T

Report No.: HCT-A-1402-F007 FCCID: JYC78 Date of Issue: Feb.26, 2014

APPENDIX E (DIPOLE CALIBRATION DATA)

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811
TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr

lof11



.

[ T
Report No.: HCT-A-1402-F007 FCC ID: JYC78 Date of Issue: Feb.26, 2014
A
Cﬂlibfﬂtlon Laboratory of E)q"":\:;;hz_ G  Schweizerischer Kalibrierdienst
Schm'_d & EE!I'TFIE'I' et c Service suisse d'étalonnage
Engineering AG el Saervizio svizzero di taratura
Zeughaussirasse 43, B004 Zurich, Switzerland ‘-‘.,:':"r"_',_‘;\':h.‘*‘ S cuise Calibration Servics
il A
Accrodiled by tha Swiss Accroditation Sarvica (SAS) Accroditation Mo.: 'SCS 108
The Swiss Accreditation Service Is one of the signatories 1o the EA
Muititateral Agresmant for the recognition ol calibration certificales
Client  HCT (Dymstec) Certificate No: CDB35V3-1024_Mari3
' —
| Dbject CDB3asV3 - SN: 1024
Calibration procedurais) QA CAL-20.vE
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Methods Applied and Interpretation of Parameters:

»  Coordinate System; y-axis is in the direction of the dipole arms. z-axis is from the basis of the anlenna
(mounted on the table) fowards its feed point between the two dipale arms. x-axis is normal to the other axes.
In eoincidence with the standards [1], the measurement planes (probe sensor centar) are selected to be ata
distance of 10 mm above thi top edpe of the dipcle arms.

»  Measureament Conditions: Further details are available from the hardcopies at the end of the certificate. All
figures stated in the certificate are valid at the frequency indicated. The forward power to the dipole conneclor
Is set with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler, While the dipole under test is connected, the lorward power is adjusted to the same level,

«  Antenna Positioning: The dipole is mounted on a HAC Test Arch phantom using the maftching dipole
positioner with the arms horizontal and the leeding cable coming from the floor. The measurements ana
performed in a shielded room with absorbers around the satup 1o reduce the rellections.

It is verified before the mounting of the dipale under the Test Arch phantom, that its arms are parectly in a
ling, It i installed on the HAC dipole positioner with its arms parallsl below the dislectric referance wire and
able to move elastically in vertical direction without changing its relative position to the top center of the Test
Arch phantom. The verfical distance 1o the probe is adjusted after dipole mounting with a DASYS Surface
Chack job. Bafore the measurement, the distance between phantom surface and probe tip is verified, The
proper measurement distance s selected by choosing the matching section of the HAC Test Arch phantom
with the proper device reference point (upper surface of the dipole) and the matching grid referance paint (lip
of thi probe) considering the probe sensor offset. The vertical distance to the probe s essential for the
AcCUracy.

«  Faeed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vecior Network
Analyzer. The impedance is specified at the SMA connector of the dipole. The influence of reflections was
eliminating by applying the averaging function while moving the dipole in the air, at least T0cm away from any
obstacles.

s E-fiald distribution; E field is measured in the x-y-plana with an isotropic ER30-field probe with 100 mW
forward power 1o the antenna feed point. In accordance with [1], the scan area is 20mm wida, its length
exceads the dipole arm langth (180 or 80mm). The sensor center is 10 mm (in z) above the top of the dipole
arms. Twa 30 maxima are available near the end of the dipole arms. Assuming the dipobe arms are perfectly
in one line, the average of thesa two maxima (in subgrid 2 and subgrid 8) is determined 1o compensate for any
non-parallelity to the measuremeant plane as well as the sensor displacement. The E-field value staled as
calibration value represents the maximum of the interpolated 3D-E-field, 10mm above the dipole surace.

*  H-field distribution: H-field is measured with an isctropic H-field probe with 100mW forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance is equivalent 1o the E-field scan. Tha
maximum of the field is available at the center (subgrid &) above the feed point. The H-field value stated as
callbration value represents the maximum of the interpalated H-figld, 10mm above the dipole surlace at the
fead point.

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

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.5
Extrapolation Advanced Extrapolation
Phantam HAC Test Arch
gi:mm Dipole Top - Probe 10
Scan resolution dx, dy = 5 mm
Frequency 835 MHz = 1 MHz
Input power drift < 0.05 dB

Maximum Field values at 835 MHz

E-field 15 mm above dipole surface condition Interpolated maximum

Maximum measured above high end 100 mW input power 1058V /m

Maximum measured above low end 100 mW input power nsEVim

Averaged maximum above arm 100 mW input power 105.8 V/m = 12,8 % (k=2)
Appendix

Antenna Parameters

Fraquency Return Loss Impedance
800 MHz 16.7 dB 414 0 -10.2 2
835 MHz 24.1dB 48.8 {1+ 8.1 [
900 MHz 18.9d8 5710-9.01
950 MHz 14.0 dB 5530+ 20850
960 MHz 10.1 dB T26L + 324 0

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geomatry with a built-in two stub matching network, which leads to the
enhanced bandwidth.

The dipole ks built of standard semingid coaxial cable, The intamal matching line is open ended. The antenna is
therelore open for DC signals.

Do not apply force 1o dipole arms, as they are liable o bend, The soldered connections near the feedpoint may be
damaged. Alter excessive mechanical stress or overheating, check Ihe impedance charactaristics to ensure thal the
internal matching network is not allectad.

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

3.3 Dipole modification by end user

The dipale had been damaged and was re-soldered by the end user naar the feed point! Gap distance is slightly larger
than ariginally, This can influence the return loss values.
The E-field values are not affected as long as the arms are straight in a line.
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DASYS E-field Result

Done: 15032003
Test Labormory: SPEAG Lab2

DUT: HAC-Dipole 335 MHz: Type: CDSEIZV; Serial: CDEISVA - SN: 1024

Commumnication System: OW; Frequency: 835 MHz

Medium parameters wsed: o =0 8/m, g = 1; p= 1000 'L__|_l.-'|1;|'
Phantom section: RF Section

Measurement Standard: DASYS (IEEEMEC/ANSD T3, 19-2007)

DASY 52 Configuration:

Probe: ER30VE - SN2336; ConvF{l, 1. 1}; Calibrated: 28.12 2013;

. Sendor-Surface; (Fix Surface)

®  Electronics: DAE4 Sn781; Calibrated: 3%.05.2012

Phantoem: HALC Test Arch with AMCC; Type: 5D HAC PO1 BA; Serial: 1070
=  DASYS2 52.8.5(1059); SEMCAD X 14.6.8{7028)

Dipole E-Field measurement @ 835MH2/E-Scan - 835MHz d=15mm/Hearing Aid Compatibility Test
(41x361x1): Interpoluted grid: de=i, 5000 mm, dy=0_5000 mm

Device Relference Poine: 0, 0, <63 man

Reflerence Value = 1051 Yim; Power Dnfi = -0,02 JdB

PMR not calibrated, PMF = 1) is applicd

E-fieh] emissions = 105,92 Vim

Near-field category: M4 (AWF 0 dB)

PMF scaled E-field

Gric 1 M4 [Grid 2 M4 [Grid 3 M4
105.0 V/m |105.6 V/m |102.3 V/m
Grid & M4 [Grid 5 M4 [Grid & ma
54,67 V/m |65.31 V/m |63.57 W/m
Grid 7 M4 |Grid & M4 [Grid 9 ma
103.6 V/m [105.9 v/m |104.2 v/m

v

2,00
4,00
500
.08
-1a.a0

0 dB = 105.9 V/m = 40.50 dBV/m
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| Otject CD1880V3 - EN: 1019
| Caliteation procedueds) QA CAL-20.vE
Calibration procedure for dipoles in air
| Caliteation date March 15, 2013
This calivadion cevtilicale documants Tha iraceabilty to naional standands, which roalize the physical units of measurements (S1).
The measuremeants and the uncarainties with confidence probabiity are given on the following pages and we pan of the cerificat
All calibratkans have bean conducted In the closed latoratony Taciily: enveonment 1eemparaiune (22 = 3°C and humidty < T0%.
Calibration Equipment used [MATE critical for cal@waticn)
Primary Standands |Iow Cal Date (Cortdficate Mo.) Scheduled Casbration
Power melar EPM-424 | GBaT4a0T04 D7 -Mow-12 (No. 21 7-01640) Oct-13
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Soecondary Standards e Chech Date (in houss) Scheduled Chack
Powar matar Aglart 44158 SMN: GB42420191 08-0ct-09 (o house chsck Ocl-12) In house check: Ock-13
Powir sensor HP E44124 SM: MY 414085277 01-Apr-08 (in howse check Oct-12) In howse chaeck: Oct-13
Powar sensor HP 84824 SM: US3T 265507 08-0ct-08 (in holse check Del-12) In housme check: Oct-13
Matwork Anndyzor HP BTS3E LUISITIansas 18-0ct-01 (in house check Oct-12) In howse chack: Oct-13
AF generator RAS SMT-06 SH: BIZ2E01 27-Aug-12 (i house check Cicl-12) In howse chick: Oct-14
N Funetion Signafuing
Calitvatad by Lasil Khyssiat Laboratory Techniclan W 2 E
Appreved by: Fin Bamholt Deputy Technizal Manager e 44/’
Fofp i —
Issumd: March 18, 2013
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Methods Applied and Interpretation of Parameters:

= Coordinale System: y-axis is in the direction of the dipole arms, z-axis is from the basis of the antenna
(mounted on the table) towards its feed point between the two dipole arms. x-axis is normal to the othar axes.
In cgincidence with the standards [1], the measurament planes (probe sensor center) are selected to be at a
distance of 10 mm above the top edge of the dipole arms,

s Measuremnent Conditions: Further details are available from the hardcopies at the end of the cedificate. All
figures stated in the certificate are valid at the frequency indicated, The forward power to the dipole connector
i5 set with a calibrated power meter connected and monitored with an auxtliary power meter connected to a
directional coupler, Whila the dipole under fest is connected, the forward power is adjusted to the same level,

*  Anftenna Pasifioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positicner with the arms horizontal and the feeding cable coming from the floor. The measurements are
periormed in a shielded room with absorbers around the setup to reduce the reflections,

It is varrified bafore the mounting of the dipole under the Test Arch phantom, that its arms are perfectly in a
line. It is instalied on the HAC dipole positioner with its arms parallel below the dielectric reference wire and
able to move elastically in vertical direction without changing its relative position to the top centar of the Test
Arch phantom. The vertical distance to the probe is adjusted after dipole mounting with a DASYS Surface
Check job. Before the measurement, the distance between phantom surface and probe tip is verified. The
proper measuremen! distance ks selected by choosing the matching section of the HAC Test Arch phantom
with the proper device referance point (upper surface of the dipola) and the matching grid referance point (fip
of the probe) considering the probe sensor offset. The vertical distance to the probe is essential for the
ACCUTacy.

s Fead Point impedance and Returm Loss: These parametars are measured using a HP 8753E Vector Network
Analyzer, The impedance is specified at the SMA connector of the dipole. The influence of reflections was
eliminating by applying the averaging function while moving the dipole in the air, at least T0cm away from any
obstacles.

s E-field disfrabution: E field is measurad in the x-y-plane with an isotropic ER3D-field probe with 100 mW
forward power lo the antenna feed point. In accordance with [1), the scan area is 20mm wida, its length
exceeds the dipole arm length (180 or 90mm). The sensor center is 10 mm (in z) above the top of the dipole
arms. Two 30 maxima are available near the end of the dipole arms. Assuming the dipole amms are perfectly
in ona line, the average of these two maxima (in subgrid 2 and subgrid 8) is determined to compensate for any
non-paralielity to the measurament plane as well as the sensor displacement. The E-field value stated as
calibration value represents the maximum of the interpolated 3D-E-fiedd, 10mm above the dipole surface,

o H-fiald distribution: H-field is measured with an isotropic H-field probe with 100mW forward power to the
antenna feed point, in tha x-y-plane. The scan area and sensor distance is equivalent to the E-field scan. The
maadmum of the field is available at the center (subgrd 5) above the feed point. The H-field value stated as
calibration value represents the maximum of the inlerpolated H-field, 10mm above the dipole surface at the
feed point.

The reporied uncerainty of measurement is stated as the standard uncerainty of measurement multiplied by the
coverage factor k=2, which for a normal distribution corresponds o a coverage probability of approximately 95%.
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Measurement Conditions

DASY systemn configuration, as far as not given on page 1
DASY Version DASYS V5285
Extrapolation Advanced Extrapolation
Phantom HAC Test Arch
Distance Dipole Top - Probe
Center 10nmn
Scan resolution dx, dy =5 mm
Frequency 1880 MHz = 1 MHz
Input power drift = 0.05dB

Maximum Field values at 1880 MHz

E-field 15 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input power 91.9V/m
Maximum measured above low end 100 mW input power S0.EVIm
Averaged maximum above arm 100 mW input power AVIm =128 % (k=2)
Appendix
Antenna Parameters
Frequency Return Loss Impedance
1730 MHz 31.0dB 51.50+24 0
1880 MHz 18.8 dB 48701+ 1.3 )02
1900 MHz 19.3 dB 5180+ 11010
1850 MHz 2248 dB 56.0 0 +4.9 |02
2000 MHz 26.5d8 46,1 1+ 2.4 |02

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a buili-in two stub matching network, which leads to the

enhanced bandwidth.

The dipole is built of standard semirigid coaxial cable. The internal matching line is open ended. The antenna is

therafore open for DC signals

Do not apply lorce to dipole arms, as they ane liable 1o bend. The soldered connections near the feedpoint may be
damaged. After axcessive machanical stress or overhaating, check the impedance characterstics to ensure that the

internal maiching network is not alfected.

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be measurad.
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Impedance Measurement Plot
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DASYS E-field Result

Dane: 150320013
Test Labomutory: SPEAG Lab?

DUT: HAC Dipole 1380 MHz; Tyvpe: CIMBBOVI; Serial: CIDISS0VA - SN: 1019

Communication Sysiem: CW: Frequency: 1880 MH:

Medium parameters used: o =0 8/m, g = 13 p= 100 I..i_-fm'
Fhuniom section: RF Section

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

DASYS2 Configuration:

= Probe: ER3DVE - 5M2336; ConvF(1, 1, 1); Calibrated: 28.12.2012;
»  Sensor-Surface: (Fix Surface)

#  Electronics: DAES 5n781; Calibrated: 29.05.2012

Phantom: HAC Test Arch with AMCE; Type: 50 HAC PO1 BA; Serial: 1070
&  DASYSZ 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole E-Field measurement & 1880MH2E-Scan - I880MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Interpolated grid: dx=0, 5000 mm, dy=0.5000 mm

Device Reference Point: 0, O, 5.3 mm

Reference Value = 1598 Vim: Power Dnfi = 0,02 dB

PMR not calibrsted, PMF = 1000 i applied

E-field emissions = 91.94 Vim

Near-field category: M3 (AWF 0 dB)

PMF scaled E-field

Grid 1 M3 |Grid 2 M3 |Grid 3 M3
90.33 V/m |91.94 Vfm |90.35 V/m

Grid 4 M3 |Grid 5 M3 |Grid & M3
7170 W/m|72.39 V/m|70.22 V/m

Grid 7 M3 |Grid B M3 |Grid 9 M3
£7.65 ¥/m |90.56 V/m |B9.89 V/m

0dB =91.94 V/m = 3927 dBV/m
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