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Abstract

The e�ect on the crystalline structure and ferroelectric properties of ion implantation in SrBi2Ta2O9(SBT) fer-

roelectric thin ®lms has been investigated. 25 keV H�, 140 keV O� with doses from 1´1014/cm2 to 3´1015/cm2 were

implanted into the Sol±Gel prepared SBT ferroelectric thin ®lms. The X-ray di�raction patterns of SBT ®lms show

that no di�erence appears in the crystalline structure of as-H�-implanted SBT ®lms compared with as-grown ®lms,

H� and O� co-implanted SBT ®lms show an obvious degradation of crystalline structure. Ferroelectric properties

measurements indicate that both remnant polarization and coercive electric ®eld of H� implanted SBT ®lms de-

crease with increasing the implantation dose. The disappearance of ferroelectricity was found in the H�, O� co-

implanted SBT ®lms at room temperature. The great recovery of hydrogen-induced degradation in SBT ®lms was

obtained with O� implantation using a heat-target-implantation technique. Ó 1999 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Integration of ferroelectric thin ®lms with the
current semiconductor technologies opens a va-
riety of possibilities to improve existing devices
or to design new devices, such as nonvolatile

ferroelectric random access memories, uncooled
pyroelectric infrared sensors (or linear arrays),
micro-mechanical actuators and various electro-
optical devices [1±4]. However, problems still
remain concerning integration, such as the sta-
bility of ferroelectric materials in the silicon
process, interdi�usion of ferroelectric thin ®lms,
electrodes and silicon substrates, and so on. Ion
implantation, as a conventional microelectronics
process, has been extensively used in the fabri-
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cation of microelectronic and optoelectronic de-
vices, and as a method to alter the properties of
oxide materials without constraints imposed by
thermal equilibrium [5,6]. However, up to now,
few attempts have been made to implement ion
implantation technology into ferroelectric thin
®lms and devices. In our previous papers [7,8],
we reported ferroelectric and fatigue properties
of PZT thin ®lms implanted by O� ions. Re-
cently, the Bi-layered SrBi2Ta2O9 (SBT) ferro-
electric thin ®lms have attracted considerable
attention because of their unique physical prop-
erties [9±11], characterized by fatigue-free, as
well as high remnant polarization (Pr) and low
coercive ®eld (Ec). In the present paper, the ef-
fect on the crystalline structure and ferroelectric
properties of H� and O� ion implantation in
SrBi2Ta2O9 ferroelectric thin ®lms has been in-
vestigated.

2. Experimental

The samples used in this study were prepared
on platinum coated silicon substrates by using a
simple solution deposition process, which was a
similar route reported in AmanumaÕs literature
[10]. SBT thin ®lms were crystallized with an ox-
ygen annealing process at 850°C for 1 h. The ob-
tained SBT ®lm thickness was about 400 nm. After
crystallization at elevated temperature, the plati-
num top electrodes with diameter of 0.5 mm were
vaporized by an ultra-high vacuum electron beam
vaporization system (UMS 500P, Made by Bal-
zers).

The 25 keV H�, 140 keV O� with doses ranging
from 1´1014/cm2 to 3´1015/cm2 were implanted
into the SBT ferroelectric thin ®lms at room tem-
perature (20°C) and a temperature of 450°C. The
crystalline structures of the SBT ®lms were inves-
tigated by the X-ray di�raction ( XRD ) analysis.
Electrical properties of the SBT ®lms were ana-
lyzed by measuring ferroelectric hysteresis loops,
using a modi®ed Sawyer±Tower circuits, and
leakage current±voltage (I±V) characteristics of
the Pt/SBT/Pt capacitors, using a HP4156A ana-
lyzer.

3. Results and discussion

Fig. 1 shows the dependence of 2Pr ( the sum of
positive remanent polarization, Pr and negative
one) and 2Ec (the sum of positive coercive electric
®eld, Ec, and negative one) on various H� im-
plantation dose. The remarkable degradation of
ferroelectricity for SBT thin ®lms after H� im-
plantation was observed. The 2Pr of SBT ®lms
with H� implantation for a dose of 3 ´1014/cm2

decreased to 2.4 lC/cm2 from the initial value of
5.8 lC/cm2. H�-implantation of SBT ®lms for a
dose up to 3´ 1015/cm2 resulted in a obviously
paraelectric characteristics.

The X-ray di�raction (XRD) analysis before
and after H� implantation at room temperature
showed that H� implantation for a dose up to
3´1015/cm2 resulted in almost unchanged XRD
patterns for SBT thin ®lms. Therefore, the degra-
dation of ferroelectricity for H�-implanted SBT
®lms would not be caused by the lattice destruc-
tion.

It has been reported that post annealing in a
hydrogen containing ambient may cause severe
degradation of ferroelectric thin ®lms [12,13]. The
degradation of ferroelectricity of H�-implanted
SBT ®lms would be due to the similar reason.
Hydrogen implanted in ferroelectric SBT thin ®lms
substitutes at regular oxygen sites of the SBT ®lms.
Since ferroelectricity of oxide materials strongly
concerned with oxygen content, oxygen de®ciency

Fig. 1. Hydrogen dose dependence of 2Pr and 2Ec for H�-im-

planted SBT thin ®lms.
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would directly result in degradation of ferroelec-
tricity, and lead to destruction of crystal structure.

In order to decrease or prevent the e�ect of
hydrogen on SBT ferroelectric thin ®lms, oxygen
implantation in the H�-implanted SBT thin ®lms
has been investigated. Fig. 2 shows the X-ray dif-
fraction patterns of the SBT thin ®lms implanted
by oxygen ions at room temperature with dose
ranging from 1´1014/cm2 to 3´1015/cm2. The H�

and O� co-implanted SBT ®lms exhibit an obvious
implantation damage with increasing the dose of
oxygen. It is reasonable that the loss of ferroelec-
tricity appeared in H� and O� co-implanted SBT
®lms with a post annealing process at 500°C for 15
min, as shown in Fig. 3, and the leakage current±
voltage measurement also indicated a great in-
creasing leakage current in the implanted SBT thin
®lms. These results revealed that the O�implanta-
tion at room temperature could not recover the
hydrogen-induced degradation of physical prop-
erties in the SBT thin ®lms, due to the severely
lattice destruction in SBT ®lms resulted from the
collisions with the implanted oxygen atoms.

The damage induced by ion implantation can
result in point defects, clustered point defects, and,
even, amorphization of the crystal structure.
However, the implantation-induced damage of
crystal structure shows a remarkable temperature
dependence. The damage could be completely re-

moved while the implantation temperature is
higher than certain temperature.

The variations of the leakage current of the
SBT ®lms as function of the applied voltage are
shown in Fig. 4. A leakage current density of less
than 5´10ÿ6 A/cm2 at a applied voltage ranging
from )5 V to +5 V was measured from the heat-
target-implanted SBT ®lms at 450°C for a oxygen
dose of 1´1015/cm2. This leakage current is several
orders of magnitude smaller than that of the value
of room-temperature-implanted SBT ®lms.

Fig. 2. The X-ray di�raction patterns of 1´1015/cm2-H�-im-

planted SBT thin ®lms before and after O� implantation at

room temperature.

Fig. 3. Oxygen dose dependence of 2Pr and 2Ec for 1´1015/

cm2-H�-implanted SBT thin ®lms with O�-implantation at

room temperature and a post annealing process at 500°C for 15

min.

Fig. 4. The variations of the leakage current of the 1´1014/cm2-

O�-implanted ®lms at room temperature (20°C) and 450°C as

function of the applied voltage for 1´1015/cm2-H�-implanted

SBT thin ®lms.
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Meanwhile, the obvious recovery of ferroelectric-
ity are observed in the hydrogen-induced SBT
®lms with a oxygen implantation at an elevated
temperature of 450°C, as shown in Fig. 5. The 2Pr

of the SBT ®lms with 1´1014/cm2-O�-implanta-
tion at 450°C increased to 3.5 lC/cm2 from the
value of 2.0 lC/cm2, though the somewhat de-
gradation of ferroelectricity still exists.

Fig. 6 shows the X-ray di�raction of heat-tar-
get-O�-implanted SBT ®lms. The slightly degrad-
ed crystal structure still exists in SBT ®lms with O�

implantation at a elevated temperature of 450°C.
This results indicated that the higher implanted
temperature is necessary for recovering the in¯u-
ence of lattice destruction induced by processing of
O� implantation into the SBT ®lms. The complete
recovery of hydrogen-induced degradation of fer-
roelectricity in SBT ®lms would be achieved by
oxygen implantation at an elevated temperature.

4. Conclusions

Electrical properties and crystal structure were
investigated about ferroelectric SBT thin ®lms

with H� and H�, O� co-implantation at room
temperature or an elevated temperature of 450°C.
The ferroelectricity of H� implanted SBT ®lms
was severely degraded, while the crystal structure
was almost unchanged. Ferroelectricity of hydro-
gen degraded ®lms could not be recovered by using
O� implantation at room temperature and with a

Fig. 5. The variations of the hysteresis loops of the 1´1015/cm2-H�-implanted SBT ®lms after O� implantation for a dose of: (a)

1´1014/cm2 at room temperature (20°C); (b) 1´1014/cm2 at 450°C; (c) 3´1015/cm2 at room temperature (20°C); (d) 3´1015/cm2 at

450°C (Y scale: 1.4 lC/cm2/div, X scale: 62.5 kV/cm/div).

Fig. 6. The X-ray di�raction patterns of 1´1015/cm2-H�-im-

planted SBT thin ®lms after O� implantation at a temperature

of 450°C.
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post annealing process, due to the existence of
obvious lattice destruction resulted from O� im-
plantation. On the contrary, the great recovery of
hydrogen-induced degradation in SBT ®lms was
achieved with O� implantation at an elevated
temperature of 450°C, though the slight degrada-
tion of ferroelectricity and crystal structure still
existed. These results in the present study revealed
that the heat-target-O�-implantation technique
would be a novel and potential process to recover
the ``forming gas''-induced degradation of ferro-
electricity for ferroelectric thin ®lms in the process
of fabricating integrated ferroelectric devices, such
as non-volatile ferroelectric memories.
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