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lon beam assisted crystallization behaviar of sol-gel devived PhTi(), thin films, deposited on hare silicon (100} sub-
strates by spin-casting method, has been investigated 4r 10n hombardment was directly conducted on the spin-
coated film surface with or without heating the film [rom room temperature to 300°C. Ion dose was changed from
B 10" to 7.5 10" Ar/em®. Formation of (110 crientad peravslate phase was observed with 1on dose above 5x 10%
Art/em’. Crystallization of PhTiO, thin film could be enhanced with mereasing the Ar ion dose, or heating the sub-
strate during 1on bombardment. Crystallization of the PET10, films by ion bombardment was related to the Jocal

heating effect during ion bombardment.
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1. Introduction

F ervoelectric thin films, pariicularly Pb relaled ma-
terials such as Pb(Zr,Ti)O,, PhTi0s, (Ph,La)Ti0;, (Fh,
La)(Zr,Ti)0,, have been extensively investipated in re-
cent years due to thewr potential applications for non-vo-
latile memory, integrated electro-optic devices, Infrared
sensors, and micreaciuators.”" Ferrgelectric thin films
have heen {abricated uwsing a variely of deposition tech-
nigues such as sputtering,"” chemical vapor deposition,™
ion heam deposition,” sol-gel,** and laser ablation."™

In order to crystallize as-deposited PbTiO, or Ph(Zr,Ti)
U, films into ferroelectric perovskite phase, wi-sifie or
post heat-treatments are required. However, lead wvo-
latility during annpealing process at elevated tem-
peratures usually hinders the formation of pernvskite
phase, resulting in deterioration of the ferroelectric pro-
periies of films. Thus, various methods. such as rapid
ithermal processing and contrel of PbO stoichiometry in
sol-gel solutions. have been applied io prevent the lead
defliciency of heat-treated films, "

Recently, it has been often reported that ion beam pro-
cessing could be elfective for modification of the sol-gel
derived film properties. Shacam-Diamond et ol showed
that the properties of sol-gel derived silica films could be
modilied by ion immplantation with silicon and phos-
phorous ions.'™ Levine ef al. also reported the cry-
stallization of sol-gel derived zirconia Alms using Xe ion
beam.!” There has been few report up io now, however,
whirh is concerned o the crysiallization of perovskite
materials using ion bombardment. Instead of post an-
nealing process, ion bombardment may be apphed as an
alternative method for crystallization of sal-gel derived
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PbTi0; and Pb(ZrTH0, films since heating for cry-
stallizalion can be minimized with ion beam processing.

In this work, jon besam assisted crystallization beha-
vior of sol-gel derived PhTi0; thin films was investigated
with high energy Ar ion bombardment.

I1. Experimental

Pb acetate tribydrate and Ti iso-propoxide were used
as precursors, and 2-propanol was selected as a solvent.
Chemical additives were added to modify hydrolysis and
condensation rales of the complexed sel for long-time sta-
bility. PhTi0, thin filims were deposited on hare silicon
{100) substrates {1x1 cm) hy spin-tasting at 3000 rpm
for 30 seconds. Deposited films were dried and pyrolized
at 300°C for 2 minutes This process was repeated gev-
eral timeg to obtain the desired film thickness of 300 nm.

Deposited PbTi,; thin films were bombarded with 80
eV Ar jons at iemperatures ranged fram ambient to
200"C. Ar 1on doses were selected to be 5x 10, 5x 10,
or 7.5x10% Ar/em’. Ton beam current density was fixed
at 1.5 pA/an’ with the base pressure of 4 x 107 torr.

Thickness nf the (ilms was measured using scanning elec-
tran micraseopy (SEMD and ellipsametry Crystallization
bshavior of the films with 19n bomhardment was charac-
teriged using X-ray diffraction (XRD). Morphology of the
ion-hombarded film suwrface was observed using SEM, and
compositional analysis on the film surface was performed
with Auger electron spectroscopy (AES).

HI. Results and Discussion

¥XRD patterns of the Glms (Fig. 1), bombarded at room
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temiperature with ion doses ranged [rom 5x 10" to 7.5x
10° Ar/em® elearly illustrate the effect of ion hom-
bardment on crystallization of =ol-gel derived PWTIO,
films. With Ar ion dose of 5x 10" Ar'/em?, there was no
irace of XRD peaks, indicating amorphous state of the
thin film. With appearance of (110) peak of the perovsk-
ite structure, however, it 1s clearly shown that perovek-
ite phase was crystallized by increasing the Ar ion dose
above 5x 10" Arem®. Small increase of the Ar ion dose
from B> 10% to 7.5x10% Ar/em® results in a large in-
crease of (110) peak intensity, probably indicating the ex-
istence of a threshold in the ion dose for the cory-
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Fig. 1. XRD patterns of PhTiO; films bombarded with vari-
ous Ar ion doses at room temperature.
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stallization of sol-gel derived PhT1Q, films.

Fig. 2 shows the influence of heating temperature dur-
ing Ar ion bombardment on the crystallizalion hehavior
of sol-gel derived PbTi0, films. Obviously, the overall
peak intensities were enhanced with increasing healing
temperature from 100°C to 300°C at the ion dose of Ax
10 Arfem®. At heating temperature of 300°C, a peak
around ©9=36°, which was presumed to be pyrochlore
phase, appears with increase of all peak heights.

SEM micrographs of the surface morphalagy of PhTiO,
films, bombarded with various Ar ion deses at room tem-
pereture. are given in Fig. 3. Morphology of the as-de-
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Fig. 2. XRD patterns of PbTi0, films hombarded wnth ion
dose of 5x 10" Ar*/em® al various temperatures.
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Fig. 3. SEM micrographs ol the Pb:I’iOa film. surface (a! before Ar ion bombardment and aftel Ar ion bombardment al reom tern-
perature with ion dose of (b) 5 10™ Artem®, () 5% 10" Art/em® and (d) 7.5 10" Ar'/em?’,



50 The Korcan Journal of Ceramics - Young Jo Oh e af

posited film surface, smooth and flat, was changed sig-
nificantly with Ar ion bombardment. Surface of the filmsg
became rougher by ion bombardment with the ion dose
of 5% 10" Ar'fem’. However, small white particulates be-
gan to appear on the film surface bombarded at 5x10%
Axr'/em®. The mumber of white particulates was increased
and the size became larger with increasing Ar ion dose
to 7.5x 10" Art/em®, As shown in Fig. 4, which illustrates
the surface morphology of films bombarded with Ar ions
of 5x 10" Art/em® at various temperatures, white par-
ticulates were formed more heavily with increasing in-
site heating temperature during Ar ion bombardment.
By comparing microstructures of PbTiO, films (Figs 3
and 4) with XRD data in Figs. 1 and 2, it can be sug-
gested that crystallinity of the ion-bombarded PhTiO,
films is associated with the formation of these white par-
ticulates.

Compositions of white particulates and the matrix
were analyzed using AES equipped with fine focused
beam (resolution: 50 nm) and seanning Auger microscopy
(SAM), Fig. 5(a) and (b} show SAM image and Pb ele-
mental mapping for films processed with Ar ion dose of
5% 10% Arjem® at 100°C. White particulates farea 1) and
the matrix (area 2) in Fig. 5(a) corresponds to bright
spot and dark area in Fig. 5(b), reapectively. With Ph ele-
mental mapping in Fig. 5(b), it can be clearly seen that
white particulates (area 1) are Ph-rich compared to the
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matrix {area 2). Nano-probe AES spectra in Fig. 6 also
confirm that there is a significant difference in Pb con-
tent between white particulates (area 1) and the matrix
{area 2,

As composition of the film at spin-coated state could
be thought to be umiform on whole film surface, oc-
currence of the compositional variation in the ion bom-
barded PLTiO; films (Figs. 5 and 6) should be due to Ar
ion bambardment. Sputiering rate of Ph during fon bom-
bardment has been reported to be faster than the sputt-
ering rate of Ti."* When Ar ion beams impinge the film
surface, some of Pb, Ti and O atoms are sputtered out'
and heat is generated by thermal spike mixing process.
Then, the temperature of the surrounding area would be
locally increased high enough to crystallize the perovsk-
ite phase (area 1 in Fig. 5). Thus, the crystallization of
gol-gel derived PhTiO; films by ion borpbardment could
be resulted fromn local heating during ion bombardment.
Since the sputtering rate of Pb is {aster than that of T,
the overall composition of the films was changed to be
Ph-deficient from the stoichiometry by ion bombardment.
With increasing Ar ion dose and heating temperature
during ion bombardment, crystallization of the perovsk-
ite phase was promoted and white particulates, which
were Ph-rich than the matrix, were formed more heavily
(Fig. 1 to Fig. 4). Then, the composition of the matrix be-
came Pb-deficient further, and pyrochlore phase was

L00°C, (e} 200°C, and (d) 300°C,
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Fig. 5. (a) SEM micrograph and (b} elemental mapping for
Pb on the PhTi0Q, film surface bombarded with ion dose of
510" Ar'/em® at 100°C.
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Fig. 6. AES gpecira on the white particulate {area 1) and
the matrix (area 2) of the PhTiOs; film surface bombarded
with ion dose of 5 10" Ar'/em® at 100°C.

formed as shown in Fig. 2.

Ag there is a certain temperature range for post-an-
nealing under which spl-gel derived PhTiO; or PhiZr,TDO;
films could not be crystallized,"*" a critical ion dose
would exist for ion hombardment under which local heat-
ing is not sufficient to chtain the crystallization of soi-gel
derived films. This may explain the crystallization beha-
vior of PhTiO;: films with Ar ion doses, shown in Fig. 1.
Enhancement of perovskite phase formation with in-
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creasing the ir-situ heating lemperature during ion bom-
bardment, illustrated in Fig. 2, may be thought to be e-
guivalent to crystallization behavior of the PbTiQ, films
with increasing the post-annealing temperature. With
XRD data, microstructural ohservation and composition
analysis on the ion-bombarded PhTiQ, films, thus. it can
he suggested that the erystallization of sol-gel derived
PHTiO, films by high energy Ar ion bombardment was as-
sociated with local heating by thermal spike process dur-
ing ion bombardment.

IV. Summary

Pergvskite phase could be formed in sol-gel derived
PhTi0; thin films by Ar ion bombardment with ion doses
above bx 10" Art/em’, Crystallizatlion of PhTiO; thin films
could be enhanced hy increasing Ar jon dose and in-
creasing im-sifu heating temperature during ion bom-
bardment. Small white particulates, Ph-rich compared to
the matrix, were formed on the PhTi0; film surface by Ar
ion bombardment with ion doses above 510" Ar'em?®
Crystallinity of the ion bombarded PbTi0; films iz as-
sociated with the formation of these white particulates.
With XRD data, microstructural observation and com-
position analysis on the ion-bombarded PbTiQ; films, it
can be suggested that the crystallization of sol-gel derived
PbTi0, films by high energy Ar ion bombardment is re-
lated to local heating of the films by thermal spike pro-
cess during ion barmbardment,
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