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The Characteristics of Plasma Display
with the Cylindrical Hollow Cathode

Kyung Cheol Choi and Heung-Sik Tae

Abstract—The newly designed plasma display with the cylin- Viewing Point
drical hollow cathode has been proposed and investigated to
study the relationship between the photoluminous efficiency and @

the discharge characteristics. The photoluminous efficiency and
the discharge characteristics are dependent on the geometry
factors of cylindrical hollow cathode and gas pressure in the
plasma display. Whenp (gas pressurexd (the hole diameter of
cylindrical hollow cathode) is below 2 torr ¢ cm, the plasma
display with the cylindrical hollow cathode has as much as five
times higher luminous efficiency compared to that at above 2 torr
e cm of p e d value and it also shows a positive current—voltage
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Photoluminescent

(T-V) slope as in an abnormal glow. Phosphor
y
I. INTRODUCTION

AS DISCHARGES have been used in many engineering x Dielectric Layer

applications since their discovery. Up to now, the char- 5
acterization of gas discharge has been investigated extensively /’ - — — Hollow Cathode
due to these many applications. Among the gas discharges, e — —\
the glow discharge has been used for a plasma display which f——=—"o-—wo——"
is most promising for high-definition TV screens. Plasma \ Glass é]\Cathode
display panels (PDP’s), which utilize tiny glow discharges
in display cells occupying about 0.03 mnvolume, have @
been investigated for this application by several companigs Photoluminescent
[1]-[3]. Currently, the ac PDP, by using surface discharge,isa Phosphor
leading technology due to the higher photoluminous efficiency  7sum 100 um 300 um

17 1T ol

compared to that of the dc PDP [2]. However, both ac and dc 1T o |
PDP still require the improvement in photoluminous efficiencys M‘m Barrier Rib
for commercial color display applications. Especially, in a dc” Diamets

PDP technology, high efficient discharges such as positive = —Dielectric Layer

7/ i
column glow, hollow cathode, and Townsend discharge can //
be a candidate to solve the poor efficiency problem for the
TV screen application. There are some publications related to 7/ // — ///

hollow ca_thode discharge [4], [5] which were employed by Hollow Cathode  Plasina
plasma display.

A hollow cathode is a structure to obtain the high efficient (b)
discharge by using the trapped electron [6]. There were som 1. (a) Schematic view of the PDP with the cylindrical hollow cathode.
works on hollow cathode discharge as a light source in quu(B) Cross-sectional view of a cylindrical hollow cathode in the plasma display
crystal display (LCD) [7] and an application for the display

device [8], [9]. Schoenbach suggested that the microhollgyrmally a high gas pressure operating device so that in what
cthode dlschargg can be used for the flat panel d|splay W'th%ﬂows there is some research on the geometry to get the
using ballast at high gas pressure [8]. The plasma displayni§iiow cathode effect at such pressures.

In the previous work, a possibility of plasma display with
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Fig. 2. Photoluminous efficiency of H¢ 1% Xe discharge in the plasma display cell with 0® hole diameter and 200m hole depth of cylindrical
hollow cathode as a function of the cell current and gas pressure.
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Fig. 3. Photoluminous efficiency of He 1% Xe discharge in the plasma display cell with 28 hole diameter and 200m hole depth of cylindrical
hollow cathode as a function of the cell current and gas pressure.

in the current-voltagel(V) characteristic. The relationshipmm x 1.425 mm x 0.05 mm). In this experiment, multi-
between the photoluminous efficiency aldl” characteris- ple discharges have been measured and the averaged values
tics of helium and xenon gas mixture discharge has bebkave been obtained. The visible light transmitted through the
investigated as a function of the dimension of the cylindricghosphor has been measured.
hollow cathode and the gas pressure in a plasma displayn this structure, the plasma distributes from the anode to the
cell. In this work, the planar anode on the phosphor platellow cathode and is contained primarily inside the hollow
has been used instead of the bridge anode of the previmashode. However, the hollow cathode discharge is high-
work [10]. density plasma and produces more ultraviolet (UV) photons
compared to the ordinary glow discharges. The hollow cathode
is located under the phosphor layer to get the larger solid
angle available to reach the phosphor. In this work, helium
Fig. 1 shows the schematic and the cross-sectional vighus xenon gas mixture is used as the discharge gas in plasma
of the cylindrical hollow cathode used for the experiment idisplay. The 147 nm line UV emitted from xenon excited state
this work. The array of cylindrical hollow cathodes has beestimulates a photoluminescent phosphor in a display cell.
fabricated for plasma display cells. Here, 25- and 1@®hole This pixel operates by using time limited sustain pulses.
diameters have been used, and the depth of hollow cathddiere, the width of the sustain pulse is;& and the pulse
is 200 xm. The cathode has been formed by using a screperiod is 10us.
printing technique. The cathode material is aluminum thick Fig. 2 shows the photoluminous efficiency of Hel% Xe
film paste. The dielectric paste film has been covered on thexing gas discharge in the plasma display cells with the 100-
cathode. The thickness of dielectric layer is abou The pm hole diameter and 200m hole depth of cylindrical hollow
height of the barrier rib is 5Q:m. The width of anode is cathode. The photoluminous efficiency is the luminance of
100 pm. The cylindrical hole in the cathode has been madesible light emitted from the phosphor layer divided by the
by Nd-Yag laser. The photoluminescent phosphor has bgewer density consumed in display cell. As shown in Fig. 2,
coated by screen printing technique beside the anode. The luminous efficiency has been measured as a function of
volume of one cell used in this paper is 0.034 #(0.475 gas pressure and cell current. At above 300 torr, the luminous

Il. EXPERIMENT RESULTS AND DISCUSSION
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Fig. 4. The luminous efficiency of He- 1% Xe discharge in the plasma display as a function ofjthe d value.
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Fig. 5. Cell voltage of Het+ 1% Xe discharge in the plasma display cell with 10® hole diameter and 200m hole depth of cylindrical hollow
cathode as a function of the cell current and gas pressure.
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Fig. 6. Cell voltage of He+ 1% Xe discharge in the plasma display cell with 28 hole diameter and 200m hole depth of cylindrical hollow
cathode as a function of the cell current and gas pressure.

efficiency decreases with current and saturates with an increas€he p (Gas Pressurex d (hole diameter of cylindrical
of gas pressure. However, the luminous efficiency increadesllow cathode) can be defined as a parameter to determine the
with increase of the cell current at 100 torr. criterion of getting a hollow cathode effect [8]. Fig. 4 shows

In Fig. 3, the photoluminous efficiency of He 1% Xe gas the luminous efficiency as a function of thee d value. The
discharge with 25:m hole diameter and 200m hole depth critical point of p e d value is between 1 and 2 tosrcm in
has been investigated as a function of gas pressure and E&l 4. From the results, it is found thate d value should be
current. The photoluminous efficiency increases with increakept below 2 torre cm to get the high efficient discharge in
of cell current at 700 torr and decreases with increase of ttiee plasma display with the cylindrical hollow cathode. Fig. 4
cell current at 900 and 1100 torr. makes it clear where the discharge mode shifts.
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Compared to the result from the luminous efficiency meats] Y. Sano, T. Nakamura, K. Numomura, T. Konishi, M. Usui, A. Tanaka,

surement, the value gf e d is consistent with that of the cell T. Yoshida, H. Yamada, O. Oida, and R. Fujimura, "High contrast 50-in
| Fig. 5 sh h lati hio b color ac plasma display with 1356768 pixels,” inSID Int. Symp. Dig.
voltage measurement. Fig. 5 shows the relationship between 1qch papers1998, pp. 275-278.

the discharge current and cell voltage in the plasma display cefll H. Matsuzaki, Y. Imahori, and T. Kamegaya, “Discharge characteristics
with 100um diameter and 20@m depth cylindrical hollow zndlag?]'VSiS °|f jeho”o‘“’l%a‘h‘)di;grza‘lggz dilsg;‘;"ge display pahel,”
L ppl. Phys.vol. 46, no. 10, pp. — , .

cathode. The normal glow characteristic was observed at aboyg 1. kamegaya, H. Matsuzaki, and M. Yokozawa, “Basic study on the gas

300 torr as shown in Fig. 5. The discharge mode transited to discharge panel for luminescent color displa{ZEE Trans. Electron

an abnormal type of glow at around 100 tor. Fig. 6 showgey BoGeeYoL E02% pp I00e oo seputore, |

the I—V curve of He+ 1% Xe discharge in the display cell 30, no. 5, pp. 711-719, 1959.

with 25 xm diameter and 20:m depth. The slope of the [7] N:‘ Anandltf{m,hD- Keltcthum,f:*-tEf}"ngef, R-tK:fken é]}nd W-,Cf_iffﬁ\lﬂel_scigg
. . . oI a muiti-channel true Ttiat tluorescent lamp for avionic

I-V curve has decre.ased Wlt.h mcrealsmg of the gas pressure backlighting,”|[EEE Trans. Electron Devicespl. 41, pp. 504-509, Apr.

and become a flat line that is a typical normal gldw} 1994,

curve above 2 tore cm. From the results, it is found that (€l !fMi*c*r-ohsom(\’,venc'f;ﬁgaeRai\s/gagar‘pggg 1 gessnow, and F. E. Peterkin,

there is some relationship between higher luminous efficiency pp. 13-15, 1996. gesApR!. Fhys. Letl.vol. 82, no. &

and abnormal glow discharges compared to that of nhormg] J. W. Frame, D. J. Wheeler, T. A. DeTemple, and J. G. Eden, “Mi-

; it - ; crodischarge devices fabricated in silicolppl. Phys. Lett.vol. 71,
glow discharges. In addition to the previous result [10], it ho. 9. pp. 11651167, 1997.

is found that the positive slope of-V curve of helium [10] K. c. Choi, “Microdischarge in microbridge plasma display with holes

and xenon mixture gas discharges in the abnormal mode is in the cathode 1EEE Electron Device Lettyol. 19, pp. 186-188, June

; ; ; ; i 1998.
a_SSOCIated with a higher luminous eff_|C|ency for_ the plas ?1] M. Seki, T. Kato, T. Kawai, T. Takei, S. Ueda, Mushirozawa, T.
display compared to that of the gas discharges in the normal’ Tajima, J. Koike, H. Murakami, Y. Sasaoka, T. Atsumi, F. Sakamoto,

glow mode. K. Kiriyama, S. Uemura, and K. Takahasi, “Fabrication techniques for
high-resolution 42-inch HDTV PDP,” irProc. Int. Display Research
Conf., 1997, pp. 281-284.
[Il. CONCLUSION

A plasma display device with the cylindrical hollow cathode
has been proposed. This newly designed structure is based
on the previous work. In this work, the relationship between
the hole diameter of the cylindrical hollow cathode and tr
gas pressure in the plasma display for getting high efficie
hollow cathode discharge has been investigated by measut
the photoluminous efficiency and the cell voltage as a functis
of the cell current. At below 2 tors cm of p e d value, the 1995, _
luminous efficiency increases with increase of the dischar for Advanced Engineering, Seoul, where his work

. . / focused on the design of field emission display
current in a cell of plasma display. Also, the slopeeft’ -, & devices. From 1995 to 1996, he was a Research
curve turns out to be positive at around 2 mwfe d value. ) Scientist in the Microbridge Plasma Display Panel

; ; ; ; of Spectron Corporation of America, Summit, NJ. He was a Senior Research
When the d|scharge current In. th.e Cel.l Is AR, the luminous Scientist at Hyundai Plasma Display, Hawthorne, NY, from 1996 to 1998,
efficiency at below 2 tore cm is five times greater than thatynere his work was to continue on developing plasma display technology.
at above 2 torre cm. In the conventional dc PDP, whichSince June 1, 1998, he has been with the Advanced Display R&D Center of
is optimized by the cell arrangement, phosphor layer and glﬂJ.r‘da' Electronics Industries, Kyoungki-do, South Korea, and has been a

. .. . enior Research Scientist. His research interests include plasma display panel,
on, the luminous efficiency is about 0.4 Im/W [11]. Furthefieiq emission display, plasma engineering, and plasma modeling.
improvements are hoped for in optimizing the application of Dr. Choi is a member of the Society for Information Display, the American
hollow cathodes with other geometry. Vacuum Society, and the American Physical Society.
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