HET S LT

Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue:

ET30VE- SN:1798

Aprtl 26, 2013

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

Other Probe Parameters
Sensor Arrangament Tnangular |
Connector Angle (°) 564 |

“Mechanical Surface Detection Mode ‘enabled |
Optical Surface Detection Mode dsabled |
Probe Overall Length 337 mm |
Probe Body Diameter 10 mm |
Tip Length 10 mm |
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 Caliteation Paoint 2.7 mm |
Recommended Measurement Distance from Surface 4 mm |

Centfficate No: ET3-1788_Ape13
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Thia cafitration certficate documants ihe aceatiity 10 nationsl stendarts, which resfize the physcal units of measurements (51),

The maaszemants and e urcer with conf

prodatility are gven on e lowing pages and am part of e cemtcate
All calibratons Nave Desn contucied in Ivhe dosed labonsory faclity. emarorenent tempesature (22 + 3)°C and humaty < 70%

Casteation Equpment used (MATE crical for cafibration)

Primary Standards n Cat Dot Na ) Schedised Cafititaton
Powar mater E42168 GH41263874 20-Maw-12 (No. 217-01508) Apr-13
Power sersor E4412A MY 41488067 26-Mar-12 (No. 217-01508) Ace-13
Rederence 3 A8 Atenuator SN: 55054 () 27:Naw 12 (No. 217-04531) Apr-11
| Refurarce 20 4B Atwrsiator SN: 85086 (00} 27:Mae. 52 (No. 217.01529) Agv-13
Refersnce 30 08 Atisnuatar | SN: 55129 (300) 27-Mar-12 (No. 297-81532) Agr-11
Referencs Probe ES30V2 SN 3013 26-Dec-11 (Ne. ES3-3013 Decil) Dec-12
| DAE4 SN 660 20-Jun-12 (No. DAE4-050_Juni2) Jun-13
Swcondry Standmas o Check Date (in bouse) Scheduded Chock
RF genesator MP 8648C UISS642001700 4-Aug-00 {in house chack Api-11) In house check: Ape-13
Network Anatyser NP 8753 | USIT300885 18-0ct-01 (in howse chack Oc-1 In housa check: Oct-13

This cafitration ceificate shall not be reprocuted escapt i fUL without wiitien approval of (he leborstory

Cantificate No: EX3-3797_Nov12 Page 1ot 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

137 of 210



HCT

HET S LT

Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstranse 43, 5004 Zurich, Switanriand

Accrediiod by the Sams Acorediiaton Service (SAS)
The Swiss Accreditation Service is cne of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificatos

Glossary:

TSL tssue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y 2

ocP diode compression point

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

AB.C modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8 & rotation around an axis that is in the plane normal to probe axis (at measurament conter),
Le., 8 = 0 s normal to probe axis

Calibration is Performed According to the Following Standards:
a) |EEE Sid 1528-2003, “IEEE Recommeanded Practice for Determining the Peak Spatial-Averaged Specific
AbsomhmRue(SAR)mheMmHeadﬂunWimcunmm Davices: Measurement
", December 2003
b) IEC62209-1 “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz 1o 3 GHz)*, February 2005

u-mwmmlmmﬁon of Parameters:
NORMz,y,z: Assessed for E-fieid polarization 8 = 0 (f < 900 MMz in TEM-celf; f > 1800 MHz: R22 waveguide),
NORMy.y,z are only intermediate values, |e., the uncerainties of NORMx.y,z doas not affect the E*-fieid
uncertanty inside TSL (see below ConvF).

o NORM{Nx.y.z = NORMxy.2 * frequency_response (see Frequency Response Chart), This linearization Is
implamented in DASY4 software versions later than 4.2. The uncertainty of the frequency resgonsa is included
In the stated uncertainty of ConvF

* OCPx.y,z- DCP are numencal lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

*  PAR PAR Is tha Peak 1o Average Ratio that is not calibratad but determined based on the signal
characteristics

o Axyz Biyz Cxyz VRxyr A B Care numerical linearization parameters assessed based on the data of
power sweep for spacific modutation signal. The parameters do not depend on froquency nor media. VR is the
maimum 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 < B0O 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
1o NORMx.y.z * ConvF whereby the unceriainty corresponds to that given for ConvF. A frequency dependant
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 fat phantom
axposed by a patch antenna.

¢ Sensor Offsot: The sensor offset corresponds to the offsel of virtual measurement center from the probe Up
{on probe axis), No tWilerance required.
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EX3DV4 - SNaTe? Novembar 22, 2012

Probe EX3DV4

SN:3797

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

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ2 system!)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989

EX3DVA- SNATET

Date of Issue: Jul, 1. 2013

November 22, 2012

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

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)
ﬁm._wﬂﬁ@ﬂli 083 058 057 101 %
DCP (mV) a7.5 948 93.7
Modulation Calibration Parameters
uio T Communication System Name A t c VR Unc"
\ dB 48 a8 mv (k=2)
0 TCW 000 | X | 00 0.0 1.0 1347 | =3.0%
[ Y 0.0 0.0 1.0 1307
| zZ | o0 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%.
:anmmdmmxvzwmmme'ucumm Y51 (ses Pages 5 and 8)
e | e P une Y not g

' Uncertainty = determined uaing the max. Sevishian bum heear resporme applyng g

At vislue

disiitnbon and &

f for the ague of the
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EXIDV4- SN3TeT Novermnbar 22, 2012

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © 'm:,’ W ConvF X_| ConvFY | ConvFZ | Alpha m ‘(:-‘i)
450 435 0.87 9.30 8.30 9,30 015 3.00 +134 %
835 415 0.90 8.94 B.04 894 044 0.78 +120%
900 LARS 0.97 883 B.83 883 0.37 0.88 +120%
1450 405 1.20 7.89 7.89 7.89 0.24 1.28 £120%
1750 40.1 1.37 7.77 137 1.77 0.75 0.60 +12.0 %
1800 400 140 747 T.47 747 0.44 0.82 £120%
1950 40.0 140 .27 .27 127 0.80 0.50 £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 0.81 £120%
5200 36.0 4.66 484 484 4.84 0.34 180 £13.1%
5300 369 4.76 461 461 481 0.34 180 £131%
5500 356 4.96 4.58 458 458 0.34 180 2131 %
5600 355 507 445 445 445 0.31 1.80 131 %
5800 36.3 527 4.50 4.50 450 0.34 180 £131%

;t"-cmwm;mmw—bmucnmtmma wise 1t is restricted 10 ¢ 80 MHz. Tha wncertainty s e RSS

y bhand
" Al froguencies balow 3 Giz, lmmdmnum(lunpmu“bx l“vmmmmm-mn
measured SAR vilues. Al frequences above 3 GHz, the valdty of tissue parametens [z and o} m resiricied 10 1 5% The uncenmnty is the RSS of
the CorvF uncoriamty for indicated terpel tissue potamoton
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Report No.:

HCTA1305FS09

EX30V4- SN3797

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

FCC ID:

ZNFE989

Date of Issue: Jul, 1. 2013

Calibration Parameter Determined in Body Tissue Simulating Media

November 22, 2012

1 (M) © m- (8tm)" ConvF X | ConvFY | ConvFZ | Alpha m m
450 56.7 0.94 10,22 10.22 10.22 0.07 am $134%
835 852 0.97 8.98 898 8.98 044 | 085 | 2120%
1750 534 149 7.68 7.58 7.58 068 | 0668 | £120%
1800 53.3 152 7.28 1.28 7.28 049 | 079 | £120%
2450 527 1.98 6.98 6.98 6.98 080 | 058 | £120%
2600 525 216 6.73 673 8.73 080 | 080 | 2120%
5200 48.0 5.30 417 417 417 0.48 190 | 2131%
5300 489 542 4.20 4.20 4.20 042 180 | 2131 %
5500 486 565 4.05 4.05 4.05 0.41 190 | £131%
5600 485 5.77 4.06 4.06 4.06 0.30 190 | £13.1%
5800 48.2 6.00 4.18 4.18 4,19 042 190 | £131%
¥ vn«ydrlmwwvaVNA-\om(umr) oo 2 s restncted 10 = 50 MHZ. Tha wrosnanty & me RSS
d the Cm-v‘ unosttainty at calibraton # My for the ¥ borwt

" M troguencies bolow 3 GHz, n“ydmnml-“nlmbu*ﬂb: |m&‘hmmpuulmm-wudn
messured SAR values, Al frequencios abave 3 Gz, the vihaty of tissue parameters |5 and o) is ressioted 0 £ 5% The uncarianty s the RSS of
paranetors

e CorvF uncertamty for indeated tarpet tesue

Cartificate Noo EX3-3797_Novi?

TEL: +82 31 645 6300

Page 6of 11

HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811
FAX: +82 31 645 6401 www.hct.co.kr

142 of 210



T LT

Report No.:  HCTA1305FS09

EX30V4-- SN 387

FCC ID:

ZNFE989 Date of Issue:

November 22. 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency response (normaliized)
=)
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Jul, 1. 2013

Contiicate No: EX3.3797_Nov12

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX3DV4- SN3797 November 22 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM
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Uncertainty of Axial isotropy Assessment: 1 0.5% (k=2)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX3DV4- SN.3T797 November 22, 2012

Dynamic Range f(SARcaq)
(TEM cell , f = 900 MHz)
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not compensated compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX30V4- SN.ITE7 Novarnber 22, 2012

Conversion Factor Assessment

1= 835 MHz WGLS RS {H_convF) = 1900 MHz WGLS R22 (M_comF)

a7 A N T A
Deviation from Isotropy in Liquid
Error (¢, 5), f = 900 MHz

10 -08 -086 04 02 00 D2 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX30V4- SN.3787 November 22, 2012

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

Other Probe Parameters
Sensor Arrangement Trianguiar |
Connector Angle () - 6751
“Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode - disabied |
‘Probe Overall Length 337 mm
Probe Body Diamater 10 mm
Tip Length amm
Tip Diametar 25mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibraton Point 1 mm
Prabe Tip to Sensor Z Calibration Point 1mm
Recommended Measwroment Dwstance from Surface 2mm
Certficale No. EXS-3797_Nov12 Page 110l 11
HCT CO., LTD.
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue:
Calibration Laboratory of A0
Schmid & Partner e
Enginesring AG 2 3
Zoughausstrasse 23, 3004 Zurich, Switzerand ’<..,',~L D =

Accreding Uy he Swiss Accroditanon Sorvico (SAS)

Jul, 1. 2013

The Swiss Accreditation Service |s one of the signatories 1o the EA

Maultilateral Ag: for the

gnition of calibrath

certificates

Certificate No:: EX3-3863_Jul12

Calinration proceduieds)

; Colibenbion date

duly 18, 2012

i caltreson centificate he

1.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4

o

Bty 10

Caltration Egupment ussd (MATE oritoal for calibranon)

wiveh 1ealze the physcal unis of measguraments (S1)

The messussmants and the uncertaintes with confidence probebiity ace gven o 1he folkwing pogos and are part of ihe cortificate

All calirahons lave been conducted in e cosed Wooratory faciity: envionment tempanssurs (22 £ 3)°C and umadily < 70%

| Premury Stacdards 0 Cal Date (Canficase No.) Scheduled Colibration
Power matne E44158 C8e1293874 20-Mar-12 (No. 217.01568) Ape13
Power secsor E4412A MY4 1466007 20-Mer-12 (No. 217-01508) Apr13
Rt 3 o8 Attwniasion SN 55054 (3c) 27-Mar 12 (No. 217-01531) Apr-13
Referance 20 4B Anenualor SN S5084 (200) 27 Mar-12 (No. 217-01629) Apr-13
R 30t Anwnumtor 5N 55120 (308) 27-Mer 12 {No. 217.01532) Apr-13
Ralwwrcs Probe ESIOVI SN 0019 26-Dec-11 (No. £53-3013_ Dect1) Doc-13 =
“DAES | BN 560 1048012 (No. DAE4-C00_len12) Juev33
Socondary Standords 10 Chack Date (I0 house) Schaduled Check
AF generalor HP BS4BC USI42001 700 4-Aug-20 (n house check Age-11) In house check Apr-13
Nutwork Analyeet HP 8753E LISITI00%8Y 18:0ct-01 (In house chack Oct-11) In houna check: Oct-12
Nama Functon Sgnatuie
S—_ i Ko iy reiian = #{_/&.
Agpraved by Kaljs Fovavic

Issued July 14, 2002

Certificate No: EX3-3883_Jul12
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

Calibration Laboratory of N
Schmid & Partner %
Engineering AG = &
mﬁm Ea 8004 Zurich, Switeeriand % @,f
!

Accredited by the Swiss Accredition Sarvios (SAS)
Tha Swiss Accreditation Sarvice s one of tha signatonies to the EA
Mustitatersl Agreament for the recognition of calibeation certificates

Glossary:

TSL tissue simulating bguid

NORMx,y.2 sensitivity in free space

ConvF sensitivity In TSL / NORMx,y.2

DCP diode comprassion point

CF crest factor (Vduty_cycle) of the RF signal

A BC modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8§ 3 rotation around an axis that is in the plane normal to probe axis (al measurament canter),

@, i = 0 s normal to probe axis

Calibration is Performed According to the Following Standards:

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

b) IEC 62200-1, “Procedura o measura the Spedific Absorption Rate (SAR) for hand-held devices used In close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

Mcthods Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-field polarization & = 0 (f < 800 MHz in TEM-call; F> 1800 MHz: R22 waveguide).
NORMx,y, 2 are only Intermediate values, L.o., the uncertainties of NORMx.y,z does not affect the E™-field
uncertainty Inside TSL (see below ConvF).

o NORM(fx,y.z = NORMx.y,2 * frequency_respanse (see Fraquency Response Chart). This linearization Is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncectainty of ConvF

e DCPy,y,z: DCP are numerical linsarization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

« PAR:PAR s tho Peak 1o Average Ratio that is not calibrated but determined based on the signal
characterisiics

e Axy.z Beyz Cry.z VRxy.z A, B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modutation signal. The parameters do not depend on fraquency nor media. VR is the
maximum calibration range expressed in RMS vollage across the diode.

= ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for < 800 MHz) and inside waveguide using analytical fieid distributions based on power
measuremants for f > 800 MKz The same setups are used for sssessment of the paramelers applied for
boundary compansation [alpha, depth) of which typical uncertsinty vaiues are given. These parometers are

used in DASY4 software 1o Improve probe accuracy close 1o the boundary. The sensitlvity in TSL cormesponds

10 NORMY.y.z * CanvF whareby the uncertainty corresponds to that given for CanvF. A frequency dependent
CaonvF is used in DASY version 4.4 and higher which allows extending the validity from = 50 MHz to + 100
MHz.

« Spherical Isatropy (30 deviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by & patoh antenna,

« Sensor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required
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HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 149 of 210

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



T LT

Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX3DV4 — SN.3863 July 13, 2012

Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: July 13, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatibie with DASY2 systeml)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX30V4a- SN:30863 July 13, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

Sensor X Sensor Y Sensoc Z Unc (k=2)
| Norm (uV/(Vim))" 0.36 0.36 | 045 =101 %
DCP (mV)" 103.0 100.8 98.8

Modulation Calibration Parameters

U e System Name PAR TV c | W Unc'

| ‘ | a8 dB dB mv (k=2)

[ 8 oW 0.00 %X | 000 0.00 100 1383 | 222%
I I Y | 000 000 | 100 | 1343

[r— Z | 000 000 | 100 EE

The reportad 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 uncensintes of NormX. Y2 do rot sffect the £™-Aekd uncortainty inside TSL (svee Pages 5 and 6)

¥ Numedical losarzation poraneter uncertarty Not equired

" Lacertainty o determimed using P max Gevation hom loeas responss applying rectangulisn Setnbubion and & exgrested K he nguars of Ihe
Feid volue
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Report No.: HCTA1305FS09

EXI0VA- SN3863

FCC ID:

ZNFE989

Date of Issue: Jul, 1. 2013

July 13, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth | Unct,

A (MH2)° | Pormittivity” isim)" | CoavEX | ConvFY | ConFZ | Alpha | (mm) {k=2)
750 419 0.89 9.53 9.53 9.53 048 | 080 | 2120%
835 415 0.90 9.30 9.30 930 | 073 | 063 | 2120%
200 41.5 0.97 8.96 8.96 896 | 025 | 120 | £120% |
1750 40.1 1.47 8.46 8.46 BA4E 010 | 08 | +£120%
1800 40.0 1.40 8.22 8.22 8.22 079 | 058 | £120%
1950 400 1.40 7.79 7.79 7.79 025 | 102 | +120%
2450 39.2 1.80 7.18 7.19 7.19 049 | 074 | +120%
5200 38.0 4,66 4.96 4.96 496 0.40 180 | +131 eL;
5300 359 4.76 a.79 470 | a79 | 038 180 | £131%
5500 356 4.96 4.66 4.66 4.66 040 | 180 | £131%
5600 35,5 5.07 456 4.56 456 038 | 180 | 2131% |
5800 353 527 481 461 461 | 040 | 180 | 2131 % |

¥ Frequency validity of £ 100 MH2 only spples for DASY w4 and tigher (see Page 2), sise & & reairksod 1o + 50 MMz, The uncenanty & the RSS

of the Convi uncartaety sl casbeation froquancy nd ive uncerivity for the indicated fmguency band

" Al freguencies below 3 GH. 1he valdaty of tissue porameters (¢ and o) can Do rolossd 10 = 106 If hquid compensation fomuls s apuled 10
measured SAR vaues. Af frequencies above 3 GHZ, the vaidty of tissue pavamalens (c And o) & restnciad to + 5% The ancantainty |8 the RSS of
e ConvF uncenpinty dor ndicatod target tsaun pararmulisen.

Certificate Ne: EX3-3863_Jul12
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FCC ID: ZNFE989

Date of Issue: Jul, 1. 2013

July 13, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth | Unct. |
f(MH2)© | Permittivity” (Sim)” ConvF X | ConvF Y 1 ConvFZ | Alpha | (mm) | (k=2)
750 555 0.96 8.35 935 | 935 028 | 111 212.0 %
835 55.2 097 9.25 8.25 925 037 | o0& 2120%
1750 534 1.49 7.80 7.80 7.80 042 | 088 | 2120%
1900 533 1.52 746 7.46 746 | 024 119 | 2120%
2450 | 527 1.95 7.00 7.00 7.00 080 | 050 | 2120%
5200 a8.0 5.30 4.36 435 435 045 | 190 | £131% |
5300 48.9 542 4.10 410 410 | 048 | 180 | +131%
5500 486 5.66 3.81 3N an 0.50 180 | £134% |
| 5600 485 577 | 386 3.66 366 0.55 190 | £131%
rsaoo 482 600 | as 3,81 3.81 0.58 100 | +131%

© Braguency vaidity of + 100 Mz only applies for DASY v 4 and highee (see Page 2). Moa L s resinciod 1 = 50 MHe. The unceramty i s RSS
of me Cor® uncestainty ot catibration fraquency and tha uncetainty for tha ndicated froquency bood
AL freguencies befow 3 GHz, thi validity of tisaue paramealen (¢ antl o) can be rehaed 1o & T0% ¥ fouild compengusion femaile o apglod 1o

msasured SAR values. Al retuencies 3bove 3 GHz, the validity of basue parametars (v 00d o) Is restricted 1o 2 5% Tha uccerdasty s e ASS of
e Com® uncentanty for mdeated target inasue parmmsines
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

zed)

OnNsSe (Norma

( S00 1000 1500 2000 2500 3000

f [MHz]

& *
1= | ¥

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22

Ercr (A5}
.
.
v

Rod |

' €1} ¥ ¥

R

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}caq)

(TEM cell , f =900 MHz)

Input

DImpensated

reor [dB}

SAR [mW/emd)
® )} .
OMEAnsate Py

Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
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EX30V4- SN:3883 July 13, 2012

Conversion Factor Assessment

= B35 MH2 WGLS RS (H_conv) = 1800 MiHz WGLS R22 (H_convf)

LA fewnghy
LA [t

- EN . ~ -~ v ! . - A ] IS LY -
+ bt 3 hrew

® Al ’ 2
ravie w—— o ey

Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

<10 <08 06 04 02 00 02 04 08 OB 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

EX3I0VA- SN 3383 July 13, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

‘”Sinnr,uv Arrangement Tr .ur;g-.,l;‘uf
Connector Angle (") | 110
Mechanical Surface Detection Moda | enabled
Optical Surtace Detaction Mode [ disablod
Probe Overall Lengih ‘ 337 mm |
Probe Body Diameter I 10 mar
Tip Length | aemm
}I;) duum-hu | 2.5 mm
Probe Tip to Sensar X Calbration Point | 1mm

| Probe Tip o Sensor Y Calibration Point | 1 mm
Probe Tip 1o Sensor Z Calibration Paint | 1 mm
Recommended Measurement Dstance from Surface 2 mm |

Ceruficata No. EX3-3B63 212 Page 11 of 1)
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Calibration Laboratory of oy
Schmid & Partner =
Engineering AG T
M\lgu‘;nvnung& 1004 Zurich, Switzerland 'ﬁ@f
ol
Accragited by the Swes Accreditsson Service (SAS) Accreditation No,: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreomant for the recognition of calibration certificates

client  HCT (Dymstec Cartificate No: EX3-3903_Mar13
Otyect EX3DV4 - SN:3903
Caitoeation procedurois)

-01.v8, QA CAL-12.¥7, QA CAL-14.v3, QA CAL-23.v4,

Caibention dste March 18, 2013

Thes 1 oertficate doc s the bilty 0 , Which renice te phy unas of s
The anc the weth conds probubilty se given on the following pages and are part of Ihe certfcate
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Catbation Equipment usad (MATE critcal for calbration)

Frirmary Stsedird: 1D Cal Dats (Cerifficate No.) Scheduind Caltration

Power metor £44158 GB41293874 20-Mar-12 (No, 217-01508) Apra13

Powet ssracr E4412A MY41498087 20-Mar-12 (No. 217-01508) Apr-13

Reforence 3 d8 Attenuator SN: 55054 (30) 27-Mar-12 {No, 21701531) Apr13

Relerence 20 dB Attsnusion SN 55086 (20b) 27-Mar-12 {No. 217-01529) Ape13

Reference 30 9B Atenuaior SN: 55129 (30b) 27Mar-12 (No. 217-01532) Apr13

Ral Probe ES30V2 SN: 3013 21-Dec-12 (Na. ES3-3013 Dec12) Dec-13

DAEL SN 660 3t-Jan-13 (No. DAE4-660_Jan13) Jan-14

S dary Standords 1D Chechk Date (i housa| S Check

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

Network Analyzer HP 87638 US3739068% 18-Ccl-01 (in hoyss check Oct-12) In house check: Oct-13
Nama Fuscton Signature
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Accrodited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Secvice is one of the signatories to the EA
Mudtiateral 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 moduiation dependent linearization paramelers

Polarization ¢ @ rotation around probe axis

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

iLe, & =0is normal 1o probe axis

Calibration is Performed According to the Following Standards:

a) [IEEE Std 1528-2003, "IEEE Recommendad 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 Speciic 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.yz: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguids),
NORMzx,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(Nx.y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). Thig lingarization 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.

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

o Axyz Bxy2 Cxyz Dxyx 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 calbration range expressed in RMS voltage across the diode

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for { < 800 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 uncertsinty values are given. These paramelers are
used in DASY4 software 1o 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.

o 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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EX30DV4 - 8N:3003 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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EX30V4- 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)
Norm (pVAVIm)Y" 0.52 0.48 0.53 +101%
DCP (mV)* 98.8 103.2 100.1

Modulation Calibration Parameters

*

uio c ation Sy Name A B c D VR Unc
a8 dB vV a8 mV (k=2)
0 oW 1X 1 00 00 | 10 | 000 | 1290 | 435%
Yy | 00 0.0 1.0 122.0 )
z2 | 00 0,0 1.0 124.7

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 NomiCY,Z do not alfect the E™fisll uncenaity nside TSL (see Pages 5 and 6)

¥ Numerical inearzaton paremaeter: uncertsinty not required

¥ Uncartainty i detarmined using the max. deviation from iineer response applying rectanguier distréution and s expressed for the square of the
Bk 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

| f(MH) € m%' coru':q”ym ConvF X | ConvFY | ConvFZ | Alphs m m
450 43.5 0.87 10.72 10.72 1072 | 015 | 168 | +2134%
750 419 0.89 10.21 10.21 10.21 0.21 128 | £120%
835 415 0.90 9.87 9.87 9.87 028 | 107 | 2120%
900 41.5 0.97 9.77 9.77 9.77 017 | 166 | 2120%
1450 40.5 1.20 8.59 8.59 8,58 018 | 176 | +120%
1750 40.1 1.37 8.60 8.60 8.60 061 | 067 | +120%
1900 40.0 1.40 8.30 8.30 8.30 045 | 076 | +£120%
1950 40.0 1.40 8.10 8.10 8.10 030 | 080 | £120%

2450 | 392 1.80 7.43 7.43 743 033 | 085 | 2120%
2600 39.0 1.96 7.23 7.23 723 031 | 095 | +120%
5200 36.0 4.66 4.79 4.79 479 040 | 180 | +£131%
5300 35.9 4.76 4.60 4.60 4.60 040 | 180 | £131%
5500 358 4.96 4.48 449 449 045 | 180 | #131%
5600 355 5.07 446 446 448 040 | 180 | £131%
5800 35.3 5.27 414 414 4.14 045 | 180 | +131%

‘menuanyd:twwmmvuwvunmmtmpmzzmummm‘wwmmumnss
dmmuwny o casbeation freg y and the y band

" At frequencies below 3 Gz, |Muidydmowwm(twc)mummdlo 10$Wlwmwwmmsmumn
meusured SAR velues. Al Fequencies above 3 GHE the validity of tssue parameters (= and o) is restncled 10 + 5% The uncenainty |s tha RSS of
the ConvF uncortainty for indicated target Lssus parameters
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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)” ComvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 56.7 0.94 11.20 11.20 11.20 0.08 110 | =134 %
750 555 0.96 901 9.9 901 0.27 1.21 £120%
835 552 0.87 975 9.75 8.75 033 1.08 £120%
1750 53.4 1.49 7.82 7.82 7.82 0.35 087 £12.0%
1800 53.3 1.52 7.53 7.53 7.53 0.28 103 | £120%
2450 527 1.95 7.14 7.14 714 0.80 0.57 $120%
2600 525 2.16 6.89 6.89 6.89 0.80 050 | +120%
5200 49.0 5.30 432 4.32 4.32 0.40 1.80 | +131%
5300 48.9 542 424 424 424 0.40 1.90 | +131%
5500 486 5.65 3.86 3.86 3.88 045 1.80 £131%
5600 485 5.77 3.73 373 73 0.40 1.80 $131%
5800 48.2 8.00 4.01 40 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 i resincted fo + 50 MHZ. The uncenainty i the RSS
of the Comd uncenainly 8t caltrason froquancy and the unceriainty for the indicated froguency band.
'NWWSM.Mdemuvm(ucma)mmrbe10\llqmconw-mn'mnhsww
measared SAR values. Al froquencies obove 3 GHz, the visicity of tissios paramaters (c and o} m rasticled 1o £ 5% The uncertanty = 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, Wavequide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 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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Conversion Factor Assessment

= 835 MH2 WGLS RS (H_comf) = 1900 MHz WGLS R22 (H_conwF)

/
W
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i y
0 ; ;
3. 3"
"5". . .3 ¢ o} e - L 'J: L » V " .[f.q o v . ‘ -~
= = widids o
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
40 -08 -08 04 02 00 02 04 085 08 10
Uncertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Traangular
Connector Angle (*) 853
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Lengih | 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
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Cortiticate No: DB35V2-441_Apri13

CALIBRATION CERTIFICATE
Otiject DB835V2 - SN: 441
Calibration procodura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calivration Equpment used (MATE critical tor calibration)

Calbration dete April 25, 2013

This calitration canificate documants the ability to natonal darde, which realze the physical units of moaswements (S1)
The s arvd the rh with canfidence probabiity are given on the followsng pages and are part of the cortificale
All calb have been d in the closed laboratory faciity: emdronment tempamture (22 « 3)°C and humidty < 70%

Primary Standards 0 # Cal Date (Certéicate No.) Schoduled Caltration

Powsr meter EPM-442A GB3I7ABOTO4 01-Nav-12 (No, 217-01640) Oct-13

Power sensar HP 84B1A us37292783 O1-Nav-12 (Na. 21701840) Oa-13
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Name Function f

Catdrated ty: Claudia Leubler Laboratory Technician T\b\'*

Approved by Kntja Pokovic Technical Managar
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Calibration Laboratory of {‘s\‘@'ﬁ-,.; Schweizerischer Kalibrierdienst
Schmid & Partner S Service sulsse détalonnage
Engineering AG o = Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand "‘-z,/f,‘\\.\«“' Swiss Calibration Service
Accradited by the Swiss Accrectation Socvico (SAS) Accreditation No.: SCS 108

Tho Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreemment 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.

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 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%.

Certificato No: DB35V2-441_Apr13 Page 20l 8
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Measurement Conditions
DASY system conliguration, as lar 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 a5 0.90 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 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 1o TW 9.68 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL candition
SAH measured 250 mW input power 1.62 Wikg
SAR lor nominal Head TSL parameters normalized 10 1W 6.30 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appliod.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (220+02)C 54.0+6% 1.01 mhoim =6 %
Body TSL temperature change during test <05C - eee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SARA measured 250 mW input power 2,51 Wiy
SAR for nominal Body TSL parameters normalized to 1W 9.69 Wikg = 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 W/kg = 16.5 % (k=2)
Certificate No: DB35V2-441_Apr13 Pagedot8
HCT CO., LTD.
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to fead point 5200-16)Q
Heturn 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) | 1.372 ns

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
second arm of the dipole. The antenna is therefore shon-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according 1o the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by 1his change. The overall dipole length is stll
accerding to the Standard

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 09, 2001
Conificato No: D835V2-441_Apr13 Page 4ol 8
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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: 835 MHz

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

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(6.05, 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: QDOOOPA9AA; Serial: 1001

o 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

Certificate No: D835V2-441_Apr3 Pago 5018
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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 $/m; & = 54; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY32 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn909; Calibrated: 11.09.2012
« Phantom: Flat Phantom 4.9L; Type: QDOOOP39AA: Senal: 1001

« 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

]
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|
3m
.00
40
1208
15.00
0dB = 2.93 W/kg = 4.67 dBW/kg
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N
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The Swiss Accreditation Service ia one of the signalories to the EA
Muttilateral 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) |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 62203-1, "Procedure lo measure the Specific Absorption Rate (SAR) lor hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz2)",
Fabruary 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 Moblle 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
paralie! to the body axis.

» Feed Point Impedance and Retum 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 Retum 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.

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

Ther uncertainty of measurement is stated as the standard uncertainty of measurement
multipied 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 on page 1.
DASY Version DASYS Va2 4.1
Extrapolation Advanced Extrapolation
Phantom Maduiar Fat Phantom
Distance Dipole Centor - TSL 10 mim with Spacor
Zoom Scan Resolution dx, dy, dz =5mm
Frogquency 1800 MMz + 1 MH2
Head TSL parameters
The following parameters and calculations were appiied
Tompersture Parmittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mhoim
Meoasured Head TSL parameters (220202)°C 30026% 1.38 mho/m 2 6 %
Head TSL temperature change during test <05°C - .
SAR result with Head TSL
SAR avaraged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW mput power 966mW /g
SAF for nominal Head TSL parameters normallzed 10 1W 300 MW /g £ 17.0 % (k=2)
SAR avaraged over 10 em” (10 g) of Head TSL condition
SAR measured 250 mW Input povwsr S1TmW/g
SAR for nominal Head TSL parameters normadized 1o 1W 205 mW /g £ 18.5 % (ks2)
Body TSL parameters
The following parameters and ceiculations were applied.
Temperature Permittivity Conductivity
Nominai Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220202 C 266" 1.52 mhoim & 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR measured 250 mW Input powsr 100mW /g
SAR tor nominal Body TEL paramaetars normalized o 1W 309 mW /g 2 77.0 % (he2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW Input power 530mWig
SAR for nominal Body TSL pammaters normalized 10 1W 212mW /g 2165 % (k=2)
Cortificate No: D100OVE-50032_Jul12 Pagedots
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Appendix
Antenna Parameters with Head TSL
Impadance, transformed 10 fead polnt 500Q+3150
Return Loss -30.1 4B
Antenna Parameters with Body TSL
Impedance. transformed 1o feed paint 4620+37 0
Returty Loss -2624d8B
General Antenna Parameters and Design
[ Etectrical Detay (one direction) | 1.164 ns |

Alst long derm use with 100W radiated powse, only & sight wirrming of the dipolks near this tesdpokit can be measurod

The dipols s made of standarnd semingid coaxlal cable. The center conductor of the feeding line & dirctly connectad o the
sacond arm of the dipole. The antenna is thersfore shoct-circuited for DC-signals. On some of the dipoles, amall end caps
are added 1o the dipole arms in oeder 1o improve matching when loaded sccording 10 the position as sxplalned in the
“Measurernent Conditions* paragmph. The SAR data are not affected by this change. The overall dipole fength i= still
according 10 the Standand

No excessve force must be applied 10 the dipole arms, becauss they might bend or the soldersd conneclions near the

feadpoint may be darmaged

Additional EUT Data
Manufactured by SPEAG
Manutactured on March 17, 2003
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DASYS Validation Report for Head TSL

Date: 20.07.2012
Test Laborutory: SPEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Typoe: D190V 2; Serial: D190V < SN: 54032

Commumcation System: CW;, Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.38 mho/m; & = 39.9; p = 1000 kg/m
Phantom section: Flat Section

Messurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration
o Probe: ESIDV3 - SN3205; ConvF(5.01, 5.01, 5.01);: Calibrated: 30.12.2011)
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electromics: DAE4 Sn601; Calibmued; 27.06.2012
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senial: 1001

o DASYS2 S2E.1(838); SEMCAD X 14.6.5(6469)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0;
Measurement gnd: dx=Smm, dy=5mm, dz=5mm

Reference Value = 96,864 V/m; Power Dnift = 0.03 dB

Peak SAR (extrapolated) = 17,209 mW/g

SARI(I g2) = 9.68 mW/g; SAR(10 g) =511 mW/g

Maximum value of SAR (measured) = 121 mW/g

(Le

0dB = 12,1 mW/g =21.66dB mW/g
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DASYS Validation Report for Body TSL

Date: 20.07.2012
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D190V Z; Serial: D1990V2 - SN: 54032

Communication System: CW; Frequency: 1900 MHz

Mediam parameters used: = 1900 MHz; o = .52 mho/m; & = 52.6; p = 1000 Kg/m
Phantom section: Flat Section

Measurement Stindard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASYS52 Configuration
o Probe: ESIDV3 - SN320S; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011
o  Semsor-Sarface: 3mun (Mechanical Surface Detection)

o  Electronics: DAES Sno0 1 Calibrated TO6.2012

¢ Phantom: Flat Phantom 3.0 (back): Type: QDOOOPSOAA; Senul: 1002

o DASYS2S2E.1E3E), SEMCAD X 14.6.5(6469)

Dipole Calibration for Body Tissue/Pin=230 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5Smm, dz=5mm

Reference Value = 95 470 Vi, Power Drift = -0.00 dB

Peak SAR (extrapolsted) = 17.332 mW/g

SAR(I g) = 10 mW/g: SAR(10 g) =53 mW/g

Maximum value of SAR (measured) = 12.6 mW/g

“»

ite-

0dB = 126 mW/g = 2201 dB mW/g
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CALIBRATION CERTIFICATE
Otiject D2450V2 - SN: 743
Cattwation procsduss(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Caitoraton dede August 23, 2012

| which remkee B il unils of msasursmenty (51)
Tho mensurements and the uncertainbes with conddence pectaatiity s given on the following pages and ame part of the conificas
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| Primary Swandards [ID# Cal Date (C No ) Schoduled Calbration
Power meser EPM-S42A GBIT4B0704 05-0ct.11 (No. F17-01481) Ocs-12

Power sansor HP 8281A LSy 06-0c-11 (No. 217-01451) Oci2
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DAE4 N en 2T-Jur12 (Na, DAES-&01 e ) Jun13

Secondary Standands 0 Chnex Date (n house | Schedulec Check
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Network Analyzer HP 8753E USI7I00585 54206  18-0ct01 (In housa check Oct-11) Ih howse check. Oct-12
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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 82209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-heid
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) 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 certificats. All figures stated in the certificate are valid at the frequency Iindicated.

« Aptenna 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
measuramant at tha SMA connector to the feed point. The Return Lass 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
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 systam condiguration, as far as not given on page 1
DASY Version DASYS V5282
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL. 10 mm with Spacsr
Zoom Scan Resolution dx, dy, dx = 5 mm
Frequency 2450 MHz + 1 MH2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 362 1.80 mhoim
Measured Head TSL parameters (220=202)°C W2+8% 1.8t mho/m 26 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condiion
SAR morsured 250 mW input power 132mW/ig
SAR for nominal Head TSL paramsters nomalized to 1W 52.7 mW /g 2 17.0 % (k=2)
SAR averaged over 10 con’ (10 g) of Head TSL condition
SAR moasured 250 mW Input power G18mW/g
SAR for nominal Head TSL parameters normalized 10 TW 24,7 mW /g + 16,5 % (k=2)
Body TSL parameters
The following paramaters and calculations ware apphed.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.85 mho/m
Measured Body TSL paramotors (220+02)"C 513+6% 1.96 mho/mi 2 6 %
Body TSL temperature change during test «05°C —_
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAH moasured 250 mW Input powser 130mW/g
SAR for normanal Body TSL paameters normalized fo 1W 51.2mW /g2 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 8.10mW /g
SAR for nominal Body TSL paramelers nomalized to 1W 242 mW/ g =165 % (k=2)
Cantificate No: D2450V2-743_Aug12 Papged ol &
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Appendix
Antenna Parameters with Head TSL
Impedance. transiormed to foed point 5400 +«4750
Return Loss 24648
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point 50840 +65jQ
Return Loss -237dB
General Antenna Parameters and Design
| Elactrical Delay (one direction) | 1.156 ns |

Alar long term use with 100W radiated power, only n slight warming of the dipole near the feedpaint can be measured

Thae dipole s made of standard semirigid coaxial cable. The center conductor of the feeding line 18 directly connected 10 the
sacond am of the dipole. The antenna is therefore short-circuitad foe DC-signats. On some of the dipoles, amall end caps

are added to the dipole arms in order to improve matching when loaded according Lo the position as explained in the
‘Massarement Conditions' paragraph. The SAR data are not alfected by this change. The overall dipote langth is stll

according 1o the Standard

No axcessive [oren must be appiod 1O the dipole arms, because they might band or the solderad connections near the

teedpoint may bo damaged

Additional EUT Data
Manutactured by SPEAG
Manulactured on December 01, 2003
Cerfificate No: D2450V2-743_Augl2 Page 4 of B
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DASYS Validation Report for Head TSL

Date: 23.08.2012
Test Luboratory: SPEAG. Zurich, Switzeriand
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Commumication System: CW, Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 181 mho/m; & = 39.2, p = 1000 kg/m'
Phantom section: Flut Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2007)

DASYS2 Configumtion
o  Probe: ES3DV - SN3205; ConvF(4.45, 4,45, 4.45), Calibraged: 30122001
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 So60 1 Calibrated: 27.06.2012
o  Phantam: Flat Phantom 5.0 (front); Type: QDUOOPSOAA, Senal: 1001

e DASYS2S5282969); SEMCAD X 14 66(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Snun, dy=Smm, dz=5mun

Reference Value = 98.554 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.584 mW/g

SAR(I g) = 13.2 mW/g: SAR(10 g) = 6,18 mW/g

Maximum value of SAR (measured) = 16.5 Wikg

dB
U

-10.00
15.00

-20.00

25.00

0dB = 16,5 W/kg = 24.35 dB W/ke
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DASYS5 Validation Report for Body TSL
Daste: 22.08.2012
Test Laborutory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serinl: D2450V2 - SN: 743

Communication System: CW: Frequency: 2450 MHz

Medium parumeters used: { = 2450 MHz; o = 1.99 mho/m; &, = 51.3; p = 1000 kg/m’
Phantom section: Fla Section

Measurement Sumdard: DASY S (IEEETEC/ANSI C63,19-2007)

DASYS2 Configurahon:
« Probe: ESIDV3 - SN3205: ConvF(4.26, 4.26, 4.26), Calibraved: 30,12.201 |
«  Sensor-Surface: Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (buck); Type: QDOOOPSDAA; Serial: 1002

o DASYS5252.8.2(969). SEMCAD X 14.6.6(6824)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=5mm

Reference Value = 95.699 V/m; Power Drift =0.01 dB

Peak SAR (extrapoluted) = 26 489 mW/g

SAR(! g) = 13 mW/g; SAR(10 g) = 6.1 mW/g

Maximum value of SAR (measured) = 16.9 Wikg

e
0

960

1920

-2A00

0dB =169 Wi =24.56 dB W/kg
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Calibration Laboratory of S Schwolzerischer Kalibriardionst
Schmid & Pariner —t Service suisse d'étalonnage
Engineering AG % Servizio avizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand N Swiss Calibration Service

ool

Accredited by the Swiss Acoredilation Service (SAS)
The Swiss Accreditation Service is one of the signatories fo the EA
Multilateral Agreement for the recognition of calibration certificates

IR —
CALIBRATION CERTIFICATE

Carificate to: DSGHZV2-1107_Feb13

Otjoct D5GHzV2 - SN: 1107
Calitwation procedurels) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz
Calibration date February 21, 2013

This calbration certificate documants the tracoabilty to national standards, which realize the physical units of measurements (51)
The and the uncer with confidence probability are gven on the following pages and are part of the cerlificale.

All culibeations have bean contucied in the closat boratory taciity: anvironment tempernsture (22 = 3)°C and humidity « 70%

Caliobrason Equipment used (MATE critical for calibration)

Primary Standards 10 # Cal Date (Certificate No ) Scheduled Calbration

Pawer meter EFM-4424 GBI7A80T04 01-Nov-12 (No_217-01640) Oc213

Pawer sansor HP B481A US37202783 01-Now-12 {No. 217-01640) Oct13

Roference 20 3B Attsrumor SN 5058 (20%) 27-Mar-12 (No. 217-01530) Apra3

Type-N mismatch combanation SN- 50473106327 27 Mar-12 (No. 217-01533) Apr-13

Redarence Probe EXG0DVE SN 3503 28-0uc-12 (No. EX3-3503_Deci2) Dec12

DAE4 SN 6 27Jun-12 (No. DAEA-801 Jun12) Jun-13

Secondary Standards D # Chack Date (n house) Scheduled Chack

Powor sonsor HP BAB1A MY&1082317 18-0ct-02 {In house chack Oct-11) in house chack: Det-13

AF generalor RAS SMT-06 100005 04-Aug-59 (in house chack Oct-11) in house chack: Oct13

Network Analyzer HP 8753E US3I7390585 54206 18-0ct-01 {In house chuck Dct-12) In house chack: Oc13
Name Function Signature

Calibrated by: Leit Kaysnee Laboeatory Techrician W /g

Approved by Katja Pokovic Technical Manage!

A

issued: February 21, 2013

This casbration canificate shall not be 1eproduced excopt in full without wiitten approval of tha laborasocy
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Calibration Laboratory of Schweizarischer Kalibriorienst
Schmid & Partner Sorvice sulsse d etalonnage
Engineering AG Servizio svizzero di taratura
Zeughnusstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredidnd by the Swess Acorodtation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) 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 Maobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) 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
paralle! 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.

e 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 rted 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 coafiguration, as far as not given on page 1.
DASY Version DASYS V5285
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz 1 1 MHz
5300 MHz + 1 MHz
5500 MHz + 1 MHz
5600 MHz + 1 MHz

5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 36.0 4 .66 mho/m

Measured Head TSL parametors (22.0+0.2)°C 347+6% 4.47 mho/m + 6 %

Head TSL temperature change during test <05°C e e
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.08 Wikg

SAR for nominal Head TSL parameters normalized 10 1W 80.1 Wikg = 19.9 % (k=2)

SAR averaged over 10 em’ (10 g) of Head TSL condition

SAR measured 100 mW input power 231 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parameters and calculstions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.78 mho/m
Measured Head TSL parameters (220202)°C 345:26% 457 mho/m £ 6 %
Head TSL temperature change during test <05°C —-— -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.18 Wikg
SAR for nominal Head TSL parameters normalized to 1W B81.0 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.3 Wikg = 19,5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were applied
Temperature Permittivity Cenductivity
Nominal Head TSL parameters 220°C 356 4,98 mho/m
Measured Head TSL parameters (220+02)°C M2:6% 474 mho/m =6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 80.0 Wkg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 228 Wig
SAR for nominal Head TSL parameters normalized to 1W 22.6 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5.07 mho/m

Measured Head TSL parameters (220:02)*C 3M4126% 4,83 mho/m 28 %

Head TSL temperature change during test <05°C - —
SAR result with Head TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measursd 100 mW input powsr B8.53 Wikg

SAR for nominal Head TSL parameters normalized to 1W 84.4 Wiag £ 19,9 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condition

SAR measured 100 MW input power 243 Wikg

SAR for nomina!l Head TSL parameters nommalized to 1W 24,0 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 353 5.27 mho/m

Measured Hoad TSL parameters (220+02)°C 339:+6% 5.05 mho/m = 6 %

Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.91 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 78.3 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 100 mW input power 225 Wikg

SAR for nominal Head TSL parameters nomalized to 1W 222 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following paramaters and calculations were apphied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 49.0 5.30 mho/m
Measured Body TSL parameters (220202)C 468 +6% 5.36 mho/m = 6 %
Body TSL temperature change during test <05"C -ee -—
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.50 Wia
SAR for nominal Body TSL parameters normalized to 1W 74.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 210 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.8 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were applied,
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mhoim
Measured Body TSL parameters (220=x02)"C 467+6% 548 mhom £ 6%
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.67 Wikg
SAR for noménal Body TSL parameters normalized to 1W 76.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measurad 100 mW input power 215 Wikg
SAR for nominal Body TSL parameters nomalizad to 1W 21.3 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 486 5.65 mho/m

Measured Body TSL parameters (220202)C 463+6% 571 mho'm £ 6 %

Body TSL temperature change during test <05°C e e
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 em’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.92 Wikg

SAR for nominal Body TSL parameters normalized to 1W 78.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured 100 mW input power 220 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21,7 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 485 5,77 mho/m

Measured Body TSL parameters (220£02)*C 462+6% 583 mho/m &8 %

Body TSL temperature change during test <05°C e —-
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 8.18 Wikg

SAR for nominal Body TSL parameters normalized to 1W 81.0 Wikg = 19.9 % (k=2)

SAR averaged aver 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 226 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22,3 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220C 482 6.00 mho/m
Measured Body TSL parameters (220202)'C 459+6% 6.12 mho/m £ 6 %
Body TSL temperature change during test <05°“C - e
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.50 Wikg
SAR for nominal Body TSL parameters normalized to 1W 74.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 100 mW input powar 2.07 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 20.4 Wikg = 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transtormed 1o leed point 4870-97 0

Retum Loss -20.1 48
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed paint 501 Q-6.7 0

Return Loss ~235d8
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 515Q-58jQ

Retum Loss -246d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transtormed 1o leed point 5380-50jQ

Raturn Loss -244d8
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed 1o feed point 5580-61jQ

Reotumn Loss -220d8
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed 1o feed point 4880-94i02

Retum Loss -204d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5060Q-7.1Q

RAetum Loss -2304dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed 1o feed pont 5180Q-591Q

Return Loss -2444dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5540Q-470
Retumn Loss -233dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, ransformed to feed point 5680Q-51K
Retum Loss -22.0d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1195 ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve maiching when loaded according to the position as explained in the
“Measurement Conditions® paragraph, The SAR data are not atfected by this change. The overall dipole length is still

according to the Standard
No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the
feedpaoint may be damaged
Additional EUT Data

Manutactured by SPEAG

Manufactured on March 11, 2011
Certificate No; D5GH2V2-1107_Febi13 Page 100t 16

HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 204 of 210

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



HET S LT

Report No.: HCTA1305FS09 FCC ID: ZNFE989 Date of Issue: Jul, 1. 2013

DASYS Validation Report for Head TSL

Date: 20.02.2013
Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: CW; Frequency; 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: S800 MHz

Medium parameters used: = 5200 MHz: 0 = 4.47 S/m; &, = 34.7; p = 1000 kg/m’ , Medium parameters
used: [ = 5300 MHz; 0 = 4.57 S/m; &, = 34.5; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
4.74 Sim; & = 34.2; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz: o = 4.83 S/m: & = 34.1; p=
1000 kg/m” , Medium parameters used: f = S800 MHz; o = 5.05 S/m; &, = 33.9; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.91, 491, 4.91): Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76).
Calibrated: 28.12.2012, ConvF{4.81, 481, 4.81); Calibrated: 28.12.2012;

e Secnsor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASY52 52.8.5(1059); SEMCAD X 14.6,8(7028)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 65.648 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.925 V/m; Power Dnift = -0.04 dB

Peak SAR (extrapolated) = 30.9 Wrkg

SAR(1 g) = 8.18 W/kg: SAR(10 g) = 2.36 W/kg

Maximum value of SAR (measured) = 19.4 W/ikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.482 V/im; Power Drift = 0.06 dB

Peak SAR (extrupolated) = 33.1 W/ikg

SAR(1 g) = 8.08 W/kg: SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 19.8 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid; dx=4mm, dy=4mm, dz=!.4mm

Reference Value = 66,269 V/m; Power Drift = 0.04 dB

Peak SAR (extrupolated) = 34.0 W/kg

SAR(] g) = 8.53 W/kg: SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 20.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61,769 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(] g) = 7.91 W/kg; SAR(10 g) = 2.25 W/kg

—{-10.00

-20.00

-30.00

-40.00

-50.00

0dB = 19.8 Wkg = 1297 dBW/kg
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Impedance Measurement Plot for Head TSL

28 Feb 2013 15:09:28
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DASYS5 Validation Report for Body TSL

Date: 21.02.2013
Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: CW: Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 5.36 S/m; & = 46.9; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: 6 = 5.48 S/m; & =46.7; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz: ¢ =
5.71 S/m; £, = 46.3; p= 1000 kg/m" » Medium parameters used: { = 5600 MHz; 6 =583 S/m; &, =462, p =
1000 kg/m’ , Medium parameters used: f = 5800 MHz; a = 6.12 S/m; & = 45.9; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe; EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.43, 4.43, 4.43); Calibrated: 28,12.2012, ConvF(4.22, 4.22,
4,22); Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4,38); Calibrated: 28.12.2012;

» Sensor-Surface: | 4mm (Mechanical Surfuce Detection)

« Electronics: DAE4 Sn601: Calibrated: 27.06.2012

« Phantom: Flat Phantom 5.0 (back); Type: QDDDOPSOAA; Serial: 1002
» DASY5252.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.005 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 29.7 Wikg

SAR(1 g) = 7.5 W/kg; SAR(10 g) = 2.1 W/kg

Maximum value of SAR (measurcd) = 17.9 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MH2z/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.257 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31,3 W/kg

SAR(1 g) = 7.67 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59,157 V/m;, Power Drifi = -0.01 dB

Peak SAR (extrupolated) = 34.1 Wikg

SAR(1 g) =7.92 W/kg: SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 19.4 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.204 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 36.5 Wrkg

SAR(] g) = 8.18 W/kg: SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measuvred) = 20.4 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.755 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.2 W/kg

SAR(1 g) = 7.5 W/kg; SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

dB

0

-10.00
-20.00
-30.00
-40.00
-50.00

0dB = 19,1 Wikg = 12.81 dBW/kg
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Impedance Measurement Plot for Body TSL

24 Feb 2013 11143109
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