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Abstract

The structural and electrical characteristics of H*-implanted StBi;Ta;O9 (SBT) ferroelectric thin films were investigated
by X-ray diffraction analysis and electrical measurements. 25 keV H* with doses ranging from 1x 10/cm® to 3x 10"/cm?
were implanted into the Sol-Gel prepared SBT ferroelectric thin films. The X-ray diffraction patterns of SBT films show that
no difference appears in the crystalline structure of H* -implanted SBT films compared with unimplanted films. Ferroelectric
properties measurements indicate that both remnant polarization and the coercive electric field of H*-implanted SBT films
decrease with increasing the implantation dose. The disappearance of ferroelectricity was found in the H*-implanted SBT
films up to a dose of 3 X 10 /cm?. The leakage current-voltage (/-V) and capacitance-voltage (C-V) characteristics of
the H*-implanted SBT films were also discussed before and after a recovery process. (© 1999 Elsevier Science B.V.
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1. Introduction

Recently, SrBi;Ta;O9 (SBT) and other ferroelec-
tric thin films have received great attention for future
applications on memories because of their high-speed
operation, radiation hardness, low operating voltage
and the high level of integration using a simple struc-
ture [ 1-4]. Mega-bit-scale nonvolatile memories have
been prepared using ferroelectric thin films such as
lead zirconate titanate (PZT) and strontium bismuth
tantalate (SBT). However, there still remain several
problems concerning the incorporation of the ferro-
electric thin films with the conventional microelec-
tronic devices fabrication [5,6]. One important prob-

lem is the effect of hydrogen on the electrical proper-
ties of the ferroelectric thin films in the process of fab-
ricating integrated ferroelectric devices, such as non-
volatile ferroelectric memories [7-9]. “Forming gas”
annealing (annealing in a hydrogen containing ambi-
ent) is observed to degrade the ferroelectric capaci-
tors: the disappearance of ferroelectricity and the in-
crease of leakage current. The cause of degradation is
not well understood.

Ion implantation, as a conventional microelectronic
process, has been extensively used in the fabrication
of microelectronic and optoelectronic devices, and as
a method to alter the properties of oxide materials
without constraints imposed by thermal equilibrium.
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Fig. 1. Hydrogen dose dependence of 2P, and 2E. for
H*-implanted SBT thin films.

[t can be used to control the structural and electri-
cal properties of ferroelectric films without removing
material [ 10,11]. Basic investigations of ion implan-
tation effects on ferroelectric thin films are thus im-
portant for developing integrated ferroelectric devices
technology. However, up to now, few attempts have
been made to implement ion implantation technology
in ferroelectric thin films and devices.

In this paper, the effects of Ht implantation on
the structural and electrical properties of SrBi;Ta;Oqg
(SBT) ferroelectric thin films will be investigated.

The SBT ferroelectric films used in this study were
prepared on platinum coated silicon substrates by us-
ing a simple solution deposition process, which was a
similar route as reported by Amanumaetal. [12]. SBT
thin films were crystallized with an oxygen annealing
process at 850 °C for 1 hour. The obtained SBT film
thickness was about 400 nm. After crystallization at
elevated temperature, the 25 keV H' with doses rang-
ing from 1x 10'4/cm? to 3 x 10'%/cm? were implanted
into the SBT ferroelectric thin films at room tempera-
ture (20 °C). The platinum top electrodes with diam-
eter of 0.5 mm were vaporized on the films to form
Pi/SBT/Pi capaciiors by an uitra-high vacuum eiec-
tron beam vaporization system (UMS 500 P, made
by BRalzers). To recover the implantation-ion induced
damage, we also performed an annealing process at a
temperature of 500 °C for 15 min.

The crystalline structures of the SBT films were in-
vestigated by the X-ray diffraction (XRD) analysis.
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Fig. 2. The X-ray diffraction patterns of SBT thin films implanted
with different hydrogen doses.

by measuring ferroelectric hysteresis loops, using a
modifted Sawyer-Tower circuit, capacitance-voltage
(C-V) characteristics using an HP4280A tester, and
leakage current-voltage (/-V) characteristics of the
Pt/SBT/Pt capacitors using a Semiconductor Param-
eter Analyzer (Hewlett-Packard 4156A).

3. Results and discussion

Fig. 1 shows the dependence of 2P, (the sum of pos-
itive remnant polarization, F;, and the negative one)
and 2E; (the sum of positive coercive electric field,

E. and the necative one) on varicus Ht imnlanta-
g, G ull Hnogaulye ONC, On variOus Hiipaaiia

tion doses. The remarkable degradation of ferroelec-
tricity for SBT thin films after H" implantation was
observed. The 2P, of SBT films with H implantation
for a dose of 3 x 10'*/cm? decreased to 2.4 uC/cm?
from the initial value of 5.8 «C/cm?. H* implantation
of SBT films for a dose up to 3 x 10'3/cm? resulted
ina uisappearance of ferroelectric characieristics.
Fig. 2 shows the X-ray diffraction (XRD) patterns
of SBT thin films implanted with different doses of
H*. The patterns were observed using CuKe radia-
tion. The XRD analysis before and after H* implanta-
tion at room temperature showed that H* implantation
for a dose up to 3 x 10'3/cm? resulted in almost un-
changed XRD patterns for SBT thin films. Therefore,
the degradation of ferroelectricity for H*-implanted
SBT films would not be caused hv the lattice destruc-

tion.

The effects of H" implantation at various doses on
the leakage current—voltage characteristics are shown
in Fig. 3. The obvious increase of leakage current den-
sity in the H™-implanted SBT ferroeiectric thin films
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Fig. 3. The leakage-current-voltage (I-V) characteristics of
H*-implanted SBT thin films with various implantation doses,

was observed. The leakage current density of the H* -
implanted films at a dose ranging from 1 x 10'#/cm?
to 3 x 10'3/cm? is approximately one order of mag-
nitude iarger ihan ihai vaiue of ihe un-H*-impianied
SBT films at the applied voltage ranging from 0 to
+7 V.

It has been reported that “forming gas” anneal-
ing may cause severe degradation of ferroelectric thin
films: the disappearance of ferroelectricity and the in-
crease of leakage current [7,13]. Similar results were
found in the Ht-implanted SBT fiims. These sug-
gested that the degradation of ferroelectric and electri-
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the similar reason of “formmg gas” annealing. Hydro-
gen implanted in ferroelectric SBT thin films substi-
tutes at regular atom sites of the SBT films. Since fer-
roelectricity of oxide materials is strongly concerned
with composition, composition variation would di-
rectly result in degradation of ferroelectricity

In order to decrease or prevent the effect of uydr()-
gen on SBT ferroelectric thin films, the H' -implanted
SBT films were treated with a conventional annealing
process, which was usually used to recover the degra-
dation of ferroelectric properties induced by “forming
gas” annealing though it was not very efficient.

Fig. 4 shows the dependence of 2P, and 2E. on
various H” implantation doses for the implanied SBT
films after annealing at 500 °C for 15 min. The ob-
vious degradation of remnant polarization was still
found though the coercive field was recovered. The
good recovery of coercive field was also observed from
the capacitance-voltage (C~V) measurements of H' -
implanted SBT films after a post annealing process, as
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Fig. 4. Hydrogen dose dependence of 2P; and 2E. for
H*-implanted SBT thin films after a post annealing process at
500 °C for i5 min.
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Fig. 5. Capacitance-voltage (C-V) characteristics on SBT

films with various doses of HT |mnlnnto{|nn Iq\ unimnlanted

ion unimplanted,
(b) 1 x 10™/ecm?, (¢) 3 x 10%/cm?, (d) 1 x 101%/cm?,

(e) 3 x 10/cm?. The C-V measurements were started with a
—7 V dc bias, stepped up with an increment of 0.25 V untii +7 V
was reached and then stepped similarly back down to —7 V at a

frequency of | MHz.

was found, com-
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implanted films after post annealing
pared with the unimplan
a general lowering of the capacitance with increasing
H* implantation dose. In addition, the leakage current
measurements indicated a large leakage current in the
H*-implanted SBT films after a post annealing pro-
cess.

These results revealed that the conventional anneal-
ing process at 500 °C couid not recover the degrada-
tion of the ferroelectric and electrical properties for
the H+-l_mn]a_nted SBT thin films. A similar result was
found in the recovery processmg of “forming gas”-
induced damage in the ferroelectric thin films with an
annealing process. It would be due to the presence of
a large number of implantation-ion-induced charges
in the H* -implanted SBT films, which resuited in the
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spatial variation of electric field through the depth
of the films. The implantation-ion-induced local-field
variation should couple with the electrical properties
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be performed to elucidate this.

4. Conclusions

The crystalline structure and electrical properties of

ferroelectric SBT thin films have been investigated as
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a function of H* implantation at room temperature.
The severe degradation of ferroelectricity and increas-
ing of leakage current were found in the H* -implanted
SBT films with a dose ranging from 1 x 10'*/cm?
to 3 x 10'*/cm?, while the crystal structure was al-
most unchanged. After a recovery annealing process
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and the obvious degradation of electrical properties,
as well as the decreasing of the capacitance with in-
creasing H* implantation dose were still observed in
the H*-implanted SBT ferroelectric thin films due to
the presence of implantation-ion charges in the SBT
films. A new recovery method is investigated, which
might aiso be used o recover the “forming gas” in-
duced degradation of ferroelectric thm ﬁlms in the
nrncess;no of mteormpd ferroelectric devi
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nonvolatile memories.
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