
Extended Abstracts of the 1997 International Conference on Solid State Devices and Materials, Hamamatsu, 1997, pp. 40-41 B‐ 2‐3
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1. Introduction
SrBizTazOe(SBT) is one of the most attractive

materials for the ferroelectric nonvolatile memorT
application, since it has fatigue-fi.ee properties and
small coercive field (Ec) than Pb(Zr,Ti)Orttt'tst. However,
SBT needs high crystallizationtemperature of around
800C in oxgen ambient, which results in a serious
damage to the stacked cell structure required for the
highly integrated ferroelectricmemories. Further, as a
result, a porous, large-grained structure causes the
low breakdown voltage and the difficulty of precise
petterning of the ferroelectric capacitor.

In this paper, we propose the new metalorganic
decomposition (MOD) processing using low pressuret6l
and low temperature annealing to improve the film
quality. Surface morphologres, cross-sectional
structures, and electricalproperties of SBT films were
investigated.

2. Experimental
SBT thin films were prepared on Pt(100nm)/TiOz

(40nm/SiOz(600nm)/Si substrates by the MOD
method. The molar ratio of Sr/Bi/Ta in the MOD
solution was 1.0/2.212.0.

Remanent porarization (Pr) and Ec of SBT films
were measured using RT6000 (Radiant Technologles,
Inc.). Leakage current density (I1) was measured
using 4L458 ffokogawa Hewlett Packard, Inc.).
Surface morphologies and cross-sectional structures of
the fiIms were investigated by scanning electron
microscopy (SEM).

3. Results and Discussion I

Surface Morphology and Cross-Sectional Structure
Figue 2 and 3 show the surfae morphologies and

the cross-sectional structurres of 200 nm-thick SBT
thin filmg (4 layers) prepared by Procedure-A and
Proedure-B. The SBT thin film prepared by
Procedure-A exhibits dense structure with small grain
size of 30 nm - 50 nm, whereas SBT thinfilm prepared
by Proedure-B exhibits porous structure with large
grain size of 100 nm - 200 nm.

The small graingrowth and dense structure incase
of Procedure-A are considered to be due to suppression
of large graingrowthforcrystallizationof 50 nm -thick
thin film.

(a) Procedure-A (b) Procedure-B

Figure 2. Surface Morphologies of SBT films prepared by
(a) Procedure-A, (b) Procedure-B.

(a) Procedure-A (b) Procedure-B

Figure 3. Cross-Sectional Structures of SBT films
prepared by (a) Procedure-A, (b) Procedure-B.

Electrical Properties
Figurc 4 shows the P-E hysteresis loops of the 200

nm - thick SBT film pnepared by Proedure-A, which
exhibits well saturated properties above 100kV/m.
The ferroelectric characterisitics of the frlm are
Pr=4.87 p Clcmz, Ec=23.8kV/cm, and Ir=8 X 108A/cm2

¬
2-4
Times

I

IJ

¬
4 Times

」C別建出i↑ T8」嘱 “
上

▼

Top Electrode Formation

⊥

▼

ng(LPA
560℃ ‐720℃ ×60min

in 02 2Torr

250℃留首鷲島h Jr
上

▼

600凌器#l渕]写銘Torr

上

▼

Top Electrode Formation

上

▼

%製ツ棚FT司ちネ俳F鋤

(a) Procedure-A (b) Procedure-B

Figure 1. Flow Charts of the MOD method by (a)
Procedure-A, O) Procedure-B.

Two MOD procedures were used forthe preparation
of SBT thin films. Figure 1(a) and (b) show these two
procedures, i.e., Prrccedwe-A and Proedure-B. In
Procedure-A, Iow pressure annnealing (LPA) at 7 2OT
(susceptor temperature) was executedper coating. On
the other hand, in Proedure-B, LPA was executed
after all the layers were coated. The thickness of SBT
frlm obtained in one coating was about 50 nm. For
both prnedures, a platinum top electrode with
thickness of 100 nm was deposited on the SBT frlm by
sputtering method, and the electrode was etched to
the size of 2.56X 10acm2.

(b) Procedure-B



at an applied field of 150kV/cm.
The- I-V characteristics of the SBT thin frlms

prepared by Procedure-A and Procedure-B are-mmpared in figure 5. The breakdown voltage ffe) qf
the lilm prepared by Procedure-B is about 7.6V, which
is considered to be due to the porous structure. On the
other hand, in the case of Procedure-A, Vs is over 20V,
which is considered to be due to dense structure.
Furthermore, even the 100 nm - thick frlm (2 layers)
exibits Vs of about 10V, which means that the
Procedure-A is effective for lowering the thickness of
SBT films.
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Figure 4. P-E hysteresis loops measured at various
electric fields (50 - 250 kV/cm) of SBT films prepared by
Procedure-A.
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Figure 6. Pr of SBT五lllls prepared by Procedure… A
various top electrode sintering temperatures.
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Figure 7. Leakage Current Density of SBT films prepared
by Procedure-A at various top electrode sintering
temperatures.

4. Conclueion
We prrposed a new low pressure and low

temperature proessing method for MOD SBT thin
films. The SBT thin films prepared by this method
exhibited fine-grained and dense structure with grain
size of 30 nm - 50 nm. The breakdown voltage of over
20V wene obtained for the 200 nm-thick films
annealed at 720T, for 60 min in a 2Torr oxgen
ambient per coating.
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Figure 5. I-V characteristics of SBT frlms prepared
bv (a) Procedure-A, (b) Procedure-B.

Top Electrode Sintering
Figure 6 and 7 show Pr and Ir, gf 200 nm-thick SBT

films at an applied field of 150kV/cm as a function of
sintering temperaturre after the top Pt electrode
deposition and etching. The Pr monotonically
indreases from 560 C [o 720T, which means a
progress of orystallization of the film. However, Ir is
bnstant from 560C to 720T. Futhennore, within
this temperature range, Vs of all films are over 20V.
Usually, the SBT films need high temperature
sintering after the top Pt electrode deposition to
suppress leakage current. But a film prepared by
Procedure-A does not need high temperature sintering.
It is mnsidered that the film with dense structure
sufficiently suppresses leakage cument even without
the top electrode sintering.
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