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Electrical characteristics of Sr, Bi> 4Ta>0g thin film
and Pt/Sr g5Bi, 4 Ta,049/Al,03/Si structure
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SryBiy 4Ta;Og (0.7 < x < 1.3) thin films were processed by metalorganic decomposition and
their ferroelectric characteristics were investigated. The Sr-deficient Sr,Bi; 4 Ta,0g films
exhibited well-developed ferroelectric hysteresis curves compared to those of the Sr-excess
films, and Srgg5Bi> 4 Ta;Og film had the optimum electrical characteristics among
Sr,Bi, 4 Ta,Og films. Electrical characteristics of the Pt/SBT/Al,O3/Si structure using
Srpg5Bis 4 Ta,0g(SBT) film were investigated for metalferroelectric-insulator-semiconductor
field-effect-transistor (MFIS-FET) applications. Memory window of C-V hysteresis
characteristics of the Pt/SBT/AI,O3/Si structure became large with decreasing the Al,O3
thickness, and the Pt/SBT(400 nm)/Al,O3 (10 nm)/Si structure gave memory window of

2.2 V at sweeping voltages of £5 V. The Pt/SBT/AI,O3/Si structure can be proposed for
MFIS-FET applications. © 2003 Kluwer Academic Publishers

1. Introduction

Recently, ferroelectric thin films of bismuth layered
perovskite structure such as SrBi;Ta,O9 have been
extensively investigated for non-volatile ferroelectric
random access memory (FRAM) applications due to
their fatigue-free characteristics and possibility of low
switching voltage [1-4]. Ferroelectric characteristics of
StBi;Ta; Oy films are largely dependent on the compo-
sition of the films [5-7], and it has been reported that
the remanent polarization of SrBi; Ta;Og thin films can
be controlled by Sr/Bi mole ratio of the films [8, 9].
In this work, Sr,Bi; 4Ta;Og thin films were processed
by metalorganic decomposition (MOD) with varying
the Sr content x within the range of 0.7-1.3, and ferro-
electric characteristics of the Sr, Biy 4Ta;Og films were
investigated.

Ferroelectric field-effect-transistor is one of the
most promising candidates for future nonvolatile
memories, because non-destructive readout is pos-
sible with high density integration and large rema-
nent polarization of ferroelectric film is not required
[10, 11]. Although metal-ferroelectric-semiconductor
field-effect-transistor (MFS-FET) has been studied for
over 30 years, reliable products have not been demon-
strated, as elements in the ferroelectric films diffuse into
Si and degrade the interface characteristics [12, 13]. As
an alternative solution, metal-ferroelectric-insulator-
semiconductor (MFIS) structure has been proposed
[14-16] to improve the interfacial properties using
buffer layer such as CeO,, Y,03, SrTiO3, and TiO,.

In this work, we have prepared the Pt/SBT/Al,03/Si
structure using SrggsBiz4Ta;Og (SBT) film, which
exhibited the optimum electrical properties among
St Biz 4Ta;Oy films, and investigated the electrical
properties of the Pt/SBT/AI,O3/Si structure with vari-
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ation of the Al,O3 thickness. Although SrBi;Ta;Og
thin film has attracted much attention for FRAM ap-
plications due to its fatigue-free characteristics and a
small coercive field, high annealing temperature such
as 800°C is needed to obtain the optimum ferroelectric
properties [1]. Thus, buffer material for MFIS structure
with SBT film should be stable and thickness of the
buffer layer should be thick enough to prevent inter-
diffusion between SBT film and Si during such high-
temperature annealing process. Al,O3 is very stable
oxide [6] and offers relatively high dielectric constant
[17, 18]. Thus, it is expected that Al O3 acts as a good
diffusion barrier and exhibits a low gate voltage even
with sufficient thickness.

2. Experimental procedure

As bismuth volatility occurs during annealing pro-
cess of the MOD-derived SBT film, addition of
excess bismuth oxide into the coating solutions is re-
quired to prevent the bismuth deficiency of the film.
Sr-2-ethylhexanoate, Bi-2-ethylhexanoate, and Ta-2-
ethylhexanoate of 0.5 M concentration were mixed as
Sr:Bi:Ta mole ratio of x:2.4:2 (0.7 < x < 1.3), and
diluted with n-butyl acetate to make the MOD coating
solutions of 0.05 M concentration. Sr,Bi; 4 Ta; Qg films
were deposited on the Pt/Ti/SiO,/Si substrates by spin-
coating at 3000 rpm for 30 sec, and spin-coated films
were dried at 400°C for 10 min in air. This procedure
was repeated to obtain the desired film thicknesses of
200 nm and 400 nm. Finally, the films were annealed at
800°C for 1 hr in oxygen ambient. Pt top electrodes of
200 pwm diameter and 200 nm thickness were sputtered
on the annealed film surface at room temperature, and
post annealing of the films was conducted using RTA
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at 600°C for 10 min in oxygen ambient to stabilize the
Pt/SBT interface.

To fabricate the Pt/SBT/AI,O3/Si structures, Al,O3
buffer layers of 10-50 nm thickness were deposited
on RCA-cleaned p-type Si substrates using DC reac-
tive sputtering at room temperature. During sputter-
deposition of Al,O3 films, the oxygen content in the
sputtering gas (Ar+4 O,) was kept as 50%. Then,
Sro.85Biz.4TayOy film and Pt top electrodes were fab-
ricated on the Al,O3/Si with the same procedure de-
scribed above. Native oxide on the backside of the
Si substrate was etched using buffered hydrofluoric
acid, and aluminum was sputtered for ohmic contact.
Consequently, Pt(200 nm)/SBT(400 nm)/Al,O3(10-
50 nm)/Si structures were prepared.

Crystalline phases of Sr,Bij4TayOg films and the
SBT/Al,03/Si structure were characterized by X-ray
diffractometry (XRD). Remanent polarization and co-
ercive field of Sr,Bi; 4TayO9 films were characterized
using RT66A ferroelectric tester. C-V characteristics
of the Pt/SBT/AI,O3/Si structure were measured by HP
4194 A. Leakage current density of Sr, Bi; 4Tay; Og films
and the Pt/SBT/Al,03/Si structure was measured by HP
4194A.

3. Results and discussion

3.1. Characteristics of SryBi; 4Ta;0g film

Fig. 1 shows the XRD patterns of the 200 nm-thick
Sr,Bip 4TapOg films. As reported that the Sr-deficient
SrBi;Ta;O9 ceramics maintain bismuth layered per-
ovskite structure by Bi substitution to Sr sites [8, 19],
the MOD-derived Sr,Bi; 4Ta;Og thin films with the Sr
content ranging from 0.7 to 1.0 were fully crystallized
to bismuth layered perovskite structure by annealing at
800°C for 1 h in oxygen ambient. For the films with the
Sr content larger than 1.0, however, decrease in (115)
peak intensity and increase in peak broadening were
observed with increasing the Sr content.

As illustrated in Fig. 2, ferroelectric hysteresis
curves of the 200 nm-thick Sr,Bi, 4Ta;O9 films be-
came severely deteriorated with increasing the Sr con-
tent x to 1.15 and 1.3. The skinny hysteresis curves
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Figure 1 XRD patterns of SryBij 4TayOg films after annealing at 800°C
for 1 hr in oxygen ambient.
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with extremely low remanent polarization for the
Sr,Biy 4TayOg films with the Sr content x of 1.15 and
1.3 were considered to be due to their poor crystalliza-
tion, as shown in Fig. 1.

Fig. 3 shows the remanent polarization (2P;) of
Sr,Bi; 4Ta;Og films as a function of the Sr content x.
2 P, of 400 nm-thick films were also plotted in Fig. 3. As
clearly seen for 200 nm-thick films, 2 P; of the MOD-
derived Sr,Bi; 4Ta,Og films was maximized at the Sr
content x of 0.85. Such result was well consistent with
other’s works [9, 20] and could be supported by the re-
port that Bi substitution and the cation vacancies at the
Sr sites enhance the structural distortion in the TaOg
octahedra and lead to the larger polarization in the Sr-
deficient SrBi; Ta;Og films [8]. In Fig. 3, remanent po-
larization (2P;) of the Sr,Bi» 4TayO9 films increased
with decreasing the film thickness at the same sweep-
ing voltage of 5 V, which was due to the fact that
ferroelectric characteristics of thin films are dependent
upon the electric field rather than the applied voltage.
The 200 nm-thick Sry gsBi> 4TayOg film exhibited 2 P,
of 24.0 uC/cm? and E. (coercive field) of 57 kV/cm
at sweeping voltage of &5 V, and the 400 nm-thick
Sro.85Bis 4 Ta, Oy film exhibited 2 P; of 10.2 C/cm? and
E. of 37.5 kV/cm at sweeping voltage of 5 V.

Leakage current density of the 200 nm-thick
St Biy 4Ta; Qg films is plotted in Fig. 4 as a function of
the applied electric field. Increase in the leakage current
density and decrease in breakdown field were observed
with increasing the Sr content x. With these results,
it was found out that St gsBij 4Tay;Og film possessed
the optimum electrical properties among St Biy 4Ta;Og
films.

3.2. Characteristics of the Pt/SBT/Al,O3/Si
structure

The Pt/SBT/AL,O3/Si structure was prepared using
Sry.85Biy.4Tap Oy film, as this has the optimum electrical
properties among Sr, Bi; 4Tay Oy films. Referring to the
previous work [21] on the Pt/SrBi, 4Ta,/TiO,/Si struc-
ture, the memory window has been reported to become
larger with increasing the SrBij 4Ta;Og film thickness.
Thus, 400 nm-thick SrygsBir 4TayOg film rather than
200 nm-thick film was used for the Pt/SBT/Al,03/Si
structure.

Fig. 5 shows the XRD patterns of the 400 nm-
thick Srg g5Bis 4TayO9(SBT) films prepared on the as-
deposited Al,03(50 nm)/Si and Pt/Ti/SiO,/Si sub-
strates followed by annealing at 800°C for 1 h in oxy-
gen atmosphere. The MOD-derived SBT films on the
Al,O3/Si and platinized Si substrates were fully crys-
tallized to bismuth layered perovskite structure with-
out preferred orientation. XRD patterns of the SBT
film prepared on the Al,O3/Si substrate were identical
to those prepared on the Pt/Ti/Si0,/Si substrate, indi-
cating that the crystallization behavior of the MOD-
derived SBT film was not much affected with the
underlayer.

C-V curves of the Pt/SBT(400 nm)/Al,O3(10 nm)/Si
structure were shown in Fig. 6. Within the sweeping
voltage range of £3 V-+£7 V, the Pt/SBT/Al,O3/Si
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Figure 2 Ferroelectric hysteresis curves of Sr,Biz 4Ta;Og films with the Sr content x of (a) 0.7, (b) 0.85, (¢) 1.0, (d) 1.15, and (e) 1.3.
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Figure 3 Remanent polarization (2 P;) of SryBiy 4TapOg films with the
Sr content x of (a) 0.7, (b) 0.85, (c) 1.0, (d) 1.15, and (e) 1.3 at the Figure 4 Leakage current density of SryBis 4TayOg films as a function
sweeping voltage of £5 V. of the applied electric field.
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Figure 5 XRD patterns of Srgg5Biz 4Ta;O9 films prepared on the (a)
Al>O3/Si and (b) Pt/Ti/SiO,/Si substrates.

R
TR

180} e

ORIt

py
N
o
T
s

3v

100 —a— sweep up

b —&— sweep down
5V

G-
D> DD

60 - —w— sweep up
40 | —v— sweep down
%

Capacitance ( pF )
3
g5 b DL B

20 —e- - sweep up
oL —O— sweep down

I 1 1 1 1 e 1

8 6 4 2 0 2 4 6 8
Gate voltage (V)

Figure 6 C-V curves of the Pt/SBT(400 nm)/Al,O3(10 nm)/Si structure.

structure with 10 nm-thick Al,Oj3 buffer layer exhibited
clockwise directional hysteresis, indicating the well-
defined ferroelectric switching behavior of the SBT
film. In the C-V curves in Fig. 6, the memory win-
dow, which is the width of threshold voltage, became
larger with increase of the sweeping voltage from £3 V
to £7 V. Increase in the memory window with increas-
ing the sweeping voltage was due to the fact that the
electric field on the SBT film is determined by the gate
voltage.

The memory window of the MFIS structure is re-
lated to the coercive field of the ferroelectric film, as
expressed in Equation 1,

AVwindow = de ' Ec (1)

where A Vyjindow 1 the memory window of the MFIS, d
is thickness of the ferroelectric film [11]. Memory win-
dow of the Pt/SBT(400 nm)/Al, O3 (10 nm)/Si structure
was lower than the value estimated using Equation 1,
which might be caused by small charge injection into
the SiO; layer formed during annealing process of the
SBT film. It is well known that SiO, layer is easily
formed at the interface between buffer oxide and Si
during annealing at high temperatures such as 800°C
[22].
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Figure 7 C-V curves of the Pt/SBT/Al,03/Si structures with 10-50 nm
Al,O3 layer.

Fig. 7 shows the C-V curves of Pt/SBT/Al,03/Si
structures with 10-50 nm Al, O3 buffer layers. The bias
voltage was applied at a sweep rate of 0.05 V/sec from
—5 V to +5 V and vice versa. The C-V curves of the
Pt/SBT/Al,O3/Si structures show hysteresis loops with
clockwise rotation regardless of the Al,O3 thickness
ranging from 10 nm to 50 nm. The maximum capaci-
tance and the memory window of the Pt/SBT/Al,03/Si
structure decreased with increasing the thickness of the
Al,O3 buffer layer. Thickness increase of the Al,O3
buffer layer with lower dielectric constant causes a
reduction of the electric field on the SBT film, re-
sulting in a reduction of the memory window of the
Pt/SBT/Al,03/Si structure [19]. The maximum mem-
ory window of the Pt/SBT/Al,O3(10 nm)/Si structure
was observed to be about 2.2 V at the sweeping voltage
of £5V.

In Fig. 7, a shift of the flatband voltage to positive
voltage was observed due to the negative charges fixed
in the oxide layer [7]. Such negative charges were pro-
duced by formation of SiO; at the Al,O3/Si interface
during annealing process at 800°C. Although anneal-
ing was conducted in oxygen ambient, formation of
SiO; at the Al,O3/Si interface could extract oxygen
from the Al,O3 layer and generate oxygen vacancies in
the Al,O3 layer. With formation SiO, at the Al,O3/Si
interface, the Pt/SBT/Al,O3/Si structure could be con-
sidered as a series capacitor with the components of
SBT, Al;O3, and SiO,. Capacitance in the accumu-
lation region, Cyx, of the Pt/SBT/Al,O3/Si structure
was estimated using Equation 2 and compared with the
measured value.

1/Cmax = 1/C¢ + 1/Ci + 1/ Csio, (2)

where Cpy 1S the capacitance in the accumulation re-
gion, Cy is the capacitance of SBT film, C;j is the
capacitance of Al,Os layer, and Cg;o, is the capac-
itance of SiO, layer. Fig. 8 shows that Cy,x of the
Pt/SBT/Al,053/Si structure increased with decreasing
the Al,Os thickness and 3 nm-thick SiO, layer was
formed at the Al,O3/Si interface.

Leakage current characteristics of the Pt/SBT/
Al,O3/Si structure are plotted as a function of the Al,O3
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Figure 9 Leakage current density of the P/SBT/Al,O3/Si structure.

layer thickness in Fig. 9. Also, the leakage current den-
sity of the Pt/SBT/Si structure without the Al, O3 buffer
layer is compared in Fig. 9. Leakage current density of
the Pt/SBT/Al,05/Si structure decreased with increas-
ing the Al,0; layer thickness and was about 7.56 x 10~°
Alcm? at 6 V for the Pt/SBT(400 nm)/Al,03(10 nm)/Si
structure. On the contrary, the Pt/SBT/Si structure with-
out the Al,O3 buffer layer showed much higher leak-
age current density, implying that the interfacial char-
acteristics were substantially improved by inserting the
Al,Os3 film as a buffer layer between SBT and Si.

4. Conclusions

(1) The Sr-deficient Sr, Bi, 4 Tay Og films exhibited well-
developed ferroelectric hysteresis curves compared to
those of the Sr-excess Sr,Biy 4TayOyg films.

(2) SrggsBiz 4Ta;Og film has the optimum electri-
cal characteristics among Sr,Bij4Ta;Og films. The
200 nm-thick SrggsBir 4TayO9 film exhibited 2 P, of
24.0 ,uC/cm2 and E. of 57 kV/cm at 5 V, and the

400 nm-thick SrygsBir 4TayOg film exhibited 2P, of
10.2 uC/cm? and E. of 37.5kV/cm at £5 V.

(3) We verified that Al,Oj3 thin film was suitable as a
buffer layer for deposition of SBT film on Si substrate
to prepare the MFIS structure. The Pt/SBT/Al,03/Si
structure can be proposed for MFIS-FET applications.

(4) Memory window of the Pt/SBT/Al,03/Si struc-
ture became larger with decreasing the Al, O3 thickness,
and the Pt/SBT(400 nm)/Al, O3 (10 nm)/Si structure ex-
hibited C-V hysteresis characteristics with a memory
window of 2.2 Vat +5 V.
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