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The present generation of AC plasma display panels (AC PDP) requires further
improvement because of poor voltage characteristics and high production cost. The
voltage characteristics of AC PDPs are greatly affected by a protective layer because it is
directly exposed to the gas plasma. To replace the conventional MgO protective layer in
order to improve the voltage characteristics, panels with various protective layers of an
MgO-CaO system were prepared by an e-beam evaporation method. Among the oxides of
various composition of the MgO-CaO system, a panel with an Mgg9Cag 10 protective layer
had the lowest firing and sustaining voltages. But, it exhibited poor aging characteristics,
compared to the conventional MgO protective layer. A post annealing process was
introduced so as to improve the surface properties and aging characteristics of the
MgooCag 10 protective layer in this work. The annealing process was performed in nitrogen
gas as a function of holding time at 400°C. From XRD analyses, the (111) orientation
formed in the as-deposited Mgy gCag 10 thin film remained unchanged after the annealing
process. However, the surface morphology of the Mgg¢Cag 10 protective layer, which is
closely related to its aging characteristics was greatly affected by the annealing conditions.
The refractive index of the Mgg9Cag ;10 thin film was increased by the annealing process at
400°C for b h, which is probably due to an increase in film density. The sustaining voltage
of the annealed Mg 9Cag 10 film is lower in the initial aging period but higher than that of
the as-deposited Mgg9Cag 10 film after obtaining a stable voltage. However, the annealing
in nitrogen gas made the aging process much shorter, compared to that of the as-deposited
Mgo9Cag 10 film. The aging characteristic of the Mgy ¢Cag 10 protective layer was found to
be greatly improved by the annealing process in nitrogen gas at 400°C for 5 h.
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1. Introduction prospective MgO-CaO protective material, which is ex-
Large plasma display panels (PDP) are already compected to replace the conventional pure MgO protective
peting effectively against cathode-ray-tubes (CRT) andayer, was reported in our earlier study [3]. It was found
liguid crystal (LC) projectors for presentation and en-to have better voltage characteristics and a higher sec-
tertainment applications, in spite of their high price ondary electron emission coefficient than those of the
range. Furthermore, larger panels with higher resoluMgO protective layer. It, however, has to be examined
tion are currently under development. However, thewith respect to the stability of the sustaining voltage
PDP technology still needs further improvements infor a long time, which is closely connected with its life
production cost and display quality to be competitive.span, in order to be reliably applied to the protective
There are three major strategies for reducing the cost déyer of the AC PDP in place of the MgO.

PDP: lower operating voltage, lower peak current, and Generally, many processes such as sealing, out-
a reduced number of high-voltage drivers [1]. Amonggassing, and aging are needed to be carried out for
these, the operating voltage of a PDP is highly affectedhe production of the PDP. Particularly, the long ag-
by the protective layer materials because the operatioimg process to get a stable voltage characteristic by
mechanism of the AC PDP is based on the gas disactivating the protective layer is one of the main rea-
charge phenomenon through the protective layer thagons for the increase in the production cost of the PDP
covers the dielectric layer. Therefore, the protectivedue to its excessive power consumption and processing
layer plays an important role in the discharge charactertime. Therefore, to cut down the production cost of the
istics because it is directly adjacent to the gas [2]. Thé®?DP to the level of the CRT, the time consumed in the
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aging process has to be minimized. Inthiswork,theag 190
ing characteristic of the MgO-CaO protective layer that
showed better electrical performance is compared witl
that of the conventional MgO protective layer and the
annealing process in nitrogen gas is introduced to im 180
prove the aging characteristics of the MgO-CaO films.g
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2. Experimental details o 170F 1075 =
The process to fabricate evaporation sources was I’(; ‘3"
ported elsewhere [3]. An e-beam evaporation chambe € o
was pumped by an oil-diffusion pump to a base pressurﬁ <
of 5 x 10~% Pa. The input power of an electron-gunwas 160 ° 410.50 g
1.2 kW, a high-voltage 180bent-beam electron gun m/o C=D::
was used, and the accelerating high-voltage was fixe 1 o
constantly at 4 kV. Substrates were not heated and oxy . ' . . > ' o
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gen gases were not introduced in the chamber. Thefilr 150 .

thickness was controlled by evaporation time and wa: 0 01 02 03 04
later measured by using a surface profilometer. The mi [Ca0/(MgO + Ca0)]
crostructure of the layers was obtained by a thin film

X-ray diffractometer (XRD) with a Cu target at 40 kV Figure 1 Firing voltage and memory margin of MgyCaO films as a
and 120 mA. The surface topograghy of the films wadunction of [MgO/(MgO+ CaO)] ratio in starting materials.
obtained by a field emission scanning electron mi-

croscopy (FESEM). The refractive index of the evap-
orated films was evaluated by an AutoEL-1l automatic
ellipsometry with a wavelength of 670 nm and then
the film density was calculated by using the Lorentz- _.. . .
Lorentz relatio)rqship from the me)allsureg refractive in_rat|o>0.a was used, the firing voltage however, in-

" . creased gradually in proportion to the CaO con-
dex values [4]. Composition of the MgCay 10 films ) . ;
before and after annealing was analyzed by aAugegentratlon. This reveals that the panel with the

The firing voltage decreased rapidly with the addi-
tion of a small amount of the CaO to the pure MgO.
When an excessive CaO cont¢i@aO/(MgO+ CaO)]

electron spectroscopy (AES). To determine the voltag CaQ/(MgO+ CaO)] ratio in the starting powder mix-
characteristics of the panels, the dielectric layers wer ure in the range between 0.1 or 0.2 can be operated
printed on soda-lime glass substrates, followed by
printing of the silver electrodes which had a line width
and gap of 20@em and 10Q.um, respectively. The pro-

at the smallesV; value. In the case of the MC value,
he panel with the CaO content of 0.1 showed a maxi-
mum in Fig. 1. The large MC value means that there is

tective materials with 300-nm thickness were depositecil high pro.bab|I|ty of stable operation of the panel. The
more desirable concentration of the CaO in the mix-

by the electron beam evaporation method on the dielect'ure however, is considered to be 0.1 because the MC

tric layers. The voltage characteristics of the panels e . i
were then evaluated in a specially designed chambe%/raluels slightly larger than that of 0.2. Detailed descrip-

: . lons of the reasons why the voltage characteristics of
filled with He gases at 300 Torr [3]. The heat treatmentthe MgO-CaO protectivglayers Wegrje lower than that of
to improve the aging characteristics of the MgO-CaO

the conventional MgO protective layer and the effect of

protective layer was performed in nitrogen gases wit " . .
the heating rate of 4C/min up to 400C as a function h;ggwii?g'%} on the physical properties were reported

of the holding time. A number of measurements men- The aging characteristics of the panels with the pro-

tioned above, such as the XRD, AES, SEM and ellip-, . .
sometry were performed before and after the annealinéicwe layer of the MgO and MgCa,0 protective

process so that we could inspect the effect of the annea yers were examined in terms of the sustaining voltage

; : : . s a function of the aging time as shown in Fig. 2 in or-
ing process on the physical and electrical properties of -
the MgO-CaO films. der to compare the voltage stability of the g a 10

protective layer which exhibited the best electrical per-
formance among the films of the MgO-CaO system.

. . The sustaining voltage of the pure MgO protective
3. Results and discussion layer exhibits a gradual decrease in the initial stage and
Fig. 1 shows the firing voltag&/) and the memory co-  then approaches a stable voltage after aging for about
efficient (MC) as afunction of the [CaO/(MgPCa0)] 400 min. However, the MgCay 1O protective layer
ratio in the starting powder materials. The memory cospows a steeper slope in the sustaining voltage in the
efficient (MC) for the MgO-CaO system was deter- ggyjier stage of about 200 min and then exhibits a slower

mined by using the following equation [5]. decrease until it resumes a stable voltage characteris-
tic by the time of about 700 min. This time taken for
MC = 2 x (Vt — Vs)/ (V) the Mgy.9Cay 1O protective layer is much longer than

that of the panel with the pure MgO protective layer.
where V; and Vs are firing voltage and sustaining As mentioned above, the aging process has to be mini-
voltage, respectively. mized in order to cut down the production cost and the
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Figure 2 Aging characteristics of panels with (a) MgO and '§ 70
(b) Mgo.9Ca 10 protective layers. .E 60 Mg
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processing time of the AC PDP. Therefore, itis believec S 40 [
thatthe improvementinthe aging characteristicsaswe ¢ 30
as alowfiring voltage and a high MC value are essentic © 20 | : C
factors for the successful substitution of pa) 10 E 10¢F a
for the conventional MgO protective layer. Inthis study, & 0 * - y ' T -
; ; < 0 2 4 6 8 10
the annealing process was introduced for the purpose . ?
improving the aging characteristics of the ja 10 Sputter Time (min)
protective layer. (b)

Fig. 3a and b show Auger depth profile of the
Mgo.9Ca 10 films before and after annealing at 4@  Figure 3 Auger depth profile of (a) as-deposited digay.1 O film and
for 5 h. Even though the annealing process was done if) Mdo.sCa.10 film after annealing at 400C for 5 h.
nitrogen gas ambient, nitrogen gases were not absorbed
on the film surface, but contents of oxygen increased
at the film surface due to oxygen remained in chambe*
wall. This increase in the oxygen content in the film (111)
is believed to alter the energy band structure and the
affect the secondary electron emission characteristic (200)
of protective layers [6], resulting in higher sustaining
voltage of Mg ¢Ca ;O film annealed fo5 h at 400°C
in the final stage of aging characteristics than that o
as-deposited MgO film.

The X-ray diffraction patterns obtained from the as-2
deposited MgO and MgCay 10 films, respectively,
are shown in Fig. 4a and b. Fig. 4c and d show thess
X-ray diffraction patterns of the MgCay 1O film after ~
the annealing at 400 for 3 h and 5 h, respectively. -_?_-‘
The XRD pattern of the pure MgO film (Fig. 4a) shows g
(111) orientation along with small peaks of (200), (220) ®
and (222). When CaO is added to the MgO (Fig. 4b), in- £
creases in the intensities of both (111) and (200) peak
are observed with the corresponding peak shifting tc
lower diffraction peak positions. But, the crystalline

(220) (222
w &
(b)

—
12

=
o
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structure of the MggCay 10 film is still cubic and no A x L L 2 L A
further phase transformation is detected. After the sub % 40 S 6 7O 8 %0
sequent heat treatment of the p&a 10 film for up

to 5 h, no obvious change can be found, as shown i, 20 (degree)

Fig. 4c and d.

Lo Figure 4 XRD patterns of (a) as-deposited MgO film, (b) as-deposited
Because the voltage characteristics of AC PDPwg,sCay 10 film, (c) MgosCa.10 film after annealing at 400C for

are highly affected by the surface properties of thes h, and (d) MgeCay 1O film after annealing at 400C for 5 h.
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protective layer, the surface morphologies of the
Mgo.9Ca 10 film before and after the annealing pro-
cess were investigated by the field emission scannin
electron microscopy (FE SEM). Fig. 5 shows the FE
SEM images of the specimens: (a) the as-deposite
Mgo.9Ca10 film, (b) the Mg oCay 1O film after the &
annealing process for 3 h, and (c) theGa 10 film >
after the annealing process for 5 h, respectively. After2
annealing for 3 h, the grain size of the WM& 10 ‘q')
film was found to have increased and the micro crack.>
which were formed before the annealing increased ir®
. . ©
size and amount probably due to the agglomeration o=
particles. Such large cracks tend to induce voltage in&’
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stability and furthermore, reduce the life span of the : A 13.55

PDP because the dielectric layers cannot be effectivel

Figure 5 FESEM images of MgeCay 1O film (a) as-deposited, (b) after
annealing at 400C for 3 h, and (c) after annealing at 400 for 5 h.
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Figure 6 Refractive index and density of MgCay 1O film as a function
of heat treatment time.

protected during long periods of operation. However,
the surface morphology of the MgCay ;10 film after
annealing fo 5 h isobserved to be uniform and dense
with a reduction in crack size. Therefore, a heat treat-
ment of well ove 3 h isneeded in order to obtain good
surface property without increasing the crack size.

The film density can be calculated from the refractive
index by the Lorentz-Lorentz equation,

p=K(M?=1)/(n*+2)

wherep, K, andn are the film density, a constantand the
measured refractive index, respectively. TRevalue
is 9.078, which was calculated from the refractive in-
dex (1.737) and the density (3.65 gfnof the bulk
MgO [7]. Fig. 6 shows the refractive index and the
calculated film density. The refractive index and the
density of the as-deposited MgCa 10 film are 1.74
and 3.632 g/cry respectively. As the heat treatment
time increased to 3 h, the refractive index of the film
slightly decreased and the film density also decreased.
However, both the refractive index and the density of
Mgo.9Ca 10 filmincreased abruptly when annealed for
upto5h. Suchincreasesinthe density and the refractive
index are thought to be due to the increase in the pack-
ing ratio of the film by the heat treatment because the
cubic structure of the film remained unchanged and no
phase change had occurred, as shown in Fig. 4. Uchiike
et al also suggested that the increase in the film density
might affect the electrical characteristics of the panels,
which however, is open to further in-depth study [8].
The above experimental consideration reveals that the
heat treatment at 40 for 5 h improved the physical
properties of the MgyCa 10 film such as the crys-
tallinity, the surface morphology and the film density.
The aging characteristics of the lyigfCa 1O film an-
nealed fo 5 h that exhibited the best properties in terms
ofthe surface morphology and the film density, were ex-
amined using He gas of 300 Torr as the discharging gas
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tive layer had lower firing and sustaining voltages but
exhibited poor aging characteristics compared to the
MgO protective layer. The annealing process in the ni-
trogen gas at 400C was introduced in order to im-
ot prove the aging characteristics of the MGay 10 pro-
tective layer in this work. The film structure remained
unchanged and no further phase transformation was
detected in the subsequent heat treatment. However,
the surface morphology of the MgCa 10 protec-
tive layer was greatly affected by the annealing con-
dition. After annealing for 3 h, the grain size of the
Mgo.9Ca .10 film was found to have increased and the
micro cracks, which were formed before the anneal-
ing, increased in size and amount probably due to the
agglomeration of particles. But, the uniform film with-
out micro cracks was obtained through the annealing
in nitrogen gas for 5 h. The refractive index value of
the film was also increased by the annealing in the ni-
trogen gas fo5 h due to an increase in film density.
During the aging process, the initial sustaining voltage
of the annealed MgyCay 1O protective layer decreased
slightly compared to that of the as-deposited film but
exhibited a little increase after the stabilization of the
as shown in Fig. 7. The aging curves of the as-depositegustaining voltage probably due to the increased con-
and annealed at 40C for 3 h Mg, 9Ca ;O films were  tents of oxygen in surface of film. However, this aging
replotted in Fig. 7 for comparison. The MgCa 0  process to get a stable voltage was much shorter than
film after the annealing fo5 h exhibited the initial  thatof the panel with the as-depositedddgay 10 pro-
sustaining voltage of 136 V (curve (b)), which is 4 V tective layer. Therefore, it was confirmed that the aging
smaller than that of the as-depositedddGa 1O film  characteristics of the panel were affected by the surface
(curve (a)) and became stable at 116 V by the time ofroperties such as the surface morphology, the film den-
270 min, which is much shorter than that of the as-sity on protective layers and that the annealing process
deposited film in spite of slightly higher voltage by in the nitrogen gas at 40C for 5 h could improve the

4 V. One feature is that the sustaining voltage of theaging characteristics of the MgCa 10O film.

Mgo.9Ca 10 film annealed fo5 h is lower in thenitial

aging period but higher than that of the as—deposite(%

MgooCa 1O film after obtaining a stable voltage. This Acknowledgment .
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Figure 7 Aging characteristics of panels with MgCay 10O film (a) as-

deposited, (b) after annealing at 48D for 3 h, and (c) after annealing
at 400°C for 5 h.
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4. Conclusions
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