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Lab Equipment | Model | Maker | Page
High Resolution Transmission JEM-2100F
Electron Microscope (Cscorrector) JEOL, Japan 6
Transmission Electron JEM-2100 JEQOL, Japan 5
Electron Microscope JEM-1400 JEOL, Japan
Microscopy
Field Emission Scanning Quanta 200 FEI, USA 8
Electron Microscope Nano230 FEI,USA 9
Dual-beam Focused lon Beam Quanta 3D FEG FEI, USA 10
High Power X-Ray Diffractometer D/Max2500V/PC Rigaku, Japan 11
X-Ray High Resolution X-Ray Diffractometer D8 Discover Bruker, Germany 12
Analysis X-Ray Fluorescence Spectrometer T8Tiger Bruker, Germany 13
Single Crystal X-Ray Diffractometer R-AXISRAPID Il Bruker, Germany 14
FT-NMR (600 MHz) VNMRS 600 Varian, USA 15
ICP-OES 720-ES Varian, USA 16
Fluorometer Cary Eclipse Varian,USA 17
Spectroscopic UV-Vis-NIR Cary 5000 Varian, USA 18
Analysis 670 Varian, USA
FT-IR X 19
620 Varian, USA
Sub—.mlcron oz & zeta Nano ZS Malvern, UK 20
potential measuring system
X-ray Photoelectron K-alpha Thermo Fisher, UK | 21
Spectroscopy
Variable Temperature Scanning UHV VT 7000 RHKTechnology | 22
Tunneling Microscope
Combined AFM-Raman Microscope Alpha300S WITec, USA 23
Surface Confocal Raman Microscope Alpha300R WiTec, U
Analysis Atomic Force Microscope Multimode V Veeco, USA 24
Atomic Force Microscope Dimensim 3100 Veeco, USA
Electrochemical Atomic Force Microscope Agilent 5500 Agilent, USA 25
Confocal Laser Scanning Microscope OLS3100 Olympus, Japan 26
Cryogenic Probe Station CRX-4K Lakeshore, USA 27
TOF/SIMS TOF SIMS 5 ION TOF, Germany 28
MALDITOF/TOF Ultraflex Il Bruker, Germany 29
450-GC Varian, USA
GC/MS/MS . 30
320-MS Varian, USA
Mass Analysis LC/MS/MS HCT Basic System Bruker, Germany 31
Gel permeation chromatography (GPC)/ | Agilent 1200 series Agilent, USA 32
Multi Angle Light Scattering (MALS) | miniDAWN TREOS Wyatt, USA
Thermo,
Element Analyzer Flash 2000 Netherlands 33
Thermogravimetric Analyzer Q400 TA Instruments,USA | 34
Er]wearl)r:;?sf Differential Scanning Calorimetry Q600 TA Instruments,USA | 35
Dynamic Mechanical Analysis Q800 TA Instruments,USA | 36
HRGC/HRMS Autospec Premier Waters, USA 37
_ ICPMS ELAN DRC-e Perkin Elmer, USA | 38
Environmenta 7890A GC Agilent, USA
| Analysis GC/MSD : 39
5975C MSD Agilent, USA
GC/ECD 7890A GC Agilent, USA 40
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High Resolution Transmission Electron Microscope

Model
« JEM-2100F (Cs corrector) (JEOL, JAPAN)

Specifications
+ Acceleration voltage : 200 kV

« Lattice resolution :0.102 nm

* BF-STEM resolution :0.14 nm

* HAADF-STEM resolution :0.096 nm
* Probe stability : 1 nm/min or less

« Stage stability : 1 nm/min or less

+ SEDS resolution : 128 eV

* EELS resolution : 0.8 eV

« Contamination : 1 nm/min or less

Manager : Kim Young-Ki

|
(/,1{ « e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

Basic Principle

HR-TEM is equipped with field emission electron gun featuring high brightness and long-term sta-
bility. Nano scale observation of ultra microstructures at atomic level and high sensitivity analysis of
ultra microstructures is possible. It is possible to get atomic resolution images as well as spectrum
images in the nano region using EELS.

IEcs FUEAADES 12 X &Y| FEEE EFCE sh= TAUE HAEE A5 ot EXi|
HOM LieAAH | OM|ZE] 2E H =2 HE 2M0] 7ksotn, EXi2E 0|0[X| E2F OtL|2} EELSE 0]
o0 LI=FHe| 22 AHEH
Applications
e Ultra High Resolution Electron Imaging
IFslts TAto|ofE
¢ Diffraction Pattern
e
® STEM Imaging (BF, HAADF)
STEM 0|0|% (BF, HAADF)

® Energy Dispersive Spectroscopy (EDS) : element analysis
Energy Dispersive Spectroscopy (EDS) : HAEA

® Electron Energy Loss Sepctroscopy(EELS)

slzam(0lE, 53
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Transmission Electron Microscope

Model

« JEM-2100 (JEOL, JAPAN) ﬂ

« JEM-1400 (JEOL, JAPAN)

Specifications . =
* Acceleration voltage : ke a /

JEM-2100:200 kV / JEM-1400 : 120 kV
« Lattice resolution :

JEM-2100:0.23 nm / JEM-1400:0.38 nm
* Point resolution :

JEM-2100:0.14 nm / JEM-1400:0.20 nm
* Specimen tilting :

-JEM-2100:X = £35°Y = +£30°

- JEM-1400: X = £25°,Y = +70°
* Image recording system : CCD
« EDS resolution : 132 eV

Manager : Kim Young-Ki
* e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

Basic Principle

TEM is used to analyze micro-structures of materials with high spatial resolution. The high voltage
electron beam generated from electron gun is illuminated on thin film specimen. The beam pen-
etrating the specimen passes through an array of magnetic lenses and forms a high resolution elec-
tron image of the electron diffraction pattern.

SHHOR RIZIE| AIHO| DAHIOR JHAE FAMUS ZAIH FAMLT} AHO| AEER0
§ S

—
Sni | SIELS 0185101 ARSI DIMZE B SIE THEIO) Ofst WS 285t

Applications

¢ High resolution electron imaging
nFsils MAtolo|E

¢ Diffraction pattern
3| =l

® Energy Dispersive Spectroscopy (EDS) : element anlysis
Energy Dispersive Spectroscopy (EDS) : HAEA

UNIST Central Research Facilities 07.



Field Emission-Scanning Electron Microscope

Model
* Quanta 200 (FEI, USA)

Specifications
» Schottky type thermal FE gun

it

) T
il - Resolution :

g -< 1.2 nm @ 30 kV high vacuum mode
-< 1.5 nm @ 30 kV low vacuum mode

-< 1.5 nm @ 30 kV ESEM mode

* Beam current:> 100 nA

« Chamber vacuum : Up to 40 mbar

* 4-axis motorized stage

« Attachment :EDS

= 1000 or 1500 °C heating stage
- Cooling stage (-20 °Q)

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

SEM is a microscope that uses electrons instead of light to form an image. The scanning electron
microscope has many advantages over traditional microscopes. The SEM has a large depth of field,
which allows more of a specimen to be in focus at one time.The SEM also has much higher resolu-
tion, so closely spaced specimens can be magnified at much higher levels. Because the SEM uses
electromagnets rather than lenses, the researcher has much more control in the degree of magnifi-
cation. Field-emission scanning electron microscope provides ultra high resolution image down to
Tnm resolution thanks to the inherent brightness of field — emission electron gun.

YLE TAA0E2 TS B2 Filamentol| HHE 715t W& HXIE =2 HY22 7145104(10-30
x

kV) HSHURZ 20t A2 EHO| ZAKZICH, T22H A=0i|M 62 7IX| M7t HE==0 3 & 2K HXt
MSE HESIN FYS UEE HEE 0IE8IT. Az EHE HESIE 7Is 0[200l= o2 £4 TH|E 2SI
Y, g2 A0 =Y Mt XIS 0|83 00|X| #E= 7ts5itt. of2{et SEMO| 2 E2 Alz 20| TEM

o,
off Hial HlwX ZiEkstn ) 24, B2, Hed S YSARE Mt 79l 2E Mz 240 7ks

Applications

¢ High Vacuum mode - conductive samples Metals, metal-coated samples
IZEE - MEM ANE F&, Md ZEE S

* Low Vacuum mode (10 to 130 Pa) - polymers, plastics, fibers, powders, paper, ceramics, wood, paint,
hair, insects, glass, GSR analysis

MESZE (10to 130 Pa) - uEXt, S2tAE M7 22 50|, M2tY, =, HRE, M7l 25, 72,

* ESEM mode (10 to 4,000 Pa) - dirty Sample, wet sample, heated sample, bio sample
ESEM 2= (10 to 4,000 Pa) - REA|Z, A2 A2, HO| 7I6HEl A2, bio M=
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Field Emission-Scanning Electron Microscope

Model
* NanoSem 230 (FEl, USA)

Specifications
* Schottky type thermal FE gun

« Conventional operation :
-<1.0nm @ 15 kV
-<1.6nm @ 1kV

* Reduced charge & contamination operation
* Probe current :0.6 pA ~ 100 nA
* 4-axis motorized stage

* Beam deceleration standard
 Attachment : EDS

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

A finely focused electron beam scanned across the surface of the sample generates secondary elec-
trons, backscattered electrons, and characteristic X-rays. These signals are collected by detectors to
form images of the sample displayed on a cathode ray tube screen. Elemental composition of fea-
tures seen in the SEM image can then be immediately analyzed by EDS.

UAIS FRRIR AIAHS Sofl Al EHO| TAEIT 00 29 HEEBOR WaEE ASSS 2B
#8712 Ssf SE,BSE O0|XI2 YNS AHH TES BESID EDSS 0/8510] A0 BatES FA,

Applications
® Secondary electron image
O[XFHX} O[O|X]

® Backscattered electron image
SHAEEXE o|0]X|

Energy dispersive x-ray analysis
EDS

X-ray elemental mapping

o =
ALNE P

® Nano-particles characterization
BESIN g

® Magnetic materials characterization
RAEE 24
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Dual-Beam Focused lon Beam

Model
*Quanta 3D FEG (FEI, USA)

Specifications

« Electron optics :

- NG Schottky field emission source

- Resolution
{(YHV:1.2 nm @ 30 kV
2)LV:1.5nm @ 30 kV
(3)ESEM :1.5 nm @ 30 kV

- Accelerating voltage : 200V ~ 30 kV

- Probe current :up to 200 nA

- Magnification :30 x ~ 1,280 kx

* lon optics :
- Field emission (Ga LMIS)
- Resolution : 7 nm @ 30 kV
- Accelerating voltage : 2 ~ 30 kV
- Probe current: 1 pA ~65nA
- Magnification : 40 x ~ 1,280 kx

* X,Y 50 mm 5-axis motorized

1]
O34 OF ¥iNvD

2 gas injection systems (C, Pt)

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

The Dual Beam FIB has a multitude of capabilities including high resolution electron imaging, ion
imaging, nano device fabrication and material deposition. Simultaneous patterning and imaging
are possible to nm resolution for both imaging and machining. The FIB with both ion and electron
beams enables high-precision cross-section processing and TEM/3DAP sample preparation.

£0|2Y2 1Eslts HAI0|0|X|, 0l20[0|X|, LI=AXHZ, 22 52 S LY s2S 71X QU0
of SAlOfl LAY THETE (0, S22t 0|0|X| 2HE0| 7kSstH, o2t HAL S SAlo 01&35H0
Sile=o| THHEeE 3 TEM/3DAP AIHKZ0| 7FSSICt.

(TRl

Applications

e Ultra high resolution electron imaging
ZuFslis HAtolol

® High resolution ion imaging
1&slis ol ololE

® STEM imaging (BF, DF, HAADF)
STEM 0|0|&! (BF, DF, HAADF)

* TEM, 3DAP sample preparation
TEM, 3DAP M= XXt

e Circuit correction (etching, deposition)
2+ (oE, 33

* Energy Dispersive Spectroscopy (EDS) : element analysis
Energy Dispersive Spectroscopy (EDS) : El4 244
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High Power X-Ray Diffractometer

Model
* D/MAZX 2500V/PC (Rigaku, Japan)

Specifications
* X-ray source : rotating anode

* Focus : line focus
* X-ray generator : 3 phase, 380V, 18 kW

+ Goniometer (angular range) :- 60 ~ 128°
- Horizontal goniometer (SAXS)
- Vertical goniometer (WAXS)

« Attachment

- High temperature (RT ~ 1500°C)
- Battery cell for charging & discharging

Manager : Park Ji-Hye
* e-mail : sophia@unist.ac.kr
* Phone :052-217-4035

Basic Principle
X-ray diffraction is a non-destructive analytical technique which reveals information about the crys-

tallographic structure, chemical composition, and physical properties of materials and thin films.

X-ray diffraction is based on constructive interference of monochromatic x-rays and a crystalline
sample. The High Power XRD is equipped with a high-temp attachment for temperature variation
and a battery cell for charging and discharging.

5 =
o, 22 2M8 XA SIH2 A% TAC A 2142 Husts Yt
Aol w2t 7hdof 7|¥e £ ek, D&

— A =/
Softt. 1&3 XRD= 0|M| 2441} 2|1Z20| ofet S2Q| EA0|= Fa[5HTt,

Xd 2|22 29 7%, 3ot 2y, SZOILE Hafol 221X S4o) thet YEE MSste ot Xl 24 7
b xo| 7 b A%
o

Applications
¢ |dentification of unknown crystalline materials (e.g. minerals, inorganic compounds)
oix|iel 22 2M (FM, F713EE)
® Determination of unknown solids
ojx|e] EY Az =4
® Characterization of crystalline materials
ZY sfpizol 54 24
¢ |dentification of fine-grained minerals
oMt (Xt S22 24

® Measurement of sample purity
NELELE =
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12.

High Resolution X-Ray Diffractometer

Model
+ D8 Advance (Bruker, Germany)

Specifications
* X-ray source : rotating anode
* Focus :line focus
« X-ray generator :single, 220V, 3 kW
+ 0-20 based goniometer
* Angular range (6) : 0 ~ 360°
(20) :-110 ~ 168° more

Manager : Park Ji-Hye
+ e-mail : sophia@unist.ac.kr
*Phone :052-217-4035

Basic Principle

X-ray diffraction is a non-destructive analytical technique which reveals information about the crys-
tallographic structure, chemical composition and physical properties of materials and thin films. It is
based on observation of the scattered x-ray beam after hitting a sample as a function of incident and
scattered angle, polarization and wavelength or energy.

XM M2 AF 7 5f8t 4, SEO|Lt wate| 22|M EMof thst HEES MIZsHs HITtXQl 24 7|

Zh, WY, O EE ofluUXIel S42M ARE Fols XM 3|H HEE BESIC,

D25l XRDE ehat 24 (Zakate| S, YUe | HAY|, 7|2t wiato] Hisk £4Y), residual stress 24
a

pole figure 241 4! specimen rotation 2A0| 753lCt,

Applications

¢ Determining lattice mismatch between film & substrate
7|Etot a7 A S UX| 2

* Inference of stress and strain
stress 2} stain =

* Determining dislocation density and quality of the film
dloto| g Az ol SN 2

® Measuring super-lattices in multilayered epitaxial structures
Ct559] epitaxial sturucture LHEO| superlattice 53

* Determining the thickness, roughness and density of the film
satel £, AX|, U =
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X-Ray Fluorescence Spectrometer

Model
- JT8 Tiger (Bruker, Germany)

Specifications
* X-ray generator with high stability :
4kw, max :60 KV/ 170 mA

* X-ray tube :Rh-anode source

+ Goniometer :decoupled theta and 2 theta
* Analyzing crystal

* Optics and chamber

* Detectors

- External cooling system : + 5 ~ + 35°C

Manager : Park Ji-Hye
* e-mail : sophia@unist.ac.kr
* Phone :052-217-4035

Basic Principle

X-ray fluorescence is the emission of characteristic "secondary" x-rays from a material that has been
excited by bombarding with high-energy x-rays or gamma rays. XRF is able to analyze quality and
quantity of various elements of solid materials such as geological specimens, slugs, soils, ceramics
very quickly as well as simultaneously. Qualitative analysis of elements ranging from 4Be to 92U is
made and quantitative analysis of 10 major elements in the case of geological sample is usually
made in concentration of 100 ppm - 100 %. With the advantage of non-destructive analysis, preci-
sion and accuracy by repetitive measurements is certified. Moreover, sample preparation is simple.

T OllLix] xM S 20t Mojl o3t S 2RI 2% xM (Fa)o| WEsl=d| 0j20] xM Bolct £ 717 4
EfOIA 22510 Q= XRFE XN, 221K, EY, Azte) Sot 222 1x| A0 thate] R A&sHi| (25
60-100%) IAS HASH 4 IS #0+ ofLjat, ofaf 7% MAS SAI0) A2 4 ct, BAf 4BeoiAf 92U7}
K| MHEMO| 7tsotH K& ARe| AL 10 7HK| F=&A (Si02, Al203, Fe203,Na20, K20, TiO2, MnO, P2S5,
MgO)oi| CH5101 &) ppmOlAf 100% 5= 9] Ljo] HREAS 438 49Uck. XRFE HlmH| 2A0[2H= &
Moz Hi= 2o Sot KfetI HUSS ASE 4 It CIR0| AR MAEIE 21Tt

Application
* Element analysis RIASA

® Semi quantative analysis HFHZFHEA

Pressor Freezer Mill Ball Mill Bead Machine

UNIST Central Research Facilities 13.



Single Crystal X-Ray Diffractometer

Model
" * R-AXIS RAPID Il (Rigaku, Japan)
E
P F g Specifications

« X-ray generator with high stability :
3kw, max :60 KV/ 60 mA

* X-ray tube : Mo source

+ Goniometer :decoupled theta and 2 theta
* Analyzing crystal

* Optics and chamber

* Detectors

« Imaging Plate(IP) detector :+ 5 ~ + 35 °C

Manager : Kim Young-Ki
* e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

Basic Principle

R-AXIS RAPID Il is 2 demension XRD which has curved Imaging plate. It can measure rapidly a variety
of samples such as small parts of bulk, normal powder, film and fiber samples. It also can distinguish
single crystal from multi crystal indicating the difference of particle size and alingment through the
2D image patterns.2D image X_ray Patterns from 2D detector can tell us the information of samples'
alignments or crystal structures. Parallel beam optical system is unconfined by the form of sample
and it can offer various sample holders such as powder, bulk, film, fiber, trace sample, liquid and thin
film.

R-AXIS RAPID lli= AZE717t 248 Imaging Plate(2X} ZAE7()Q1 2XH X—M 3|& ZIX[LICE,

Bulk Alzo| 0|AR gt 23 HE M7 S Tt Al=0i et A&t 0] 7HsstH 2AH 0[0|X| THE 2
23, it S A=Zt XIS F25| BAISIH THEFD CEF| AH0| ORIt

2xHH HETIOIM 22 2xH 0[0[X| X- 42|24 (Debye-ring)222E| A|Z9| HYEO|Lt ZFJEH0] Cet
HEE 2 g2 o+ USLICH TAY FSAO AFBL 2 AZ 0 MetS 2X| oM 22 A=, Bulk, 2F,
M7, DIZAZ, oY, Hat M=o tiSshe TSt Az E20E MSELIC.

ol

Application
® Small area measurement and Mapping by X-Y stage and collimator
X-Y stage?} collimatorod]| 2lslj 0|AE =XM1 Mapping &%

* Normal powder measurment, residual stress of small area, polefigure measurement, high
temperature measurement

UBHEO! Bar X-M BT £ 9lofl 0]AL NES 2

A

25y

® Trace analysis of small crystalinity.
3|10 7|ofsh= 20| 0 X2 0|2 =2 siAd
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FT-NMR 600 MHz

Model -
*VNMRS 600 (Varian, USA)

Specifications
* Premium shielded 600 MHz magnet -

* 3 channel console

« Available probes VARIAN
- Dual broad band auto X probe

- Automated triple resonance probe
-Nano TM probe

- 5mm double resonance MAS solid probe

* Possibility of advanced techniques
-1D/2D/3D
-1H,13C 19F, 31P
- COSY, HSQC, HMBC, NOESY, TOCSY

Manager : Cho Mi-Sun
* e-mail : shail019@unist.ac.kr
* Phone :052-217-4034

Basic Principle

NMR is a technique for determining the structure of most organic and some inorganic molecules.

NMR studies a magnetic nucleus by aligning it with a very powerful external magnetic field and dis-
turbing this alignment using an electromagnetic field. Different atoms within a molecule resonate
at different frequencies at a given field strength. The observation of the resonance frequencies of a
molecule allows us to discover structural information of the molecule.

x| 38 2&71= 77| 24, 12X =22 H dH 2X 9| sfgles A& E¥ots J70lH, 39 "
ZEEM0l| o|SELt. X7 oM Lt SH=E s HARH| X7 |81t 2to|utE Zo{FH FAXMSE
A U #S0| =2 oKX == of7|ECt, 0] uff LS HXIEHC| SHxtr| S HdS 0I83IH Az &

0
0
HI

Applications

e Structural elucidation of chemicals
sietEel = 23y

Structural determination of biomolecules (DNA, RNA, proteins, peptides etc.)
AHESEe L= 2™

Study of dynamic process
Sxtol S2fsto et AT

® Drug design
ofg ot

Material science study
Ao, QXK ¢ HofolAe] BX 24
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ICP - OES

Model
« 720-ES (Varian, USA)

Specifications

*Wavelength range : 167 ~ 785 nm

« Simultaneous analysis

* 40 MHz free running RF generator

+ CCD detector with image map tech.
+ Cooled cone interface mechanism

* Plasma : axially viewed system

VARIAN

Manager : Cho Mi-Sun
* e-mail : shail019@unist.ac.kr
* Phone :052-217-4034

Basic Principle

ICP-OES is a technique for element analysis of any substances in the ppb ~ ppm concentration range.

It is based on the introduction of the liquid sample to be analyzed towards an argon plasma, created
by a radiofrequency generator.The plasma energy is transferred to the atoms of every sample ele-
ments, promoting the excitation of their electrons to higher energy levels. These excited electrons
are decayed to low energy levels and electromagnetic radiation in the UV/Vis range is emitted.

T Zg E2tR0t X YWE RV s AR LEHES R ¥2 SE2! ppb ~ ppm EVIX| 24 4~
U= 717[0Ict, AlzEMS Ar S2t=0t0| =JAZI = S EXi0l| 28t SolHX|7F F0IX|H B AEfof
U= TRz =2 HlHX] =2 T[S0 67| &Ef7F ECt, of7| = EXtHISSEZ 0|SE mf YEsh= &

A

AN
2N A 2 Y=E Y6 HAQ Y H YEA0| 0IESiT.

Applications

® Quantitative analysis of various atoms
25 rtol M2

® Soil, waters, agriculture
E% U A A|R9| 7|4 By

* Precipitation, freshwater, seawater
4, = 5 Xioid 50| njpA By

® Composition of metal and alloy

A Ol sk =
=25 3 8g9 242
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Fluorometer

Model
« Cary Eclipse (Varian, USA)

Specifications

* Wavelength range
- Excitation 200 ~ 1,100 nm
- Emission 200 ~ 1,700 nm

*Wavelength accuracy : < 1.5 nm

* Limiting resolution : 1.5 nm

* Wavelength reproducibility : < 0.2 nm
* Source : Xe pulsed lamp

* Detector : photomultiplier tube

Manager : Cho Mi-Sun
* e-mail : shail019@unist.ac.kr
*Phone :052-217-4034

Basic Principle

The fluorometer is capable of measuring excitation and emission spectra in the UV, Vis and NIR re-
gions, roughly from 200 nm to 1,100 nm. Absorption of UV radiation by a molecule excites it from
the electronic ground state to the excited state. Fluorescence occurs when the molecule returns to
the electronic ground state from the excited state.

FELELY A= XM, ZHAIZM, XM (200 ~ 1,100 nm) SH|A 2| 017] (excitation)2t BEA} (emis-
sion)E S 4 QUCt. 20| LS S4ot0 SE HEH0ll =EotH |HXIE 2401 CHA| QFEE 7|X HEfZ
SORICt HE &5 20| 7|N ME2 ES0PtHA MESste 2(dE)S SHsict.

Applications

® Qualitative and quantitative analysis of fluorescence of organic and inorganic compounds
771 X 27|29 ol et FY X HEEA

® Kinetic applications
Kinetic &

¢ Lifetime applications
Lifetime =3

® Concentration applications
r =X
o — O

UNIST Central Research Facilities
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UV -Vis - NIR

Model
+ Cary 5000 (Varian, USA)

Specifications
*Wavelength range : 175 ~ 3,300 nm
« Limiting resolution : UV-Vis < 0.048 nm
NIR < 0.2 nm
* Monochromator :double out-of-plane
littrow

—_— * Wavelength accuracy
- UV-Vis £ 0.08 nm @ 190 ~ 900 nm
-UV-Vis £ 0.04 nm @ 760 ~ 3,000 nm

* Mode

* Detector : photomultiplier tube

Manager : Cho Mi-Sun
+ e-mail : shail019@unist.ac.kr
*Phone :052-217-4034

Basic Principle

UV-Vis-NIR is used for optical absorbance, transmittance and reflectance measurements in the wave-
length range (175 ~ 3,300 nm).In principle the technique is similar to IR-absorbance.When a sample
of an unknown compound is exposed to light, certain functional groups within the molecule absorb
light of different wavelengths in the UV or Vis or NIR region. It is used for qualitative and quantitative
analysis of materials.

REQL/TRAZA /ROl BBBE ) 2Xto] TEE NS 018510] SEi2ol By,
7lolct, SAotct Kok, FRAZAT HelM(175 ~ 3,330 nm)@ B4, Skl X
o x

oyl 2s Al=0| FHAIZLZM 1 3O S E= Tt ol [ME Al=o| &t

Applications
® Transmittance ratio measurement
N=o| ZE4, Y=o AHEY &Y

® Reflectance ratio measurement
ARQ| HIAL ATEH =X

*® Quantitative analysis for components
ANzo| ZE=4

18. UNIST Central Research Facilities

- Absorbance/Transmittnace/Reflectance

FT-IR

Model
+670-IR / 620-IR Imaging (Varian, USA)

Specifications
* Spectral range : 7,900 ~ 50 cm’?

* Spectral resolution :0.075 cm™

+ Signal to noise ratio (5 sec) :
- 12,000 : 1 with 25 % source power

* Filed of view :5.5 um per 1 pixel
* 64 x 64 focal plane array detector
+ ATR imaging : 1.4 um per 1 pixel

Manager : Cho Mi-Sun
* e-mail : shail019@unist.ac.kr
* Phone :052-217-4034

Basic Principle

The FT-IR measures the IR absorbance or reflectance spectrum to determine vibrational frequen-
cies, which provide information on chemical structure and bonding. The spatial resolution of this
technique is in the order of 10 um, enabling it to determine the composition of very small features on
various substrates.The technique can also study dopants in glasses and semiconductors.

MM 2H7|= M=o Melds E4A7|HL FHAAM e2Mat EtaMs & & AUrk. EXL 24t
7t 2t SoIM ST o A4X[Q! e (7,900 ~ 50em-1) He{2| HA7|IHE 46t TS, 2|1, HE2
S= SHA =1, ofof shFst= AHEZCZRE F2 2| TS 2230 thet YEE o 2X1e| 72
X EAZE| 2ot YRE H=rt. FHIE ZFOILt 80| HskE 2 MIAEIUEX| Eelstn SEHRES)
MIZ7ILt peak 0152 Sall A= E4= LOHH=H FESITt.

Applications

* Qualitative analysis of samples
sietEol ¥d 24

Quantitative analysis
Maf =M
oo L1

Defect analysis
Y 24

Molecular structure analysis
SRR 24

UNIST Central Research Facilities
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Sub micron size & Zeta potential measuring system

Model
*Nano ZS (Malvern, UK)

Specifications
* Power :single 220V, 60 Hz
* Particle measurement
-volume range of 12 u ~ 1.0 mL

- min.concentration 0.1 mg/mL

« Zeta potential measurement
- Principle : laser doppler velocimetry
-Range:- 150 mV ~ + 150 mV

Manager : Park Ji-Hye
+ e-mail : sophia@unist.ac.kr
* Phone :052-217-4035

Basic Principle

Particles, emulsions and molecules in suspension undergo Brownian motion. If the particles or mole-
cules are illuminated with a laser, the intensity of the scattered light fluctuates at a rate that is depen-
dent upon the size of the particles as smaller particles are kicked further by the solvent molecules
and move more rapidly. Analysis of these intensity fluctuations yields the velocity of the Brownian
motion and hence the particle size using the Stokes-Einstein relationship. Dynamic light scattering
is a non-invasive and well-establish technique for measuring the size of molecules and particles typi-
cally in the submicron region.

ELE0M Xt /X, EXl= H2t2 RS2 Sict. UKt = X 0[N0 =&H, AMZHo| M7= Xt
3700l H[5td HSSICH, & X2 UXIUSZE o 2Xtol| 2ls Ha| LA = Wa| 0|SHA == Aolct, 0]2t
Z2 M7|9| HES M50 EEl2 259 &= MESIT Stokes—Einstein H2HAIS 0[2310 2Xte] 2712
AMSICE, SE ZARE2 O|MISH FHO| 2RIt 2XIE SY6H=C H|mtz|Xo|o QFEXol 24 J|Ho|ct,

Applications
® Colloids / Z220|E EA
- Measure the size of dilute and concentrated sample
FALE Zlet Azl Xt 57

® Nano-particles / L= Xt 24
- Measure sizes below 1 nm.
1 nmo|ste] 37| =X

® Proteins / CHEHZE! HLA
- Measure 2 uf of sample
20 N2 &EH
- Measure the size of pico-grams of material.
o= Ool 22 37| 53
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- sample concentration > 40 % by weight

X - ray Photoelectron Spectroscopy

Model
* K-alpha (Thermo Fisher, UK)

Specifications
* Double-focusing hemispherical analyzer

Tharris

* Multi-element, high-transmission
spectrometer input lens

* 128-channel detector for high quality

* Energy range 200 eV to 3 keV ‘[ l

+ High flux even at low beam energy
250 mm Rowland circle monochromator

Manager : Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

X-ray photoelectron spectroscopy (XPS) is a quantitative spectroscopic technique that measures the
elemental composition, empirical formula, chemical state and electronic state of the elements that
exist within a material. XPS spectra are obtained by irradiating a material with a beam of aluminum
or magnesium X-rays while simultaneously measuring the kinetic energy (KE) and number of elec-
trons that escape from the top 1 to 10 nm of the material being analyzed.

BRREZY|= RO HHO| S4 X-MZ QABID O} WEsH= ZHAt0| oUXIS SHtoM AR B

o & 2. OlRIEOR X8 NBBO2M B0l X480l Jistle
TH| 2 SR Metstato| Mo 0 2 FHS AT It Edt 0l2Wo R EHES AZisto! 20jo]
=

Applications

® Analysis of organic compounds
w7lEEEe 24

® Thin film analysis

=
sja} g

® Depth profile
Zo| =2
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Variable Temperature Scanning Tunneling Microscope

Model
+ UHV VT 7000 (RHK Technology, USA)

Specifications

*Scanrange (X,Y):5um

* Resolution (X,Y):0.5 A

« Resolution (Z) :0.05 A

*Thermal drift (X,Y & Z) < 1 A/min

+ Cooling temperature : 30 K or lower

* Heating temperature : 1000 °C or higher

Manager : Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
* Phone :052-217-4032

Basic Principle

STM probes the density of states of a material using tunneling current. For STM, good resolution is
considered to be 0.05 nm lateral resolution and 0.005 nm depth resolution The STM can be used not
only in ultrahigh vacuum but also in air and various other liquid or ambient gas and at temperatures
ranging from near zero Kelvin to a thousand degrees Celsius. The STM is based on the concept of
quantum tunneling. When a conducting tip is brought very near to a metallic or semiconducting
surface, a bias between the two can allow electrons to tunnel through the vacuum between them.
Variations in current as the probe passes over the surface are translated into an image.STM can be a
challenging technique, as it requires extremely clean surfaces and sharp tips.

IXIZ(10~11 torn)of| N 2YE&|= 7HHSE(30 K~1500 K) E{'E2I&0
NAgoz TE|0] ULk, O] AIAHS 018510 ZFIT5I0IN EHEl} Aln
Uxjofataiol BRIS SHsIILE At flAZIo| HE|2WAS TE FISES SH5t0]

A2ETO| HA1E0| 7[51atx0l TAS 3xHAI0] FAMIHZ HAIBIE 4 T,

0
Il

Applications

® Observation of the surface with a atomic scale
HHAEHS BX HRAZ 2HE

® Observation of the atomic array of the surface or its variation to change in temperature.
2EHS0f M2 ZHe| XY 3 HiE HEtE

® Research of the band gap on the surface of conductive materials or semiconductors
TH| 2 Bt R EHO| band gap HE
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Combined AFM & Confocal Raman
Microscope Micro Confocal Raman

Model
* Alpha300S (WITec, Germany)
* Alpha300R (WITec, Germany)

Specifications
* Scanning near-field optical microscope

* AFM mode
- Acoustic AC mode
- Contact mode

* Laser
- Extension confocal Raman to 785 nm
- Frequency doubled Nd : YAG laser
- Raman laser coupler 633 nm
- Helium Neon (HeNe) laser : 532 nm

* Liquid imaging extension

* Heating and freezing cryostat

Manager : Park Ji-Hye
* e-mail : sophia@unist.ac.kr
*Phone :052-217-4035

Basic Principle

By simply rotating the objective turret, the user can choose a mode among confocal microscopy,
SNOM or AFM. This allows topography and optical images to be acquired simultaneously. Also it is
possible to start with confocal Raman microscopy and combine to atomic force microscopy or vice
versa.With such a combination, chemical information can be directly linked to structural AFM infor-
mation from the same sample area using only one instrument.

I£02 3|M™ok= objective turret2 0|&5H0, 3 310/, SNOM EE= AFMZ 871X 2EE 0|3&t
4 QICh RN § 7171 XIET St 0ljxIE SA0 PS4 Yt E5t BEH 242ri0Z T AFMS 2

o
= =
ghotod 2440| 7ks3SItt, &, 8t 717|E 0|80t MEC| Y &4 X0 AFME S8t & 241 3=

H dolds St el 24 Sl 71S5tA Bttt

Applications
® Measurement of surface topography
2 X 57

® Optical characterization
H5ix EM BAL SH
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Atomic Force Microscope

Model
* Multimode V (Veeco, USA)
* Dimensim 3100 (Veeco, USA)

Specifications

* Resolution
- Noise level RMS : < 0.3 A RMS
- Vertical resolution : 0.1 A
- Lateral resolution : 1 A

* Controller
- X,Y,Z axis : 16 bit, Total : 48 bit
- High-speed DSP/ADC
- 2 high-speed ADCs (50 MHz 14 bit)

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

AFM or SPM is a branch of microscopy that forms images of surfaces using a physical probe that
scans the specimen. An image of the surface is obtained by mechanically moving the probe in a
raster scan of the specimen line by line and recording the probe-surface interaction as a function of
position.

AFME B3 EPI0| BYE BX) £l BHSOR ST 4 oIS TUOIKH AME HHE A= 2
2 I2FANE i N2 HHO| Exot= HXIR BfR 22| 2Rt Aol 2t&st= i =2 §l0| cantilever
2tz Aodol| MYECEH Ao MEE 2 AZIS 2{A otxr, 0] AZF0| 20[KME RUALAIF] HEALE
HS 2 X|MA(position sensitive photodiode)2 210 A|Z20i| CHet BH HEE opMHLt, w2t AFM2
ER0| ANERHS ZIZIe| 2IXIE £71 CHLTA] EXt 7to| &2 S =M ZF HollM =0(of et HEtst

FEE H=0t.

Applications

® Data storage ® Optics
Cllolel X% 2sf

® Electronic materials ® Pharmaceutical
PSPV Rok

* Life science ® Polymers
i by

* Materials science ® Semiconductor
M= otst HEE |

°* MEMS ® Solar cells
MEMS ENUHX|
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Electrochemical Atomic Force Microscope

Model
+ Agilent 5500 (Agilent, USA)

Specifications
* 100 pm x 100 uym scanning range with
precision, closed-loop nano positioning

* 0.05 % non-linearity
+ 0.5 nm RMS X-Y position noise
« Capacitive closed-loop sensors

+ Compatible with all imaging modes,
multipurpose scanners & liquid cells

* PicoLith software

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

Electrochemical SPM offers a low-noise potentiostat / galvanostat for in situ EC-SPM studies — both
EC-STM and EC-AFM. When combined with temperature control, it is possible to obtain valuable
information about electrochemical processes that would otherwise be inaccessible. The addition of
environmental control allows imaging with no dissolved oxygen in either aqueous or non-aqueous
solutions.

H7|5tet AFME2 HH30| TIRel= A2tstoll A Z7[3t8t &1 STM O|LE AFM S5 2ot I2 L0|= TRt
=2 ARAHE FURIE MSett, 22 AU A-EH MY |se gE0of| thiet Rst YEE Hs + U
CH. SHEARHO0| CsHX|H +EUL0|LL H|EUMUM & AAT} Gl= O|0IXIE EE =~ UL,
Applications
¢ Electrochemistry

H7|&tst

® Materials Science
AM=opst

® Polymers
T2Xt

* Life Science
Myt

® Nanolithography
Ltz A2t
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Confocal Laser Scanning Microscope

Model
+ OLS3100 (Olympus, Japan)

Specifications
i L4 * Power :single 220V, 4 kW
.-_- « Operation temperature : 22°C + 3°C
* - + Microscopy : conventional/laser mode
= I * Detector
I — - 2 PMT fluorescence detectors

== - 2 individual channels simultaneously

B

Gg e - Mana.ger:P.ark JiTHye
+ e-mail : sophia@unist.ac.kr
*Phone :052-217-4035

Basic Principle

In a confocal laser scanning microscope, a laser beam passes through a light source aperture and
then is focused by an objective lens into a small focal volume within a fluorescent specimen. A mix-
ture of emitted fluorescent light as well as reflected laser light from the illuminated spot is then rec-
ollected by the objective lens. A beam splitter separates the light mixture by allowing only the laser
light to pass through and reflecting the fluorescent light into the detection apparatus. After passing
a pinhole, the fluorescent light is detected by a photo-detector (a photomultiplier tube or avalanche
photodiode).

7120 so|dnt g2| S=H 20| A SH0E 71E2 point source2RE LI2e & (B[0|X)2 AME
A Al=2| =F1t detector pinhole &2 ZEZ LX|A[AH =FH 0[2/e] 222 o0|& A0i| LIEHLIX]|
AEE o0 7|E2 ALHD[HQNA LIEtLIE flare 4= XM7{St Z0[Ct, ESt computer—controlled
motor—driving focusing system=2 S2&22M automatic optical section0| 7+S35HA =0 A
AHH Fatel 1440| O0[sICt,

Applications

® Observation giant molecules such as RNA, DNA, proteins or organs in cell
MZ £ 7[2t, RNA, DNA = THHA 22 iAo & 2=

® Observation of stereo & 3 dimensional Image
UM S E= MRFEIH 2HE

® Real time trace of certain substances in a body
MZLH SR9| 0|5E HAltez X

* Trace analysis of proteins or ions in a body

MIZLH THEEE = 0|22 FEHH Hatlt HhSeid

® Co-localization of (non) fluorescent label
(H]) HZ=2!9| Co-localization
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Cryogenic Probe Station

Model
* CRX-4K (Lake Shore, USA)

Specifications
* Temperature : 1.5 K~ 475K

+ Six micro-manipulated probe arms
* 4-inch wafer probe capabilities

* Cryogen-free CCR
(Closed Cycle Refrigerator)

*Vertical or horizontal field magnets
* High vacuum to 107 Torr
* Load-lock

Manager : Park Ji-Hye
* e-mail : sophia@unist.ac.kr
*Phone :052-217-4035

Basic Principle

A probe station is used to physically acquire signals from the internal nodes of a semiconductor
device. If the device is being electrically stimulated, the signal is acquired by the mechanical probe
and is displayed on an oscilloscope.This is a versatile micro-manipulated probe station used for non-
destructive testing of devices on full and partial wafers up to 2 inch in diameter.This is a platform for
measurement of electrical, electro-optical, parametric, high Z, DC, RF, and microwave properties of
material and test devices.

Probe station2 WHER| Axte| L FA7Io| AISS S&ster] 0|QECH AXPL Hy|Koz XI2g wo

o, SHEI0] ofsh F7|X Al SMEn @ARATmo| HAIECH OlMEH ZX0| Sl probe stationg

XIZ 201X [7HK(2] YIO|mHol Q= AXte| HtT|RQ! B0 MoICt Ustso= Fy|, Fy|2st, matolg,
o

x|
I YuEA | nEmp 2 S FHOe| £4 50| 7HSSICt

Applications

® Magneto-transport measurements ® Guarded characterization
Magneto-transport =& Guard EAM EXM

® Electrical & electro-optical measurements ® Low noise characterization
M7, &7[2st = Low noise E4 A

® RF & microwave (up to 67 GHz) ® High Z
DFEOH Y IR £ (67 GHz) nuHA £

® Parametric testing * Non-destructive, full wafer testing
30p ol2toe A H|mto| = AtO|=9| wafer 244

¢ Shielded characterization
Shield E4 &4
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TOF / SIMS

Model
* TOF SIMS 5 (ION TOF, Germany)

Specifications
* Mass resolution (@ 29 u) : > 10,000 (for Bi+)

* Sensitivity (@ 29 u) : >3 x 10 Al*/nC
* Mass range : > 9,000 amu
* Base Pressure :< 5.0 x 10 torr

* A self-adjusting charge compensation
system

* Primary source : Pulsed Bi cluster ion source
» O, and Cs dual sources for depth profiling
* A motorized five-axes UHV sample stage

* Two CCD high resolution video cameras

Manager : Lee Kyung-Sun
+ e-mail :kslee@unist.ac.kr
*Phone :052-217-4036

Basic Principle

Secondary ion mass spectrometry (SIMS) is a technique to analyze the composition of solid surfaces
and thin films by sputtering the surface of the specimen with a focused primary ion beam and col-
lecting and analyzing ejected secondary ions.Time-of-flight (TOF) is a method of mass spectrometry
in which ions are accelerated by an electric field of known strength. The velocity of the ion depends
on the mass-to-charge ratio. The time that it subsequently takes for the particle to reach a detector
at a known distance is measured. This time will depend on the mass-tocharge ratio of the particle
(heavier particles reach lower speeds).

O|x0]=2 MEEAH= LFEet olUXIE 712 LRt 0|25 1A HHO| YAIAZ! T LEE|0f LE2 0|xt0|=2]

S ZHYCEM Mz B#HE THstn U= HA H 2RI BF, L= 245k WHOICH, HI™AAZHY

HEEMT|= o270 MHE 0|2S Ut 714 MU E 7I5AIZIE [ 0|2 S tLEE 0|20] HE
[7EX| HISk=0 Z2l= AlZtS SEst0 Mg AEZHS H=Ct

Applications

® Molecular structure analysis
SRt RE 2

* Trace elemental analysis (including H, He)
0|2 34 24 (H, He =&)

¢ Chemical mapping (SIMS imaging)
stst o (SIMS o|O|x])

* Depth profiling and 3D analysis
2ol 2= EA 3 3XHE =AM
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MALDITOF / TOF

Model
« Ultraflex ll (Bruker, Germany)

Specifications

* High mass resolution at every mass
from 700 - 6,000 Da

* Resolution > 1,100 & mass accuracy of
< 80 ppm in linear mode for protein

* Mass accuracy of < 3 ppm
for peptide mass range in reflectron mode

« Sensitivity in low attomole range with high
S/N ratio in TOF/TOF mode

Manager : Lee Kyung-Sun
+ e-mail : kslee@unist.ac.kr
*Phone :052-217-4036

Basic Principle

Matrix-assisted laser desorption/ionization (MALDI) is a soft ionization technique used in mass spec-
trometry, allowing the analysis of biomolecules and large organic molecules which tend to be fragile
and fragment when ionized by more conventional ionization methods. TOF/TOF is a tandem mass
spectrometry method where two time-of-flight mass spectrometers are used consecutively.The first
TOF-MS is used to separate the precursor ions,and the second TOF-MS analyzes the product ions.An
ion gate for selecting the precursor ion, an ion fragmentation region (e.g.a collision cell) and an ion
accelerator may be provided between the first and second TOF-MS.

IIEZIA HX g0|XN Ef=l 0|25} 2HA2 7|Z=9| 0|23HIAC 2= 0|25} 11 S0f 7HX|7| 412 MA| 12
ALt AR 7IZAE 2| K] ¢4 Iﬂlei'I_ AYol=2=2t 7l=0|ct, TOF/TOF= F7H2| HIl AlZHEA7|
7t AEMoz MERE BEETEE7(0C. H MK TOF-MSE 70|28 22[sHL=0 ASELD F Hi

TOF-MS= 22|E ddol2s EAltt. 28 0|28 MEiSt= 0I2A0|E, S&7IAE 018310 0|25
e G, J2[31 0[=27H57(7h A Hmiet & HK| TOF-MS Ato[off F7t= UAIEC.

Applications
* Analysis of biomolecules / MF|SZlo| 2

- proteins, peptides, sugars
ShEl BE|S, o

* Analysis of large organic molecules / i K7 |2Xto| 241
- polymers
TEX}
- dendrimers and other macromolecules
Hca|n, 7|EF BEA
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GC/MS/MS

Model
* 450-GC & 320-MS (Varian, USA)

Specifications
* lonization mode
- Electron ionization
- Positive/negative chemical ionization

*Mass range : 10 ~ 2,000 amu
+ Mass axis stability : +/-0.1 u over 24 hrs

* Resolution : 0.7 amu at 1,250 amu/sec
0.6 amu at 500 amu/sec

* Mass type :tandem triple quadrupole
« Library :NIST library

Manager : Lee Kyung-Sun
+ e-mail :kslee@unist.ac.kr
*Phone :052-217-4036

Basic Principle

GC/MS/MS makes an effective combination for chemical analysis. Mixtures of volatile substances are
separated by gas chromatography.Via a transfer line the fractions of each peak are transferred into
the ion source where the ionization takes place. After acceleration, the ions pass through a magnet-
ic-field which causes deviation of their linear flight curve according to their respective mass. After
this magnetic field the detector counts the ions.

7|2 0bE Tl )/ AR A /AR A= 27| W 97| 24
RIZSICH, 28 Aeiol 3i820| Z@lo] THNTL A5 xigos Halsin, 0| BNS MARA|olA Mol
€= oj2oz AUKZIC of XA ol20] HTh Hstl(m/2)E SHsto] TAES
2 AMERORDH |ibraryE Al 2alEl BH| ZRE FUY 4 ATk, EA) ABES AR
mgoilA ngFEoln, 20| 0} LAIKIo| 2ot elio 71K A2 ZEXfE 4 UoH 24| 7t

= =

[0

o]
AN

or rlo m mn
4>
4>

ol
n
-

Applications

e Structure of organic compounds elucidation
Q7lsBtEel X2 2 ol

Molecular weight confirmation

Sxf &l

Identification of impurities and by-products

242 9 BAE 2ol
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LC/ MS / MS

Model
« HCT Basic System (Bruker, Germany)

Specifications
* lon source : ESI, APCI

* Mass range : 50 ~ 3,000 (m/z)

* Resolution:0.6 u

* Accuracy :0.1 ~ 0.3 % absolute
+ Scan speed : 26,000 amu/sec

* Mass accuracy :+/-0.15u

« Electro sensitivity
- MS :reserpine 5 pg S/N 10:1
- MS/MS :reserpine 1 pg S/N 50:1

Manager : Lee Kyung-Sun
+ e-mail : kslee@unist.ac.kr
* Phone :052-217-4036

Basic Principle

LC/MS/MS is a powerful and widely used tool in qualitative and quantitative residue and contami-
nant analysis. The mixture is separated with an HPLC, preferably using a reversed-phase column.The
analytes can be ionized with a suitable ion source by various methods, followed by partial fragmen-
tation. After acceleration they are deflected by a magnetic field which resolves them according to

their mass.

U I Z0tETIHI|/ AR AV |/ AEEAT = S22 XIS Mol RS IS 2M 0IX|9| Y2S 5]
T YRO| EE & 4 U e WY HYEAUYoICH. =8 SRS 14s HHAZ0tE JeEg 22t &
0| 425 HEFEAM7|0f =YAI7I1L, CHUSt 0|23t Ho = MAEE 022 MR HsHH|(m/2)E S5 24
=20 M 3 TXRE Sloitt, HIgHY, gX Ay, =4 YHUEXt 59 stetEel HYRA0| Jhssict
Applications

® Analysis of organic composition
77| sEEL A& B4
¢ |dentification of molecular weight
atEiB ol 2RI U SHEHAl oS
® DNA, RNA, protein
DNA,RNA, CHHEl EM B
® Environmental sample (water, waste, soil)
SHS| YA, FURN TRA (5U4ME Y S84, U, HIIZ S)
® Residue pesticide
HESCt HEZR S SEE MEEAN
® Polymers

UEXF I, gy RitE 24
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GPC/MALS

Model
* Agilent 1200 series (Agilent, USA)
* miniDAWN TREOS (Wyatt, USA)

Specifications
* GPC Flow precision : < 0.07 % RSD
what ever is greater

j + GPC Pressure : Operating range 0 - 400 bar
"\ up to 5 mL/min

EH * GPC detector type : Double-beam photometer
* GPC Wavelength range : 190 - 600 nm

* MALS Light source : 60mW GaAs linearly
polarized laser

* MALS : Laser wavelength : 658 nm (nominal)
« MALS Laser life time : >10,000 hours

_ﬁ:_"_-_ =
* MALS Detectors :3 angles
- ) * Molecular weight range : 103 - 106 g/mole
i, 3 (daltons)
e — * Molecular size range : 10 - 50 nm

Manager : Cho Mi-sun
+ e-mail : shail019@unist.ac.kr
*Phone :052-217-4034

Basic Principle

Gel permeation chromatography (GPC) is a termused for when the separation technique size ex-
clusion chromatography (SEC). The smaller analytes can enter the pores more easily and therefore
spend more time in these pores, increasing their retention time. Conversely, larger analytes spend
little if any time in the pores and are eluted quickly. GPC is often used to determined the relative
molecular weight of polymer. Multiangle light scattering (MALS) is a technique for determining, in-
dependently, the absolute molar mass and the average size of particles in solution, by detecting how
they scatter light.

2l E31 320tETIIl= x| I20tETMT|e| o SF2 M DEXE 1 3 7|0 w2t XY 22|5H= B
o= 37| M I 20ETT| & oo, ZE2 tSY, Higdel A STMSZE MM UAeH, 2717t

2 BXE2 AR 3717t A2 poredf| FFSHA| Rotar, 22 EXE2 poredi| ot okt HE
Q71 W20l 2717t 2 2XRE A2 24t M2 ZES So10 SS5|0f TICt, ChFRE2 2o ot
2tS 0|&310 LEXte] EUiZxiZ 37|18 EMsts W=z, 55| 27(|MI20ET2H e BA| AR

ol

ot 40l= SECOIM F7[E2 2|8 DEXE MALSHIM 2R, 37|, 22, e, M 89 &
40| 7ks3sict,
Applications

® Analysis of synthetic polymer / &M 12Xt 2A
- Dendrimer, Hyperbranched polymer, Nylon, Polyaniline, etc.
HEZ|H, CHE7tX1d T2Xt, LIYE Z2|otdEl &

® Analysis of biopolymer / H}0|2 T&2X} 24
- Protein, Agarose, Polysaccharide, Cellulose, etc.
THHTI OP7IRA, CIYR, 4ER0A 5
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Element Analyzer

Model
* Flash 2000 (Thermo Scientific, Netherlands)

Specifications

* Measuring elements:C,H,N,S&O - 2

* Measuring range : 100 ppm ~ 100 % -, gy —
- =

* Sample size :0.01 ~ 500 mg

* Accuracy :0.1 ~ 0.3 % absolute
* Detector : TCD

* Furnace temperature : 1,100 °C

* Analysis time
-CHNS :10 min
- Oxygen :5 min

Manager : Cho Mi-Sun
+ e-mail : shail019@unist.ac.kr
*Phone :052-217-4034

Basic Principle

Element analyzer determinates of the percentage weights of carbon, hydrogen, nitrogen, sulfur and
oxygen of a sample. This information is important to help determine the structure of an unknown
compound, as well as to help prove the structure and purity of a synthesized compound. It is based
on the dynamic flash combustion of the sample followed by reduction, trapping, complete GC sepa-
ration and detection of the products by thermal conductivity detector.
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Applications

* Organic and inorganic chemistry of pharmaceuticals
SI|/R7|EE U MEIEHE 0| Mk A

Material characterization
453 U HMHSO| MEEAN

® Environmental analysis
SHAN RO YA XM= M

D oo™

Isotope analysis
SHEA 2M

® Analysis of agronomy and marine science

EY H oslfide 772 EEA
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Thermogravimetric Analyzer

Model
* Q200 (TA Instrument, USA)

Specifications

« Sample capacity : 200 mg
« Balance sensitivity : 0.1ug
 Temperature range :ambient ~ 1500 °C
« Calorimetric accuracy/ precision : +2 %
« DTA sensitivity :0.001 °C

Manager : Kim Young-Ki
» e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

Basic Principle

Thermogravimetric Analyzer (TGA) measures the a mount of weight change of a material, either as
a function of increasing temperature or as a function of time in an atmosphere of nitrogen, argon
and air.

ol

2 AR A|Re| =M

2M2 235K 0

ESHEM = et S0 A=0| 2EZ2 S J1510{ AlZto|Lt 2E9
of ME HEHE SYHe=M 22| B, =6, SUYY, MAAtIYY, =

a5 ALEEITt.

0

0x

Applications

® Changes in mass
Ao ZA0j T2 maHat £

® Evaporation of water

A =HE
TOEo =2

® Thermal decomposition
=
® Thermal stability
gord S
® Oxidative degradation
ALSIORS M
® Compositional analysis : Volatiles, polymers, glass fibers, carbon black, fillers

TNEN: NS, IR, Q28R SRR He(EHA)

o =TT, =, =
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+ System design : horizontal balance & furnace

Differential Scanning Calorimetry

Model
+ Q600 (TAI, USA)

Specifications
 Temperature range : 725 °C

+ Cooling accessories :- 180 ~ 725 °C

* Temperature accuracy :+ 0.1 °C

+ Calorimetric reproducibility : £ 0.1 %
 Baseline curvature : 10 uW

* Sensitivity : 0.2 yW

Manager : Kim Young-Ki
* e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

Basic Principle

Differential scanning calorimetry (DSC) is a thermo analytical technique in which the difference in
the amount of heat required to increase the temperature of a sample and reference are measured as
a function of temperature or time.

ol

ARIFEAIRIS Aot S8 712220 SUst 2En2IUS J15i0] AlR2 BE e 222 Xjo|
SHICH B, SYE IR4 A0S 085 20 ARZe| B2 AlRO| AT IS 5

i
0

Applications

® Glass transition temperature ® Temperature of crystallization
wE|H0I2E AN 2=

® Specific heat capacity ® Heat of crystallization
H|Z A-sE

® Temperature of fusion ® Recrystallization
28d xHzAEst

® Heat of fusion ® Chemical reaction
E8¢E stefHis

* Crystallinity, degree of crystallization ® Thermal Stability
ZAYal=e Forgd

® Melting behavior, fraction melted ® Purity
28715 =
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Dynamic Mechanical Analysis

Basic Principle
Dynamic Mechanical Analysis measures the mechanical modulus of the material as function of tem-
perature and time and frequency by giving the external force which vibrates to the specimen as
stress of sinusoidal wave.

SN |ARMH M= AlR0H ZISsHe 2/
REHAE FFIC}, F, M= SHE X

Applications

® Viscoelastic behavior
EIM 7=
[= N ) o

® Relaxation behavior
2SAHS

® Glass transition
Se|Ho|

® Mechanical modulus
7|AN EtdE

® Damping behavior
YIS

® Softening
)

® Viscous flow
HMSE
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Model
+ Q800 (TA Instrument, USA)

Specifications

* Force :0.00001 N~ 18 N

* Force resolution :0.00001 N

« Strain resolution : 1 nm

* Modulus range:103 ~3x 1,012 Pa
* Modulus precision :+ 1 %

* Frequency range :0.01 ~ 200 Hz

* Temperature range :- 150 ~ 600 °C
* Modulus precision :+ 1 %

Manager : Kim Young-Ki
* e-mail : cclock95@unist.ac.kr
* Phone :052-217-4033

= AMRIIE 71510 2=, AlZt, Faieo| g2 M M=o 7[A1H
H A

T S48 0183 HESLS 5

Mst=d| 0|8 ECt.

® Crystallization and melting
#H3 Y 88

® Phase separations
S22

® Gelation
Ast

® Changes in morphology
=EZ2{X| Hst

® Composition of blends
== o

® Filler activity
SN Y

® Material Faults
Mz Zgt

HRGC / HRMS

Model
* Autospec Premier (Waters, USA)

Specifications
« Sensitivity : 5 x107C/ug for methyl stearate at
m/z 298.3, El, 1,000 resolution and
5%10® C/ug for methyl stearate at
m/z 298.3, El, 10,000 resolution
« Mass range :2-1,200 Daltons or more at full
sensitivity
* Resolution : Continuously variable above 60,000
(10% valley) or more.
+ Scan rate : Better than 3 scan/second over the
calibrated mass range 500-
50-500 or equivalent
*lon source :El plug in ion volume
*+ Mass Analyser lon Optics : EBE Tri-sector geom-
etry

+Vacuum system : Diffusion or Turbo pump.

;.E

Manager : Kim Chul-Su
» e-mail : kimcs@unist.ac.kr
* Phone :052-217-4067

Basic Principle

Autospec premier is the same system being GC/MS, and a double-focusing magnetic sector mass
spectrometer using Waters Micromass patented tri-sector (EBE) double focusing geometry and wide
gap magnet providing high sensitivity, high resolution, and low background noise. The EBE design
has an electric sector on each side of the magnetic sector.The first electric sector has demagnifying
optics, which give high resolution and sensitivity. The second electric sector improves abundance
sensitivity automatically rejects metastable ion interferences, and reduces background noise..

Autospec premier = LHHO1 GC/MS A|ARITL St TMZ 71X o, Water it 2t2| £5{21 EBE
HtAIo| double-focusing geometry 2 ZHZ Magnet sector 2| As02 1zl 1EZ|s U2 ZSHIE
ST, Magnent sector 2129 & HIf ESA1= demagnifying optic2 —TM"E|01 ol TEz|IsH}
AE0f| FHE FH, 252 F B ESA2= AtsHe= S0t 0|2 WiSEE MHSIEEM, noiseE
UAANA, BOF =2 A E MASH=0| ZFE LT

Applications
® POPs Analysis (Dioxins.PCBc, OCPs etc.)
HRN 97| 22 24

® Sports doping test
ATR CI HAE
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Inductively Coupled Plasma / Mass Spectrometer

Model
* ELAN DRC-e (Perkin Elmer, USA)

Specifications
* Dual turbo-molecular pumps with ce-
ramic bearings

*Vacuum levels: 1 x 10 Torr
* 27.12MHz ~ 40MHz RF Generator

* Dynamic Reaction Cell

* Thermal stabilization of the quadrupole
power
supply (QPS) at >2.5MHz Mass Spec-
trometer

Manager : Son Hee-Sik
* e-mail : redson7598@unist.ac.kr
* Phone :052-217-4068

Basic Principle

ICP/MS is mass spectrometer that use inductively coupled plasma by lon source, and it makes high
ionization efficiency by use high temperature plasma and offers mass spectrums. Also It has low
detection limit and both outstanding reproducibility and precision.

ICP/MS system is component of ion source, mass detector, and interface that is made efficiently to
inject samples in the instrument, in addition to vacuum, controller,and injector.

ICP/MS= REZE HHCOR MME Z2IR0IE 0|2ELE AMEse HERMTYRIZM 120 E2t=0t
(ICP)E AISSHH Ol22t 20| 20, HEEA AHEZS MNSSt AHEFH| HEL= UsiSeHIn-
terference)0| X2 E4= HIECZ W2 AL FOH 1Y, YL=E HSACt. ICP/MS AAHRE2
OI2HoZ AIEEE X2t ZHEMEX| J2|1 ICPOIM ddE 0|2S0| HAEAYR| WREZ 88X
2 UE 2 UEE EAE InterfaceZ FHE0 AL 0 2ol 0218 XIS 2tSetds o
flet Az=Ex|et 28 A MOEXIS0| =0 Tt

o

_|

njo

of F7|

mn

Applications

® Quantitative analysis of various atoms
Clefet f4ol A 24

® Soil, waters, agriculture
+3, EY S OiYet Nz &2 534 2M

® Analysis of samples in the life Sciences
A otet Az 24

® |sotope ratio measurement
SEAH =X
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GC/MSD

Model
* 7890A GC & 5975C MSD (Agilent, USA)

Specifications
* lonization mode

- Electron ionization

- Positive/negative chemical ionization
*Mass range: 1.6 ~ 1,050 amu
* Mass scan speed : Max. 12,500 amu/sec
* Detector: Triple-axis HED-Electron

Multiplier

*Vacuum pumping system : 262L/sec L
+ Library :Wiley 8th with NIST 2008 MS library e '

Manager : Kim Chul-Su
* e-mail : kimcs@unist.ac.kr
* Phone :052-217-4067

Basic Principle

GC/MSD makes an effective combination for chemical analysis. Mixtures of volatile substances are
separated by gas chromatography.Via a transfer line the fractions of each peak are transferred into
the ion source where the ionization takes place. After acceleration, the ions pass through a magnet-
ic-field which causes deviation of their linear flight curve according to their respective mass. After
this magnetic field the detector counts the ions.

JIM2Z0E TRl HRRAT IS 87 20| BAt AN Bt HY U MY MBS NI 28 A
o &tai20| Zziol TFAT A5 RIBOR Halsln, 0] 2US MYRMI|IN M5 ol 0|20 K
Zlct, ol Kz 0]29] TH F5HH|(M/2)2 M50 TES IS, m/z A0 e ABERO 2B
libraryE EfAISHO) 22|18 S| SRS FYE 4 Ut 20| ALSEl= AIZYL 4 mg HEoln, 2
0] 0}2 LAYRIo| 2ot 20 A 7IH Mefz ZAfE 4 USH JhsSict,

Applications

e Structure of organic compounds elucidation
Q7lsfetEol X2 ¢ ol

® Molecular weight confirmation
SXIZ S0l

¢ |dentification of impurities and by-products

=2 H FUE g
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GC/ECD

Nanofabrication Lab

Model . Lab | Equipment | Model | Maker | Page
+ 7890A GC (Agilent, USA) E-beam lithography NB-3 NBL, UK 42
. Suss Microtec. Ger-
Specifications Photolithography MASK Aligner MA6/BA6 many 43
+ Column oven :4 ~ 450 °C with typical oven Nano imprinter ANT-6H Elan & KIMM 44
cool-down Spin Coater JSP6D JD Tech 45
» Micro-Electron Capture Detector Dielectric RIE LABSTARR TTL, Korea 46
1) Maximum temperature range: 400°C Metal RIE LABSTAR-R TTL, Korea 47
2) Ra.dloactlve source : 15mdi, N|—63.f0|l Etching Process PR Asher V15.G KAMI, Germany 48
3) Min.detectable : < 0.006 pg/sec lindane !
4) Accuracy :3ml/min Wet Station - Don?(hun Tech, 49
5) Repeatability :0.35% orea
Furnace KHD-306 KSM, Korea 50
PE-CVD PEH-600 Sorona, Korea 51
UHV-CVD ) Woosi;(ln Cryovec, | -,
orea
Thinfilm RF Sputter SRN-120 Sorona, Korea 53
Deposition DC Sputter SRN-120 Sorona, Korea 54
Woosung Hivec,
Manager : Son Hee-Sik E-beam Evaporator WC-4000 Korea 55
* e-mail :: redson7598@unist.ac.kr SAM Coater AVC-150 Sorona, Korea 56
* Phone :052-217-4068 Parylene Coater - Alphaplus,Korea | 57
Digital Microscope VHX-600E Keyence, Japan 58
Surface Profiler P6 KLA-Tencor, USA 59
o . . Measurement :
Basic Principle Thickness Measurement ST4000-DLX KMAC, Korea 60
GC/MSD makes an effective combination for chemical analysis. Mixtures of volatile substances are 4 Point Probe CMT-2000N AlIT, Korea 61
separated by gas chromatography. Via a transfer line the fractions of each peak are transferred into cadi Substrate Bonder SB-6 Suss Microtec. USA| 62
the ion source where the ionization takes place. After acceleration, the ions pass through a magnet- Packaging Dicing Saw ARO6DM Aaron, Korea 63
ic-field which causes deviation of their linear flight curve according to their respective mass. After
this magnetic field the detector counts the ions.
7|MAZ20IETHI)/AEEMT = 77| S 22Xt 240 2o HH A YA HEE MSefct, S8 A
of stgtgo| Zalo] EAT} A5 B BalEn, 0] SUS MUEAI|0|M HIE L= oj2oz B Machine Shop
ZICt, of ZIHZEI o 22| ATH FotH|(m/2)E E&6tH T2E oflfstar, m/z 3o 2 AHEHOZRE Lab | Equi t | Model | Mak | P
libraryZ EHAstof SalE 40| RS FHE 4 Ut 2A0) MBS AR 4 mg HEo|H, 23 - v T—— — o—— e
0l 0|2 2AIRIO| 2ot QURA0IN 7IK| AEZ ZRE 4 UCH THs5iTt -2Xis VaCTINNg ~enter ermie,emany_|_©
CNC CNC3-axis Machining Center B300V Hermle, Germany 65
Applications Machine Tool CNC Lathe TSL-6 S&T,Korea 66
) L CNC Surface Grinding DGS-630CNC Daesan, Korea 67
e Structure of organic compounds elucidation
27|3ket=0| 2R l &0l General Lathe TIPL-410 S&T, Korea 68
ot X . Milling STM-2VM Stonic, Korea 69
® Molecular weight confirmation purpose
o Machine Tool Band Saw KDBS-200 Kyoungdong, Korea 70
Electro Discharge Machine ZNC200M Jooje, Korea 71
* Identification of |_mpur|t|es and by-products Coordinate Measuring Machine PGS Dukin, Korea 72
=cE ¥ FuE =l o
Three-dimensional Measurement NV-3000 Nanosystem, Korea 73
Measuring Semi auto formtracer system 525-421K-1 Mitutoyo, Japan 74
Instrument Mult-Component Dynamometer 2825A Kistler, UK 75
Laser interferometer XL-80 Renishaw, Uk 76
Powerful Microscope MF-1010B Mitutoyo, Japan 77
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E-beam Lithography

Model
*NB3 (NBL, UK)

Specifications

* Theoretical beam size : 2.1 nm @100 KeV, 7 nA

* Line width : <5 nm

* Deflection : vector scan, 55 MHz

+ Address grid resolution : 1 nm, T mm main field
* Beam voltage : 30 keV ~ 100 keV

*Writing area: 195 mm x 195 mm

* Substrate size :5 mm ~ 200 mm

+ Automation : 10 chucks automatic loading

* Repeatable : 20 nm over wafer

Manager :Lim Dong-Ju
+ e-mail : djlim@unist.ac.kr
*Phone :052-217-4032

Basic Principle

As the primary electron beam penetrates the resist, elastic collisions spread the beam slightly. Back-
scattered electrons from the substrate may be spread over several microns.The secondary electrons
generated in this process impart energy to resist through inelastic collisions. This causes the physical
and chemical changes in the resist that renders in more soluble than the unexposed resist.

AR 2A00] 7142 FA PBHE SESt AR BHol MARLS ZASI0] ZHMS TAGHE DR}
£ Zg! E= ol AR Halo| 22 mEES ddol= &H|o|Ct,
Applications
® Device fabrication
ENWS[ES)

® Device research and development
AR AT H L

® Mask manufacture
OtA3 A=

® Surface Acoustic Wave Device

® Generating Fine Patterns
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Mask Aligner

Model
* MA6/BAG6 (Suss Microtec, Germany)

Specifications
* High Efficiency & High Accurate
UV Exposure System

* UV Lamp:Hg 350W
+ UV400:350~450nm (I-, H-, G-line)
+ Gap adjustment accuracy: 1um

* Methods :Top Side Alignment /
Bottom Side Alignment

+ Alignment accuracy: 0.5um with
TSA /1 um with BSA

Manager : Shim Young-Dae
* e-mail : syd0620@unist.ac.kr
*Phone :052-217-4064

Basic Principle
Performs alignment and exposure by UV Lamp on the wafers and substrates coated by photo resist
through mask with alignment keys

e 7|1 0|8 et Alignat UV ZHS &850 Photo-Resist7t =i E U|0[m-0i| O|AM THEIQ| Sef
= HAfske S tdet 380l S&0| 758 HE Mask aligner

olr

Applications

®* MEMS/NANO Device ® Power Devices
MEMS/NANO C|H}O|A AKX} ClHIO|A

® LEDs e Laser Diodes
gEro|_E Laser C}0|QE

® SAW Filters ® Wireless ICs, e.g. lasers
SAW ZEf SMSA AX}

® UV embossing / Nano imprint lithography ® MMICs
UV embossing/Nano imprint 24 ST e eSS ol =Y

® Telecommunication devices
HM7|SAl ClHO|A
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Nano imprinter

Model

* ANT-6H (Elan&KIMM, KOREA)

Specifications

- dsiAl L ZFs, Edst, ddst d Gds S

* E Ho|H 27| 1 4QIX|~62UX|

. ;g;:;m.%ﬂ =2t AE‘||_I_LH_7| 19IX|
. 7&!’;*7%&* g A 1Iu37| 2Ix| Ol

(1kg (50bar),

2barolst (H&2H( 0.1kg (2bar)

« 224 1 2.5 ton/ea 0|5t

¢ XtQ|M QIEIAE| @ 40mW/cm?2 Of4

 Z|Ti7IER%E - 200°C Ol

* Z|ti7tESE 0 20°C/min 014

* Z|cH2ZAE 2 15°C/min OfA

« UEZIGHIAl  SAHIT QUERI(ZAS HES, EE/EE
3}), S0 ZZARD Hel6|E Ym2IG(ZES),
Vacuum curing Z1EE 7ts

- XE7HS3E ARMIZO| 2 Quartz, Si. Ni, PDMS, PC, PUA
- MEpISEt MEAER0[E: Quartz, Si, Ni, PDMS, PC, PUA
- UBHH ZBE 0 10-2 Torr 04

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

Basic Principle

Spin Coater & Hot plate

Model
» JSP6D (JD Tech, KOREA)

Specifications
+ Wafer Suitability Loading Size
- Chamber Size : 300mm diameter
[SUS, Hairline Finish Cr-Ni]
* Rotation Speed : 7000rpm / 10000rpm
- MAX: 5,000 RPM

*Vacuum input
--450mmHg~-750mmHg

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

Basic Principle

The device which deposits the uniformly thick photoresists by using high speed.

Nanoimprinting is a cutting_edge technologe enabling sub 100nm scale features to be produced
less costly in a parallel way. Its fundamental principle is to transfer the master patterns defined in
the stamp (or termed asmask) to deformable materials such as photoresist spun on substrate by
mechanical press. Positive reliefs on the stamp deform the resist upon imprinting to from physical

ZeEgA0n) SFS T AN =2 TS 0|85 et FHL HEME =2sh= HX.

matches. Applications
- o B - _ . ® Adhesion Treatment on Substrates
_7F_|:||k" 7}_2_0| Ll‘_lt 7|’-T'- <100mm)S Jé'j6|‘7| -?—-lEH x-||° H=l 7|%§ Silicon Wafer g% Quartz, Nlﬂl' e , fedsy E;-il};_ﬂ‘ i'lal

Lt= F7|9| E=(Stamper)E A5t Quartz, Si,PDMS 52| 2Z!0]| Patternigs 2= ZH|ZM, 24

_ _ L ’ ® Photo Resist Coatin
5 U HA3| = TAS E3AI0R Ex15104 Polymero] Ltz THEIS FAAIZ. ; e

Photo Resist =it

* Soft / Hard Baking

Applications
Photo Resist2| Hard/Soft Baking

® Semiconductor (MOSFET)
MOSFET Xz} 24

® Nanostructure Device
LR AXF

® Display (LCD/PDP/EL)
Display AX} (LCD/PDP/EL)

® Optical Device (Sub-wavelength Lens, Grating Lens X-ray)
&sf C[Ho|A

® Functional Device (Chemical Nanosensor, Biosensor, Hologrampattern)
7|54 CIHIO|A (3tsh A, HIO|2 MM F)
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Dielectric RIE

Model
* LABSTAR-R (TTL, Korea)

Specifications

+ Si02 etch
| - Process gases : CHF3, Ar
‘ - Clean gases : SF6, Ar

T

- Etch rate : > 35nm /min

- Uniformity : (max-min) / (2X average) 5% across
200mm diameter

- Selectivity : SiO2 :Resist = 3~5: 1 (Resist dependent)

* SiN etch

- Process gases : CHF 3,02

- Clean gases : SF6, Ar

- Etch rate : > 50nm /min

- Uniformity : (max-min)/(2X average) +5% across
200mm diameter

- Selectivity : SiN :Resist = 1.5~3 : 1 (Resist dependent)

[ 47 Manager : Shim Young-Dae
' « e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

Basic Principle
Reactive lon Etcher which forms fine patterns by dry etching placing wafer inside the process mod-
ule and generating plasma.

H2 Y2 Z PlasmaE LAAIA 4= im0l nm ©Hefe] miEo| *HE Sio,, Si,N,& CHfet Hats 744
Arloz HISYY AlZtS ZIbstLt.
Applications

* Si/Si0,/Si;N, Dry Etching
Si/Si0,/Si,N, ZiA] AlZt
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Metal RIE

Model
* LABSTAR-R (TTL, Korea)

Specifications
* Reactor(Process chamber) module :
- 200mm electrode with water cooled by (heat ex-
change - temp.range:5 ~150 C)
- Capacity of sample holding: 4 and 6 inch wafer

* Primary Vacuum Loadlock module :
- Including end-effector for transferring a wafer between
loadlock and process chamber without leaking vacuum.

* MFCs with bypass lines (BCI3 / CI2 / Ar/ 02/ SF6) installed

* RF Generator & auto match network
- 600W, 13.56MHz solid state RF Generator with automatic match
unit for bias(RIE) power (Should use one of AE, ENI or Seren)

* Pt etch process : Etch Rate(10 nm /min or higher)
- Selectivity to PR mask : Better than 1.5:1
- WIW, WTW Uniformity : +5%

* Au etch process : Etch Rate(25 nm/min or higher)

- Selectivity to PR mask : Better than 2:1
- WIW, WTW Uniformity : +5%

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

Basic Principle
This system designed for various metal films, Al/Ti/Cr/W and Au etch process with corrosive chem-
istries.

Process Module R0l H0|mE HiX[SHaL, HHSd 7tA & O|UXIE S35t S2t=01E LYA|7| Ot

3

AZot APIRE DATR 70| ZAMAICR Hmsh| HIE THEIS SASHS ¥S4 02 ofEAIA

Applications

® Metal Layer Dry Etching (Au, Al, Pt,W,Ti and Cr)
245 A A2 (Z, 4R 0|E, Hg, QA EOERE, 38)

UNIST Central Research Facilities 47.



Basic Principle

PR Asher

Model
*V15-G (KAMI, Germany))

Specifications

* Dimension:W600 X H1,850 X D880 mm

* 250 x 250 x 250mm, aluminum chamber

* Reactor with 200mm water cooled chuck

* Microwave power generator : 2.45GHz,
from 100 up to max.600W

+ Gas inlet : 2-gas inlet pipes (top side
mounted)

+ 02, Ar gas control unit (MFC) : = 200ml/
min

* Process storage capability of 10 main
process with 16 sub-process, rotation
table 19”

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

The equipment uses gas plasma selectively Coated Photo Resist for the semiconductor process.
And plasma etching at the semiconductor fabrication Process or Polymer which occurs during pro-

cess.

Applications
® Automotive, Electronic
RISAE, MApAA

® Semiconductor, Microelectronics
Hi=X|, = O|M| 7|&

Glassware, Desmearing
£, |71 dA

PCB, LED
Medical, Metals

olat IA
olst, &

Optical , Ceramics
25t Mztel
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2™ & Al AZHPlasma Etching) 2! 0|2
Z HIMiGH= 2tE PolymerZ GAS Plasmaz

ol XS 25104 FEl=l PR(Photo Resist)
MEiXMO 2 X|Hst= &H|0|Ct

Wet Station

Model
« Wet Station (Donghun Tech. Korea)

Specifications
+ Chemical supply :Manual

* Chemical Temp.: 50~120°C

* Chemical drain :BOTTLE Drain (AIR VALVE 724)

* PRWET STATION(2SET)
- Ultrasonic BATH, DEVELOP BATH, Q.D.R Bath

* ACID WET STATION
- SC-1,2 BATH, SPM BATH, BOE BATH, DHF BATH,
H3PO4 BATH, Q.D.R Bath

* SOLVENT WET STATION
* ETCHING WET STATION
* MEMS WET STATION
* CMOS WET STATION

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
* Phone :052-217-4064

Basic Principle

This device allows 6” wafer to progress into photore sist develop, remove and wet etching process

after cleaning using DI water.

2 XiH|= 6" Wafer £ ChemicalE 0|2510] Z&x|siA

Cleanningst & ZAZ(Dry)st= Wafer x{2|ZH]|

Applications
® Photoresist Developing
2t x|(Photoresist) $14F
e Surface Cleaning
HH MH

* Wet Etching (Si Wafer/SiO, Layer etc)
A AZE (SiWafer/SiO, Layer 5 )

2, DI. Water2 XA
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Furnace_Oxide/PoCl,

Model
* KHD-306 (KSM, Korea)

Specifications

* Heater Spec(3 zone) :600°C~1200°C
(PROCESS 2% 800°C~11507C)

+ Wet Oxidation Thickness uniformity

- 2000A target, edge 5mm, 9 point
- within wafer : 3%, wafer to wafer : 3%, Run to Run :3%

+ N+ Annealing(Dry Oxidation) Thickness uniformity

- 1000A target, edge 5mm, 9 point
- within wafer : 3%, wafer to wafer : 3%, Run to Run :3%

* P+ Annealing(Dry Oxidation) Thickness uniformity

- 1000A target, edge 5mm, 9 point
- within wafer : 3%, wafer to wafer : 3%, Run to Run :3%

* POCI, doping(phosphorous doping) Resistivity uniformity

- within wafer : 5%, wafer to wafer : 5%, Run to Run :5%

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

® Wet Oxidation : Annealing process with vapor in high temperature Chamber

* Annealing(Dry Oxidation) : Annealing process in high temperature Chamber.

® POCI3 doping(phosphorous doping) :Impurity injection process for Pocl3 doping in high tempera-
ture chamber

* Wet Oxidation : 12 Chamberdf| £&57|5 F5tH dX{2|
® Annealing(Dry Oxidation) : Chamber0i| 25 XZ&5t0{ Exi2|.
® POCI3 doping(phosphorous doping) : Chamber0i| Pocl32 =2/5l0 2= A 2 Mo

0|

Applications

e Oxidation layer deposit of semiconductor process
Ht=X| SOl et ot FY

® Metal layer annealing
LED EX9| Matal €x{z|

* Impurity doping for solar cell
Solar cell 37Fof PN H& 4t 242 S=H 0
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PECVD

Model
« PEH-600 (SORONA, Korea)

Specifications
+ High Plasma Density, High Dep. rate PE-CVD

« Wafer Size : 6", Max Substrate Temperature : 400 C
* Power Supply :600 W, 13.56 MHz RF Generator

* Process Gas :N20, N2, CF2/02, pure SiH4/NH3

* Process Guarantee : 1000A ~ 10um

* With in Wafer Uniformity : £3%

« Wafer to Wafer Uniformity : £3 %

+ Uniform process gas flow distribution

* Robotic arm for wafer handling

* RF generator connected to upper electrode
through a close coupled automatic matching
network

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

PEH-600 PECVD System is a multipurpose tool capable of deposition silicon oxide, silicon nitride,
amorphous silicon using electron energy (plasma) as the activation method to enable deposition
at a low temperature and at a reasonable rate. Machine is controlled by a PC that runs the PEH-600
software. This equipment can hold a 6" or 4" wafer for processing.

PEH-600 PECVD AJAEIS ATixom o2zl 52 SXES JHsslH 17| 95t E4st weoz A
Xo|AX(Z2HE0NE ARECRM, AaE Af0l=, MBI Lio|Eat0ls, HIFE Ma|Z uatg &3 &
4 Q= ch=a Ax|o|ch, & MA|S PC Al|M PEH-600 K8 AZELojof ofsh Mof=/n, 6217 Es 4

2IX| Ylo|m S0 7kSSict.

Applications

® Passivation layer of semiconductor
HreX| 2359)

* Inter Metal Dielectric of semiconductor
HRX| AA Abspat

® Inter layer Dielectric of semiconductor
St A SHE "Lt
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UHV CVD

Model
* UHV-CVD (Wooshin Cryovac, Korea)

Specifications
* Main Chamber :@ 500mmO| At
(Vacuum range:1*10-100|3})

* Magnetic transfer probe :800mm Stroke
Include Linear guide & Sample transfer line

* Temperature : MAX. 1500°C

« LEED Package :3-grid LEED, LEED electronics,
LEED retraction, LEED Fan shutter
- Max.beam current : >30uA for LaB6ilament
- Transfer width : >250A at E=100eV
- Transfer width : >250A at E=100eV
- Fixed focus range : 20-500eV
-Viewing angle : 102°
- AES resolution : Better than 0.5% (FWHM)

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

UHV CVD System is the device which creates new qualified wafer based on chemical reaction be-
tween Gas and Sample by spraying a Gas to keep Base pressure 1x10-10. UHV CVD System can make
sample which user is expected to control the flow of Gas,, the temperature of sample and vacu-
um pressure. Wafer and Gas of UHV CVD System will be replaceable, and can be used in any aspect
of work procedure. The equal thickness of the thin film on UHV CVD systemis the key feature of
strength compared with other Deposition has. LEED on the UHV CVD system is able to analyze the
nature of sample such like an amplification, pattern andetc (so on?) of sample which created from
the system.

UHV CVD System= Base pressure 1 x 107 2 SX|, ErCt MHSH MEo|A Wafero] GasE £ SoZ M

Gas®t Sample?| eSS 012, ME2 £42| Wafers 2Hs 4 U= sh= FH|0|CH, Gas2| R& &

&5, Sample?| 2= Vacuum pressureE ZZ&510{ User7} &lok= Sample2 H|%f sict,

0| Zt|ollX Waferet Gas= w7} 20|50, CHEtHO| ZX0| 7Hs3tct, UHV CVD System9| ZES
CHE Deposition ZH|LCt 89| S7t #Y Stth= 0l ACH EBH 0] System0f A= HOJE! Sampleo]|

Chst S moist 4 UEZ LEED| FAE|0f 0] Sample] £2 T etc.g A8 4 Lk,
Applications
®* MEMS/NANO Device ® UV embossing / Nano imprint lithography
MEMS/NANO C|H}0|A UV embossing/Nano imprint 23
® LEDs ® Telecommunication devices
2Eo|IE IS4 CHo|A
® SAW Filters ® Power Devices
SAW ZE] T=AX} CHO|A

52. UNIST Central Research Facilities

* Gas supply : MFC 5sets(SiH4, GeH4, C2H4, H2 ,N2)

RF Sputter

Model
* SRN-120D (SORONA, Korea)

Specifications

* Substrate Size :4~6 inch Silicon Wafer

* Substrate Rotation Speed: 0 ~ 60 rpm

* RF Pre-cleaning : 300W, automatic RF matching
« Substrate Heating :600°C + 3% (Wafer temp)
*Target :ITO, Zn0, SiO,, AIZO3

* Target size :4inch

* Number of Target : Max. 4 different targets

+ Available multi-layer processing

* Power source : 13.56Mhz RF power processing
+ High vacuum pumping using turbo pump

« System control PC

* Film uniformity : less than £5% using oxide
material

Manager : Kim Hyung-IL

+ e-mail : hikim78@unist.ac.kr

* Phone :052-217-4065

Basic Principle

SRN-120D Sputtering system is a multipurpose tool generating plasma inside chamber by supply
13.56Mhz rf power to cathode and capable of deposition thin film of insulator on wafer by sputter-
ing a insulator target by self bias voltage. This device was designed to enable multi layer processing
and co-processing with a maximum four targets.

SRN-120D ATHE{&! A|AEIS 13.56MHz RF I2|E Cathodeol| 225+0] MH LIE0| A PlasmaS EHAA|7|
0 MIHIO[OA ol 2lslf RF=HE ATEZISIH AlH| 224 8ats A 4~ A= HX[0|T. 2 FX
= Z|CH 47H2| Target=2 &=FSH0! Multi layer processingdt co-processing0| 7+sat== A7 |=|RUCEH

Applications
* Thin film for semiconductor devices

RHER AXIS HopSEt

* Thin film for next generation high density
near-field optical disk
KH‘"EH =] = :Lx-h.ﬂ:|)\3_9. _|+ rg;‘:r

=]

® Magnetic thin film for optical communication
LEAIR OfL|E BIOES R}
OO L-O = 1o

¢ Thin film for optical sensor and filter
AN Y HEIS gotsat

® Thin film for thermo sensors
MZPMAE BHotE AL

® Thin film for display device
C|AZd|0| AXtE Hiot==b

o 1710
® Thin film for compound semiconductor
siehE HHeAE daEE

® Electrode for piezoid (SAW and FBAR device)
SAW Z!H
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DC Sputter E-Beam Evaporator

Model Model

* SRN-120M ((SORONA, Korea) * WC-4000 (Woosung Hi-vac, Korea)

Specifications . Specifications

" Substrate Size: 4~6 inch Silicon Wafer + E-Beam source assembly(Au, Cr, Ni, Ti, Al, Cu, Pt, Pd)
* Substrate Rotation Speed: 0 ~ 60 rpm - 6¢¢, 6 pocket, 10" cf mounting

* RF Pre-cleaning : 300W, automatic RF matching - Power supply 6kw, 208v

- Source control module : Remote package type

* Substrate Heating : 300°C % 3% (Wafer temp) - Low profile sensor package 2.75"

* Target : Ti/Ta/Cr/Cu/Ni/Al/Mo Metal Depositon - Programble sweep controller
* Target size :4inch * Thickness control
« Number of Target : Max. 4 different targets - Muilti film thickness control 2Ch

- Frequency resolution :0.5Hz@6.0MHz

- 10film storage
« Power source : 3kw DC power processing -S0O-100 oscillator

+ Available multi-layer processing

+ High vacuum pumping using cryo pump
« System control PC

« Film uniformity :less than +5% using oxide material

Manager : Kim Hyung-IL Manager : Kim Hyung-IL

+ e-mail : hikim78@unist.ac.kr + e-mail : hikim78@unist.ac.kr

* Phone :052-217-4065 *Phone :052-217-4065
Basic Principle Basic Principle
SRN-120M Sputtering system is a multipurpose tool generating plasma inside chamber by supply This equipment is thermal evaporating or e-beam deposition method equipment. Electron beam
3kw DC power to cathode and capable of deposition thin film of metal materials on wafer by sput- source is shown by the power supply to the hot filament electron beam by the magnetic field in-
tering a metal target by DC negative voltage. This device was desig ned to enable multi layer pro- duced by magnet, if deposition materials are deposited by the collision of an intensive electronic
cessing and co-processing with a maximum four targets. material is heated to evaporate. Growth of thin films appears on the substrate. Using this kind of sur-

face treatment and coating and can have many applications, a broad range of equip ment.Thermal

- 1T | | otel= o= xH =] = HIAH
SRN-120M ATERE AAES 3kw DC I}91S Cathode] S=510] Ht Li0|A] PlasmaS SrdAl7 |0 evaporator to the organic and metal deposition at the same time is the equipment.
X}t
O

DC ST?{0fl 2fsh 5222 ATEZSIH AlH =4 Hats S + A= Fx[olct. = IE Z|ch 4

7H2| Target2 At=k5t0{ Multi layer processing® co-processing0| 7HsstE 2 AA||QACt, & ZH|= E-beam1t Thermal evaporator S2{HHS 0|E5H ZH|0|Ct. Electron beam source?! hot fila-
ment0f| MR E ZZot0] LI2e Tt EIS MM 2§t X7 |Ho2 REs6t0, SER0 Xl A7 |[H &S

Applications Ol TXte| S22 MR 7t SLSHCH ojmf MX|=| 7|Thol| sk Biato] MRS
* [Thin film for semiconductor devices * Thin film for thermo sensors 0| 0|83t0 EHAZ|R of2] 7IX| ZEE & & AeH S 207t AHelet ZH[0[Ct, LSt Thermal

HHEX| AXIR HIOFSRE MBI BroEEE; evaporatorz |7|21 HES SA0ISA0| 7kssiCt.
* Thin film for next generation high density e Thin film for display device L.

r_1ear—fie|d optical disk ) CIAZH|0| AXFR HIGHS A Applications

AAICH D2 E A™AC|ATE SiokS At * Metal layer deposition (Ti/Cu/Au/Ni/W/Cr)

T . . ® Thin fi i A oF =Eb (T i

* Magnetic thin film for optical communication TTLT:"E:};ET&?&;? selilige el =24 9 2 (Ti/Cu/Au/Ni/W/Cr)

= A= [ERE R * Organic deposition

® Electrode for piezoid (SAW and FBAR device) 27|12 &t

Thin film for optical sensor and filter -
TIMIA L TR dtats At SAW ZIE
O = =< =2 o 1o
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SAM (Self assembly mono-layer) Coater

Model
* AVC-150M (SORONA, Korea)

Specifications
* Superior Monolayer Properties
- Contact Angle :5 °- 110 °(water)
- Work of Adhesion :3-100 uJ/m2
- RMS Roughness : <0.2 nm
- Thickness : 1 monolayer
- Uniformity : £3%
- Repeatability : £3%(wfr-wfr), £3%(run-run)
« System specifications
- Wafer Sample size : < 300mm(depends on application)
- Process Mode : Auto, Semi-Auto, Manual
- Base Pressure : < 30 mTorr
- Precursor delivery : Liquid direct injection lines
w/precision meter(Patent pending)
- Precursor Usage : <0.1 cc/batch
(depends on application and throughput)
- Surface Treatment : RF Plasma (100~300W)
- Reactor cleaning by O, plasma
- Gas Lines:0, and purge N,
Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

AVC-150M can grow polymer mono-layer with very solid bonding force by forming O-H layer by
natural oxygen on sample and supplied polymer source from vaporizer. Therefore, this polymer
mono-layer by Vapor SAM equipment, reduces surface energy of samples and changes the surface
characteristic from hydrophilic to hydrophobic. Also, The very uniformly thin grown polymer mono-
layer, roughly about 1Tnm thickness, can realize uniform growth even for pattern with circuit line
width of tens of nm.

AVC-150M2 XIAMENOIA AlER{0 EXlSH= L4(0,) =21t VaporizertiM S85l= 12Xt SourceZt
O-H layerE &d5I0{ 0 TS ZES 2= 1EX} Mono layerE A[H2{0] JEAIZ 4= UFLICH O]
2{8F TEX} Mono layer= A[HO| HHOHXIS ZAAA Ty BHE ZASHHEHOZ HSIAIZLICH E
of, d¥E 12Xt HEO| FAIZt iR ZYstr thEF 1nm HEZ iR 8fokM S 2ME0| 4 nmoj| 0|2
= Eo|= #Uet HF0| JFsELICE
Applications
® Nano patterning of bio devices by imprinting

olZA|E HIO|QAX} LI-THEH
* Nano patterning of display panel by imprinting

QI ZIE FPD LI=IHE{H
* Nano patterning of polymer memory device by imprinting

UZZIE M= 2|AX} LETHEE

* Nano patterning of information memory devices by imprinting
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Parylene Coater

Model
* Parylene Coater (Alpha plus, Korea)

Specifications

* Dimer type : C

* Deposition Rate : Over 1-2um/hr

* Substrate Size : Max. Dia.200mm

* Process temperature : Furnace(R/T to
1000°C+ 3°C) / Vaporizer(R/T to 300°C +3°C)

* Thickness variation : Within £10%
(Center to Edge)

* Substrate loading : Manual

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

The Dimer is inserted into the vaporizer in the powder form and evaporated between 120-175 °C
Furnace chamber heated to approximately 650-690 degrees through the monomer is converted to
the substrate. After the process, the temperature is recovered to room temperature creating a Poly-
para-Xylylene film coating.

Cto|H(Dimer)= Vaporizert| 22t SHEIZ AIRIZ[0] 2k 120-175°COj|A] 7tA MO Z ZHE[0{, 2f650 - 690°C
M2 J71EE Furnace chamberE S35l HEHA|Z HEts| 1 S22 HEHEl CHO|HIt Process chamber
LHOlM A2 #Hof| ZEI0| O|F0{ZICH, & 22| T1F HHLH0|A Poly-para-Xylylene ZE0| S| EH
2 XNelg 2Ho| ZEECH

Applications

® MEMS/NANO Device ® Power Devices
MEMS/NANO C|H}O|A HBAX} CIHIO|A

® LEDs e Laser Diodes
LLCH0|RE Laser CIO|RE

® SAW Filters ® Wireless ICs, e.g. lasers
SAW ZF TS AX}

® UV embossing / Nano imprint lithography * MMICs )
UV embossing/Nano imprint 2 nmp E EXS =

® Telecommunication devices
7|84l ClHfo|A
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Digital Microscope

Model
* VHX-600 (Keyence, Japan)

Specifications
*Image CCD

- Full CCD: 1688 (H) x 1248 (V)

+ Scan Methode : Pregessive
- Frame rate: 7.5 F/S & 30 F/S (Optional)
- Gain : AUTO, NORMAL, MANUAL
- Electronic Shutter : AUTO/MANU/OFF,
1/15 ~ 1/5000

Can be set in increments

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
*Phone :052-217-4064

Basic Principle

Versatile functionality and analysis is only of use if high-quality original images can be obtained.The
VHX has succeeded in producing sharper, super high resolution observation images by applying so-
phisticated technologies to every process from lighting to image generation. The VHX-600 not only
provides advanced functions that enable ultra-deep and high definition observation, it can be easily
operated by anyone.The VHX also meets a variety of user's requests for evaluation time reduction
and quality improvement. Observation, recording and measurement can all be performed within
the VHX-600.

UXGA(1600x1200pixel)2| OaiAE 15QIX| N DLIHE EXlot] 2&tof 2Rt HE 7|52 24X LY
ol 8%, of BE, 712, AES B AR 4 olc), 2EiB! j2A Koz chysel 2l 8, 21,
DIHSS 519 A0l 2AUEIIOR AFT 4 USLICH PCO| FX| SIS AT F ASoHS WATHE

VN =] (=]
o] AHS HHH7IBIN RSO R AEE 4 YODRHNEH|O| et B2 SH0| JKssict,

Applications

® Electric/Electronics Device
H7|/™XIC|HO| A

® Automotive/Metal
A=xt/24 Zst

* Material/Chemical
MZ/5kst F2of

® Other Industries
7|E} AtAE0F
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- Y2 inch, 21 1mil-pixel CCD Image Sensor

- Supercharge shutter:0.2 sec.to 17 sec.

Surface Profiler

Model
* P-6 (KLA_Tencor, USA)

Specifications
* Features & Configuration
- Single 2D & 3D Scanning Profiler
- 150mm Diameter Vacuum & Motorized sample stage
or bigger
- Manual or Auto Theta Sample Stage
- Zoom Optic : Top View 185~750 or 115~465X
- Automatic Step Detection and Multiple Cursor Positioning

* Specification —

-Scan Length : 150 mm

- CCTV Zoom :Top View 185~750 or 115~465x

- Scan Method : Bi-directional stage moving for scan

- Scan Speed :2um ~ 25mm / sec

- Sampling Rate : 50, 100, 200 Hz

- Vertical Range / Resolution : 13 um / 0.1Angstrom.

- Stylus Force :Adjustable between 1~15mg
- L-Stylus : 2um Radius 60 Degree

Manager : Shim Young-Dae
+ e-mail : syd0620@unist.ac.kr
*Phone :052-217-4064

Basic Principle

The P-6 stylus profiler and surface analysis system offers a combination of advanced features for pro-
cess development and manufacturing control of scientific research, photovoltaic solar manufactur-
ing, data storage, MEMS, opto-electronics, and other industrial metrology applications. The P-6 sty-
lus profiler and surface analysis system utilizes numerous platform and measurement technologies
from KLA-Tencor's most advanced semiconductor profiler systems for surface topography analysis
- programmable scan stage, low noise, and high quality, high resolution long scans but in a smaller,
more economical design for substrates up to 150mm.

ol

P-6 B 2A AARIC| B ENUT XY AIAY, M K AAY, MEMS & &3t 2ofof 0|27 171x] S8
afst Ho| oA Jjgt Ll MAF X E Qs T2 Vs X1|—-—°H_||:} P-62] stylus profiler 2 EH 244 A|A

22 O] ZEA 2| S 3R U SHotH Z2MA H|wE ZISHH nZ A0 A S0 =2 =S

=

]

HIEle 2= X[t 150mm 7|Ee| #H 2440| 7ksgh AH|0|Ct,

Applications

* MEMS/NANO Device ® UV embossing / Nano imprint lithography
MEMS/NANO C|H}O|A UV embossing / Nano imprint 27

® LEDs e Solarcell Devices
LFLCH|IE ERyE AKXt

® Storage Device
HEXMEAKX
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Thickness Measurement

Model
* ST4000-DLX (KMAC, Korea)

Specifications
* Wavelength Range :400nm~800nm

* Lens Turret: M5x, M10x
* Measuring Spot Size: 40um, 20um

« Size of sample stage: 200mm x 200mm

& fine focusing controls

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

Some portion of the light that is incident on the thin film surface is reflected from the upper surface
of the sample, other portion is reflected from the interfaces between the thin film and the substrate.
The light may be reflected from the interfaces between the thin films in case of multiple thin-film
layers. As these lights are coherent, generated from the same light source, they interfere with each
other and show constructive and destructive interference phenomena according to wavelength.
And, these measured reflected lights show specific spectrum shapes in the wavelength region such
as, sine patterns or valley-like, depending on thickness and optical constants. From these spectrum
shapes, optical characteristics such as thickness, a refractive index and an extinction coefficient - can
be obtained by assuming some appropriate values and adapting them systematically.

Siofofl QAME WS AL wat EHOIM HiAfElD, YRl ststoz St é statah 7|o ZAIB0IA YAl
£0] S HHAIZO| A2 ZHIBIAIS B0 IR0l nfet B U MM 7HIS | 2HEH01 20131 BrAtE
£ s} 7|tte| SR slofel SAD] R BHRINKTE EEp 427;* 2YS 012510} Wl B
HET SIS AMNE 4 Ut

0

[y =)

Applications

® Semiconductor ® Optical Coating

* Dielectric materials ® Recordable Material
® Polymer ® Etc.

°LCD
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* Thickness Measurement Range: 100A~35;m

» Manual Focusing Module: Coaxial coarse

4-Point Probe System

Model
« CMT-SR2000N (AIT, Korea)

Specifications

* Measurement range : 1mohm/sq ~ 2Mohm/sq
* Measurement accuracy : +0.5 % (Standard resistor)
* Measure pattern : ASTM, SEMI, Customer design
« Data analysis : Data map, Contour & 3D mapping

+ Measurement unit : ohm, ohm/sg, ohm/cm (57| & 24)

* Current Source : T0nA ~ 100mA
+Voltage : 0 ~ 2,000mV

* Substrate Size : 200mm(wafer)/
140X140mm(square)

* 4 Point probe head : JANDEL probe

Manager : Kim Hyung-IL
+ e-mail : hikim78@unist.ac.kr
* Phone :052-217-4065

Basic Principle

Full automatic system to measure sheet resistance and resistivity silicon wafer, metal, and solar cell,
etc.This system can be operated by itself, furthermore, perfect remote control is available using a PC
and exclusive software, and it gives various data analyses

Imm k20| F2USt JANDEL 4EH3I2 0I85101, 25 MEMS EX uioto] BN, HIXES S
C}. & SHEO= ZHEHSH £70| 7H5510{, PCO| HE SoftwareS 08313, S 5t DataBA{0] 7Hs
st HXEEH7|LICH
Applications
pp ® Touch panel
* Silicon wafer E{X[Thet
AlE|1Z ¢lo|m|
® Fuel cell
® Metal layer HAZFX|
Zt= A dHOr
o o=
LCD ® LED.etc.
[ ]
LED &.
LCD EHX=
® OLED
OLED
® Solar cell
Zap
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Substrate Bonder Dicing Saw

Model Model

* SB6L (SUSS MicroTec, USA) * ARO6DM (Aaron, Korea) ﬂ
Specifications Specifications o Anoson

* Wafer size: 6” SEMI standard wafer * Substrate size : 2" to 6"

* Pressure regulation accuracy : £2% « Cutting materials : Silicon, glass, sapphire

- Maximum temperature : 500°C « X-axis(chuck table horizontal movement) g

- Temperature uniformity : +3% » Work-piece width setting range: 0.01~160mm . : i
« Maximum bond force : 8KN * Cutting range: 160 mm or more j_
- Bond Voltage and Current « Cut speed :0.05~300 mm/s or more -ﬁ‘:‘ﬂ

(Anodic Optional)
* Maximum voltage : 2000V +Polarity
* Maximum current :60mA

Manager : Shim Young-Dae Manager : Kim Hyung-IL
+ e-mail : syd0620@unist.ac.kr + e-mail : hikim78@unist.ac.kr
* Phone :052-217-4064 * Phone :052-217-4065
Basic Principle Basic Principle
Performs fine alignment and permanent bonding between wafer and wafer by heat and pressure in A device to cut Silicon wafer into small chip by highspeed rotating diamond blade.

a vacuum chamber. It can be used for various types of semiconductor process, especially for ME

=
MS sensors and LED devices. A=

= 222 ojH H Bt=X| AXE CHO|OL=E S 3|T6H0] CHo| 2YC 2 1 MHSh= HRIZNM
1202 5|FGh= Spindle(2&2| 3|X Motor)of| Diamond BladeE ZZkst| Chips £2|SiCt,

Crefet Hi=x| ME STl S80| 7kset AH|2M MEMS Sensor, LED device 52| 7|5 &g Al7[AL
253tz SXo= Wafer 2f Wafer £ Y2 Hot St Y= 71510 Chamber LA S5 ZElsks Applications

L2 AEO0| Z[HEILICE, e Silicon wafer

2|2 {llo|m

Applications ® Glass
® Optical Device ® LED Devices k=t
AR} LED AX} ® Quartz
* Electronic Devices * Laser Diode =3
TAXEAXE Laser C}0|QE * Sapphire
® Various type of Sensors I
clofet 550 A g S
A3F A = ® small electronic parts
® Actuator x|
oH=0HO|Ef * Gyro Sensors oM 2
o I ERAIS * Ceramic
® RF MEMS Devices =1l
S MEAl AX} ® Micro Motors, etc M2k
T Lo = =
00|22 2H, & ® Solar cell

o A
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CNC 5Axis Machining Center

Model
+ C40U (Hermle, Germany)

Specifications

* Table
- Size :over than ®800mm
- swivel Range: +25°/-110° degrees or more
- Max.Load capacity: over than 1,200kg
- Speed-swivelling axis A: over than 25 rpm
- Speed-rotary axis C :over than 30 rpm

*Work area

- Traverse X-Y-Z:over than 850X700X500mm
- Linear rapid traverse X-Y-Z: over than 45m/min

* Main Spindle
- Speed : over than 18,000rpm
+ Automatic Tool Changer
- Magazine pockets: over than 38 pockets
- Maximum tool length: over than 300mm
- Maximum tool dimeter: over than ®90mm
Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle
A Numerically controlled milling machine, that, when the automatic tool changer is attached. has
improved accuracy and efficiency. It is capable of performing up to 5-axis simultaneous machining.

|0II

431 50128 77l XIEBTRAAIE 22EH0f o S| xiel U AiSo2 BT sl
N BEES 71B5t0] 71710l HUEE £017| 9I510) S48t HA0| HIS BTl 2 AIRE 01Z5i0] FY
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Applications

® Geometric image processing
7|55 247tS

® Round Cam
A=

® Propeller plane
HI7| == H

® Ship Screw
HiS| A3 2

® Under Cut
e

® Tire Mold
Ef0|0] 2&
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CNC 3Axis Machining Center

Model
+ B300V (Hermle, Germany)

Specifications
*Table
- Size :over than 1,000X560mm
- Max. Load capacity: over than 700kg

*Work area
- Traverse X-Y-Z:over than 700X550X500mm
- Linear rapid traverse X-Y-Z: over than 30m/min

» Main Spindle
- Speed :over than 15,000rpm

+ Automatic Tool Changer
- Magazine pockets: over than 24 pockets
- Maximum tool length: over than 300mm
- Maximum tool dimeter: over than ®80mm

Manager : Cha Jae-Hoon
+ e-mail : cjh614@unist.ac.kr
*Phone :052-217-4069

Basic Principle
The CNC General milling machine and CNC milling machine equipped with an automatic tool chang-
er enables a series of multiple processing tasks automatically.

S 2zl 7|0) CNC F17 B&E 7122 CNC 2 ofzt sk CNC 28 7170l XS BT RETRIS
2A15101 of2| BHO| HAXQ! Aol NSO BT WSINIA BHBS B3 AR 52 TS

HA|LMIELZ} ST}

Applications

® Geometric image processing
7ot 2A7+E

® Precision Machining Flat
Y golg

® Three-dimensional image processing
RUBAILS
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CNC Lathe

Model
* TSL-6 (S&T, Korea)

Specifications
+ Capacity
- Max. bar working dia: ®42
- Spindle speed: 50~5,000
* Travel
- X-axis travel: 170mm
- Z-axis travel: 480mm

* Rapid traverse
- X-axis rapid traverse : 20m/min
- Z-axis rapid traverse: 24m/min

* Spindle motor: 7.5/11kw

* Floor space(LXWXH): 2,400X1400X1,800mm
* Machine weight : 3,300kg

* CNC controller : FANUC

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle

The iteration of the servo motor rotation ball screw line by work piece movement is to convert into
(ATC) redirect. The relative movement is intended, ultimately, to cut up the shape of the parts that
are to be processed.

STH(ATC)E 0ISAIZ

M E{9| 3H2ES 2(ball screw)oi| ofsf ZMSEC =
A SALO| UOILEM EIZXO 2 AFRXIZ}

=
Ct. Z2apdez S7ohet o] ZAt=E(work piece)ut| 230 ot

o|=5h= P9 BEE 7155 == AOo|C.

Applications

® The mass production of various kinds
O=E3 thEts

® Round machining

S

® Geometric image processing
7|58 SAIE
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CNC Surface Grinding

Model
* DGS-630CNC (Dae San, Korea)

Specifications
* Capacity
- Working Surface of Table : 650X300mm | 1|
- Maximum Travel: 750X340mm |
- Distance from Table Surface to Wheel Center : 550mm | i [
- Electro-Magnetic Chuck: 600X300X110mm B 1 :

- Graduation of Hand Wheel:0.001,0.01,0.1Tmm

* Grinding Wheel
- speed :over than 1800rpm
- Diameter X Width X Bore: ®305X38X127mm

* Motor
- Grinding Wheel Spindle: 3.75kw/4p

+Weight :3,100kg

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
*Phone :052-217-4066

Basic Principle
This Tool consists of a cylindrical grinding wheel instead rotating at high speed to work pieces into
flat or grooved materials with a high level of precision.

ST UA0f RSHIFIE 1402 TAIF Lz HSTHOIL 5, HE S5| 22 Z= YESHTIA0]

o ’

Applications
® Precision Machining Flat

HE e

® Precision Grooving

HERE
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Lathes

Model
*TIPL-410 (S&T, Korea)

Specifications
+ Capacity
- Swing over bed: ®410mm
- Swing over carriage: $220mm
- Distance between centers : 1,060mm

* Spindle
- Spindle nose: KS B4022-A-6
- Spindle taper: MT NO.6
- Spindle speed: 60 ~ 1,500rpm
* Feed
- Longitudinal feed: 0.039 ~ 0.541Tmm/rev
- Cross feed:0.019 ~ 0.27 Tmm/rev
- Metric thread: 0.5 ~ 7mm/p

Manager : Cha Jae-Hoon
+ e-mail :cjh614@unist.ac.kr
* Phone :052-217-4069

Basic Principle
This machine is primarily designed to fashion cylinders from metal. The machine is also able to creak-
conical, oval, curved and “screw” shapes and perform operations such as cutting and grinding.
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Applications

® Taper machining)
Ho|m7+S

® Screw machining
LIAZ IS

® Nulling
EH

® Groove machining
=V

® Machining diamter
HE7IS
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Vertical Milling Machine

Model
* STM-2VM (Stonic, Korea)

Specifications
*Table
- Max Travel (Longitudinal) : 820mm
- Max Travel (Cross) : 300mm
- Max Travel (Vertical) : 450mm
- Table Load (Max) : 250kg
* Spindle

- Taper of Spindle Bore : 50N.T
- Number of Spindle Speeds : 9Step
- Taper of Spindle Speeds :90~1,400r.p.m
- Head Tilting Angle : £ 45° Deg.
* Motor
- Main Spindle Motor :3.7(5HP), 4Pkw
- Long & Cross Feed Motor : 1.5(2HP), 4Pkw
- Vertical Rapid Motor : 1.1(1.5), 6Pkw

Manager : Cha Jae-Hoon
+ e-mail : cjh614@unist.ac.kr
* Phone :052-217-4069

Basic Principle

The vertical milling machine uses circumferential cutting edge milling cutters that are placed at
regular intervals, Materials can be adjusted vertically, horizontally and back and forth. By moving the
feed table.

LML HF 2o ZArLo] @Y A2 2 HiX|=|o R}
0I&sHHAM 7k8sh= 717|olct. HIO|=2| oj&¥e2 20|
OfL|2t E|0|=0] 2Fsh= A= UCH.

Applications
® Drilling machining
I=t="p

Spiral groove machining
LHE7E

Groove machining

=2

Flat machining
Woi71g

Angle machining
AE71E
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Metal Cutting Band Saw

Model
+ KDBS-200 (KyongDong, Korea)

Specifications
+ Capacity
- Round bar: ®220mm
- Rectangle: 220x400mm
- Type:Vise Turning
- Round bar: ® 160mm
- Recrangle: 165x225mm

- Saw Blade

- Length:3035mm

- Width: 25mm

- Thickness: 0.9mm

- Blade Speed: 25,40,51,71m/min
* Electric

- Drive Motor : TkW

Manager : Cha Jae-Hoon
+ e-mail :cjh614@unist.ac.kr
* Phone :052-217-4069

Basic Principle
This ring-shaped band saw rotates at high speed to cut metal, wood, etc.

o 2ol ZEEe| ot 7HYRI[0| ELIE W Y% 22 HElote 32 12| 2Yez & A2d us
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Applications

® Cutting Cylinder
e

® Taper Cutting
Blo|m &t

® Cutting non-ferrous metals
HIZHZS A
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Electro Discharge Machine

Model
+ ZNC (Kooje, Korea)

Specifications

» Work tank dimensions :820*520*380mm
* Work table dimensions : 550*280mm

« Dielectric oil tank capacity : 240L

* Max. weight of electrode : 80kg

« Approximate weight : 750kg

* Machine space : 1700*800*2350mm

Manager : Cha Jae-Hoon
+ e-mail : cjh614@unist.ac.kr
*Phone :052-217-4069

Basic Principle

Electro discharge Machining (EDM) is based on the principle that. The amount of insulation from
the continuous erosion of the spark discharge which is generated by the conductor (usually a metal
work piece), can pierce a hole or a pre-programmed cut.

HUAUS0|M ALHoz L= =X U A AE00| ei=H(F= =
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Applications

® Small holes
ojMst 4

® Arc Welding
ofot= 81

® Electrostatic precipitator
7| FE|

® Fluorescent lamp

s{1l=
ES

® Neon signs
Hi=Ate!
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Coordinate Measuring Machine

Model
* PGS (Dukin, Korea)

Specifications
* Measuring Range(xyz) : 700*1000*660mm

* Resolution :0.39um

* Maximum Permissible Error Per
ISO 10360-2(um, L:mm) :E: 1.5+L/330 P:1.5

+ Max. Velocity(mm/s) : 520
+ Air Requirements(kg/cm, NL/min) : 5.35

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle
This third dimension measuring instrument measures numerical values precisely, digitalizing an ob-
ject's position in space. Through the use of a probe.

Applications

® Engine part
oIl 2o}

=

® Vehicle part
R 20f

Manufacturing part
H& SEZ0F

Plastic injection part
ZatAE] AEE0}

72. UNIST Central Research Facilities

Three-Dimensional Measurement

Model
+ NV-3000 (Nanosystem, Korea)

Specifications
« Interferometric Objective: 5 Lens Available
(Motonized Turret)

* Scan Range :0~180um (Option 270pym, 5mm)
« Vertical Resolution: WSI<0.5um/PSI<0.1um

« Lateral Resolution :0.2~4pum
(Objective/FOV Lens Dependent)

* Tip/Tilt : £6° (Probe Tip/Tilt)

* Workpiece Stage :
NVP2020/200¥200mm(Motorized)

* NV-P4050/400*500mm(Motorized)

—_——
fum—
pr—
pr—

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
*Phone :052-217-4066

Basic Principle

The third dimension measuring instrument is measures numerical values precisely, digitalizing an
object’s position in space, with out probe coming into physical contactless with the object. Instead
measure meals are assessed through the use of lenses and halogen light.

37 EE71= &4 tig Z2E9| HihA 3xHE2SS &Rist| /et 7IAI7|F0Ict, &, S2Hdel /IXIE
a o

2 HIES 0|Z310] Hx= FJLUSH 3XHE X2 HIE 5 U= HR0|C,

Applications

® Engine part
ollXI 20}

=

® Semiconductor
B |

® Engineering part

23t 2o}
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Semi auto formtracer system

Model
* 525-421K-1 (Mitutoyo, Japan)

Specifications
+ X-Axis measuring range : 100mm

* Measuring force of detector :0.75mN
+Vertical travel : 300mm power column
* Granite base size(W*D) :610¥450mm

* Dimensions(main unit, W*D*H) :
996*575%¥966mm

* Mass(main unit) : 140kg

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle

The form tracer is a surface roughness tester, and surface outline Measuring device embedded in a
single unit, thus saving cost and space, while providing effective tests. In total, two kinds of surface
roughness and facets are measured.

SZH0] et §SXQ1 HAL 7HsstH 87| RUEES uEsiHM BH = 3 22 FIIKIE 2F
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Applications

* Semiconductor- related
HHER| 2

® Electrical Parts
M| BE

* Tool/ Mold
7/28

® Precision/ Chemical
/st
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Multi-Component Dynamometer

A.%

Model
« 2825A (Kistler, UK)

Specifications
* Measuring range - Fx, Fy, Fz:-250~250N
-Mx,Mz:-11~11N

+ Overload (Fx, F y, Fz):-300~300N

* Threshold: <0.002N

* Sensitivity - Fx, Fz:-26 pc/N - Fy:-13 pc/N
* Linearity, all ranges: <+/-0.4% FSO

* Hysteresis, all ranges: <+/-0.5 FSO

« Crosstalk: <+/- 2%

+ Degree of protection EN60529:1P67

* Weight: - Dynamometer: 0.87Kg
-Top plate: 0.75Kg

Manager : Cha Jae-Hoon
+ e-mail : cjh614@unist.ac.kr
* Phone :052-217-4069

Basic Principle

This instrument measures the power of machinery.When the charge to the voltage amplifier is raised
the signal transition occurs through the final measurement, which will be converted into a physical
description.

37 STl= A SYEXZ A SHER = YT AXE 7|AX Fokload)ol Hzfsh= H7 1K Hotg
LHAA BIE Solf Ls MSE Moz Helslo] 215 £ Sz siE|A| Fot

Applications

® Engine part
OllXI 20}

* Vehicle part
R 20¢f

® Manufacturing part
M= ZEE0k

Plastic injection part
SCHAE AFEE0F
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Laser interferometer

Model
* XL-80 (Renishaw San, U.K)

Specifications
* Accuracy : £0.5ppm

* Linear resolution : Tnm

* Maximum travel velocity : 4m/s

* Between each automatically updated
environmental compensation: 7seconds

* Dynamic capture rate : 50kHz

* Linear range as standard: 80m

Manager : Kwon Kang-Uk
+ e-mail : kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle
This machine measures accuracy of movement in other machines though the use of a laser (Helium
and neon gas-combination). Due to the laser wavelength, precise measurement is possible.

Bl U2 7tA 28tE FEO Y51 2= Aojofl E2 MYU0| HZEH 7tA EES A=FAI7A of7|of 2
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Applications

® Machine Tool
|

® PCB Dirilling
PCB =2

°* CMM Manufacture
3R MEA|

® Electro Discharge Machine
Y™ 7S]
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Powerful Microscope

Model
* MF-1010B (Mitutoyo, Japan)

Specifications

* Measuring range : X: 100mm, Y: 100mm

« Z-axis heighe of the maximum mass: 150mm
« Effective Class size: 180mm X 180mm

* Maximum weight of mass: 10Kg

- Digital counter resolution :
0.001/0.0005/0.000Tmm

*Body(W X D X H):562 X730 X 667mm

Manager : Kwon Kang-Uk
+ e-mail :kku1050@unist.ac.kr
* Phone :052-217-4066

Basic Principle
This microscope is has a significant range of motion and allows objects to be viewed as in a standard
microscope, also in micrometers.

Al2g 2atEn XS A2 0lMsh S2IY 4 s HolZ0| U, T 0|STL Dfo|AR0|E £= BE
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Applications

® Semiconductor- related
HE= x| 22

Electrical Part
M7 BE

Tool/ Mold
=>T/=%

Precision/ Chemical
Hol/mst
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Procedure to use How to get to UNIST

Procedure to use equipments Location
+ UNIST is located at Banyeon-ri in the western suburb of Ulsan.The city of Ulsan is located at 360 km away south of

Seoul and 40 km away west of Pusan.The city can be easily reached by Seoul, Busan and other cities throughout

* In case of lending ( Self-user) * In case of requesting )
the nation.
Address : 100 Banyeon-ri, Eonyang-eup, Ulju-gun, Ulsan Metropolitan City
Reserve equipment at Website Contact Equipment Staff SAEIA S5 HYF HH2] 100
oflof AlARIS Set EH ofet | SR S
http://10.24.9.42/dongju/ L

}

Discuss the date & tool

Equipment Staff Permission =X ZH| U =X =nt SOl
ZH|EY S1H AE 517t L
.
Send the samples to UCRF
Visit UCRF & Use equipment A= 88
ME g2 " 77| A L

Review the result
Measure & write down the log book At HE

23 U AZUR| ZH

l Airplane
« After arriving at Ulsan Airport, you can take a taxi to get to UNIST. The fare for taxi from Ulsan Airport
to UNIST is around 15,000 won depending on the traffic situation.

Buses that run via the school are as follows : No.133,233,433,733,807

Send a smart bill
YA & AAN HES

Q Train
Confirm the receipts « After arriving at Ulsan station, you can take a taxi to get to UNIST.The fare for taxi from Ulsan station
A2 Q= sfol to UNIST is around 15,000 won depending on the traffic situation.

Buses that run via the school are as follows :No.133, 233,433,733, 807

(Gegd  ExpressBus

« After arriving at Ulsan Express Bus station, you can take a taxi to get to UNIST.The fare for taxi from

Receipt Ulsan Bus Station to UNIST is around 15,000 won depending on the traffic situation.
o M= SU2 K|l AtEM0|H | A bill of the fees is issued once a month. Buses that run via the school are as follows :No.133, 233,433,733, 807

* AMME TRAMMZ Lol Zln, FYFUHAME ojHg= Tlo| EuTt.

© 242 X202 Qs H20s TS| AXISES A2 SRaIFAI7| v m
+ From Seoul, Daejeon, Daegu, Busan
Gyeongbu Expressway (Direction of Busan) — West Ulsan IC — Highway No.24 — UNIST

A person in a charge : Yoo Hye-jeong + e-mail :yoohj900@unist.ackr < Phone:052-217-4038
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May | help you? How to get to UNIST

Location

+ UNIST is located at Banyeon-ri in the western suburb of Ulsan.The city of Ulsan is located at 360 km away south of
Seoul and 40 km away west of Pusan.The city can be easily reached by Seoul, Busan and other cities throughout
the nation.
Address : 100 Banyeon-ri, Eonyang-eup, Ulju-gun, Ulsan Metropolitan City

SAZA| 872 A HI%Z| 100

o

= LOH-H -1

If you want to use our equipment,
we provide it reasonably.

l Airplane
« After arriving at Ulsan Airport, you can take a taxi to get to UNIST. The fare for taxi from Ulsan Airport
to UNIST is around 15,000 won depending on the traffic situation.

Buses that run via the school are as follows : No.133,233,433,733,807

Q Train

« After arriving at Ulsan station, you can take a taxi to get to UNIST.The fare for taxi from Ulsan station
to UNIST is around 15,000 won depending on the traffic situation.

Buses that run via the school are as follows :No.133, 233,433,733, 807

(Gegd  ExpressBus

« After arriving at Ulsan Express Bus station, you can take a taxi to get to UNIST.The fare for taxi from
Ulsan Bus Station to UNIST is around 15,000 won depending on the traffic situation.

¢ In case of lending (Self-user)
Reserve equipment at Website
oflof A|ARS St & off2F

http://10.24.9.42/dongju/

* In case of requesting
Contact Equipment Staff
| HEt o1t

Receipt

o HTgl= FHS X|tto| AF20|H |, A bill of the fees is issued once a month. Buses that run via the school are as follows : No.133, 233,433,733, 807
° AMME TXAMMZ Lol Zln, YFUSHME o|Hg=z Zrato] ot

 2M2 202 QG A0 A ARRISES AHES SHHFA| HIZLICH m o

+ From Seoul, Daejeon, Daegu, Busan
Gyeongbu Expressway (Direction of Busan) — West Ulsan IC — Highway No.24 — UNIST
A person in a charge : Yoo hye-jeong + e-mail :Yoohj900@unist.ac.kr < Phone :052-217-4048
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UNIST

Ulsan National Institute of
Science and Technology

100 Banyeon-ri, Eonyang-eup, Ulju-gun, Ulsan Metropolitan City
Tel :052-217-4032~4038,4064 ~4069 / Fax :052-217-4039
www.unist.ac.kr



