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Object ETADVE-SN:1798
Catbration progeduns(s) ‘OA CAL-D1.v8, QA CAL-12.7, QA CAL-23.v4, OA CAL-25.w4
Calibration mém.ue mmmm probes
Cakbeglicn dale: April 20, 2013
This cakbepbion cartilicals docurmants the If Lty Ao nadioral ds, witich raaliss the pfysical units ol messaremants |51
The messuremants and the uncartainlies with confidencn probability ane given on tha loliowing poages and ame part of the cantficale
All caityatons hine been conduciad In the closad lnberatory Inciily: ematonment iempeiatune {22 = 31°C and humidity < 70%,
Caltwatcn Equiprant wsed (MATE eritics] for caiibeatian)
Prmary Standards 0 Cal Dadn [Cortificate Mo j Scheduied Calibration
Powes mter Edd 158 GEA 1293074 D413 (Mo, 21701738 Apr-14
Powes ssrnof E44124 M4 1458007 Od-Apr-13 (Mo, 217017321 Apri 14
Ftproncs 3 ofl Atisraunlor 5M: 65054 (3c) Od-Apr-43 (Mo, HT-0M73T) Apr-14
Hwdorence 20 JB Attenuntor 5H: SEFTT () 04-Apr-13 (Mo, 217-01735) Ape-14
Red 30 08 Ary 5H 55128 (308) [-Apr-13 (Ma, T1T-D1738) Ape-14
Aearonce Probe ESI0NW2 SN 3043 28-Duc-12 (No. £53-3013 Dect?) Dog-13 =
DAE4 SH. 660 A4-dan-13 (Ho. DAE4-640_San1d) Jan-t4
Setendary Siandan I Crwci: Duie {in howsa) Sehmduled Check
RF genarator HP BE4SC | Uss6ana17o0 A-Aug 0 (n house chack Agv-13) In howse chweic Apr-15
Hotwork Anatyzar HP 7532 | USa73g088s 18-0ci-01 (in house check Ocl-12) in house check: Oci-13
i i
" " alio S e TR
tesyed: April 30, 2013
_nil_g'ﬂllq'! Wuﬂmm_:m lm:,uﬂ i bl wishout ulmﬂmd of tha
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Glossary;

TSL

tigauen simulating liquid

NORM:wy,Z sensitivity in free space

ConyF
DCP
CF

A B C

sensitivity in TSL / NORMx,y.z
diode compression point
crest factor (1/duty_cycle) of the RF signal
D modulation depandent linearization paramelers

Polarization ¢ » rotation around probe axis
Polarization 3 rotabion around an axis that is in the plane normal to probe axis (atl measurement center),

Le., # =0 is normal to probe axis

Calibration Is Performed According to the Following Standards:

i}

b)

|EEE S1d 1528-2003, "|EEE Recommended Practice for Determining the Paeak Spatial-Averagod Spocific
Absorplion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques®, December 2003

IEC 62209-1, "Procedure (o measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximily 1o the ear (irequency range of 300 MHEZ to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMx.y,z: Assessed for E-field pofarization & = 0 (1 < 900 MHz in TEM-call; { > 1800 MHz: R22 waveguida).
NORM:x.y.z are only inlermediate values, |8, the uncerainties of NORMux,y,z does not affect the E"-field
uncafainty inside TSL {sea balow ComdF)

NORM{Mx.y.2 = NORMx.y,z * frequency_response (see Frequency Response Chart), This Enearization is
implamented in DASY4 software versions later than 4.2, The uncenainty of the frequency response is included
in ihe stated uncerainty of ComdF,

DCPxy.z: DCP are numerical lingarization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required), DCP does nol depend on frequency nor media

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

Axyx Beyr Cryz Deys VR y.z A B, C, D are numerical linearization parameters gssessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fregueency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ComiF and Boundary Effect Paramelers: Assessad in flat phaniom using E-fiedd (or Temperature Transfar
Standard for | £ B00 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are glven. These paramelers ar
used in DASY4 software o improve probe accuracy close fo the boundary. The sansitivity in TSL comesponds
o NORM vz * Corm® whereby the uncedainty corresponds to that given for ConvF, A frequency dependent
ComvF s used in DASY version 4.4 and highar which allows extending the validity from + 50 MHz to £ 100
MHz

Sphorical fsotropy (3D deviation fram jsotropy) in a feld of low gradients realized using a flat phantom
exposed by 8 palch antenna

Sensar Offsel The sensor offsat commesponds fo the offsel of virtual messurement center from the probe tip
[on probe axis). No lolerance required

Centificate No! ET3-1788_Apr13 Page 2 ol 11
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Probe ET3DV6

SN:1798

Manufactured:  August 14, 2003
Calibrated: April 29, 2013

Calibrated for DASY/EASY Systems

{Moda: non-compalbible with DASY2 syslaml)
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
ETIDVE- 5M. 1703 April 29, 2013
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798
Basic Calibration Parameters _ _

Sensor X Sonsor ¥ Sensor £ [ Unc (k=2 |
Nom (pVitvimPT 189 1.78 203 | £10.1%
OCP (mv]" 90.9 1.3 87,3 ]
Modulation Calibration Parameters
uiD Communication System Namea A | B [ D VR Unct |
: dB dBvuY dB my (k=2
0 oW P 0.0 t 00 | 10 | 000 | 1528 | =27%
Y| oo | oo | 1o | 1468
[z 0o | oo 1.0 | 1483
The reported uncertainty of measurement is stated as the standard uncertainly of measurement
multiplied by the coverage factor k=2, which for a normal distribution comesponds to a coverage
probabllity of approximately 95%.
: The uncenasnties of NormX,¥ T oo not afiect the E7.fsld unconainty imide T5L (see Pages 5 and §)
. Numaical inearzation parsmeter: urcertanty nol nequired
I ul:“ullm" 5 dolermingd using the masx. devinbon fom Enear respora apphying rectangular distribution and is expressed for the squane of it
Ll Ry e ]
Cersficate No: ET3-1798_Apr13 Page 4 of 11
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
ET3DWE- SN TS Al 29, 7013
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798
Calibration Parameter Determined in Head Tissue Simulating Media

Rolathve Condustivity Dopth Unet. |
F{MH® | Permittivity” (8m)" | ConvFX | ConvFY | ConvFZ | Mipha | [mm) | (ke3)
450 435 0.87 7.74 7.74 7.74 0.23 232 | +134% |
750 41.8 088 7.00 T.00 T.00 0.31 2.62 +12.0% |
835 415 0.90 .64 .64 664 | 033 | 251 | s12.0% |
B[00 41,5 0.87 B.54 6,54 6,54 0.41 221 % 12.0%
|
1450 40.5 1.20 555 555 535 0.45 3.00 £12.0 %
1750 40.1 1.37 5.51 5.51 5.51 068 | 228 | £120%
1800 40,0 1.40 5.29 5.28 528 0.0 216 2120% |
1850 40.0 1.40 5.09 509 | 509 | DBO | 223 | +120%
2450 38.2 1.80 4,63 .63 4.63 0.80 1.82 +120%
E Femguarcy validity of £ 100 MHz only spplies hor DASY wil 4 and higher (see Page 2|, else 1 is resivicied io 2 50 MHz. The uncertarty & (ha RSS
of the Com® uncertairty af calitvation inequancy and ths uncsltarty or the indicaled keguency band
" A Irequencaes Bakny 3 GHz, e valdity of tsaue parsmaters (< and a1 can be relamd i & 10% if liqud compenaaton fommuta & Bppled o
misured SAR values. Al frequencees abows 3 GHz, the validey of iisus parametens (= and o) & esiricied 1o 2 5%, The urcerainty is the BSS of
B Conyf uncanmenty i indeated Largal HESus Saamelers
Canificate No: ET3-1788_Apri3 Page 5af 11
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FCCID: ZNFD956 Issue Date: Jan. 10, 2014
ET3DVE- SN:1T98 Apnl 29, 2013
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798
Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth Unct,
l{HH.‘l:j"' | P_l_l'f-'l'llltl'n'll:pr (8im) " ConvFX | ConvFY | ConvFZ @ Alpha [ (=2}
450 56.7 0.94 B.11 B.11 B 0.23 233 134 %
750 55.5 0.256 6.62 682 682 | 026 3.00 +12.0%
B35 552 0.487 BB 6,46 6.6 0.41 2.30 £120%
1750 | 53.4 1.48 483 453 4.53 0.80 242 £120%
1800 53.3 .82 4.70 470 4.70 080 I 2.35 £ 12.0 %
2450 52.7 185 4.16 4.16 4.16 0.63 1.15 2 12.0 %
. Frequency walidiy of £ 100 Mz anly applies for DASY w4 4 and higher |soe Page 2}, obie & & esncied [© 2 50 MHz. The uncerainty is the RSS
of the Comf Lnoaitenty @l chlitration frequency and thi unoerainty lor thae ndicaled fraguancy band
" Al froquencies bolow 3 GHz, the vakdty of lnsue parameters (¢ and a) can be mlamd b & 10% if liguid compensabon foma s spplied i
measured SAR valuss. A inequences atbove 3 OMz. the validsy of llssos paremetens (& end o 8 reslricted 10 3 5% Tha urcsrimnly & tha RSS of
the ConvF uncerlainly for indicated targel issun parmmalers
Cartificate No: ET3-1768_Apr13 Page &al 11
HCT CO,, LTD.
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
ETIDW6- SN-1708 April 28, 2013
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15 T — — R
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- 13+ [
& [
&
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| = !
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& !
g I
1L o7
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Dg-—L ¢ & = ) 0 4 0 L b 4 ¢t i i Lt i I

1] 500 1000 1800 2000 2500 2000
f [MHz]
e :
R=Z
Uncartainty of Frequency Responsa of E-fiald: £ 8.3% (k=2)
Carficalo Mo ET3-1T08_Apri3 Paga 7 of 11
Report No HCT CO., LTD.
P ' 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 121 of 196

HCTA1312FS02-03

TEL: +82 31 645 6300

FAX: +82 31 645 6401



CT

FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
ETADVE- Sa:1 788 Apnl 29, 2013
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz R22
] ] ] - ® w
g
B e L e i o = B BTty o B e
Fol [7]
s porl =
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Camilicate Na; ET3-1798_Apr13 Pape 8ol 11
HCT CO., LTD.
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
ET30VE- SM:1798 Apil 26, 2013
Dynamic Range f(SARpcad)
(TEM cell , f= 900 MHz)
10°
— W 3
E 0 i
2 :
‘;—h I
W ¥
& .
T o, g
o
1_|'_| _I - I
T |
10 10 10 10 101 10
SAR [mwWiems3)
. 03|
ot compensabed compensated
1
g
% 0 '!-.‘._._._.,_.,_._.f..:-—+--l"l-r-.-..-'--l".
u o
3 lig] [ 1.-_: 1 10¢ '.'C" 0=
SAR [mW'oma]
® | Ly
ol COHmpanaated ampanupled
Uncertainty of Linearity Assessment: * 0.6% (k=2)
Carificate No: ET3-1T88_Apr13 Paga 9 of 11
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Issue Date: Jan. 10, 2014
ET3IDVE- SN:1T98 Apil 29, 2013
Conversion Factor Assessment
f= 800 MHz WGLS RE (H_convF) 1= 1750 MHz WGLES R22 (H_cormvF)
=
i -
-
i
E " é 4
g T
‘:
:uu. a = = i a vlc- ' i w = n " -
3l o
# il ¥ A1
.- B Ty Laai ] TEwmaE
Deviation from Isotropy in Liquid
Error (4, 8), f= 900 MHz
1.0
08
oA
04
% 02
E 0o
02
o4
08
08
1.0
]
a0
]
40 -08 06 04 02 00 ©2 04 06 08 1D
Uncaertainty of Spherical |sotropy Assessment: & 2.6% (k=2)
Costificate Nor ET3-1708_Apri3 Page 10af 11
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FCCID: ZNFD956 Issue Date: Jan. 10, 2014
ETI0NVE- 501768 April 28, 2013
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798
Other Probe Parameters
Sansor Amrangament Traangulasr |
Connactor Angle (7} 1 564 |
“Mechanical Surface Detection Mods | enabled |
"Optical Surlace Detection Mods I disabied |
Probe Overall Length | 337 mm |
Frobe Body Diameter 1 10 mm
Tip Lengih | — 1Dmm |
[ Tip Diameter 6.8 mm
Probe Tip i0 Sensor X Callbration Pain 2T mm
Probe Tip Io Sensor ¥ Calibration Fain 27 mm
Probe Tip 1o Sensor Z Calibration Point | 2.7 mm
Recommended Measurement Distance lrom Surfoce 4mm
Cortilicate Mo: ET3-1T98_Apr1d Page 11 af 11
Report No HCT CO., LTD.
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Engineering AG =g Servizio svizzero o taratura
Zeughausstrasse 43, 8004 Zurich, Switzerlancd -"‘u,ﬁhﬁ“ Swiss Calibration Service
Acerpdited by the Swiss Accreditation Senvice (SAS) Acereditation Ne.: SCS 108

The Swiss Accredilation Servioe is one of the signatonios to the EA
Multilateral Agresment for the recognition of calibration certificates

ciem  HET (Dymstec) Cortificate Ho: EX3-3903_Mar13

Schwoizerischer Kakilsrienfienst
Service sulsse ddtalonnage

CALIBRATION CERTIFICATE

Oitect EX30V4 - SN:3303

Calitabon pracedirs|s| QA CAL-D1.vB, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23.v4,
QA CAL-25.v4
Calibration procedure for dosimetric E-fisld probes

| Calitrntion date March 18, 2013

This calibeation cerificabs docurnants the iraceatilily o nasona) siandaids, which reakos (he physical units of measumements {2}
The measuremanits and the urcersimies with confidencs probabilty ace gheen on he foliowing pages and are part of the cerificale

A3 calibrabons hove boen conducted in the dosed laboratary facility: emironmant iemperatune (72 + 3)°C ond humidéy = 70%

Cadbration Equipmant taed (MATE crcal fof calibration)

Thes enlibeatian coriificate shall ol be teproduced axcopt in hdl without writien apgioval of the labormiony,

Appeoved by Kalja Pokavic Tochnical Manages ﬁ :i -

Issued: March 1B, 2013

Primary Standands L] Cal Drade | Certificaie Mao. ) Scheduled Calbration

Power mter E44168 GBA1293ATL Z0-har-12 (Mo, 217-01508) Aprld

Powor gensor Ed4d 124 My 140s0a7 Fi-Mar-12 {Mo. 217-01508] Apr-13

Aederence J di Athenuastor SM: B5054 [3c) 27-Mar-12 (Mo, 217-01531) pr-13

R w30 98 Afenuaio SN: 55086 (200) FT-Mar-12 (No, 217-01528) Apr-13 1

Relerence 30 dB Allsmaabor Sh: 55129 [0 27-Mar-12 (Mo, 21T-01532) Api-13

Ralerence Probe ESI0NVZ SN 33 1 28-Dec-12 (Mo ES3-3013_Dec13) DBD-I:_!_ 3

DAES SN 880 3i-Jan-13 (Mo, DAE4-BE0_Jan13) Jush-1d

Secondary Standarss ) Chick Date (in house) Scheduled Chock

RF genarator HP BE4AC US3IeU01Ton 4-Mug-29 {in house check Ape-11) In house check: Apr-13

Matwark Anakyzet HP BTG3E US37350885 18-0ci-01 {in howse check Oct-12) i house check: Dct-13
Hame Function Signaturn

Calibrated by Jeton Kasumtl Laborstory Technician {

Cartificate No: EX3-3903_Mar13 Page 10of 11
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Calibration Laboratory of
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Engineering AG Sorvizio svizzero di taratura

Zoughaussirasse 43, B0 Zurich, Switrertand S Swiss Calibration Service

Accrodied by the Swiss Accreditation Sarvice {SAS) Acereditation Mo SCS 108

Thie Swiss Accreditation Service is one of the signatories to the EA

Mubtilatoral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

NORMxy.z sensitivity in frea space

ConvF sensitivity in TSL / NORMx.y.z

DcP diode compression paint

CF crest factor {1/duty_cycie} of the RF signal

ABC.D madulation dependent linearization parameters

Polarization ¢ ¢ rodation anound probe axis

Polarization § 4 rotation arocund an axis that is in the plans normal o probe axis (al measurement cenler),

e, & =0 s nommal fo probe axis

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 Wirelass Communications Devices: Measurameani
Techniques™, December 2003

b} |EC 62208-1, "Procedure o measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity fo the ear (frequency range af 300 MHz 1o 3 GHz)". February 2005

Hathnﬂs Applied and Interpretation of Parameters:
NORMzx,y.z- Assessed for E-field potarization & = 0 (f = 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMux,y,z are only intermediate values, Le., the uncestainties of NORMx,y,.z dogs nol affect the E’-field
uncertainty inside TSL (ses below ConvF).

s NORM{fx.y.z = NORMx.y, 2 * frequency_respanse (see Frequency Response Char). This linearization is
implementad in DASY4 sofiware versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConmvF,

s DGCPx,y.z DCP are numercal linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nar madia.

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

o Axyz Beyz Ceyr Diyz VRxy.z A B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depeand on fréquency nor
media. ¥ is the maximum calibration range expressed in AMS voltage across the diode,

s 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 { > 800 MHZ The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depih) of which typical uncertainty values are given. Thesa parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMz.y,z * Conv whareby the uncertainty cormespands to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz

«  Sphencal isolropy (30 deviation from isotropy): in a field of low gradients realized using & flat phantom
axposed by a paich antenna.

s Sensor Offset The sensor offset cormesponds to the offsat of virtual measurement center from the probss tip
{on probe axis). Mo tolerance requined

Cenificale Mo: EX3-3903_Mari3 Pape 2 of 11
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Probe EX3DV4

SN:3903

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
EXA0V4- SN3803 March 18, 2013
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903
Basic Calibration Parameters

Sansor X Sensor Y Sensor £ Une ﬂm!:_
Naorm [uViVim) 0.52 0.48 0.53 + 101 %
DCP (mv)~ a8.8 103.2 100.1
Modulation Calibration Parameters
win Communication System Name A B c D VR Une
dB_ | dBviv - @8 | mV (k=2

[i] W x 0.0 0.0 1.0 0,00 129.0 5%

¥ 0.0 0.0 10 | | 1220

F 0.0 0.0 10 | 124.7

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

* Tha uncertaintas of Mormol ¥, Z do not affect the E"-feld uncertaenty inaide TSL (ase Pages 5 ond §)

¥ Murnenical ineanzation paramsala unceranty nol recuned

’ Unceriainty @ determingd uming ihe max. devinton from inear response apphyng rctangular dstibution and is expmssad for the squane of the

fiold valum
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HCT OO LT

FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX3DVa- SN:3003 March 18, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductlvity Depth Unct.

f{MHz) " | Permittivity” (5im) " ComvFX | ConvF¥ | ConvFZ | Alpha | (mm) | (k=2)
450 43.5 0.87 10.72 10.72 10.72 015 1.68 +134 % |
750 41.9 (.89 10.21 10.21 10.21 0.2 1.28 +120% |
B35 41.5 0.80 . 8.87 9.87 887 0.28 1.07 +120%
800 415 0.87 877 | 817 8.77 017 166 | +120%
1450 405 1.20 Bs0 | 850 B8.58 0.18 176 | £120%
1750 | 40.1 1.37 B.60 8.60 [ B.60 0.61 0.67 £12.0%
1800 40.0 1.40 B.20 8.30 8.30 ! 0.45 0.76 £12.0%
1850 40,0 1.40 B8.10 8.10 810 030 | 080 :12.0 %
2450 39.2 1.80 7.43 7.43 7.43 0.33 '_ 085 | 2120%
2600 39.0 1.96 723 7.23 7.23 0.31 0.5 +£12.0%
5200 360 4.66 478 4.79 479 040 | 180 | #13.1%
5300 350 476 4.60 4.60 4.60 0.40 1.80 | & 13.1 %
5500 35.6 4.06 4.49 4.48 4.49 045 1.80 | +131%
5600 355 5.07 4.46 4.46 446 0.40 180 | £131% |
5800 353 527 | 414 414 4.14 0.45 180 | $131%

© Frequency vty of + 100 Mz onily applies for DASY w4 and higher (see Paga 2). sise if is restricted 1o £ 50 MH2 The uncenainty i@ the RS5
of the ConyF uncenainky 8l calibration frequancy and the uncertainty for the indicated freguency band

" Wequencies, balow 3 GHz. the validity of tissue parametens (¢ and o) can be mmiaed bo 2 10% i guid compensatan loamuls = spplied 1o
measured SAR volies. At frequencies abave 3 GHz. the valicity of tissue paramelens (s and o) & restricled 1o + 5% The uncenanty is the RSS of
Ihe: CansF urcanainty for indicated tamged lissun parameters

Certficale No: EX3-3903_Mar13 Page Sof 11
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HCT OO LT

FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX30Va- 5MN:3903 March 18, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth |  Unct
[(MHz)® | Parmittivity {5im) " ConvFX | ConvF¥ | ConvFZ | Alpha | (mm) | (k=2
450 56.7 0.84 11.20 11.20 11.20 0.05 110 | £134%
750 55.5 0.96 9.91 8.81 5.91 0.27 121 | $120%
B35 56.2 0.87 975 8.75 8.75 0.33 106 | £120%
1750 53.4 148 | 782 7.82 7.82 0.35 0.87 £120% '
| 1800 53.3 1.52 7.53 7.53 7.53 0,28 103 | +120%
| 2450 52.7 1.5 7.14 7.4 7.14 0.80 0,57 £120%
2600 52.5 216 6.88 .69 6.8 0.80 0.50 £120%
5200 48.0 530 4.32 4.32 4.32 0.40 1.90 131 %
5300 489 5.42 4.24 4.24 424 0.40 1.90 131 %
5500 486 [ 5,65 186 3.86 3.86 0.45 180 | £131% |
5800 485 5.77 373 373 | 373 0.40 180 | #1341 %
5800 | 482 .00 4.01 401 | 401 0,50 1.90 +13.1 %

® Froguency validity of 2 100 MHz only spplies lor DASY w4 4 and higher [see Page 2j, sl it b restncted 1o + 50 Mz The uncenasny s e RES
of the Comd uncorininty o calitration (requency and th uncartainty for the indicated frequency band

¥ Al mguencies below 3 GHz. 1he waldiy of lissun paramaters (c and o) can b reimeed io + 10% if bguid compenaation fomuls fs agpéed o
measured SAR vales AL lrequencies above 3 GHz. the valdry of lissis parameters (c and o) & restricted to + 5%. The wncenanty s the BSS of
the Corn unceriainty for indicated tarpst ESsus paramelers
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HCT CO., LTD.
Report No. . . . . .
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 131 of 196

HCTA1312FS02-03 TEL: +82 31645 6300 FAX: +82 31 645 6401



CT

HCT OO LT

FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX30Vd4— SN:3803 March 18, 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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FCCID: ZNFD956 Issue Date: Jan. 10, 2014

Ex30V4- SN:3003 March 18, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

=1800 MHz R22
<
g
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@
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Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX30Wid~ SN-3803 March 18, 2013

Dynamic Range f(SAReaa)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014

EX3DVa- SM:3803 March 18, 2013

Conversion Factor Assessment

=835 MHz. WGLS RS (H_comF) = 1900 MHz WGLS R22 (H_comd)
L1
la
18 \," 5
3 g =
i -
il
. -
i .
L1 . "
a L] b1 3 - -} " ] 1 10 % x F b 4 n -
i b=t Bt
=¥ Bl &

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

10 08 -068 04 02 00 02 04 085 0B 10
Unecertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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HCT OO LT

FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX3DVa— SN; 3503 March 18, 2013

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

Other Probe Parameters

Sensor Arrangement Triangular |
“Conneclor Angle () T 853 |
“Mechanical Surface Detection Made ~enabled |

Optical Surface Detection Mode disablad

| Probe Cverall Length 337 mm

Probe Body Diameter 10 mm |

Tip Langth : amm |

Tip Diameter 2.5 mm

Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calrbration Point | imm |

Probe Tip to Sensor £ Calibration Point Amm

Recommendad Measurement Distance from Surface 2 mm
Cerlfficate No: EX3-3803_Mar13 Page 11 0f 11
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HCT OO LT

FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
Calibration Laboratory of Sehwalzorischer Kalibriardienst
Schmid & Partner Sarvice sulsas d'#slonnige

Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerfand Swiss Calibration Service
Accrodided by the Swiss Accreditalion Service (SAS5) Accreditation No.: SCS 108
The Swiss Accroditation Sarvice is ona of the signators Lo the EA
Multilateral Agreament for the recognition of calibration cortificales
ciem  HCT (Dymstec) Gortificats Mo: EX3-3863_Jul13

|CALIBRATION CERTIFICATE

Obgact EX3DV4 - SN:3863
Calibration procgdures) QA CAL-Q1 \ﬁ,mm ﬂﬂﬂ. I'.'.'IA EﬂL-EH 'M-; mm&am
Catbrabon dane: July 31, 2013
This calibration cerficabe documents The irnceabiity to national standards, which realize the phrysical units of measuements (31)
The measurements and he uncerisiniies with confidence probabilty s gren on the followang pages ard ane parl of the cerificale
All calbrations have boon conductsd in the ciosed laboratory faclity: ervironment lemperature (22 + 31°C and humidity < T0%

|

| Cafibvation Equspmant used (MATE criical for calibratian)
Primary Standards D Cal Datn (Cerifficats No ) | Schadules Calbration
Perwar meter E44 108 GR41Z9ZETE d-Apr-13 {Ne. 21701733 Apr-14
Powar senscr E44124 MY 41488087 Od-Apr-13 (Mo, 217-01733} Apr-14
FRafgrance 3 dB Attenuabsr SN: 55054 [3¢) d-Agr-13 (Ma. 217-01737) Apr-1d4
Raference 20 &8 Anemsaior SM; SE2TT [20x) Dd-Apr-13 (Mo 217-01735) Apr-14
Relarsnce 30 68 Atenisio SN: 55129 [300) O4Apr-13 (Mo, Z17-01738) Apr-14
Felerenca Probe ES30V2 SN: 3013 28-Doc-12 (Mo, ES3-3013_Dectd) Dec-13
DAES SM: 680 31-Jar-13 (Mo, DAE4-660_Jan13) | dan-14
Secondary Standards [+] Check Dt (in housa) Scheduled Check
RF genetaios HF B5480 LISIE40U01T00 &-A0-58 (in house chack Ape-13) In house chack: Apt-15
Matwerk Aralyzor HP BT53E US3ITI005E5 1B-0et-01 {in howuse check Ocl-12] 'f”f"““ =he¢!.h Oct-13

Hame Fumimn
Calibenied by ‘Casudio Lauble Labormiory Technician /
Aporrend by, Katin Pekavic Tochrs Marager m
Isswed: July 31, 213

This caliration cerificate shall nol be reproduced axcepl in full withowt witien saproval of he labonaony,
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HCT OO LT

FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
Calibration Laboratory of Py Schwelzsrischiar Mallbriardianst
Schmid & Pariner i Sarvice sulsss d'éalonnage

Engineering AG —— Servizio svizzero di @ratura
Zeughausstrasss 43, 8004 Turich, Switsariand i,;,‘f'..-"-\‘\ky} Swiss Calitration Sorvics
ik
Accrodited by the Swiss Accrediation Sendce [SAS) Ascreditation No.: SCS 108
Tho Swiss Accroditation Service is one of the signatories 1o the EA
Muitilateral Agreemant for the recognition of calibration cerificates
Glossary:
TSL tissue simulating liquid
NORMg,y.2 sensiivity in free space
ConvF sansilivity in TSL / NORMx v,z
DCP dipde comprassion point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization paramelers
Polarization ¢ 1 rotation around probe axis
Polarizaticn & % rotation around an axis that is in the plane normal to probe axis (al measurement center),

i.e.. 8 =0 is normal o probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, *|EEE Recommanded Practice for Determining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Davices: Measuremant
Techniques™, December 2003

b) |EC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proaimity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
s NORM:y.z Assessed for E-field polarization & = 0 (f < B00 MHz in TEM-cell; f = 1800 MHz: R22 wavequide).
MORM.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{xyz = NORMyy.z * frequency,_response (see Frequency Response Chart). This finearization is
implementad in DASY4 software varsions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ComeF.

« DCPxy.z DCP are numencal lingarization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP does not depend on frequency nor edia

s PAR: PAR is tha Peak to Average Ratio that is not calibrated but determined based on the signal
characlerisics

e Axyz Boyr Cxy.z Dxyz VRsy.z A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nol depend on frequency nar
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

« ComvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temparature Transfer
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for > 800 MHz. The same selups are used far assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are ghven. These parametess ang
used in DASY4 software to improve probe accuracy closa to the boundary. The sensitivity in TSL comesponds
to NORMb.y.z * ConvF whereby the uncertainty comespands to that given for CanvF, A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows exiending the validity from £ 50 MHz to £ 100
MHz

« Spherical isolropy (30 deviation from isolropy): in a field of law gradients realized using a fiat phaniom
axposed by a patch antenna

«  Sonsor Offset The sensor offset comesponds to the offset of virual measurement center from the probe tip
{on probe axis). No lolerance required,

Ceificatn No: EX3-3863_Jul13 Page 2 of 11
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Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: July 31, 2013

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 systemt)
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
EX3DVA- SN:3863 Jduly 31, 2013
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863
Basic Calibration Parameters
| Sensor X Sensor Y Sensor Z | Unc {k=2) |

Norm (uviivimi') 036 035 0.45 | £10.7%
DCP {mV]" 105.0 102.2 87.9 |
Modulation Calibration Parameters —
uiD [ Communication Systerm Name A B | [ D VR Une”
| dB8 dBvVRV da my llmzll
0 = [ %] oo 0.0 1.0 | 000 | 1348 | #37%
BE 0o 0.0 1.0 - 134.1
| z 0.0 00 | 10 1528

prabability of approximately 95%.

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

* The uncertainties of MormX,¥,Z do not affect the E'-field uncertainty inside TSL (see Pages 5 and 6]

¥ Mumerical linearization paramieter; uncertainty nol reduitied

¥ Uincertaingy ia detemined using the max. dewation from linear responss Bpplying reciangular distribution and is explessed for (he squans of tha

fanld valus
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FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX3I0NV4- 5N:3863 July 31, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unet.
f(MHz)® | Permitivity” | (Sim)" | ComvFX | ConvFY | ConvFZ | Alpha | (mm) | (k=2) |
750 419 .89 87F | a7 9.77 | 0.30 0.98 +120%
835 41.5 0.80 0.46 0.46 0,46 0.48 0.74 +120%
200 415 0.47 9.29 829 8.29 0.18 1.31 +120%
1450 40.5 1.20 ’ B.40 £.40 B.40 0.18 1.21 +120%
1750 40.1 1.37 8.10 8.10 8.10 043 0.74 £120%
1800 40.0 1.40 7.86 7.88 7.86 0.45 0.75 £120 %
1650 40.0 1.40 7.70 7.70 7.70 0.38 0.80 £120%
2450 39.2 1.80 7.08 7.08 7.08 0.38 0.80 +12.0%
2600 390 1.96 6.82 6.82 B.82 0.25 113 | =12.0%
5200 36.0 4.66 511 5.11 5.11 . 0.33 1.80 +13.1%
5300 358 4.78 4.83 4,83 4.83 0.37 1.80 +131 %
5500 356 4.98 4.8 481 4.81 0.37 180 | #131% |
5600 35.5 5.07 4.44 4.44 4.44 0.44 1.80 +13.1%
5800 35.3 527 4,70 4.70 470 0.40 1.80 +13.1%

£ Frequency valicty of + 100 MHz only applies for DASY wi.4 and highar (soe Page 27, else 8 is restricied bo = 50 MHz. Thi urcerainty is the RES
of fho ConvF uncertainty al calibration frequency and the uncerainky for the indcsied frequency band,
'Mquunmb-a-lmr:GH:_:h-uumtyulm.w.-pmnmnmrrlnclnimburﬁmﬂuﬂ%ﬂhwdmﬂmmlvanqmln
measired SAR values. At froguoncies abave 3 GHE. the valdity of lissue parameters (c and o) is reatniced o = 5%, The uncorainty is the RSS of
thir CanvF uncertainty for indcated targed lissus porameders
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FCCID: ZNFD956 Issue Date: Jan. 10, 2014

EX3DVi- BN:3863 July 31, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © P-:n:utranul-:;y' m{‘?mc;w ConvF X | ConwFY | ConwFZ | Alpha ?::-.:? lf::r:;t::
750 55.5 0.96 8.57 9.57 857 018 1.54 £120%
B35 552 0.ar 9.59 9.59 9.59 0.24 0.9 +12.0 %
1750 53.4 1.459 7.84 7.84 7.84 0.27 0.99 £12.0 %
1900 53.3 1.52 7.48 7.49 7.49 0.27 1.02 :12.0%

2450 52.7 1.95 7.04 7.04 7.04 0.77 0.58 +12.0%
2800 525 216 6.78 .79 6.79 0.80 0.50 +12.0%
5200 49.0 5.30 4.49 4.49 4.49 0,38 1.90 +13.1 %
5300 48.9 | 542 4.14 414 | 414 | 048 | 190 +13.1%

| 5500 48.6 | 585 3g1 | 381 | 3o 0.51 | 1.80 l $131% |
5600 48.5 57r | 350 3.60 3.60 0.58 190 | +1314% |
5800 48.2 B.00 3.95 3.85 3.95 0.53 1.80 ] +13.1%

:Fm-,-\-amlwnl £ 100 Mz only applies for DASY wi 4 and fagher (see Fuez:,mqurmrqu 1o = 50 Mz The uncartainty is ihe R55
ol the ComF unsermnty al calibralion Feguency and the uncerainty for the indicated Irequency band

" Al frecusncies below 3 GHE. tha validity of tissue paramebers (£ and «) can be mized bo & 10% I Squid compensation formula is appled o
mansured SAR values, Al frequencies above 3 GHz. the validity of issue parametens (¢ and o) i restricled 1o = 5% The uncertuinty is the RSS of
the CorvF uncartainty for indicatod targel lissue paramolers
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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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Receiving Pattern (¢), 9 = 0°
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EX3DVd- SN:3863 July 31, 2013
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EX3I0Vie- 5H:3863 Juby 31, 2013

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

Other Probe Parameters

[ Sansor Arrangement Triangular

| Eannactor Angle () 735

[Mechanical Surface Detection Mode [ enabied |
Optical Surface Detection Mode disabbad

“Probe Overall Lenélh 337 mm

| Probe Body Diameter 10 mm
Tip Length 9 mm |
Tip Diameater 25mm |
Probe Tip to Sensar ¥ Calibration Paint 1 mm
Probe Tip lo Sensor ¥ Callbration Point 1mm
Probe Tip to Sensor £ Calibration Point 1 mm
Recommaended Measurement Distance from Surface 2 mm
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Swiss Calibration Service
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[CALIBRATION CERTIFICATE

Cirjmet Da3sv2 - SN; 441

Calibration procedure{s) A CAL-05.v3

Calibration date; April 25, 2013

Catration Equipmant used (MATE crilical for caSbration]

Calibration procedure for dipole validation kits above 700 MHz

Thes calibration certilicabe documants 1he iracanbilily 1o national sinndards, which realize the physical urdls of moasunmants (S1)
The measwremants and fha unceraintias with conlidence probability are ghven on the following pages and are par of the cenificate.

All calibraiions have besen condicled in the closed |aboratory tacililty: emdronmand iempamiurs (22 + 3)°C end humidity < 70%.
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Calibration Laboratory of

; {h"uﬂ- Schwelzerischor Kalibrierdienst
Sechmid & Partner L : Sorvice suisse d'étalonnage
Engineering AG o Sorvizia svizzers di tratur
Zeughausstrasse 43, B004 Zurich, Switzerland 54:-:,'.«_'-\:“;? Swiss Callbration Sarvice
iyl
Accreditod by the Swiss Accreditation Serdce (SAS) Accraditation No.: SCS 108

Thie Swiss Accreditnlion Service is one of the signatories to the EA
Mubtilaternl Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x.y,z
MN/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 & Technalogy (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofreguency
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 Decumentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s 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.

s 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 Retumn Loss ensures low
reflected power. No uncerainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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%.

Cerificate Mo: DB35V2-441_Aprid Page 2 of B
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Measurement Conditions
DASY system configuration, as far as rol given on page 1.
DASY Version DASYS V52 8.6
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz £ 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applisd
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22,0 =0.2)"C 40.8+6% D.84 mho/m £ 6 %
Head TSL temperature change during test < 0.5°C —_— e
SAR result with Head TSL
SAR averaged over 1em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2,51 Wikg
SAR lor nominal Head TSL parameters normalized o 1W 9,68 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL candition
SAA measured 250 mW input power 1.62 Wikg
SAR lor nominal Head TSL paramsters nomalizod o 1W 6.30 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 552 0.97 mhaoim
Measured Body TSL parameters {(22.0+02) "C 540+6% 1.01 mhoim = 6 %
Body TSL temperature change during test <05°C s -se
SAR result with Body TSL
SAR averaged over 1 em’ {1 g) of Body TSL Condifion
SAR measurad 250 mW input power 251 Wikg
SARA lor nominal Body TSL paramelars normalized 1o 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 Bady TSL parameters narmalized to 1W 5.38 Wikg = 16.5 % (k=2)
Certificate No: DB35V2-441_Apr13 Page 3al B
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Appendix
Antenna Parameters with Head TSL

Impedancea, transformed to feed point 5200-1.641
Raturn Loss -31.9dB

Antenna Parameters with Body TSL

Impadance, transfarmed to feed point 47.041-4.6 j

Reaturn Loss =249 dB

General Antenna Parameters and Design

Electrical Delay {ona directicn) | 1.372ns

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

The dipote is made of standard samirigid coaxial eable. The center conductor of the leading line is directly connected to the
second amm of the dipole. The antenna is therafore short-circulted lor DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching whaen loaded according 1o the position as expleined in the
‘Measuramaent Conditions® paragraph. The SAR data are not affected by this change. The overall dipale length is still
according o the Standard.

Mo 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 March 08, 2001
Cerificate Mo: DE3ISVZ2-441_Apr3 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 25,04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE35V2; Serial: DS3SV2 - SN: 441

Communication System: UID 0 - CW - Frequency: 835 MHz ,
Medium parameters used: =835 MHz: o = 0.94 5/m; g = 40.8; p = 1000 kg/m’
Phamom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANS] C63.19-2007)

DASYS52 Configuration:
«  Probe: ES3DV3 - 8N3205; 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 4.90L; Type: QDOO0OP4SAA; Serial: 1001

« DASYS2S52R6(1115); SEMCAD X 14.69(T11T)

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 W/kg

SAR(I g) = 2.51 Wikg; SAR(10 g) = 1.62 Wikg

Maximum value of SAR (measured) = 2.94 Wikg

2%
L8
BET

are

1055

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

Date: 24.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835SV2; Serial: DE3SV2 - SN: 441

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

Medium parameters used: { = 835 MHz: o = 101 5/m; &= 54; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENECSANS] CA3.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 5n909; Calibrated: 11.09.2012
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

= DASYS252.8.6(1115) SEMCAD X 14.6.97117)

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

Reference Yalue = 55.722 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.72 Wikg

SAR(I g =2.51 W/kg; SAR(10 g) = 1.64 W/kg

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

-
-1.00
4.00
-A4.00
1200
-15.00
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Impedance Measurement Plot for Body TSL

M Apr IRLT 11130185

LRI s ur 45,990 0 -45406 0 41073 pf B35.000 P00 MHz
L]
Dol
v L
IFI s
| |
L f
5
Mld
CHZ S84 LOG 5 dB/REF -39 @ ; D-24,897 0B §35,000 009 HMz
. T W
ol e
1
+ . Ny 4
T .-.
. v /1 |
gy .I'L .'I
16" LY}
Ml
ETART E35.000 008 RHz STOF § 015080 000 HHZ

Carificate MNo: DBISV2-441_Apr3 Pagae Bol B
HCT CO., LTD.
Report No. . ) . . .
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 156 of 196

HCTA1312FS02-03 TEL: +82 31645 6300 FAX: +82 31 645 6401



HCT OO LT

FCCID: ZNFD956

Issue Date:

Jan

.10, 2014

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzerland
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Cerfificate Ho: D1900V2-5d032_Jul13

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d032

Casbraiion procedue(s) QA CAL-05.v3

Calibration dle: July 29, 2013

Calibraticn Equipmant usod (MATE critical for calibratsgn)

Calibration procedure for dipole validation kits above 700 MHz

This calirmtion cenificate documants ha raceability 1o national standards, which reais the physical units of measurements (S1).
The maasuramants and the uncertainties with configence probability are ghvan on this following peges and ee part of the cedificals

All enlibrations have been conducted in ihe closed laboraiony tacity; environmaent lempeniune (22 + 35°C and humiddy < T0%
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FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
Calibration Laboratory of g Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand S Swisa Calibration Service
Accrediled by the Swiss Accredilation Servica (SAS) Acereditation No.: SCS 108

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

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x.y,z
M/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

c) Federal Communications Commission Office of Engineering & Technolegy (FCC QET),
“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.

s 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 orignted
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the fiquid 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.

s Elecirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s SAA 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 resull.

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

Certificate Mo: D1900V2-50032_Jui13 Page 2 of B
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Measurement Conditions

DASY syslem configuration, as far as nol given on page 1.
DASY Version DASYS vE2.87
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz

Head TSL parameters
The following parameters and calculations ware applied.

Temperature Permittivity Conductivity
Haminal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0x02)*C 389:26% 1.36 mha/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 measured 250 m\W inpul power 9.91 Wikg
SAR for nominal Head TSL parameters nommakized to 1W 40.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g} of Head TSL condition
SAR measured 250 mW input power 521 Wikg
SAR for nominal Head TSL parametars narmalized to 1W 21.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloculations wers applied.
Temperature Parmittivity Conductivity
Hominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220+02)"C 53426% 149 mho/m = & %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 em” {1 g) of Body TSL Candition
SAR measured 250 mW input power 10.0 Wikg
SAR for nominal Body TSL parameters normalized to TW 40,5 Wikg = 17.0 % (k=2)
SAR averaged aver 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.34 Wik
SAR lor nominal Body TSL parameters nommalized to 1W 21.5 Wikg = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to leed point 5110+ 530
Retum Loss -255d8

Antenna Parameters with Body TSL

Impedance, transformed o leed point 4680 +540

Retumn Loss -23.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) ' 1.183 ns

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

The dipole is made of standard semirigid coaxial cable. The canter conductor of the feeding line is directly connacted to the
second arm of the dipole. The anfenna is theralore shor-circulted for DC-signals, On soma of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. Tha overall dipoke length s stll
according to the Standard.

Mo excessivia lorce must be appled 1o the dipole arms, because they might bend or the soldered connactions naar the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 17, 2003
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DASYS Validation Report for Head TSL
Date: 29.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2Z - SN: 54032
Communication System: UID 0 - CW; Frequency: 1900 MHz :
Medium parameters used: £ = 1900 MHz: o = 1.36 5/m; g = 38.9; p = 1000 kg/m

Phantom section: Flat Section
Measurement Standard; DASY S (IEEEAEC/ANSI Co3,19-2007)

DASY3S2 Configuration:
« Probe: ES3IDV3 - SN3205; ConvFi4.98, 4.98, 4.98); Calibrated: 25.12.2012;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

« Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001

DASYS2 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 96.191 V/m; Power Drift = 0,04 dB

Peak SAR (extrapolated) = 17.9 Wikg

SARI1 g) = 9.91 Wikp; SAR(10 g) = 5.21 Wikg

Maximum vilue of SAR (measured) = 12.3 Wikg

di
o

<1440

-10.00

0dB =123 W/kz = 10.90 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 29.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d032

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.49 S/m; & = 53.4; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard; DASYS (IEEE/EC/ANSI C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - 5N3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0AA,; Serial: 1002

« DASYS25287(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 96.191 ¥/m; Power Drifi = (0L01 dB

Peak SAR {extrapolated) = 17.1 Wikg

SAR(1 g) = 10 Wikg; SAR(10 g) = 5.34 Wke

Maximum value of SAR (measured) = 12.6 W/kg

dB

i

3,50

7.20

10,08

14.40

-10.00

0dB=12.6W/kz = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM xy,z
MN/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 Technigues”, December 2003

b) IEC 52209-1, "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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/S 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 cerilicate 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
paraliel to the body axis.

= Feed Point iImpedance 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 uncerainty required.

= FElectrical Delay: One-way delay between the SMA connector and the antenna feed poinl.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input powear.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connectar.

« SAR for nominal TSL paramelers: 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 systerm configuration, as far as not on page 1.
DASY Version DASYS V5287
Extrapolation Advanced Extrapolation
Phantom Modutar Flal Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution du, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The loliowing parameters and calculations ware applisd,
Temperature Permittivity Canductivity
Noeminal Head TSL parametars 20 3.2 1.80 mho/m
Measured Head TSL parameters (22.0=02)"C ITBz8% 1.80 mhoim = 8 %
Head TSL temperature change during test <05"C R —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 13.3 Wikg
SAR for nominal Head TSL paramatens normalized to 1W 52.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 250 mW Input power 6.18 Wikg
SAA for nominal Head TSL parameters normalized to 1W 24.8 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 52.7 1.85 mhadfm
Measured Body TSL parameters (Z20£0.2)"C 50E£8% 2.03 mha'm £ 8 %
Body TSL temperature change during test < 0.5C s aan
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
S5AR measured 250 mW npul powar 13.0 Wikg
SAR for nominal Body TSL parameters nosmalized to 1W 50.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL eondition
SAR measured 250 mW input pawer 6.01 Wikg
SAR for nominal Body TSL paramaters nesmalized 1o 1W 23.6 Wikg = 16.5 % [k=2)
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Appendix
Antenna Parameters with Head TSL
Impadance, mnslomad 1o foed point 5390+ 420
Hatum Loss -25.1dB

Antenna Parameters with Body TSL

Impedance, transiomed 1o feed paint 5000+55i0
Ratum Loss -252dB

General Antenna Parameters and Design

] Elacirical Delay (one direction) 1.158 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the leedpoint can be measuned

The dipole is made of standard semirgid coaxial cable. The center conductor of the leeding line s directly connected 1o the
second arm of the dipole. The antanna is therelore shor-circuited for DC-signals, On some of the dipoles, small end caps
are added o the dipole arms in ordar to improve matching when loaded according to the position as explained in the
"Measurament Conditions™ paragraph. The SAR dala are nol affected by this change. The overall dipole length is still
according to the Standard

No excessive lorce must ba applied 1o the dipole arms, because they might bend or the scldared connactions near the
feadpoint may be damaged

Additional EUT Data

Manudactured by SPEAG
Manufactured on Decernbar 01, 2003
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DASYS Validation Report for Head TSL

Date: 22.08.2013
Test Labomtory: SPEAG, Zurich, Switzerland
DUT: Dvipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System: UID 0 - CW ; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o= 1.8 S/m; & = 37.8; p = 1000 ln'.g,-'ln'
Phantom section: Flat Section

Measurement Stundard: DASYS ([EEENEC/ANST C63.19-2007)

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205: ConvFi4.52, 4.52, 4.52): Calibrated: 28.12.2012:
« Sensor-Surface: Imm (Mechamcal Surface Detection)
+ Electronics: DAES Sn601; Calibrated: 25.04.2013
+  Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001

» DASYS5252.8.7(1137); SEMCAD X 14.6.10{7164)

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

Reference Value = 100.4 ¥/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.8 Wike

SAR(1 gl = 13.3 Wikg: SAR(10 g) = 6.18 Wikg

Maximum value of SAR (measured) = 16.9 Wikg

-
8
e
a4
1a4n
1am
2408
0dB =169 Wikg = 1228 dBW/kz
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.08.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial; D2450V2 - SN: 743

Communication System: UID 0 - CW ; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 2.03 Sim; g = 50.6; p = 1000 kg/m’
Phantom section: Flat Seetion

Measurement Standard: DASY S (TEEEMEC/ANSI C63.19-2007)

DASY 52 Configuration;
» Probe: ES3DV3 - SN3205; ConvF(4.42, 442, 4.42); Calibrated: 28.12.2012:
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sat01; Calibrated: 25.04.2013
+  Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA: Serial: 1002

« DASYS2Z52ET(113Ty SEMCAD X 14.6.10(7164)

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

Reference Walue = 93,835 Vim; Power Drift = (.06 dB

Peak SAR (extrupolated) = 27.3 Wikg

SAR(D g) = 13 Wike; SAR(10 g) = 6.01 Wikg

Maximum value of SAR (measured) = 16.8 Wiks

dB

I 0
-5.00

-10.00
-15.00
-20.00
-25.00
0dB =168 Wikg=12.25 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client HCT (Dymstec) Cartificate No; D2600V2-1015_May13
Oject D2600V2 - SN: 1015
Calbrabon proceduneds) QA CAL-05.va

Calibration procedure for dipole validation kits above 700 MHz
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM xy,z

MiA 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 Technigues®, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held

davices used in close proximity to the ear (frequency range of 300 MHz 1o 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 Hurman 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;

Schweirerischer Kalibrinrdienal

+  Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the cerificate 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 onented

paraliel to the body axis.

+ Feed Foint 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 al the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

s Elecirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.
SAR measured; SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an inpul 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 |s stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution cormesponds to a coverage

probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as nof given on page 1.
DASY Version DASYS V5286
Extrapolation Advanced Exirapolation
Phantom Maodular Flat Phantom
Distance Dipole Centar - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2000 MHz + 1 MHz
Head TSL parameters
The following parmmaters and calculations wore appled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 8.0 1.86 mha/m
Measured Hoad TSL parameters (22.0+02)°C 3T2268% 1.99 mbo'm = 8 %
Head TSL temperature change during test <0.5"C - re
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condition
SAR measured 250 m\W impul power 14.T Wikg
SAR for nominal Head TSL parameters nommalized 1o 1W 57.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measumd 250 mW input power 6554 Wikg
SAR lor nominal Head TSL parametors normakized 1o 1W 25.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parametuns and calculations were applied
Tamperatura Parmittivity Conductvity
Nominal Body TSL parameters 22.0°C 525 2.16 mho/m
Measured Body TSL paramoters (22.0202)°C 508 6% 2.20 mhaim £ 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW inpul powar 14.5 Wikg

SAR for nominal Body TSL parameaters

nomalized 1o 1W

57.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

B.41 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

25.4 Wikg = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed pom 49,8 11 - 3.0 j0
Return Loss - 30.3 dB

Antenna Parameters with Body TSL

Impadance, transtormed to feed poin 467 02-2110
Return Loss -27.8dB

General Antenna Parameters and Design

[ Electrical Delay (ona direction) 1,150 ns

Altar long term usa with 100W radiated power, only a siight warming of the dipole near the feedpoint can be meagured

Thie dipole ks made of standard sernirigid coaxial cabla, The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is tharefore shon-circusted tor DC-signals. On some of the dipoles, small end caps
are added 1o the dipola arms in order to improve matching when loaded according fo the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not alfected by this change. The overall dipole length is still
accomding o the Stendard,

No excessive farce musi be applied to the dipole amms. because ey might bend or the soldefed connections near the
feadpoint may ba damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Ociober 30, 2007
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DASYS Validation Report for Head TSL

Date: 02.05,2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serfal: D2600V2 - SN: 1015

Communication System: ULD 0 - CW; Frequency: 2600 MHz

Medium pammeters used: = 2600 MHz: 6 = 1.9 S$/m; £.=37.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configurntion:
# Probe: ES3DV3 - SN3205; ConvFi4.45, 4.45, 4.45); Calibruted: 28.12.2012;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001
« DASYS52528.6(1115) SEMCAD X 14.69(7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7Cube 0:
Measurement grid: dx=5mm, dv=3mm, dz=5mm

Reference Value = 100.5 ¥/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(1 g) = 14.7 Wikg; SAR(10 g) = 6.54 Wikg

Maximum value of SAR (measured) = 18.9 Wikg

-tdEN

(1L}

Taam

0dB = 18.9 Wikg = 12.76 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body T5SL

Dare: 25.04.2013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN; 1015

Communication System: ULD 0 - CW; Frequency: 2600 MHz

Medium parmmeters used: = 2600 MHz; o= 2.2 S5/m; & = 50.%; p = 1000 kg.":l'|1
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST Ca3,19-2007)

DASY 52 Configuration:

« Probe: ES3DV3 - SN3205; ConvFi4.32, 4,32, 4,32} Calibrated:; 28.12.2012;

o Sensor-Surface: Imm (Mechanical Surfoce Detection)

»  Electronics: DAE4 Sn90%; Calibroted: 11.049.2012

+  Phontom: Fiat Phantom 5.0 (back): Type: QDOOOPS0AA; Senal: 1002

« DASYS5252B.6(1115); SEMCAD X 14.6.9(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 97,154 Vim; Power Drift = -0.00 dB
Peak SAR (extrapoluted) = 31.9 Wikg

SAR(] g) = 14.5 W/kg: SAR(10 g) = 6.41 W/kg
Maximum value of SAR (measured) = 19.4 Wikg

(L L5

-T1e4

0dB = 19.4 Wikg = 12.88 dBW/kg
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Impedance Measurement Plot for Bedy TSL
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Calibration Laboratory of

! g Schweizerischer Kalibrigrdienst
Sﬂhm!d & F:’Ell'tl'lﬂl c Service suisse d'étalonnage
Engineering AG Servizio svizzers di taratura
Zoughausatrasss 43, B004 Zurich, Switreriand S  Swiss Calibration Service
Accrodiind by the Swiss Accreditation Servica [SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilntersl Agreemant for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC 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
& 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 & Technaology (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:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measuremeni Conditions: Further details are available from the Validation Reponrt at the end
of the certificate. All figures stated in the cerificate 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.

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

s 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, as lar as not given on page 1
DASY Version DASYS V52.8.5
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 Ratlo = 1.4 (Z direction)

5200 MHz = 1 MHz
5300 MHz = 1 MHz
Frequency 5500 MHz = 1 MHz
5800 MHz = 1 MHz
S800 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The lollowing parametars and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 380 4,66 mho/m
Measured Head TSL parameters (220 02)"C T 26% 4.47 mho/m + 6 %
Head TSL temperature change during test <0.5°C — —

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 B.08 Wikg
SAR for nominal Head TSL paramaters nosmakized to 1W B0.1 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR maasured 100 mW input power 2.31 Wikg
SAR for nominal Head TSL paramelers normalized to 1W 22.8 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz
Tha following paramefers and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 2207 35.9 4.76 mha/m

Measured Head TSL parameters (220+02)"C 3M5:6% 4.57 mho/m + 8 %

Head TSL temperature change during test <0.5°C e e
SAR result with Head TSL at 5300 MHz

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

Report No.

HCTA1312FS02-03

SAR measured

100 mW input power

8.18 Wikg

SAR for nominal Head TSL paramaters

normalizad 1o 1W

#1.0 W/ kg = 19.9 % (k=2)

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

SAR measured 100 mW inpul powar 2.356 Wikg

SAR for nominal Head TSL parameaters nomalized to 1W 233 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 356 4,96 mho/m

Measured Head TSL parameters (22.0+02)"C M2+E% 4.74 mho/m = 6 %

Head TSL temperature change during test <05°C [ o
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power B.08 Wikg

SAR for nominal Head TSL paramaters normalizad to 1W B0.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL cardithan

SaR measured

100 mW inpul power

2.29 Wikg

SAR lor nominal Head TSL parameiers

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 wene applied.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 22.0°C 355 5.07 mha/m

Measured Head TSL parameters (220:02)"C HI1z6% 4 B3 mho/m 26 %

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

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

SAR measured

100 mW input power

853 Wikg

SAR for nominal Head TSL paramaters

nommalized o 1W

84.4 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.43 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

24.0 Wikg = 19.5 % (k=2}

Head TSL parameters at 5800 MHz
The following parameters and calculations wane applied

Temperature Permittivity Conductivity

Hominal Head T5L parameters 20C 353 5.27 mho/m

Measured Head TSL parameters (22.0=02)"C F8 6% 5.05 mho/m = 6 %

Head TSL temperature change during test =0.5°C - -
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 7.91 Wikg

SAR for nominal Head TSL parameters normalized to 1W T8.3 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW inpul power 2.25 Wikg

SAH for nominal Head TSL parameters normalized o 1W 22,2 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1107_Feb13

Report No.

HCTA1312FS02-03

Page 5 of 16

HCT co., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811
TEL: +82 31 645 6300

185 of 196

FAX: +82 31 645 6401



HCT OO LT

FCC ID: ZNFD956 Issue Date: Jan. 10, 2014
Body TSL parameters at 5200 MHz
The lellowing parameters and calculations were applied,
Temperature Permittivity Conductivity
MNoeminal Body TSL parameters 220°C 48.0 5.30 mhafm
Measured Body TSL parameters [220=02)"C 469+ 6% 5.36 mha'/m = 8 %
Body TSL temperature change during test <=0.5°C — s
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

100 mW |nput power 210 Wikg
SAR lor nominal Bady TSL paramaters normalized to 1W 20.8 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
Thee followang parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20"C 483 5.42 mho/m
Measured Body TSL parameters {22.0=0.2) "C A5.T = 6% 5.48 mhoim + 6 %
Body TSL temperature change during test <0.5°C —es e
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 767 Wikg
SAR for nominal Body TSL parametars normalized to 1W T6.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Bady TSL condition
SAA measured 100 mW input power 215 Wikg
SAR for nominal Bady TSL paramalens normalized to 1W 21.3 Wikg = 19.5 % (k=2)

SAR measured

100 MW input power

7.50 Wikg

SAR for nominal Body TSL paramaters

normalized o 1W

74.3 Wikg 18,9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL

condition

SAR measured
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Body TSL parameters at 5500 MHz
The lollowing parametirs and calculations were applied,
Temperature Parmittivity Conductivity

MNeminal Body TSL parameters 220°C 4B.6 5.65 mho/m

Measured Body TSL paramelers (22.0 20.2) "C 463 26% 571 mha/m =8 %

Body TSL temperature change during test <05 —_—
SAR result with Body TSL at 5500 MHz

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

SAR measurad

100 mW Input power

7.92 Wikg

SAR for nominal Body TSL paramaters

normalized o TW

78.4 Wikg £ 19.9 % (k=2)

SAR averaged over 10 em”® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.20 Wikg

SAR for nominal Body TSL paramaters

normalized o TW

21.7 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were apphed.

Temperature Permittivity Conductivity
Nominal Body TSL parameters z20°C 485 5.77 mho/m
Measured Body TSL parameters {(22.0=0.2)"C 482+ 6% 5.83 mho/m £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Caondithon
SAR measured 100 mW input power 818 W/ikg

SAR for nominal Body TSL parameters

normalized to 1W

81.0 Wkg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL

condition

S5AR measured

100 mW input power

2.26 Wikg

SAR for nominal Body TSL parameters

nomalized o 1W

22.3 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The lollowing parametars and calculations ware applied,

Temperature Permittivity Conductivity
MNominal Body TSL parameters 220"°C 48.2 .00 mhafm
Measured Body TSL parameters (220=02)"C 459 6% 6.12 mha/m = 8 %
Body TSL temperature change during test <0.5%C — -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 ¢m® (1 g) of Body TSL Condition
SAA measured 100 mW input power 7.50 Wikg
SAR for nominal Body TSL parameters normalized o 1W 74.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 100 mW input powear 2.07 Wikg
SAR for nominal Body TSL parameters normalized o TW 20.4 Wikg = 18.5 % (k=2}
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Appendix
Antenna Parameters with Head TSL at 5200 MHz
Impedance, transformed to leed point 48.70-9.7 2
Return Loss - 20.1 dB
Antenna Parameters with Head TSL at 5300 MHz
Impedance, transformed to feed polnt 50.10-670
Return Loss -235dB
Antenna Parameters with Head TSL at 5500 MHz
Impadance, transformed o feed paint 5150-58[0Q
Retum Loss - 24,6 dB
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed to leed point B3BN-50[0
Returm Loss - 24.4 dB
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed to leed paint 558102 - 6.1 [0
Retum Loss -22.0dB
Antenna Parameters with Body TSL at 5200 MHz
Impedancea, transformed 1o leed point 4881 -9.4 )
Ratum Loss -204dB
Antenna Parameters with Body TSL at 5300 MHz
Impedance, iransformed to feed point 50660 - 7.1
Raturn Loss -23.0d8
Antenna Parameters with Body TSL at 5500 MHz
Impedance, transformed to fead point 51.80-59j0
Retum Loss - 24,4 dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed point 554 0-4TH
Retum Loss -23.3dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed 1o leed point 56.B80-51[0
Retum Loss - 22.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.195ns _|

After long term use with 100W radiated power, onty a slight warming of the dipole near the feedpaint can be measurad.

The dipode is made of standard semirigid coaxial cable. The center conductor of the feeding line is direetly connected 1o the
second armm of the dipole. The antenna is therelore sho-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole lengih is stil)
according to the Standard

Mo axcassive force must be applied to the dipale arms, because they might bend or the soldered connactions near tha
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 20.02.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: CW; Frequency: 3200 MHz, Frequency: 5300 MHz, Frequency: 5300 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; 0=4.47 S/m; & = 34.7; p = 1000 kg/m" , Medium parameters
used: f=5300 MHz; o =457 8/m; g, =34.5; p = 1000 kg.l'm‘ . Medium parameters used: = 5500 MHz; o =
4.74 Sim; £ = 34.2; p= 1000 kg/m’ , Medium parameters used: = 5600 MHz; o = 4.83 S/m; &, = 34.1: p =
1000 l'.g.l'm" » Medium parameters used: = 5800 MHz; o = 5.05 $/m; 5, = 33.9; p= 1000 kg/m"

Phantom section: Flut Section

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

DASY 52 Configuration:

s  Probe: EX3DV4 - SN3503; ConvFi(5.41, 5.41, 5.41); Calibrated: 28,12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76);
Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81}; Calibrated: 28.12.2012;

= Sensor-Surface: L4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 27.06,2012

«  Phantom: Flat Phantom 5.0 (front); Type: QDODOP30AA; Sertal; 1001
« DASYS2 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: Measurement grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.648 V/im; Power Drilt = 0,03 dB

Peak SAR (extrmpolated) = 30.0 Wikg

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

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: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65,925 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 30.9 Wikg

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

Maximum value of SAR (measured) = 19.4 Wikg

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

Reference Value = 64,482 Vim: Power Drfi = 0.06 dB

Peak SAR (extrapolated) = 33.1 Wikg

SAR(I g) = 8.08 Wikg; SAR{10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 19.8 Wikg
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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=1 4mm

Reference Value = 66.26Y Vim; Power Drift = (.04 dB

Peak SAR (extrapolated) = 34.0 Wikg

SAR(] g) = 8.53 Wikg: SAR(10 g) =2.43 Wikg

Maximum value of SAR (measured) = 20.8 Wikg

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

Reference Value = 61.769 Vim; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 33.1 Wikg

SARI] g) =7.91 Wikg; SAR(10 g) = 2.25 W/ikg

—1-10.00

-30.00

-40.00

-50.00

0dB =198 Wikg = 12.97 dBW/kg
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Impedance Measurement Plot for Head TSL

20 Feb 2813 1B1289:28
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DASY5 Validation Report for Body TSL

Date: 21.02.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 3600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHiz; o= 5.36 5/m; g = 46.9; p = 1000 kgﬂn" ., Medium parameters
used: F=53300 MHz: 6 =548 S/m; g, =46.T. p= II:I.'rI“_'I-k_gJ’m1 » Medium parameters psed: = 5500 MHz; o =
571 S5/m; g, =46.3; p= 1000 J-c,g;"ml . Medium parameters used: [= 5600 MHz; 6 =583 5/m; 5, =46.2; p=
1000 kg/m” , Medium parameters used: f = 5800 MHz:; o= 6.12 S/m: & =45.9: p= 1000 kg/m’

Phantom section: Flat Section

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

DASY 52 Configuration:

»  Probe: EX3DV4 - SN3503; ConvFi(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,
422y, Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4.38); Culibrsted: 28.12.2012;

s Sensor-Surface: 1.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 27.06.2012

« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002
= DASYS52 52.8.5(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 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 29.7 Wikg

SAR(I g) = 7.5 Wikg; SAR(10 g) = 2.1 Wikg

Maximum value of SAR (measured) = 17.9 Wikg

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

Reference Value = 59.257 Vim; Power Drift = -0.01 dB

Peak SAR (extrupolmed) = 31.3 Wikg

SAR(I g) = 7.67 W/kg: SAR(10 g) = 2.15 Wikg

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 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 34,1 Wikg

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

Maximum value of SAR (measured) = 19.4 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dr=1 4mm

Reference Value = 59.204 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 36.5 Wikg

SAR(1 g) = 5.18 Wikg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 20.4 W/kg

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

Reference Value = 55.755 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.2 Wikg

SAR(] g) = 7.5 Wikg; SAR(10 g) = 2.07 Wikg

Maximum value of SAR (measured) = 19.1 Wikg

-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

21 Feb 20843 11:43:809

EHD) 48,766 1 1891 0 AIEEE pF = 200000 2P0 HHE
L]
4™
" \
i
o] FE—
Eﬁ i
o
B
Ml
CH2Z S1i LOG 5 _d8/REF -20 o8 . =29 42548 5 290,000 B0 FHZ
CHZ Aarkers
- ! } ! ! ! . 1 t T =72, 954 dB
Ca | | | 5. 30000 B4z
"“—“»______,I’_:, I 324,404 dB
oy = T 550008 GHz
1 1 Hﬂ_h];}l_‘ xw'ﬂ 1 3 1 45-33.345 4B
g S.50000 BHz
A i i l i 1 i | i .
S=-21.378 4B
S.00808 Gz
Hla
START 5 BRO. 000 8O0 "Hz STOF & 000,000 000 MH:
Cerificate No: D5GHzZV2Z-1107_Feb13 Page 16 of 16
HCT CO., LTD.
Report No. . . . . .
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 196 of 196

HCTA1312FS02-03 TEL: +82 31645 6300 FAX: +82 31 645 6401



