time: <8 ms. Measurement

bandwidths: 1 Hz to 500 kHz

Signal Generator

2010F33-10-001468

5 kHz - 6 GHz Resolution:0.1Hz.-144
to + 13 dBm . Max.RF

#-027-15 power: 1W,Max.DC voltage:0V / Level
SMT/06 1108 20 > 127 dBm:f<1.5 GHz:< 1dB; F>1.5
GHz:< 1.5dB; f> 3GHz:< 2dB
Power Meter 2010F31-10-001906
NRVD -027-16 2011.06.24 100 kHz to 6 GHz,10nW to 500mW
Millvoltmeter |y oo o | 2010F11-10-001004 | MeaSUrEmEnt aage: 00000V
2000 =" 2011.06.19 ! =
Sensibility: 0,14V 1m V.
0.8 - 2 GHz; Output:6W; Gain:min
Power Amplifier 45.027-18 2010F33-10-001487 37.8 /typ 40,+ 2 dB;
BLMA 0B20-6 2011.06.26 Harmonics:2nd:20dBc, 3rd:20dBc;
Line power: 125 W.
Dipole resistance (in the connector
plane): 1M _to 2M
: Axial isotropy in human-equivalent
Isotrople =-Field | oy ga7.54 | 2010410-10-801001 | liquids: <0.25dBHemispherical
| 2011.12.25 Isotropy in humanequivalent

E-FIELD PROBE

liquids<0.5dB, Linearity<0.5dB, Lower
SAR detection threshold. 0.0015

Watts/kg

SAM Phantom

-027-22

/
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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 Techniques”

IEC 62209-1: 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
Retumn Loss is measured with the dipole mounted with the spacer o position its feed point
exactly below the center marking of the fiat phantom section; with the arms oriented parallel to
the body axis. During calibration, The flat phantom is filled with the hquid whose parameters are
calibrated relative to different frequency.

2. Calibration Conditions:

A. The spacer from Dipole centerto TSL
3 Distance Dipole Center - TSL Frequency
10mmz0.2mm with spacer 1900MHz

B. Head TSL parameters

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

Nominal Head TSL Measurement Head TSL
Frequency Parameters parameters
(Permittivity/ Conductivity) (Pemmittivity/ Conductivity)
1900 MHz 40.00/1.40 38.69/1.44 =

C. Body TSL parameters

The following paramelers and calculation were applied.
Body TSL temperature change is well controlled to be within 2240.2°C during test.

Nominal Body TSL Measurement Body TSL
Fregquency Parameters parameters
(Permittivity/ Conductivity) (Permittivity/ Conductivity)
| 1900 MHz 53.30/1.52 54.64/1.54

3. Measurement Results u
Frequency | Return Loss with Head TSL | Return Loss with Body TSL
1900 MHz -34.74dB — -27.87dB
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Return Loss Measurement Plot for head TSL
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Remark: Attachment 1:SAR validation & Test equipment
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Attachment 1: SAR validation & Test equipment

B HEUE P45 2011J10-10-812014

Caliprwing comficate wemes Na

Validation Condition f;‘“ Value [W“,:%}E
SAR measured .
with Head TSL 1W (input power) 41.35 21.39
SAR measured .
with Body TSL 1W (input power) 38.85 20.51
. A WY | ERSE AN 0 i 7 L
LTS S 0 ] T Cwtttogm M Tow deie sty e wirutty
e 6 axis Robot 6 axes, Repeatability: + 0.05 mm,
. KR3 -0d7-01 | Nominal payload: 3 kg
300 kHz to 8 GHz, Frequency
Vect;r NE“:WR F-027-27 2010F31-10-001907 | resolution: 100 yHz, Measurement
zﬂtﬁ ¥ 2011.06.26 time: <8 ms. Measurement
bandwidths: 1 Hz to 500 kHz
5 kHz - 6 GHz,Resolution:0.1Hz,-144
; to + 13 dBm Max.RF
S'gnglhf-l? Egmlur #-027-15 2&11];531- 1{]0&'%%1459 power: 1W Max.DC voltage:0V / Level
Ereiet » -127 dBm:f<1.5 GHz:< 1dB; F>1.5
GHz:< 1.5dB; f> 3GHz:< 2dB
Power Meter 2010F31-10-001906
NRVD #-027-16 2011.08.24 100 kHz to 6 GHz,10nW to 500mW
Millivoitmeter 2010F11-10-001004 Measurement range:100.0000mV
. Sensibility; 0.1y V" 1m V.
0.8 - 2 GHz; Output:6W, Gain:min
Power Amplifier | . 1o :g | 2010F33-10-001467 37.8 / typ 40,1 2 dB;
BLMA 0820-6 2011.06.26 Harmonics:2nd:20dBc, 3rd:20dBc;
v - Line power:125 W.
Dipole resistance (in the connector
il plane): 1M _to 2M
: Axial isotropy in human-equivalent
Isatropic E-Field : . :
Probe #.027-54 2010J10-10-801001 liquids: <0.25dBHemispherical

E-FIELD PROBE

2011.12.25

Isotropy in humanequivalent
liquids<0.5dB, Linearity<0.5dB.Lower
SAR detection threshold: 0.0015
Watts/kg

SAM Phantom

#-027-22
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