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INTRODUCTION

PDP National Research Center(hereafter we call it PDP
Research Center : PDPRC) of Kwangwoon University,
Seoul, Korea, has been established at May, 1998 for the
basic researches of plasma display panels including
microdischarge plasmas and MgO thin films along with
the pulse driven power technology such as high power
microwave (HPM) generation, extreme ultravio-
let(EUV) generation, focused ion beam (FIB), and
green energy systems with the intense university and
national supports[1]. The "charged particle beam and
plasma laboratory" has been operated at the department
of electrophysics since 1992, where plasma sciences
have been adopted as specialized topics for research
and development under mutual corporations with pro-
fessors. Development of the focused ion beam system
has been succeeded on the world-level at 1995 and
pulsed electron beam accelerator has been constructed
uniquely at the university laboratory at 1996 in Korea
for basic research and development of plasma genera-
tion and applications, electro-optic plasma diagnostics,
and high power microwave generation and applications
based on high power pulsed electron beam. At
mid-season of 1997, the plasma display panels has been
nominated as an one of the national advanced projects
by the Korean government. It has been strongly re-
quested for the basic researches of plasma display pan-
els by Kwangwoon University in a process of drawing
the national PDP stronghold research group. Finally,
PDP Research Center has been improved by Kwang-
woon University at May, 1998 and research funds for
basic facilities have been supported by university and
national administrations. Based on these supports, PDP
Research Center, Kwangwoon University, has intense R
& D activities, by which the total 414 of research pa-
pers and patents have been published during the last
five years. Also PDP Research Center has recently been
designated as a plasma education center by the Ministry
of Labor, Korean Government and Korean Vacuum
Society (KVS) since 1999 up to now. For future 3 years,
it will be aimed for world-wide plasma integrating re-
search center of total technology with mutual coopera-
tion between plasma research institutes or laboratories
in the world. Moreover, Korean government, Ministry
of Knowledge and Economics, has selected Kwang-

woon university as the “ Advanced PDP National Col-
laboration Supporting Center(APNCSC, hereafter we

also call it as PDP Research Center: PDPRC)” at Dec.

1%, 2004 up to September, 2014, since the plasma dis-
play panels and plasma related sciences have been no-
minated as an one of the national advanced projects by
the Korean government at 2002. It has been strongly
requested for PDPRC to perform basic researches and
their supports of plasma display panels as well as plas-
ma sciences for domestic and foreign industries of PDP
and plasma materials and parts. For future 5 years, it
will be aimed for world-wide PDP and plasma inte-
grating research and their supporting center of
toal technology with mutual cooperation among PDP
and plasma industries, research institutes or laboratories
and universities in the world. Especially, PDPRC
equipped with the infrastructure manufacturing utilities
for PDP test panel up to 15 inch size will contribute to
the field of PDP and plasma technologies, materials and
parts, upgrading working abilities of plasma people,
and plasma evaluation & standards technology by net-
working the world wide plasma societies and exchang-
ing the plasma technologies in the world.

High Power Microwave (HPM)

The high power microwave can be generated from the
virtual cathode oscillation when the current of an in-
tense relativistic electron beam exceeds the space
charge limiting current. The oscillation mechanism in
the virtual cathode oscillator (vircator) can be explained
by two dynamical mechanisms: one mechanism is the
electron reflection due to the virtual cathode, and the
other is oscillation of the virtual cathode itself, in which
the electric potential oscillates about its mean value
because of the inherent instability of the electron cloud
in time and space. The virtual cathode oscillator appears
to be one of the most promising high power microwave
sources, due to its conceptual simplicity, high output
power capability, and tunability, in comparison with
other devices. It emits the pulsed microwaves within the
frequency range of 100 MHz to 10 GHz at power levels
of 100 MW~10 GW with intense relativistic electron
beams. Two types of vircator already exist. One type of
vircator is an axially extracted vircator of conventional
design, and the other is a radially extracted vircator. But
the efficiency of converting an electron beam to micro-
wave does not reach sufficient levels. It is just about a
few percent. The efficiency enhancement of the micro-



wave converted from an electron beam has been high-
lighted for the first consideration in a few years. We
have tried to progress the conversion efficiency of a
vircator in many sides. In our laboratory, axial and co-
axial type diode structures have been studied by the
numerical and experimental methods.

Fig 1. Schematic of HPM generator ‘Chundoong’

The numerical study is carried out with a three di-
mensional particle in cell (PIC) code called "MAGIC".
The simulation work is focused on the diode design
study for enhancement of the power efficiency of the
virtual cathode oscillator with a pulse power system
called "Chundoong" which is an intense relativistic
electron beam pulse generator in our laboratory. The
total stored energy of the Chundoong pulser with a
maximum charging voltage of 50 kV can be raised to 3
kJ[2]. A relativistic electron beam with 600 kV, 88 kA,
and 60 ns pulse duration can be generated, if the water
filled pulse forming line with a characteristic impedance
of 6.8 Q is impedance matched to a field emission diode
in a vacuum chamber.
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Extreme Ultraviolet (EUV)

The research fields of soft X-rays and extreme ultra-
violet (EUV) were in wide variety of EUV lithography
for semiconductor chip manufacture and soft x-ray mi-
croscopy. Especially, the case of Extreme ultraviolet
lithography (EUVL) is the leading technology being
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considered for printing circuits at the 32 nm node. In
EUVL, a 13.5 nm radiation wavelength generated by
EUV source is used to print circuits. In Dis-
charge-Produced Plasma (DPP), magnetic pinching of
low-temperature plasma generates the high-temperature
plasma. EUV light sources of the DPP may be efficient,
compact and cheap device. The DPF was developed
independently by Mather and by Filippov in 1960. In a
Mather-type DPF, an annular sliding plasma discharge
is produced between coaxial electrodes in a rundown
phase. Strong magnetic forces created by the high dis-
charge current then lead to a pinch event after plasma
compression, with a hot dense micro-plasma zone de-
veloping on the axis near the end of the inner electrode.
This highly ionized plasma is confined for a short time
and emits intense EUV and soft x-ray radiation. The
EUV source of DPF can be constructed with very low
discharge-circuit inductance, moderate electrical power
consumption and high EUV generation efficiency. In
plasma, a given ion is best EUV emitting of high abun-
dance, if the electron temperature is in the range of 1/5
to 1/4 of the ionization potential. This gives the range of
desirable electron temperatures of 23 to 31 eV. This is
nearly the same value as the blackbody approach de-
mands. And 10" ~ 10'® cm™ can be seen as the mini-
mum and in some respects the optimum electron density
for effective EUV emitters.

: h.:.‘. _ \
Fig 3. EUV generator ‘Burngae’

Our EUV generator consists of four elements: DC
power supply, capacitor bank, and spark gap switch and
diode chamber. Figure 1 shows the schematic of the
plasma focus with cylindrical electrode, in which Ar gas
has been used for plasma discharge. The power supply
can generate the maximum voltage of 12 kV and power
of 3.6 kW. Moreover, the trigger pulse signals with re-
petition rate of 1 ~ 10 Hz with 200 us in pulse width
and 15 kV in voltage can be generated and applied to
the tungsten trigger pin which is located at middle point
of spark gap switch. The capacitor bank was composed
of 192 capacitors, in which each capacitor has 8 nF in
capacitance. They are connected by parallel type for
low inductance, resulting in total capacitance of 1.53
uF. The research, which produces the best suitable EUV
light source, will require a more understanding of the
plasma than just the EUV optical emission. We had
investigated the temporal behavior of electron tempera-
ture and density for pinch plasma diagnostics in coaxial
plasma focus device[3].
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Our device was installed the EUV photo-detector
(AXUV-100 Zr/C, IRD) with 6 ~ 16 nm of bandpass
wavelength and measured the EUV light emitted at side
direction of the spot area of plasma focus.

(a) Voltage

(b) Current

2nd ©

signal

Fig 5. (a) voltage (b) current and (C) EUV signal
at time div of 2 us

The pinhole camera has the focal length of 32 mm and
pinhole diameter of 0.25 mm. The film in pinhole cam-
era has been exposed by 5 shots to the emitted intense
light.

>

(a) Front view {b) Side view

Fig 6. Pinhole images of the front (a) and side (b)
view of focused and downstream plasma in the cy-
lindrical electrodes at Ar pressure of 40 mTorr un-

der the discharge voltage of 4.5 kV and repetition
rate of 1 Hz.

Focused Ion Beam (FIB)

A focused ion beam (FIB) technology is perfect for
micro-machining and nano-fabrication because it has
many advantages of high current density, high bright-
ness, and low ion energy spread. So it has become in-
creasingly popular with a scanning electron microscope
(SEM) and a transmission electron microscope (TEM).
FIB is more versatile than SEM and TEM because it has
another skill is milling, deposition. It is possible that
FIB system analyzes failure, repairs circuit and repairs

mask in microelectronics and TEM sample preparation.

We made FIB system in 1994, and have been devel-
oping FIB system for commercial using. Also From
2003 to 2009 we have been going an joint re-
search(Development of focused ion beam nano process
equipment)[4]. We produced Liquid metal ion sources
(LMIS) and Gas-filled ion sources. We have researched
ion emission mechanisms, ion beam stability, charac-
teristics of I-V curve on ion beam, ion beam energy
spread, focesed ion beam on Einzel lens, analysis of ion
mass and characteristics. We developed FIB system
(beam size : 0.2/m). Using the FIB system, we plan to
make electron-transparent slices were cut from specific
parts of the wider veins and lifted out for TEM study,
and fabricate semiconductor elements. We investigate
various electron emitter of SEM and have ability to fab-
ricate ultra-sharp tungsten tips(radius 200 A) at one step
controlled.

Fig 8. Milling Regular hexahedron(1xm>1 zm>1/m)
using FIB System

Gamma Focused Ion Beam (y-FIB)

MgO is the most suitable material for use as a stable
protective layer on the glass dielectric layer overlying
metal electrodes in AC-PDP. The first issue in plasma
generation in ac PDPs is reduction of the breakdown
voltage. The breakdown voltage is dependent on the gas
species, the content of gas mixture, the gas pressure,
and the characteristics of cathode materials. One of the
key elements in determining the breakdown voltage in
high pressure discharge of ac PDPs is the ion-induced
secondary electron emission coefficient from the MgO
protective layer of the cathode. Hence, we made y-FIB
system for measurement of secondary electron emission
coefficient from MgO in 1998. The y-FIB system is
broken down into five basic components: the diode
consisting of thermionic electron source and anode,
electron-impact ion formation and its acceleration re-



gion, electrostatic single Einzel lens for ion beam fo-
cusing, quadrupole deflector, and substrate for secon-
dary electron emission coefficient (y) and
work-function (®,,) measurement of MgO. The back-
ground vacuum pressure of y-FIB is maintained at
1.5%10® Torr, whereas it is kept by up to 5.5x10” Torr
during ion beam formation mainly at the nearby region
of a 2mm diam anode hole by gas feeding. lons are
produced by impact collision of thermal electrons emit-
ted from the filament to each of the neutral gases. The
thermionic electrons enter the ionized region through a
hole in the anode. The anode radius is a few cm and the
diameter of the hole is a few mm. The current located
on the anode is measured and found to be 10 mA. The
thermionic electrons that have entered through the an-
ode hole oscillate many times in the space between the
thermionic cathode and the ionized region, creating
plasma with a density on the order of 10" ions cm™.
The power source for the plasma generation in the ion-
ized region is the thermionic electrons, which collide
with neutrals, ions, and electrons, heating them. The
energy distribution of ions emerging from the acceler-
ated region has been measured, showing that the ions
are in the Maxwellian energy distribution with their
mean energy less than the acceleration voltage. The
electron temperature in the plasma generated in the ion-
ized region is 2-3 eV. In this experiment, He+, Ne+,
Ar+, N+, and Xe+ ions are used for the measurement of
the ion-induced secondary electron emission coefficient
and the work function. The kinetic energy of ions is
dependent on the ion accelerating voltage applied to the
anode. The anode is positively biased and can be ad-
justed from 50 up to 500V for the ion acceleration, and
these ions are passed through the 0.5 mm diam beam
defining aperture downstream of the system. The coef-
ficient y of the ion induced secondary emission, which
is defined by the electron current divided by the ion
current, is independent of the ion current. However, the
coefficient vy is dependent on the gas species. The ion
beam current is detected by the ampere meter connected
to the copper pad, but only when electrical power ex-
ceeding a certain critical value determined by the
thermionic electron energy and current is supplied to
the ionized region. Otherwise, plasma is not created
inside the region. The ion beam is then focused by a
single electrostatic Einzel lens and scanned by the
quadrupole deflector onto the MgO surface. The
ion-induced secondary electrons are emitted from the
MgO surface whenever the ions strike it. However, the
ion-induced secondary electrons return back to the sur-
face if the collector is negatively biased. Therefore,
only the ion current registers on the ampere meter con-
nected to the copper pad[5]. On the other hand, both the
ion and ion-induced secondary electron currents are
measured by the ampere meter if the collector is at posi-
tive potential, because the ion-induced secondary elec-
trons are absorbed by the positive-biased collector.

o 1 I
Fig 9. y-FIB system (Kwangwoon University)
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Laser Absorption Spectroscopy (LAS)

LAS (Laser absorption spectroscopy) enable to meas-
urement of excited xenon atoms in AC-PDPs. The sur-
face discharged alternating current plasma display pan-
els(AC-PDPs) utilizes the photoluminescence phenom-
ena of phosphors excited by VUV rays from mixture
gas included Xenon.
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The xenon atoms in the 1s, resonance state and the 1ss
metastable state generate VUV 147nm and 173nm
lights in xenon plasma, respectively. It is the intensity
of VUV 147nm emission is proportional to that of the
IR 828nm emission, and the VUV 173nm emission is
proportional to that of the IR 823nm emission. Due to
this relation in IR and VUV emission from xenon gas, it
is importance excited xenon atoms in the 1s4 resonance
state and the 1ss metastable state. Figure 12 shows ex-
perimental schematic of LAS system. Probe IR beam is
split into two directions by beam splitter. The first beam
is sent into a Xe reference tube made of external elec-
trode fluorescent tube (EEFL), which is used to moniter
the maximum absorption wavelength during absorption
processes. The PZT controller with a resolution of
0.02pm is employed for fine tuning of wavelength. Also,
we make use of Littman-Metcalf type which is tuned by
a rotating mirror with high reflectivity along with a
fixed diffraction grating in the external cavity. In this
experiment, external-cavity tunable laser diode(ECLD)
ensure fast mode-hop-free tuning over the entire wave-
length range and superior wavelength repeatability and
precision. The EEFL Xe reference tube is filled with
pure Xe gas of 0.7 Torr. The second IR probe beam has
been transmitted through a PDPs cell and then the ab-
sorbed signal has been fed into PMT (Photo Multiplier
Tube).
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Fig 12. Experimental schematics of LAS system.

2z

Tim e [=
140 - El
Non-absorptionsignal [
120 - Absorption signal L2y
100 -
= —
T e Fao 3
= i
= e =
= =]
g Fie i
40 - r k=
20 -
Flz
o4
20 T : T T 17
-lmlo -5 10 on 5011 1eclo

Time (5)

Fig 13. Absorption signal in a PDPs cell.

When the IR probe beam with the same frequency
which is Is, excited atoms pass through a PDPs cell, it is
absorbed. To reduce interference of emission, the PMT
which has band pass filter with FWHM of 0.1 nm at

823.1 nm center wavelength is covered around black
box. Also, PMT output is connected to I-V converter
with high gain and ultra low noise for converting cur-
rent to voltage signal. Motorized stage with 2 axis of
X-Z direction has a travel resolution of 1 um. To meas-
ure IR probe beam diameter, the sustain electrode with
width of 90um use as knife-edge and laser IR probe
beam diameter is measured about 27 um.
The level N, of excited Xe atoms density expressed as

Avp
Nlmzﬁc(tj Vp | m 8w 1

2 VT2 3g, 4y

where k(t) is the absorption coefficient, H is correc-

tion factor, Awvp is the Doppler width, A , is wave-

length when occurring the maximum absorption,g; and

g» which are the statistical weights of the lower and

upper levels of the transition. A,; is probability per sec-
ond of a spontaneous jump from upper level to the
lower level.

Annide

Ins
S0ns
180ms
46lins
G00ns
652ms
Bléns
Mlns
10963
078 ms
3500 ns
4760 s
5220 ns
5970 ns
G000 ns

Fig 14. Spatiotemporal behavior of excited Xe(1ss)
atom density in accordance with Xe mole fraction to
neon.

We have observed the spatiotemporal behavior excited
Xe atoms density in the 1s5 metastable states by laser
absorption spectroscopy. For the purpose of tuning at
the excited Xe atoms, we used the reference tube which
include in pure xenon gas with 0.7Torr. It enables a
resolution of the hyperfine structure via the reference
tube with pure xenon gas. By this resolving, it can not
only analyze most xenon isotopes and maximum ab-



sorption level but also being of nine xenon isotopes. By
resolved absorption signal with xenon hyperfine struc-
ture, fixed laser diode wavelength is determined about
823.1 nm by tunable diode laser system with external
cavity. This experiment has shown the characteristic of
the excited Xe atoms density which is relation th the
visible light dfficiency[6].

Advanced PDP National Collaboration Supporting
Center (APNCSC: we also call it PDPRC)

Ministry of knowledge economy(MKE), Korean
government, has selected Kwangwoon university as the
"Advanced PDP National Collaboration Supporting
Center(APNCSC: or PDPRC)" since Dec. 1st, 2004 up
to September, 2014, since the plasma display panels and
plasma related sciences have been nominated as an one
of the national advanced projects by the Korean gov-
ernment at 2002. It has been strongly requested for
PDPRC to perform basic researches and their supports
of plasma display panels and plasma sciences for do-
mestic and foreign industries of PDP and plasma mate-
rials and parts. For future 5 years, it will be aimed for
world-wide PDP and plasma integrating research and
their supporting center of total technology with mutual
cooperation among PDP and plasma industries, research
institutes or laboratories and universities in the world.
PDPRC have equipped with the infrastructure manu-
facturing utilities for PDP test panel up to 15 inch size
will contribute to the field of PDP and plasma tech-
nologies, PDP materials and parts, upgrading working
abilities of plasma people, and plasam evaluation &
standards technology by networking the world wide
plasma societies and exchanging the plasma technolo-
gies in the world[1].

1. Visions for National PDP Research Cenetr (PDPRC)

PDPRC has been managed and operated by following
visions. Plasma and PDP materials have been manufac-
tured by material and part’s companies, and they are
supplied to module companies for PDP productions.
Past evaluation and approvals for the materials and parts
are performed by module companies, which is a con-
ventional method. These kinds of so many steps for the
material development, evaluation and approvals re-
quires the so much consumptions in time and expenses.
PDPRC could reduce the these consumptions in time
and expenses for industries by performing and support-
ing the primary evaluation and approvals for the mass
productions of the materials and parts with high reli-
abilibites. Hence PDPRC is very important and essential
institutes to both material and module industries for
their upgrading the market competibilities by reducing
the time and expenses in evaluation and approvals.
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2. Facilities of PDPRC

Ministry of Knowledge and Economy, Korean Gov-
ernment have supported to PDPRC as amount as about
$10 Million(US Dollars) since last 5 years, by which the
infra structures for evaluation and manufacturing facili-
ties upto 20 inch PDP test panels and plasma basic re-
searches have been set up successfully.

'i |T'

Fabrication clean room has area of about 370m’ ,
in which essential equipments for evaluation and manu-
facturing PDP test panels up to 20 inch size are now
working for domestic and foreign industries, research
institutes and universities. The 4 inch test panel(42 inch
VGA, 42 inch XGA), 6 inch test panel (42 inch VGA,
42inch HD, 50inch FHD), 15inch test panels(42 inch
HD), and related solar cells have been now manufac-
tured and they are supplied to PDP and plasma compa-
nies for their research and developments.

_ -
umace

Utility

E-beam Evaposator

PP Fumace system

Wt Stahion FPC baader

Convaction Deseih)

--ﬂE

Inspection maching

3. PDPRC supporting works for industries

PDPRC have supported 800 samples of test panels
as well as 400 samples of electro-optical characteris-
tics and discharge analysis a year to PDP and plasma
material companies for their R&D projects. Also PDP
and plasma basic, professional, and manufacturing
education programs are now successfully set up and
operated for the human resources retraining strategy
of industry peoples under the supports of Ministry of
Labor, Korean Government.



Curriculums

Program Contents Pariod Parties.

of POP, LCO, OLED, BLU

4. Networking and Coworkers of PDPRC

PDPRC have networkings and coworkers
world-wide scales around 40 companies, in which 30
companies are domestic and 10 companies are overseas.
Especially world-wide PDP module, plasma companies
and solar cell companies are involved recently for their
efficient R&D works. All companies, who are a mem-
ber of APNCSC, have now a lot of previlege in operat-
ing the high technology equipments, manufacturing
PDP test panels, plasma cells, and various kinds of
plasma diasnostics in PDPRC.
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62nd Gaseous Electronics Conference 2009 (GEC2009)
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