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1.. Introduction
In recent years ferroelectric memory devices have attracted

much attention from the viewpoint of the next generation of
highly integrated circuits. DRAM is volatile memory, and so

it is desired that nonvolatile memory should be developed.
There are mainly two kinds of nonvolatile memories using
ferroelectric thin films. One is FET using ferroelectric stor-
age capacitor having large D-E hysteresis. The other is Metal-
Ferroelectric-(Insulator)-Semiconductor FET (MF(I)SFET)
which has ferroelectric thin film gate. Especially, the latter
FFM I

FET is superior among the memory devices as the memory
is read out nondestructively
We have concentrated on investi gating lv[etal-Ferroelectric-

Oxide-Semiconductor (MFOS) structure. The oxide is SiOz
because Si-SiOz combination is believed to be the most stable
and promising I-S structure, in order to control precisely gate
potential on FET channel due to excellent I-S interface char-
acteristics and also to get reliabilities including fatigue or
retention characteristics in the MFIS FET operation. It is
considered that charge injection phenomena tend to occur in
the insulator film deteriorated during the ferroelectric film
deposition at high temperature and degrade dielectric hys-
teresis mode, that is, memory window characteristics. There-
fore, we have primarily proceeded to get a low leakage MFOS
diode structure.
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Fig.l XRD patterns of Sro.zBiz.sTazOs films on SiO2/Si wafers as
a function of substrate temperature

D-3-3

2. Experimental Results and Discussions
In this work, Sr;Biz+yTazOq with thickness of about 500

nm has been prepared by Pulsed Laser peposition (PLD)
method, and thermal oxide SiOz with thickness of about 40
nm were used as the oxide layers on an n-Si substrate with
resistivity of about SOClcm. Sharp (105) peaks are observed
for every substrate temperature (Ts), especially even for a

low temperature of 350oC as seen in Fig.1. And therefore
preferentially ( I05)-oriented perovskite structure is recog-
nized. Note that our XRD patterns of SBTO films on SiOz/

Fig.2 Cross-sectional and surface views of Sro.zBiz.aTazOg on SiO/
n-Si(100) diode structure as a parameter of substrate temperature
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Fig.3 Cunent density vs. electric field forAVSro.zBiz+xTazOs/SiOzl
n-Si(100) diode structure when forward biased as a parameter of x
(=0.8,0) in laser ablation deposition
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Si wafers also show preferentially (105)-oriented perovskite

struclure even when Sr/Bi composition is changed. Leakage

current through MFOS structure became reduced success-

fully by more than 2 orders by lowering its growth tempera-

ture, which induces suppression of the leakage due to d.e-

crease in grain size and various interface reactigns in an

MFOS structure as seen from Fig.2. This leakage current is
also reduced by changing Sr/Bi composition to Sr deficient
and Bi excess, as shown in Fig.3. This reduction should be

related to the fact that composition variation around the sto-
ichiometric I/212 composition was much related to grain size,

which grows larger in stoichiometric composition than in Sr-

deficient and Bi-excess composition [1]. Therefore, these

improvements in the leakage reduction may be related to de-

creased grain size of SBTO thin film, and/or by suppressing
interdiffusion between F-I-S interfaces,.

Then we have focussed on evaluating memory window,
which is a key fabtor for realizing a practical memory FET,
from the viewpoint of leakage, that is, growth temperature
and Sr/Bi composition. Memory window is increased with
decreasing the temperature from 600 to 350'C (Fig.4), and
also with decreasing Bi composition from 2.8 to2.0 when Sr
composition of 0.7'(Fig.5). Memory window of as large as
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Fi g.4 C-V characteristics of Al/Sro.zB iz.eTazOg/SiOz/n- Si ( I 00)
diode structure as a function of substrate temperature in laser abla-

tion deposition (measured frequency: lMHz)
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Fig.6 Fatigue characterisics of memory window in C-V curve in
MFIS diode structure for Sr/Bi of 0.712.0 and0.712.4

3.6V has been obtained in the MFOS capacitor when Sr/Bi
compositionis 0.712.0, to our best knowledge, which is the

largest value in those of ever reponed MFIS diode structures.

Next, fatigue characteristics were evaluated with an MFOS
capacitor itself not with lt4FM one, since ferroelectric thin
film characteristics depend strongly on the kind of growth
substrate. Figure 6 indicates that little fatigue degradation is

observed for Sr/Bi of 0.712,0 up to fatigue cycle over 1x1010,

keeping memory window of more than 3.2V. For,Sr/Bi of
0J12.4, on the other hand, the degradation starts to occur for
more than 1e6.

3. Conclusions
We have prepared a preferentially (l05)-oriented

Sro.zBiz.sTazOg thin film on SiOz/n-Si(100) by laser abla-

tion at low temperature as low as 350oC, which is the lowest
process temperature for growing a SBTO ferroelectric thin
film. Dielectric properties of the SBTO film have been im-
proved by changing Sr/Bi atomic ratio from 0.712.8 to 0.71

2.0. .At the Bi ratio of 2.0, a memory window of as large as

3.6V in the MFIS capacitor has been obtained and is the larg-
est value in those of ever reported MF(I)S diode structures.
Also little C-V degradation is observed for SrlBi of 0.712.0

up to fatigue cycle over lx1010, keeping memory window of
more than 3.2V.
Finally, we should make a special emphasis on that improve-

ment in memory characteristics is strongly related to insulat-
ing properties of MFIS diode structure. It is concluded that a

low temperature process in preparing ferroelectric thin film
and Sr-deficient and Bi-excess SBTO thin film by PLD
method are very effective and promising for realizing an ex-
cellent MFI(O)S FET structure.
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Fig.5 C-V characteristics of Al/Sr0.zBiz+xTazOq/SiO2/n-Si(100)
diode structure as a function of x (=0.8,0.4,0) in laser ablation depo-
sition (measured frequency: lMHz)
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