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Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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Dynamic Range f(SARpead)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 800 MHz WGLS RS (H_convf) f= 1760 MHz WGLS R22 (H_comF)
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Deviation from Isotropy in Liquid
Error (9, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:

ET30VE- SN:1798

Aprii 28, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798

Other Probe Parameters
Sensor Arrangament Tnangular |

Connector Angle (') i
“Mechanical Surface Detection Mode ‘enabled |
Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm |
Probe Body Diameter 10 mm 1
Tip Length 10mm |
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point . 27 mm |
Recommended Measurement Distance from Surface 4 mm |
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Page 1t of 11

HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811

TEL: +82 31 645 6300

FAX: +82 31 645 6401 www.hct.co.kr

Aug. 23, 2013

94 of 141



HCT

Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue: Aug. 23, 2013
Calibration Laboratory of S Schwelserischer Kalibr
Schmid & Partner C Service suisse d'étalonnage
Engineering AG Servizio svizzero & taratura
Zeughausstranss 43, 004 Zurich, Switserland S Swisa Calitwation SBervice
Acotediied by the Swiss Acorettation Service (SAS) Accreditation Ne.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration canificates

Thia ceiteation certic e bacestiny to . whsch resfize the ptpscal urits of {59,
Thn massurements and e uncer with confidence lity oro gven on the Slowing pages and am part of he cemtcate

All calibratons Nave Desn contucied in 1he tosed laboneory faclity. amvironment tempersture (22 + 5)°C and humidaty < 70%

Casteation Equipment used (MATE crmcsl for cafibralion)

Primary Standards 5] Cad Dote (Cantificatn No ) Schedised Calibraton
Powsr mater E42168 SB41293874 20-Ma-12 {No. 217-0150H) Ape-13

Power seror E4412A MY41408067 20-Mar-12 (No. 217-01506) Aor-13

Redorence 3 dB Atenuator SN: 55054 () 27-Naw-12 (No. 217-04531) Agr-11

Refursrce 20 4B Attwessator SN 55086 (200} 27-Mae- 52 (No. 297.01529) Agv-13

Refersnce 30 08 Atsouator SN: 55129 (308} 27-Maw-12 (No. 297-81532) Age 1)

Reference Probe ES30V2 SN 3013 26-Dec-11 (No. ES3-3013 Deci1) Dwc-12

DAE4 SN 600 20-Jun-12 (No. DAE4-050_Jun12) Jur-13

Seconday Standmas Check Date (in bouse) Scrediuded Check

RF geoeratne HP 86480 4-Aug-91 {in house chack Api-11) In house check: Ape-13
N Anatyzer NP BT53E 18-0ct-01 (in howse chack Oc-12) In house check: Oct-13
Cateratod by

This cafibration cesifcate shall not be reproduced sscaet i UL witiout witlen approvel of (he leborstory
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

Calibration Laboratory of &
Schmid & Partner —

Engineering AG X
zmn-gmm.?g:. 5004 Zurich, Switanriand ’Q:/,-\\‘j

Accrodiod by the Sams Acorediaton Seevice (SAS)
The Swiss Accreditation Service is cne of the signatories to the EA
Muttilatoral Agreement for the recognition of calibration certificatos

Glossary:
TSL tsue si

simulating liquid
NORMx.y,z sensitivity in free space
ConviF sensitivity in TSL / NORMx.y,2
oceP diode point
CF crest factor (1/duty_cycie) of the RF signal
AB.C modulation dependent linearization parameters
Polarization ¢ o rotation amund probe axis
Polanization 8 5 rotation around an axis that is in the plane normal to probe axis (st measurement center),
L&, 8 = 0 s normal to probe axis

Calibration is Performed According to the Following Standards:
a) |EEE Sy 1528-2003, 'lEEERmmmMMfaDobrmmhghmwmmm
MWM(SAR)MMWMMMMW \ces: Measuremant
", December 2003
b) IEC62209-1 “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proxdmity to the ear (frequency range of 300 MHZz to 3 GHz)*, February 2005

Hﬂhods Applied and Interpretation of Parameters:
NORMz,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MMz in TEM-celf; f > 1800 MHz: R22 waveguide),
NORMx.y,z are only Intermediate values, Le., the uncerainties of NORMx.y,z doas not affect the E”-fieid
uncertanty inside TSL (see below ConvF).

o NORM(Nx.y.z = NORMxy.z * froquency_response (see Frequency Response Chart), This linearzation Is
implamented in DASY4 software versions later than 4.2. The uncertainty of the frequency responsa is included
In the stated uncertainty of ConvF

o  DCPx.y.z: DCP are numencal linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e  PAR: PAR Is tha Peak 1o Avarage Ratio that is not calibrated but determined based on the signal
characteristics

o Axyz Beyz Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modutation signal. The parameters do not depend on froquency nor media. VR is the
mapdmum calibration range expressed n RMS voltage across the diode.

* ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < B00 MHz) and inside waveguide using analytica! field distributions based on power
meascrements for f » 800 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (alpha. depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe acouracy close 1o the boundary, The sensitivity in TSL corresponds
to NORMx.y.z * ConvFF whereby the unceriainty corresponds to that given for ConvF. A frequency
ConvF is used In DASY version 4.4 and higher which allows extending the validity from £ 50 MHz 1o £ 100
MHz

»  Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a fiat phantom
axposed by a patch antenna.

e Sensor Offsot: The sensor offset corresponds to the offsel of virtual measuremant center from the probe Up
{on probe axis), No twilerance required.
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX3DV4 - SN.aTe? Novembar 22, 2012

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 22, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX30V4- SNATST November 22 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uVAV/m))* 083 058 057 101 %
DCP (mV]" 875 948 93.7

Modulation Calibration Parameters

uio T Communication System Name PAR A & c VR Unc"
| dB a8 a8 mv (k=2)
0 | cw 0.00 X 0.0 00 1.0 1347 | 230%
[ Y 0.0 00 1.0 130.7
i Z 0.0 00 1.0 1303

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.
:mmdwvzmmmwe'mmmracmmusmaeu
o A f oyt
Wy-mmn&mumu.mimm =0 applyng wgular dstibubon and & espressed %o the sguare of the
vilue
Canificate No: EX3-3797_Nov12 Paga 4o 11
HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 98 of 141

TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr



HCT

HET S LT

Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EXJDV4- SN.3TET Novemnbar 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

MKz © rm:ﬁ W ConvF X | ConvFY | ConvFZ | Alpha m m
450 435 0.87 930 8.30 9,30 0,15 300 | £134%
835 415 0.80 8.94 8.04 894 044 | 078 | +£120%
900 415 0.7 883 8.83 883 037 | 088 | +120%
1450 405 1.20 7.89 7.89 7.89 0.24 128 | 2120%
1750 40.1 1.37 7.77 737 1.7 075 | 060 | £120%
1900 400 140 747 7.47 747 0.44 082 | £120%
1950 40.0 1.40 1.27 7.27 7.27 080 | 059 | £120%
2450 39.2 1.80 6.76 6.76 876 0.41 083 | £120%
2600 30.0 1.96 6.68 6.68 6.68 046 | 081 £120%
5200 36.0 4.68 484 484 4.84 0.34 180 | +131%
5300 359 4.76 4.61 481 481 0.34 180 | +131%
5500 356 4.96 4.58 4.58 458 0.34 180 | =131%
5600 355 507 445 445 445 031 180 | +131%
5800 353 527 450 450 450 0.34 180 | +131%

 Frequency valioty of £ 100 MHz anly sppies tor DASY vd £ and fugher (see Page 2), sise 1 is restricied 10 ¢ 50 MHz. Tha wncertainty & tha RSS
of the Canv® uncertainty o caltxaton freqg) Y the y for the indicated band.

" Al froguences balow 3 Gz, the valdty of tssue Drameters (x 40d n) can be nelaeed 10 + 10% If liqusd compensalion fosmeis is apphod ©
measured SAR values. Al frequences above 3 GHz, the valdty of tissue parameters (¢ and o m resiricied 1o 1 5% The uncertmrnty is the RSS of
the ConvF unceriamty for indicated tarpel tissue podamotorn
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX30V4- SNITSY November 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © m’ W ConvF X | ConvFY | ConvFZ | Alpha m mﬂ
450 56.7 0.94 1022 | 1022 1022 | 007 | 331 | +£134%
835 552 0.97 8.98 8.96 8.98 044 | 085 | =2120%
1750 53.4 149 7.58 7.58 7.58 068 | 0688 | £120%
1800 $3.3 1.52 728 7.28 728 049 079 $120%
2450 527 1.95 6.98 6.98 6.98 080 | 088 | £120%
2600 525 2.16 6.73 6.73 6.73 080 | 080 | 2120%
5200 49.0 5.30 417 497 417 046 | 190 | 2131%
5300 489 542 4.20 4.20 4.20 042 | 190 | £131%
5500 486 565 4.05 4.05 4.05 0.41 190 | =131%
5600 485 577 4.06 4.06 4.06 030 | 190 | 213.1%
5600 482 6.00 4.19 418 4.19 042 | 190 | £13.1%

'mmcymwnmuummvmsvuamm(uma oo 2 s resincted 10 = 50 MHZ. The wrosmanty & me RSS
mnwm calibration frog Wy for the y borst

" M troguencies bolow 3 GHz, mmumnmt-ﬂn]mhmtﬂx|“0Mmmlmbtmﬁllophdn
measured SAR values. Al equencios above 3 Gz, the vty of tissue parameters [ and o) is resiicted to £ 5% The uncanianty s the RSS of
e CorvF uncertamty for indcated Larpst tssue pararnetors
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX30V4.- SNaTe7? November 22. 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX3DV4- SN.3797 November 22 2012

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial isotropy Assessment: 1 0.5% (k=2)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue: Aug. 23, 2013

EX3DV4- SN3TS7 November 22, 2012

Dynamic Range f(SARcaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX30V4- SNI797 Novarnber 22, 2012

Conversion Factor Assessment

= 835 MHz WGLS RS {H_convF) = 1900 MHz WGLS R22 (M_com¥)
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Deviation from Isotropy in Liquid
Error (¢, 5), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX30V4-- SN.3767 November 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters
Sensor Arrangement Triangular |
Connector Angle () 675 |
"Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode disabled |
"Probe Overall Length 337 mm
Probe Body Diamster 10 mm
Tip Length 9 mm
Tip Diametar 25mm
Prabe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measwroment Distance from Surface 2mm
Certficate No. EXS-3797_Nov12 Page 110l 11
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:
Calibration Laboratory of P
Schmid & Partner =
Engineering AG 2
th‘;uvmn%. 0004 Zurich, Switzerland T~

ookl

Accracited by the Swes Accreditaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muttiiateral Agreomaent for the recognition of calibration certificates

client  HCT {Dymstec)

Otyect EX3DV4 - SN:3903

ot it 0118, QA CAL-1247, QA CAL-14.33, QA CAL23.14,

A <
g A

Calibration dete March 18, 2013

This calbration centificate documents the iracaabilty 10 natonal Standards, which resice e physcal unas of meosurements (S1)
™e and the wath conds probubilty se given on Ihe following pages and are part of Ihe certfcate
Al ki havve been 8| n the clozad | y faciity: erwh (22 £ 35°C and humidity < 70%

Calbaton Equipment used (MATE critcal for calibration)

Frimary Stsedards 1D Cal Dats (Cerifficate No.) Schad Caltration

Power metor £44158 GBA1203874 20-Mar-12 (No, 217-01508) Apr13

Powes ssracr E4412A MY41498087 20-Mar-12 (No. 217-01508) Ape-13

Reforence 3 d8 A SN: 55054 {3¢) 27-Mar-12 {No, 21701531) Ape-13

Relscence 20 4B Al SN 55086 (20b) 27-Mar-12 {No. 217-01529) Ape13

Reference 30 dB Atenuaior SN: 55129 (30b) 27 Mar-12 (No. 217-01532) Apr13

Raference Probe ES30V2 SN 3013 211-Dec-12 (No. ES3-3013 Dec12) Dec-13

DAEL SN 660 31-Jan-13 (No. DAE4-860_Jan13) Jan-14

S ry Standords 1D Check Date (0 houss| S Check

RF generator HP BS4EC US3842U01700 4-Aug-99 (in house chick Apr-11) In house check. Apr-13

Netwoek Analyzer HP 87538 US37390685 18-Cct-01 (in houss check Oct-12) In house check: Oct-13

Name Fuscton swm

w w. 4 .-,A_‘ T < ."-x. ‘i,!r ’.il 3 vl- % X u-'—,
Issued: March 18, 2013

mmw-mwmm-mmummwmudm 4 |
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue: Aug. 23, 2013
Calibration Laboratory of ik or ol
Schmid & Partner Service suisse d'dtalonnage

Engineering AG Servizso svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accrudited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Secvice is one of the signatories 1o the EA
Mudtilateral Agreement for the recognition of calibration certificates
Glossary:

TSL tissue simulating liquid

NORMx.y 2 sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

CF crest factor (1/duty_cycie) of the RF signal

A B, CD modulation dependent linearization paramelers

Polarization ¢ @ rotation around probe axis

Polarization & 8 rotation around an axis that is in the plane normal to probe axis {at measurement center),

iLe, & =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommaendad Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Muman Head from Wireless Communications Devices: Measurement
Techniques’, December 2003

b) IEC 62209-1, "Procedure to measure the Specilic Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o  NORMx.y,z: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguids),
NORMx.y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(x,y.z = NORMx,y.z * frequency_respanse (see Frequency Response Chart). Thig linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the fraquency response is included
in the stated uncertainty of ConvF.

* DCPx,y.2: DCP are numerical inearization parameters assessed based on the data of power sweep with CW
signal (no uncentainty required). DCP does not depend on frequency nor media.

o PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axyz Bxyz Cxyz Dxyz VRxyz A 8 C, D are numerical inearization parameters assassed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum ca¥bration range expressaed in RMS voltage across the diode

o ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for { < B00 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundaty compensation (alpha, depth) of which typical uncerainty vaiues are given. These paramelers are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensdivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used In DASY version 4.4 and higher which asows extending the validity from = 50 MHz to + 100
MHz

o Spherical isotropy (3D deviation from isolropy)- in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

« Sansor Offset: The sensor offset corresponds to the offset of virtual measurement canter from the probe tip
(on probe axis). No tolerance required
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EX30V4 - 8N:3903 March 18, 2013

Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Calibrated: March 18, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatibie with DASY2 system!)
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EX3DV4- SN:3903 March 18, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Noem (pVAVIm)Y" 0.52 0.48 0.53 +101%
DCP (mV)" 98.8 103.2 100.1

~

Modulation Calibration Parameters
uiD [

ication Sy Name A B c D VR Unc
o8 dBvVuv dB mV (k=2)
0 cw | x| 00 | o0 10 | 000 | 1290 | 135%
Yy | 00 00 | 10 | | %220 |
2| o0 0.0 1.0 1247

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncenainties of NomC Y, Z do not slfect the E™-fishl uncenainty nekde TSL (see Pages 5 and 6)
¥ Numerical lnearzation pansmeter. uncensinty not required
¥ Uncartainty iy detarmined using the max. deviatiorn from fineer response applying rectanguier distrution and s expressed for the square of the

fakd value
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EX30V4- SN.:3903 March 18, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

| f(MH2)© | Permittivity " {8im)" | ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 435 0.87 10.72 10.72 10.72 0.15 1.68 £134%
750 4148 0.88 10.21 10.21 10.21 0.21 1.28 2120%
835 415 0.90 9.87 9.87 8.87 0.28 1.07 2120%
900 415 0.97 9.77 9.77 9.77 0.17 1.66 +120%
1450 40.5 1.20 8.59 B8.59 8,59 0.18 1.76 +£120%
1750 401 1.37 8.60 8.60 8.60 0.61 0.67 +12.0%
1800 400 1.40 8.30 8.30 8.30 0.45 0.76 +120%
1950 40.0 1.40 8.10 8.10 B.10 0.30 0.90 2120 %
2450 | 392 1.80 7.43 7.43 7.43 033 | 085 | 2120%
2600 38.0 1.96 7.23 7.23 723 0.31 0.95 +120%
5200 36.0 4 66 479 4.79 479 0.40 1.80 £131%
5300 359 4.76 4 60 4.680 4.60 0.40 1.80 £13.1%
5500 356 4.96 4.49 4.49 448 045 1,80 2131 %
5600 355 507 446 446 448 040 1.80 £131%
5800 353 5.27 414 414 414 045 1.80 +£13.1%

‘Fremyvmdwdn\wWawmeASYﬂlwhW(mMZ)mnamw 50 MHz. The rcertanty is the RSS
dmOmwFummy o casbeation freq y and the y y band

" At frequoncies below 3 Gz, |Muuydwm(cwe)mumm lcm:uwdwmmfummsnwn
Mmeusured SAR volues. Al Fequencies above 3 GHE. the validity of tssue parameters (z and o) is restncled 10 + 5% The uncenainty is tha RSS of
the ConvF uncestainty for indicated target Lssus parameters

Cartificate No: EX3-3803_Mar13 Page 5of 11
HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 110 of 141

TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr



HCT

T LT

Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue:  Aug. 23, 2013

EX3DV4- SN:3903 March 18, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unect.

f(MHz)© | Permittivity” (Stm)” ConwF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 56.7 0.94 11.20 11.20 11.20 0.08 110 | £134%
750 555 0.96 991 99 9.01 027 1.21 £120%
835 552 0.87 975 9.75 8.75 033 1.06 £120%
1750 53.4 1.49 7.82 7.82 7.82 0.35 0.87 £12.0%
1900 53.3 1.52 7.53 7.53 7.53 0.28 103 | +120%
2450 527 1.95 7.14 7.14 7.14 0.80 0.57 $120%
2600 525 218 6.89 6.89 6.89 0.80 050 | +120%
5200 49.0 5.30 4.32 4.32 4.32 0.40 180 | +131%
5300 48.9 5.42 424 424 424 0.40 180 | +131%
5500 438 5.65 3.86 3.86 3.88 045 1.80 £131%
5600 48,5 5.77 3.73 373 373 0.40 1.90 £131%
5800 48.2 8.00 4.01 4.0 4.01 0.50 1.90 +131%

* Eroguency validity of = 100 MHz only apples for DASY ve.4 and hgher {see Page 2), e it ia resincted fo 4 50 MHZ. The uncenainty i the RSS
of the Comd uncenainly 8t caltrason froquancy and the unceriainty for the indicated froguency band.

" AL requencias below 3 Gz, the validity of issue parameters (c and o) can be felsxed to + 10% ¥ Mquid compensation formais is appiled o
measured SAR vales. Al Troquencies above 3 GHz, the visitity of tissie paramaters (c and o} s rasticled (o £ 5% The uncertandy = the RSS of
the ComvF uncedainty for indicated target tissue parsmeten
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EX30V4- SN:3903 March 1B, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXIDV4- SN-3903 March 18, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3903 March 18, 2013

Dynamic Range f(SARcad)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4- SN:3902 March 18, 2013

Conversion Factor Assessment

= 835 MH2 WGLS RS (H_comf) = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (6, 9), f = 900 MHz
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40 08 -08 04 02 00 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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EX30V4- SN.3003 March 18, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Trangular
Connector Angle (°) 853
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode ' disabled
Probe Overall Length | 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25 mm
Probe Tip 1o Sensor X Calibeation Paint 1 mm |
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
Certificate No, EX3-3803_Mar13 Page 11 of 11
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Report No.: HCTA1308FS07 FCC ID: ZNFC520 Date of Issue: Aug. 23, 2013
Calibration Laboratory of S, Schweizerischer Kalibrisrdienst
Schmid & Partner e G Service suisse Gétalonnage

Engineering AG % Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand “ 4@‘\.? S swiss Calibration Service
Accredited by the Swisa Acoteditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service Is one of the signatories 1o the EA

Multilateral Agreement for the recognition of calibration certificates

client  HCT (Dymstec) Cortiticat No: DB35V2-441_Apri13
CALIBRATION CERTIFICATE

Object D835V2 - SN: 441

Calibration procedura(s) QA CAL-05.v9

Calibration Equipment used (MATE critical for calbration)

Calibration procedure for dipole validation kits above 700 MHz

Calbration date April 25, 2013

This calibration canificate documaents the ility to nabional standards, which realze the physical units of moasurements (St}
The s ared the with canfidence probabiity are given on the followsng pages and are part of the cortificale
All calt have been d in the closed laboratory faciity: amvironmaent temparture (22 « 3)°C and humidty < 70%

This calibration certilicate shall not be reproduced except in full without written approval of the laborsory

Primary Standards 0 # Cal Date (Centéicate No.) S dod C:

Power meter £PM-442A GB37480704 01-Nav-12 (No, 217-01640) Oct-13

Power sensar HP 84B1A U837292783 01-Nav-12 (No. 217-01840) Oct-13

Reference 20 dB Attenuator SN 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismasch combination SN 50470708327 O4-Apr13 {No. 217-01738) Apr1d

Referance Probe ES30VS SN 3205 28-Dac-12 (No. ES3-3206_Dec12) Dec13

DAE4 SN 900 11:5ep-12 (No. DAE4-09_S0p12) Sap13

Sacondary Standasos 1D » Chack Date (in housa) Scheduled Check

Power sansor HP BABIA MY41062317 18-0ct-02 (In house chock Oct-11) In housa chack: Oct-13

AF gonorator R&S SMT-06 100006 04-Aug-89 (in house chack Oct-11) In house chack: Oct-13

Notwork Analyzer HP 67536 US37300685 54206 18-0ct-01 (In house check Oct-12) In house check: Oct-13
Name Function y

Caldrated by: Claudia Leubler Laboratory Technician %’\

Approved by: Kntja Pokavic Tochnical Managar P e

e A

Insuod: April 26, 2013

Ceritticate No: DB35V2-441_Apr13 Page 10of 8
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Calibration Laboratory of S Schwelzerischer Kalibrierdienst
Schmid & Partner % Service sulsse d'étalonnage
Engineering AG b Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand -.;‘,‘/;}_\y Swiss Calibration Service
Accradited by the Swiss Accractation Sorce (SAS) Accroditation No.: SCS 108

Tho Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreesment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is 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.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom, The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

o SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
conneclor.

« SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5286
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, &z =5 mm
Frequency 835 MHz « 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL paramoters 220°C 415 0.80 mho/m
Measured Head TSL parameters (220+02)"C 408+6% 0.94 mho/m + 6%
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 251 Whkg
SAR for nominal Head TSL parameters normalized to TW 9.68 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.62 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 6.30 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (220+02)"C 54.04+6% 1.0 mhoim £ 6 %
Body TSL temperature change during test <05'C — nasa
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAA measured 250 mW input power 2,51 Wikyg
SAR for nominal Body TSL parameters normalized to 1W 9.69 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.64 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.38 Wkg = 16.5 % (k=2)
Certficate No: DB3SV2-441_Apr13 Page 30t 8
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to fead point 5200-16jQ
Aetum Loss -319dB

Antenna Parameters with Body TSL

Impedance, transiormed to feed point 4700-46 K2
Retumn Loss -249d8

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.372ns il

Aftar long term use with 100W radiated power, only a sfight warming of the dipole near the leedpoint can be measured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
sacond arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some af the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by 1his change. The overall dipole length is stll
according to the Standard

No excessive forcs must be applied to the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manutactured on March 09, 2001
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DASYS Validation Report for Head TSL

Dute: 25.(04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

Communication System: UID 0 - CW - Frequency: 8§35 MHz

Medium parameters used: = 835 MHz; o = 0.94 S/m; & = 40.8; p = 1000 kg/m'
Phuntom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.03, 6.05, 6,05); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn909; Calibrated: 11.09.2012
« Phantom: Flat Phantom 4.9L; Type: QDOOOPAGAA; Serial: 1001

e« DASYS5252.8.6(1115); SEMCAD X 14.6.9(7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.617 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.84 Wikg

SAR(1 g) = 2.51 W/kg: SAR(10 g) = 1.62 W/kg

Maximum value of SAR (measured) = 2.94 Wikg

0 dB = 2.94 W/kg = 4.68 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: [ = 835 MHz; o = 1.01 S/m; & = 54; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY352 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn909; Calibrated: 11.09.2012
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Senal: 1001

o DASYS2528.6(1115); SEMCAD X 14.6.9(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 55.722 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,72 W/kg

SAR(1 g) = 2.51 W/kg: SAR(10 g) = 1.64 W/kg

Maximum vitlue of SAR (measured) = 2,93 Wikg

[
8
1
|
n
£0
4m
1208
1500
0dB =293 W/kg = 4.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner N Service suisse d'étalonnage
Engineering AG 7 3 Servizio svizzero di taratury
Zoughausstrasse 43, 8004 Zurich, Switzerland ‘-/,,,.”//7—\\\\‘\\,\? Swiss Calibration Secvice

Accredited by the Swiss Accreditation Sanvice (SAS)

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Ags for the gnition of calibration certificates
cient  KTL (Dymstec) Certificate No: D1900V2-5d038_May13
Object D1800V2 - SN: 5d038

Calibration procedure for dipole validation kits above 700 MHz
Calbration date: May 29, 2013
This callbration cenlficate do s the ity $0 | stanciards, which reate the physical units of measusemants (S1)
Tha nents and the | i3 with confic probabiity are given on the following pages and are part of the certificate.
Al calibrations have been conducted in the closed tab y faciity. weralwe (22 + 3)*C and humidity < 70%
Calibention Equipment used (MATE cntical for caibration)
Primary Standards 10w Cal Date (Contficate No ) Scheduled Calibraton
Power meter EPM-442A GBa7480704 01-Nov-12 (No. 217-01840) Oct-13
Power sensor HP 8481A US37292783 D1-Nov-12 [No. 217.01640) Oct13
Referenca 20 ¢B Attlenuator SN: 5058 {20k) 04-Apr-13 (No. 217-01738) Apr-14
Type-N mismaich combination SN: 5047.3/ 06327 D4-Ape-13 (No. 217-01739) Apr-14
Referance Probe ES3DVI SN: 3205 28-Dec-12 (No, ES3-3205 Dec12) Dec-13
DAE4 SN: 601 25-Ape13 (No, DAE4-601_Apri3) Apr-14
Secondury Standarc D ¥ Check Date (in house) Sch Chock
Power sansor HP 8481A MY41092317 18-0c1-02 (in house check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100008 (4-Aug-99 (in house check Oct-11) In housa check: Oct-13
Network Anatyzer HP 8753E US37300585 84206  18-Oc1-01 (in house check Oct-12) In house check: Oct-13

Namg Function Sgnature

Calibratd by: Les# Klysnar Lubarutory Tachnician %
Approved by Katjia Pokovic Technical Managar
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vl
Accradied by the Swiss Accrodtation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatoral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is 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.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiphied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.
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Measurement Conditions
DASY system configuration, &s far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (220202)°C 393:8% 1.35 mho/m + 6 %
Head TSL temperature change during test <05"C - -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 41.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 529 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.4 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mhao/m
Measured Body TSL parameters (220£02)°C 536+6% 1.49 mho/m = 6 %
Body TSL temperature change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TSL parameters nomalized 1o 1W 41.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm”® (10 g) of Body TSL condition
SAR measured 250 mW Input power 547 Whyg
SAR for nominal Body TSL parameters normalzed to 1W 22.1 Wikg = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 5210+ 6.7
Retumn Loss .2334d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 4790+701Q
Return Loss -225d8

General Antenna Parameters and Design

| Etectrical Deay (one direction) | 1197 ns B

After long term use with 100W radiated power, oniy a slight wanming of the dipole near the feedpoint can be measurad.

The dipols is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when lcaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 04, 2003
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