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Bi3.25La0.75Ti3O12 thin films on ultrathin Al 2O3 buffered Si for ferroelectric
memory application

San-Yuan Chena) and Chia-Liang Sun
Department of Materials Science and Engineering, National Chiao Tung University, 300 Hsinchu,
Taiwan, Republic of China

Shi-Bai Chen and Albert Chin
Department of Electronics Engineering, National Chiao Tung University, 300 Hsinchu, Taiwan,
Republic of China

~Received 4 June 2001; accepted for publication 20 February 2002!

We have investigated the physical and electrical properties of Bi3.25La0.75Ti3O12 ~BLT! thin films on
Pt/Ti/SiO2 /Si and on Al2O3(6 nm)/Si, which are used for one-transistor-one-capacitor and
one-transistor ferroelectric memory, respectively. The BLT thin films on both substrates show good
capacitance–voltage characteristics and the same threshold voltage shift of 1.6 V at applied610 V
bias. However, the leakage current of BLT on Al2O3 /Si at2100 kV/cm is two orders of magnitude
lower than that on Pt. The comparable memory characteristics and much reduced leakage current of
BLT on Al2O3 /Si are the strong advantages as compared with BLT on Pt because it is directly
related to switching energy and device scaling down. ©2002 American Institute of Physics.
@DOI: 10.1063/1.1471937#
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Ferroelectric random access memory~FRAM! has at-
tracted much attention recently because of better speed
formance than Flash memory and smaller size than s
RAM.1 The current cell structure of FRAM is one transist
and one capacitor~1T-1C! type where the data are mem
rized in the metal/ferroelectric/metal~MFM! capacitor.2–6 To
utilize the full advantage of FRAM, one transistor~1T! ferro-
electric metal-oxide-semiconductor field effect transis
~FeMOSFET!-type memory is desirable because of the sa
small 1T cell structure as Flash memory. Further, the fe
electric effect induced voltage can be amplified by the tr
sistor in 1T MOSFET cell that gives higher sensitivity th
1T-1C cell. Unfortunately, the progress of 1T FeMOSFE
memory is obstructed by the strong interface reaction
tween most ferroelectric materials and Si that greatly
grades the device characteristics.7,8 Recently, we have devel
oped 1T FeMOSFET memory using Al2O3

9,10 as both gate
dielectric for MOSFET and interface reaction barrier b
tween ferroelectric Pb(Zr,Ti)O3 ~PZT! and Si. Good transis
tor and memory characteristics are obtained simultaneo
because of good gate dielectric integrity and interface pr
erty of Al2O3 .9,10 In this letter, we have investigated th
stacked gate dielectric of Bi3.25La0.75Ti3O12 (BLT)/Al 2O3 on
Si because BLT is another promising ferroelectric mate
with excellent nonfatigue behavior on Pt electrode.11

Four-inch,p-type ~100! Si wafers with;10 V cm resis-
tivity were used in this study. For the MFM structure, a 15
nm-thick Pt was first deposited on Ti(20 nm
SiO2(200 nm)/Si as the bottom electrode. For the FeM
structure, a 6-nm-thick Al2O3 gate dielectric was first formed
on Si and the detailed formation procedure was repo
previously.9,10 Then BLT was deposited on bot

a!Electronic mail: sychen@cc.nctu.edu.tw
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Pt/Ti/SiO2 /Si and Al2O3 /Si by chemical solution deposition
using spin coating at 4000 rpm for 30 s.5,6 For the chemical
solution synthesis, bismuth acetate, lanthanum acetate
drate, and titanium n-butoxide were used as precursors
dissolved in the solvents composed of acetic ac
2-methoxythanol, and glycerol in sequence. Excess 10%
precursor was added to compensate for the Bi loss du
annealing. After each coating, the wet films were pyrolyz
for several minutes and the formed multilayer films we
annealed at 650 °C for 1 h. Au was used as upper electr
for both capacitor structures and Al bottom electrode w
used for FeMOS capacitor at the bake side of Si substra
The total thickness of BLT is about 420 nm as measured
cross-sectional scanning electron microscopy~SEM! images
and the capacitor area is 931024 cm2. The phase and sur
face microstructure of BLT films were observed by x-r
diffraction ~XRD! and SEM. Transmission electron micro
copy ~TEM! was used to investigate the interface charac
istics of BLT film grown on Al2O3 /Si. The electrical prop-
erties were characterized by capacitance–voltage (C–V) and
current density–voltage (J–V) by using Hewlett Packard
4284 and 4155B, respectively.

Figures 1~a! and 1~b! show the XRD patterns of BLT
thin films deposited on Pt/Ti/SiO2 /Si and Al2O3 /Si, respec-
tively. As shown in Fig. 1~a!, BLT on Pt is polycrystalline
without preferred orientation,12 even though the bottom P
has preferred~111! orientation. In the case of BLT deposite
on amorphous Al2O3 shown in Fig. 1~b!, the structure is also
polycrystalline and the XRD pattern is almost the same
that on Pt. Thus, high quality ferroelectric BLT can b
formed on both polycrystalline Pt and amorphous Al2O3 .
8 © 2002 American Institute of Physics
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We have also examined the microstructures of BLT t
films deposited on Pt/Ti/SiO2 /Si and Al2O3 /Si by SEM, and
the images are shown in Figs. 2~a! and 2~b!, respectively.
The grain sizes of BLT on Pt/Ti/SiO2 /Si and Al2O3 /Si are
almost the same, about 50 nm, even though the structur
Pt substrate is polycrystalline that is quite different fro
amorphous Al2O3 . The near same grain size of BLT o
Pt/Ti/SiO2 /Si or Al2O3 /Si observed by SEM is consisten
with the XRD analysis shown in Fig. 1, which suggests t
BLT on both substrates may have close material quality.

Figure 3 shows the cross-sectional TEM picture of
BLT/Al 2O3 /Si structure and reveals only a slight interfa
layer on the top of Al2O3 . One possible reason may be d
to the fact that the atoms in BLT diffuse to Al2O3 gate di-
electric. This result is in sharp contrast to the obvious th
intermediate amorphous layer reported by Choiet al.,13

which may be due to the difference in substrate tempera
between pulsed ablation deposition and chemical solu
deposition. Without the appearance of thick amorphous la
the ferroelectric BLT film could directly come in conta
with the buffer layer this indicates the better interface b
tween them since the memory performance of capaci
may be improved.

We have further studied the memory properties us
high frequency~1 MHz! C–V measurement, and Figs. 4~a!
and 4~b! show the C–V characteristics of BLT on
Pt/Ti/SiO2 /Si and Al2O3 /Si, respectively. As shown in Fig
4~a! the C–V characteristics of BLT on Pt have the typic
butterfly pattern, which is similar to that of other ferroele
tric materials.14 After 610 V applied voltages, a peak voltag
difference of 1.6 V is obtained that is due to the polarizat
effect of BLT. For BLT on Al2O3 /Si, the hysteresisC–V

FIG. 1. XRD patterns of BLT on~a! Pt/Ti/SiO2 /Si and~b! Al2O3(6 nm)/Si.
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curves shown in Fig. 4~b! are related to the ferroelectri
properties of BLT because Al2O3 gate dielectric has negli
gible hysteresis.9,10 The decrease of capacitance value
positive gate bias in the FeMOS structure is due to the sm
series capacitance in Si depletion region. The phenomeno
different from that in the MFM structure because of the ne
ligible depletion width in metal. A threshold voltage shift o
1.6 V is measured for BLT on Al2O3 /Si that is the same a
that in MFM capacitor. The same voltage shift suggests t
the electric memory property of BLT on Al2O3 /Si is at least
the same or even better than that on Pt because of the a
tional voltage drop in Al2O3 gate dielectric and reduced ele
tric field in BLT.

FIG. 2. SEM images of BLT on~a! Pt/Ti/SiO2 /Si and~b! Al2O3(6 nm)/Si.

FIG. 3. Cross-sectional TEM image of BLT on Al2O3(6 nm)/Si.
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We have also investigated the capacitor leakage cur
because it is one of the most important properties fo
memory capacitor. Figures 5~a! and 5~b! showJ–V charac-
teristics of BLT on Pt/Ti/SiO2 /Si and on Al2O3 /Si, respec-
tively. The leakage current density of BLT on Pt is 1
31026 A/cm2 at 2100 kV/cm that is comparable to that o
~118!-oriented Bi4Ti3O12,15 and the high dielectric break
down field of 2450 kV/cm is also comparable to that o
~001!-oriented Bi4Ti3O12. These results indicate the goo
quality of BLT on Pt.15 On the other hand, the leakage cu
rent density of BLT on Al2O3 /Si at 2100 kV/cm is 1.8
31028 A/cm2 that is almost two orders of magnitude low
than BLT on Pt. This low leakage current is comparable w
that of vanadium-doped Bi4Ti3O12

16 and smaller than ou
previous data of PZT/Al2O3 /Si FeMOS.16–17In addition, no
dielectric breakdown up to2500 kV/cm also implies tha
BLT on Al2O3 /Si has better dielectric integrity than that o
Pt/Ti/SiO2 /Si. This smaller leakage current and the larg
breakdown field may be due to the additional large ene
barrier of Al2O3 dielectric9,10 and no intermediate phase
the interface. The much reduced leakage current of BLT
Al2O3 /Si is the strong advantage as compared with BLT
Pt because it is directly related to the applied switching
ergy and technology scaling down.

In conclusion, BLT films on Pt/Ti/SiO2 /Si and Al2O3 /Si
substrates were investigated in this work. Both MFM a
FeMOS capacitors show goodC–V characteristics and hav
the same threshold voltage shift of 1.6 V at610 V applied
voltages. The leakage current density of BLT FeMOS cap
tors is about 1.831028 A/cm2 at 2100 kV/cm that is two

FIG. 4. C–V characteristics of BLT on~a! Pt/Ti/SiO2 /Si and ~b!
Al2O3(6 nm)/Si.

rticle is copyrighted as indicated in the article. Reuse of AIP content is s
ub

140.113.38.11 On: Thu, 0
nt
a

h

r
y

n
n
-

d

i-

orders of magnitude lower than that of MFM capacitors. T
excellent memory characteristics and very low leakage c
rent of BLT on Al2O3 /Si are the merits for 1T ferroelectri
memory as compared with 1T-1C cell.
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