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Abstract

MgO thin films were deposited by e-beam evaporation on SiQ/Si
wafers for the application of a protective layer in alternating
current plasma display panels (AC-PDPs). Three different MgO
sources, single crystal, melted polycrystal and sintered
polycrystal, were used to find out the change of the properties of
MgO protective layer depending on the source type. The
properties of MgO thin films such as density, orientation and
surface morphology were influenced by the source type. MgO thin
films deposited with the melted polycrystal source had the highest
density with the highest (100) preferred orientation, whereas the
films deposited with the sintered polycrystal source had the lowest
density with less preferred orientation. Such a result seems to be
originated from the different mobility of adatoms on the surface of
the deposited MgO thin films. Different microstructures of MgO
thin films deposited even in the same deposition condition were

observed depending on the MgQO source type, resulting in different
discharge characteristics.

1. Introduction

MgO thin film is widcly uscd as a protective layer on the
diclectric layer for alternating current plasma display pancls (AC-
PDPs) duc to low sputtering yicld, high secondary electron
cocfficicnt and good optical transparcncy [1-2]. In thc actual
operation of AC-PDPs, the discharge characteristics are critically
dependent on the physical propertics of MgO films; crystalline
structurc, surfacc morphology, and so on [3-4]. Many rcscarches
of diverse dircctions have been conducted, but the growth
mechanism and thc rclationship between microstructure and
discharge characteristics have not been reported clearly because
the propertics of MgO thin films arc significantly scnsitive to the
cvaporation condition and post-trcatment of evaporated MgO
laycr. Thercfore, it is too difficult to consider separately the
factors influcnced the discharge characteristics.

To explain the relationship between microstructure and discharge
characteristics, in this study, MgO thin film was deposited with
thrce E-beam evaporation sourccs; singlc crystal, melted
polycrystal, and sintcred polycrystal. The basic propertics of the
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deposited MgO thin films were characterized by cllipsometer, X-
ray Diffractometcr (XRD), Scanning Elcctron Microscope (SEM)
and Atomic Forcc Microscopy (AFM). And thc discharge
characteristics werce also mcasured using the unscalcd 2™ test
panels in a vacuum chamber filled with Ne-4%Xc mixture.

2. Experimental

MgO thin films were deposited by c-becam cvaporation mcthod
with three MgO sources; single crystal, melted polycrystal, and
sintered polycrystal. To obscrve the basic propertics of MgO films,
the 50 nm-thick thermal-oxidized SiO,/Si wafcrs were used as
substratcs, while the 2” test glass pancls were used as substrates
for the measurcment of the discharge characteristics. The chamber
basc pressurc was kept at 107 Torr and the substratc temperaturcs
were fixed at room temperature during the deposition.
Acccleration voltage was fixed at 10 kV and clectron beam
currcnt was in the range of 9~20 mA. Deposition ratec of MgO was
0.1 nm/sec and thickness of MgO film was about 500 nm for all
samples.

Film density was calculated by means of two mcthods;
gravimetric mcasurcment and cllipsometer. In the first mcthod
weight and volume of the films were dircctly measured and then
the density was calculated by dividing the weight of film by the
volume. So we measurcd the weight of the substratc before and
after deposition. And MgO film was dcposited using the 6 x 4 cm’
mask to keep a constant MgO dcposited arca for all samples.
Thickness of film was mcasurcd by thickness profiler and was
confirmed by cross-scctional images of SEM. The sccond method
is donc by measuring the refractive index of film using
cllipsometer and then by calculating the density using Lorentz-
Lorcnz cquation [5];

p=K(n =1)/(n° +1)

where, p, K, and n are film density, Lorcntz constant, and
refractive index, respectively. Film density was acquired using
9.078 of Lorentz constant, K. For thc identification of thc
crystallinity and preferred orientation of MgO thin films, XRD in
0-20 mode was uscd. In order to obscrve the surfacc morphology
and microstructurc of MgO films, SEM and AFM wcre used.

Dischargc characteristics, firing voltage (V¢ and sustaining
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voltage (V,), were measured using the unscaled 27 test pancl in
thc¢ chamber filled with Ne-4%Xc¢ mixture gas at 300 Torr. The
discharge between sustaining clectrodes was generated and the
sustaining pulscs of 10 kHz of the panel were alternatively applied
to cach sustaining clectrode. It is gencrally known that MgO has a
strong tendency to form Mg(OH), and MgCO; in cxposure to air
[6]. Hcnee, in order to prevent such tendency, discharge
charactcristic was immcdiately measured after the deposition of
MgO films on thc test pancls.

3. Results and discussion

Figurc 1 shows SEM micrographs of MgO films dcposited with
three sources. Films were deposited in the samc condition;
dcposition rate was 0. Inm/scc and film thickness was 500 nm. But
surface morphology was very different depending on the source
type. In casc of singlc crystal source, grains of MgO film were
spherical and its grain boundarics were very loosc. Grains of films
deposited with melted polycrystal and sintered polycrystal sources
were smaller than that with single crystal source and had a sharp
trianglc shapc. But SEM cross-scctional images of these two films
were different from cach other. In case of melted polycrystal,
grains wcre columnar and densc, whercas thosc of sintcred
polycrystal were loose and voided.

Figurc 2 comparcs the density of MgO thin films deposited with
three sources. As shown in Figure 1 (b), (d), and (f), density of

MgO thin film dcposited with the mclted polycrystal source was Figure 1. SEM images of MgO films deposited with (a), (b)

the highest. The reason for the difference in surfacc morphology single crystal, (c), (d) melted polycrystal, and (e), (f)

and density of film was duc to the difference of filament cmission sintered polycrystal source.

current cven in the same deposition rate, as shown in Table 1. The

difference is causcd by the cnergy requirement for evaporating 4.0

cach source, and the cvaporated atoms’ mobility is influenced by ! ngO - 1.8

the filament cmission current. In casc of thc melted polycrystal 3.6 b e e g

source, its cmission currcnt was so as high as 17 ~ 19 maA that its P I /n\‘ - 1.7 E

grain was dcnsc. Whercas MgO film deposited with the sintered g 32 | [ .. -

polycrystal sourcc had the lowest density, because of 9 mA of \;in 5 \ - 1.6 '3

cmission current which was lower than that of the mclted ¥ 28 |- . <
. ) . . Z o

polycrystal sourcc. Finally, it can be concluded that the emission = N 415 5

currcnt might control the density of the films deposited in the 2 24 | =S

samc dcposition condition like deposition rate. =] L | —O— Weight measurement 1.4 =

Figurc 3 shows XRD patterns of MgO films dcpositcd with three 2.0 |~ | —8—Ellipsometer 1"

sources. Films deposited with the single f:rystql and melted ! ' ) , - | ’ 3

polycgstal sources have (100)'prcfcr-red oricntation, but (100) Sinele Melted Sintered .

pcak mtensity of the film deposited with the sintered polycrystal 8 1 tal olvervstal

sourcc was cqual to that of (111) pcak. It was also duc to the crystal M Opo ycrys ﬂt potycry

mobility of thc adatom on surfacc of deposited MgO film. . . gL source fype ) . \

Aboclfotoh ct al. [7] suggested that (100) preferred oricntation, Figure 2. Density of MgO films deposited with various

which minimizes the intcrfacial and surface free encrgics, sources.

appcarcd when interfacial interaction between the deposited ]

specics and the substratc atoms is weak. As a result of the weak Table 1. Filament emission current during E-beam

intcrfacial intcraction between the deposited specics and substratc, evaporation with various MgO source at same condition, 0.1

the mobility of the deposited specics on the substrate surface was nm/sec.

incrcascd. So adatom having high mobility can casily move on

Single Melted Sintered

(100) planc. In this study, th¢ samc phcnomcnon was obscrved.

Atoms cvaporated by higher cmission current had higher mobility crystal polverystal | polvervstal
so they casily moved on stable (100) planc. In cascs of the single .

crystal and sintcred polycrystal sources, degree of oricntation to Flla}m.ent

(100) planc was Icss than that of the melted polycrystal source. CIISSIOn | v 16 mA | 17~19 mA 9 mA
Thercfore, the degrec of orientation to (100) planc was _ current

correspondcd to the tendency of the filament cmission current.
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Figure 3. XRD patterns of MgO films deposited with (a)
single crystal, (b) melted polycrystal, and (c) sintered
polycrystal source.
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Figure 4. Relationship between texture ratio and density of
MgO films deposited with various sources at same deposition

rate, 0.1 nm/sec.

Figurc 4 rcpresents that adatom’s mobility affected the film’s
density and preferred orientation, and the tendency of both was
similar. To obscrvc the dependency of the propertics of MgO films
on filament cmission current, MgQO films were deposited with
various sourccs in 19 mA of the same emission current, and the
result is shown in Figurc 5. In cascs of the single crystal and
mcltcd polycrystal sources, deposition ratc was 0.2 ~ 0.25 nm/scc.
And the deposition ratc of MgO film dcposited with the sintered
polycrystal sourcc was 0.5 ~ 0.6 nm/scc. On the contrary, the
density of MgO films dcposited with the single crystal, melted
polycrystal, and sintcred polycrystal sources were quite similar.
From the result it can be inferred that atoms cvaporated at the
samc cmission current had the same mobility and the current was
a key factor to change the density. MgO films dcposited with the
singlc crystal and mclted polycrystal sources were oriented to
(100) planc and the dcgree of texturc ratio was similar to cach
othcr. But in casc of thc sintcrcd polycrystal source, it was
onicntcd to (111) planc. Although thc cvaporatcd atoms had high
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Figure 5. Relationship between texture ratio and density of
MgO films deposited with various source at same emission
current, 19 mA.
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Figure 6. Discharge characteristics of MgO films deposited
with various seurces at same deposition rate, 0.1 nm/sec.

mobility, othcr adatoms arriving later could disturb the atoms in
their scttling down on the stable atomic sites bccausce of high
dcposition ratc. The result was different from that of Aboclfotoh ct
al. [7]. In casc of the sintered polycrystal sources, mobility of the
film was high but it was oricnted to (111) planc.

As a rcsult of deposition with three sources, it is surc that
adatoms’ mobility is an important factor to changc the
microstructurc of MgO films.

Figurc 6 shows the discharge voltages of test pancls with MgO
films deposited at thc same deposition ratc. Firing voltages of
MgO films dcposited with the mcltcd polycrystal and sintered
polycrystal sources were similar to cach other, whercas firing
voltagc of the single crystal source was higher than thosc of others.
In casc of thc single crystal source, density and preferred
oricntation were similar to the melted polycrystal source. But its
surfacc morphology was different from thosc of other sources. 1t
scems that a spherical-shaped grain and a loosc grain boundary
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had a bad influcnce on firing voltage and surfacc morphology was
an important factor to firing voltage. Sustaining voltage of MgO
film deposited with the sintered polycrystal source had highest.
The tendency of sustaining voltage was in good agreement with
that of dcnsity. High density of MgO film depositcd with the
meltcd- polycrystal sourcc had the lowest sustaining voltage. In
casc of the mclted polycrystal sources, firing and sustaining
voltage were lowest.

4. Conclusion

From this study it was found that microstructure of MgO films
dcpositcd with three sources was different. In casc of the single
crystal source, its grains were spherical and grain boundarics werc
loosc. Grains of MgO film having the highest density deposited
with the mclted polycrystal sources were small and sharp. And
grains of film dcposited with the sintered polycrystal source were
similar to those with the melted polycrystal source but its density
was lowest, It was duc to a diffcrence of the atoms’ mobility.
High-mobility atoms developed the densc and (100) prefcrred
oricntcd film. But when diffusion time was not long cnough to
move, film was oricnted to (111) plane.

According to the discharge characteristics of the unscaled 27 test
pancls, it is confirmed that firing and sustaining voltages were
affccted by surfacc morphology and density of MgQO films,
respectively. In this study, MgO film deposited with the melted
polycrystal source showed the best discharge characteristics.

226 - Asia Display / IMID '04 DIGEST

In conclusion, denser MgO film with the sharp and small grains
could be led to better discharge characteristics.
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