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PRODUCT DESCRIPTION
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Length of one dipole 14.5 mm
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Probe exiremity diameter 6.5 mm ! :
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Distance between dipoles/probe extremity <2.7mm |
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Dipole 1: R1=2.5307 MQ
Resistance of the three dipole (at the connector) Dipole 2: R2=2.6353 MQ

Dipole 3: R3=2.54?1 MQ
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Connector (HIROSE series SR30) 6 wire male (Hirose SR30series) |

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: 01-04-2010
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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 technique using reference guide at the five frequencies.

RF cable
Pl | Pow
Waveguide
4 ( Pty — Pow (9.
-~ SAR= ks ) cos? (72 e=(22/9)
abod a

Where :
Py = Forward Power
Pow = Backward Power
aandb =Waveguide dimensions
d = Skin depth

Keithley configuration:

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

o

After each calibration, a SAR measurement is performed on a validation df'ﬁole and compared with a

NPL calibrated probe, to verify it.
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1. Calibration at 835.0

0 MHZz

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

Waveguide S11

-11.22 dB

Low limit detection 0.824 Vim (0.604 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 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 19.88 2717

B. Isotropy.

- Axial isotropy: 0.029 dB
- Hemispherical isotropy: 0.030 dB

Isotropy curves
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. C. Linearity.

;
- Linearity: 0.04 dB
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2. Calibration at 897.00 MHz

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 S11

-16.71 dB

Low limit detection

0.795 V/im (0.59 mW/kg)

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

E=E,

2 2 2
+ B, + B,

Calibration curves
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The following tables represent the calibration curves linearization by curve segment in CW signal.
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The following tables represent the calibration curves |
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Calibration coefficients for the three dipoles in CW
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COMOSAR E-Field probe
Calibration Report

Ref: CR-131-1-09-SATB-B

Page: 1/17

Issue: B

Date: 2010/05/11

4. Calibration at 1880.00 MHz

A. Calibration parameters.

_Label

1900

Epsilon

38.33

Sigma

1.44 S/m

Temperature

21°C

Cable loss

0.19 dB

Coupler loss

21.14 dB

Waveguide 511

-26.91 dB

Low limit detection

0.797 V/m (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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Ref: CR-131-1-09-SATB-B

Page: 1/17

[ssue: B Date: 2010/05/11

I

Calibration coefficients for the three dipoles in CW:

Sensitivity in liquid:

Liquid

Epsilon

Sigma (S/m)

CF dipole ]

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

CF dipole 2 CF dipole 3

Head

38.35

1.45

41.05

42.35 5545

Body

52.12

1,52

40.42

534,75

4112

B. Isotropy.

- Axial isotropy:

- Hemispherical isotropy:

0.050 dB
0.076 dB

Isotropy curves
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COMOSAR E-Field probe
Calibration Report

Ref: CR-131-1-09-SATB-B

Page: 1/17 Issue: B Date: 2010/05/11

9. Calibration at 1950.00 MiHz

A. Calibration parameters.

Label | 2000

Epsilon 38.18

Sigma 1.48 S/m_

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=\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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COMOSAR E-Field probe
Calibration Report

Ref: CR-131-1-09-SATB-B

Page: 1/17

[ssue: B

Date: 2010/05/11

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.kg-1 (mV)-1)

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

Head

38.18

1.45

41.91

43.15

56.44

Body

54.05

1.52

41.01

42.41]

55.65

B. Isotropy.

- Axial isotropy:

- Hemispherical isotropy:

0.050 dB
0.076 dB

Isotropy curves
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- Linearity:
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Issue: B Date: 2010/05/11

_
- —

6. Calibration at 2450.00 MHz

A. Calibration parameters.

Label

2450

Epsilon

37.45

Sigma

1.75 S/m

Temperature

21°C

Cable loss

0.22 dB

Coupler loss

21.52 dB

Waveguide S11

-13.66 dB

Low limit detection

0.794 Vim (1.07 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 Report

COMOSAR E-Field probe

I

Calibration coefficients for the three dipoles in CW
Epsilon

- Hemispherical isotropy

iqui
Head
Body

B. Isotro

- Axial isotropy
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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 2210.2°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
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Remark; Attachment 1:SAR validation & Test equipment
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Attachment 1: SAR validation & Test equipment
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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 Y548 S5/ AR {0 Tk 0 efe o
Mt bt Rt ety fy Due dam g gm o rAIgE BgTEcy
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.027.37 | 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 0130826 > -127 dBm:f<1.5 GHz:< 1dB; F>1.5
GHz:< 1.5dB; f> 3GHz:< 2dB
Power Meter 2010F31-10-001906
NRVD T-027-16 2011.06.24 100 kHz to 6 GHz,10nW to 500mW
Millvoltmeter | . oo o | 2010F11-10-001004 el ol
2000 i 2011.06.19 : -
Sensibility: 0,14V 1m V.
0.8 - 2 GHz; Output:6W; Gain:min
Power Amplifier 45.027-18 2010F33-10-001467 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 | o 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

/




ian_-ﬂm @ SIMT HiMEIE B4R 5 2011)10-10-812014

Cwubs ated cErideate seneq Na

CALIBRATION CERTIFICATE

FiEmit =i & KRR
TR E R E MK P DO

(54

# ik B

& i # EER R (B) FRAA
Coundnimine Coryraarcy Cortfiomin Borvioes b

AL A ik (L BT CRESELIY ) 1Rk 10 &
Andmus of cumiomes Mi 10, Wed-Ye Rd | Inncvation park. Eco B Tec Develogment Zooe, Kun SEah Ty, Jang Su. P R O C
#HAm BT R ER

Hama of i DIBOLE ANTENNA

W & ANTENNESSA £ 7

| LESTEET T !

R 55 DIPOLE 1900MHz

MocetBostiicas : :

#ANS SN 48/05 DIPG35

S5 of inabrummnl

e B Ak G /

IMEIFET0T BooLgy

kT 0

Conte 1or calibridea

ﬁ;m
WE F541E ME A o

% B 2 #
b

Cheched by

K dE i

C_ilEnisaa By

2011 £¢ 2 H 10 &

Waik Moinah D“

ot

M 1500 = (i) 825

WA CAEE  Phwsgheng Rnes  ASanglliTeekiateen  TH

LHTHELLIE 716 8 (451

Mo Fil rians bl S Pemsn

=i|"::"_i- 021-84T01380 "r..‘r"ﬂ' 021-84701810

BAES . 021-60700262
BEEE: 201203™ f=rempss

Pt Lo

it - 200233

Ewyl Tl

021-32830800 S8 : 021-50798380



KMEUETR Y . 2011J10-10-812014

Cabtirated cornhoaln sehn o

AR AR RS ohaO/BD « (D #il (2002) 01039 %/ (2002) 01019 §

e number of e Certificate of Metrologeal Authorzation 10 Tha Legsl Metroingical Wdlcaton insstufss 4 Ho. | 20021 01038/ N fm:m 01018

HESRIFEEFNTSERSLBSUETES: No. CNAS L0134

Tite rumizer of tha coriicate wumnm anl.ﬁ'I!ll

A EEHERT I M BER S (K8, &k

Poforonce dooumunts for Ihe calbeanon (code )
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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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300 kHz~8 GHz. Frequency
”Eclﬂig":zg”““ se.027.27 2010F31-10-001907 resolution: 100 iz, Measurement
7VE 8 : 2011.06.26 time: <8 ms, Measurement
bandwidths: 1 Hz~500 kHz
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+3dB ¥-15dB: U=0.8dBE (k=2)
-15dB%:-25dB: U=1.2dB (k=2)
-25dB-35dB: U=3.1dB (k=2)
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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 flat 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 aquipment
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Validation Condition f;‘“ Value [W“,:%}E
SAR measured .
with Head TSL 1W (input power) 41.35 21.39
SAR measured .
with Body TSL TW (inpul power) 38.95 20.51
. A WY | BRSO i 7 L AE R
LTS S 0 ] T Cwtttoam M Tow deie sty e mirutty
e 6 axis Robot 6 axes, Repeatability: + 0.05 mm,
. KR3 B-0d7-01 | Nominal payload: 3 kg
300 kHz to 8 GHz, Frequency
Vect;r NE“:WR #-027-27 2010F31-10-001807 | 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 2011.06.24 100 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 <o | 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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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
Relum Loss & measured with the dipole mounted with the spacer to position iis feed
exactly below the center marking of the flat phantom section, with the arms ofiented parallel h:t
the body axis. During calibration, the flat phantom is filled with the liquid whose parameters are
calibrated relative 1o different fraquency.

2 Calibration Condifions:

A The spacer from Dipole cenler lo TSL
Distance Dipole Centar - TSL Frequanoy

e

10mm=0.2mm with spacer 2450MHz

B, Head TSL paramaters

The fr.lﬂnwmg parameters and calculation were applied.

" Nominal Head TSL Measuremant Head TSL

Frequancy Paramalars parametars
(Pemmuittivity/ Conduactivity) (Pemittivity/ Conductivity)

| 2450 MHz 38.20/1.80 40.021.82

C. Body TSL paramsters

The following parameters and calculation were applied
Body TSL temperalurs change is well controliad to be within 2240.2"C during test

Neminal Body TSL Measurement Body TSL
Frequency Parameters parameters
(Permittivity! Conduchivity) (Permittivity/ Conductivity)
2450 MHz | 52.7011.95 E 53.02/1.95

3 Measurement Results
Frequency | Return Loss with Head TSL | Return Loss with Body TSL
2450 MHz -24 43 dB 21,80
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Remark: Attachment 1:SAR validation & Test equipment
End

e ET e

-}
L L L L



bews 5 SIMT

M A & 2011J10-10-812017

B . L bt e
Attachment 1: SAR validation & Test equipmant.
Validation Condition fgﬂ Value iWﬂ{ﬂ_u:lg
SAR measured
| with Head TSL 1W {input power) 5345 24 48
with Body TSL TW (input powes) 50.22 23.04
e B L A Sl Rttt & 1
8 axis Robol . = | Baves, Repeat@blity: = 0.05mm
oK 4 - = > "
KR3 i ; Nominal payload: 3 kg
' 300 kHz to B GHz, Frequency
“’WEI'.""'“‘“ 5.5y | 2010F31-10-001907 | resolution: 100 uHz, Measurement
phre i Qa7 2011.06.26 time. <B8ms, Measurement
bandwidths: 1Hzto 500 kHz |
5 kM2 - 8 GHz Resolution:0 1Hz -144
SMT 08 Bl 127 dBmAe1 B GHz < 108 F>1 5
606 GHz< 1 54B; f> 3GHz < 2dB
Power Metar - 2010F31-10-001806
Milholimeter | . ooo e | 2010F11-10-001004 “'"‘“”“‘“: ;;‘f“mﬁ'm““’”
4000 | Tasnesay | Sansibilty. 0.1 V™ 1m V,
2 - 8 GHz; Output2W; Gain:min 33/
BLMA 2080-2 2011.06.26 dBc.3rd 20 dBe.Line power75 W.
Dipale resstance (in the connectar
planej: 1M to2M
! Axial in human-equivaient
""'"“'“r_. "lE‘HE” 02754 | 2010410-10-801001 | kiquids: <0.25dBHemispherical
E-FIELD PROSE | 201112.25 Isotropy In humanequivalent
liguida<0. 508 Linearity<0,54B, Lower
SAR detection threshald: 0.0015
Watts/kg
SAM Phanlom ‘ T-027-22 f /
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