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A ferroelectric Bi—xLaxTi3012 (BLT) thin film library was fabricated from BD3/La,Os/TiO, multilayers

using a multitarget RF-sputtering system equipped with an automated shutter. The polariekeibric

field and structure were mapped as a function of the La contentsfren® to 1. Remnant polarizationP()
increased as the La content decreased, and it reached a maxifiwh2D uC/cn? at x = 0.28. Atx <

0.28, &, decreased gradually as the La content decreased. This compositional dependence of the remanent
polarization was the result of the degree of {iilting along thea—b plane changing as a function of the

La content. This was quantitatively related to the intensity ratio between the (117) peak and the (008) peak
in the X-ray diffraction (XRD) pattern and to the intensity of the Raman band at 848, @rising from
stretching mode of Ti@octahedrons.

Introduction As shown in Figure 1, there are four target guns, and

Bismuth-layered perovskite ferroelectric films, including Positions of the targets can be changed by a rotation
SrBi;TaOs (SBT) and (Bi,La)TizO12 (BLT),2 have drawn mechanism. The automated shutter produces the concentra-
interest as ferroelectric random-access memory (FRAM) tion gradient over the substrate along tkeaxis. All
because of their fatigue-free properties ovel’t8ad/write deposition procedures are operated by the software program.
cycles when used with a Pt electrode in contrast to those of In the design of the equipment, we considered the following
Pb(Zr,Ti)O; (PZT)3 However, these materials have the two criteria: (1) thickness uniformity and (2) thermal
disadvantage of having a smaller remanent polariza®n ( yniformity. In RF-sputtering, it is especially difficult to
compared to that of PZT. To improve the remnant polariza- roquce a uniform thickness because the plasma was
tion (P;), numerous attempts have been made to SUbSt'tUtegenerated in a spiral type, and therefore, the center was

lanthanide group atoms for the Bi site ingBiz0:, (BTO), thicker than the edges. To overcome these problems, we

and it was demonstrated that ti& value is strongly ) LR . . .
dependent on the chemical composition related to bismuth d€POSited the thin film library in a restricted region %44

volatility.4 However, so far, most studies have focused on €M) by Using a target wit a 4 in. diameter. This thickness
the optimization of the deposition process variables in deviation wast1% at 250 nm, and the thermal uniformity

fabricating ferroelectric material with a specific chemical was less than 3% at 50@ on wafer with a diameter of 4
composition such as Bid ag75Ti3012.° in.

To verif_y the cpmpositional_ dep_endence Bf ir_l a High-Throughput Synthesis of Biy_xLayTisO1 (BLT)
ferroelectric material, a combinatorial approach is very Tnin Film Array. We used a multitarget RF-sputtering

efficient because it is possible to fabricate a large number(Sunicoat-524 manufactured by Sunic Inc., Korea) system
of thin film library samples with various chemical composi- . ) iy .
tions on a wafer under the same deposition conditfons. equipped with an automated shutter. To fabricate the

Therefore, in our contribution, a combinatorial methodology ferroelectric BLT thin film library, B}Os, TiO, and LaOs

was applied to the fabrication of a BiLaTizOy, (BLT, 0 (Purity = 99.999%, diameter 4 in.) were used as targets.
< x < 1) thin film library to optimize the chemical  Before fabricating the thin film library, we measured the

composition for large®, and to find quantitative structure deposition rate of each target material as shown in Table 1.
property relationships (QSPR) in BLT libraries. Initially, TiO, was deposited on the (111) Pt/BiSiOy/
Experimental Section Si substrate (4 4 cn?) for 145 s without moving the shutter
. . ) ) (RF power= 300 W, Ar/Q, = 15/5 sccm). After the
Multitarget Sputtering System. This equipment was  janition, we changed the target material from ;Tt®
designed to fabrlca_t_e a thin film library t_)y means of the Bi,Os, and deposited this material for 17 s without moving
pulsed laser-deposition (PLD) method with an automated the shutter (RF power 50 W, Ar/O2= 15/5sccm). To give
shuiter. the Bi/La concentration gradient along tk@xis, Bp,Os; was
*To whom correspondence should be addressed. E-mail: deposited with moving the shutter forward, and theaQsa
siwoo@kaist.ac.kr. Phone+82-42-869-3918. Fax:+82-42-869-8890. was deposited with moving the shutter backward. Here, the
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Figure 1. Schematic drawing of multitarget sputtering system with
automated shultter.

Table 1. Deposition Rate of Target Materials Using the
RF-Sputtering System

target RF power Ar/O, deposition rate
material (W) (sccm) (nm/min)
Bi,Os 50 15/5 12.8+ 0.05
La,O3 100 15/5 1.8A0.05
TiO, 300 15/5 1.1H0.05

speeds of the movable shutter fop®4 and LaOs; were 0.35

and 0.06 cm/s, respectively, according to the deposition rate.

The motion of the shutter was synchronized with the

Kim et al.

4.0
i ot
3.5 1 I
Ty
P
3 0] ¥
=
£
5 254 —un— Bi content, real
& *— Bi content, predicted
E 2.0 4 4— La content, real
g v~ La content, predicted
£ 1.5
=
L)
1.0 4
T
0.5 s
e N
—
u'o T T T T T T T
5 10 15 20 25 30 35

Distance (mm)

Figure 2. (a) Schematic diagram of a BilLaxTizO;, thin film

plasma generation in such a way that for each deposition, aliPrary generated from TigBi,04/L2,04/TiO, multilayers using

thickness gradient was created on the substrate. Finad@; Bi

the multitarget sputtering system. (b) The chemical composition
of Big—xLaxTiz0;2 in thex direction. This was measured by WDS,

and TiG, were deposited sequentially, as previously de- ang the compositional error i0.1%.

scribed. Thus, a sandwich structure of ¥igi,Os/Bi,Osf
La,0O4/Bi,O4/TiO, with a thickness of 15.4 nm was fabricated

Co.) was used to map the local structure including various

as shown Figure 2. The chemical composition was measurednetal-oxygen vibration modes as a function of La content.

by wavelength dispersive spectroscopy (WDS). The com-

positional error range was within 0.1%.

When the Raman spectra were obtained, the Ar laker (
488 nm, Power 40 mW) was incident on the sample, and

This process is called a 1-deposition cycle. To obtain a the detection time was 10 s per sample. To improve the

film (BLT thin film library) with the thickness of 250 nm,

we performed 16 deposition cycles. During the deposition,

the substrate temperature was maintained at 300for
efficient intermixing of each material and to prevent the Ti
ion from migrating onto the Pt surfa¢eA gas mixture of
Ar and Q (Ar/O, = 3:1, total flow rate= 20 sccm) was

signal-to-noise ratio, we used a holographic-type monochro-
mator and a back-illuminated photoarray detector with high-
sensitivity (liquid nitrogen cooled, 134G 400 pixels,

manufactured by Princeton Co.). Therefore, we were able
to obtain good-quality Raman spectra in a relatively short
time (less than 10 s) without compromising the signal-to-

used to suppress the formation of oxygen vacancies. Thenoise ratio. The chemical composition of the prepared

process pressure wasx51072 Torr, and the base pressure
was approximately 5 1076 Torr. After the deposition, the
BLT thin film library was heat treated at 40TC for 1 h
under Q and postannealed at 700 for 5 h under an oxygen
atmosphere for the crystallization.

Characterization of the BisxLaxTizO1, (BLT) Thin

combinatorial array was obtained by wavelength dispersive
spectroscopy (WDS, Microspec 3-PC). The surface morphol-
ogy and cross-sectional image of thin film library were
analyzed by scanning electron microscope (SEM, Philips
533M) for a measurement of film thickness. To measure the
electrical properties, Pt electrodes with a 208@-diameter

Film Array. To analyze the new crystallographic phase and were deposited on the thin film library using the RF-

the preferred orientation of as-prepared thin film library, we
used microbeam XRD (D8 DISCOVER with GADDS for
combinatorial screening by Bruker-AXS) with a small beam
size (<500um), and thexyzmanipulator was controlled by

a computer software. The angle between the detector and

the substrate was 20and that between the X-ray gun and
the substrate was 15The XRD mapping was performed in
6—26 scan type with Cu k& radiation ¢ = 1.5405 A) and

magnetron sputtering system. The ferroelectric properties,
including P—E hysteresis, were measured using a Radiant
Technology RT66A ferroelectric tester at 10 V.

Results and Discussion

To analyze the polarizatierelectric field P—E) charac-

teristics of the BLT thin film library as a function of the La

content ), we deposited a Pt top electrode (diamete200

was operated at 40 mA and 40 kV. A Micro-Raman system um) on the BLT thin film library to form a capacitor

(manufactured by Dong Woo Optron Ltd. & Photon Design

structure. As shown in Figure 3, the remanent polarization
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Figure 3. Remnant polarization and coercive field of,BLa,TizO1, b
as a function of La contenk. xin Bi,La,T,0,,

increased as the La conterj lecreased, and it reached the  (b)
largest value of 2Q:C/cn? at x = 0.28. However, in the _
region ofx < 0.28,P, decreased gradually as the La content Fodhad W
decreased. In particular, at< 0.2, theP—E hysteresis loop By g \"L“ o
could not be measured because of oxygen vacancies ac- ¢ : W
companied by Bi defects. The oxygen vacancies accumulate 64 i i
in the electrode (Pt)ferroelectric capacitor (BLT) interface
and cause domain pinning which leads to smalteand
higher leakage of current densftyTherefore, theP—E
characteristic of the BLT thin film library showed that a small
amount of La substituted for Bk(< 0.2) did not effectively
reduce the defect concentration arising from Bi volatility.

. . . 0 . : . : . : i .
Itis Important to Improve the remnant polarlzatlon because 0o 02 0 o o8 e

it acts as the sensing margin to discriminate “0” and “1” in La content. x

a binary memory code. Simultaneously, a low coercive field Figure 4. (a) Microbeam X-ray diffractogram of Bi,La,TiOx

(Ec) is necessary to lower the operating voltage in FRAM. 454 function of La content (0 < x < 1). (b) The intensity ratio
As shown in Figure 3, the change in coercive field is between the (117) and (008) peaks plotted as a function of La

proportional to that ifP, because coercive field is the electric content,x.

field required to reduce polarization to zero. THe. 2alue

was about 266280 kVv/cm at 0.26< x < 0.32, and this  the (008) diffraction peak. This value was the maximum in

value is relatively greater than that of PZT. This is caused the region of the La conteni) between 0.26 and 0.32.

by the BiTisO,, structure having a-axis parameter (about  (Figure 4b). This trend is similar to the correlation of

3.2 nm) that is longer than that of PZT (about 0.5 nm). In chemical composition witF,, as shown in Figure 3. This is

such a structural system, more energy is needed to SWitCha valuable design criterion to deve|0p hiBhperovskite-

the aligned dipole direction than in PZT. type ferroelectric oxides. At higk, intensity of XRD peaks
The thin film library was analyzed with microbeam X-ray decreased significantly, indicating the low crystallinity of

diffraction in the 18 < 20 < 52° range to confirm the  BLT at this region.

crystallographic phase and preferred orientation. As shown The polarization of BLT originates from distortion of T¢O

in Figure 4a, the samples on the library had no impurity octahedrons. BLT has a monoclinic structure and loses its

phases (i.e., BTi,O;) and binary oxide including BDs, TiO, ferroelectricity when the crystal structure changes to a

and LaO; in the compositional range ofbetween 0 and 1.  tetragonal structure. As shown in a previous repoitiOs

In the X-ray diffraction (XRD) patterns, the crystalline octahedrons are present as a distorted form in the monoclinic

growth in the (117) direction increased as the La content BLT, and the degree of distortion of the T§©ctahedrons

decreased to 0.2. At= 0.2, a slight increase in the (A0 determines magnitude of polarization. We analyzed the

diffraction peak was observed, andxat 0.1, a remarkable  distortion of the TiQ octahedrons for a further quantitative

amount of growth inc-axis direction was observed instead structure-property relationship (QSPR) study of the BLT

of an abrupt decrease in the peak intensity in the (117) library and a micro-Raman spectroscopic approach was

direction. In BiTi3O15, the spontaneous polarizatidPy was carried out for the analysis of structural changes ingliO

negligible along thec-axis because the vector of tiRg in octahedrons because it can provide information onQi

bismuth-layered perovskite materials lies along dkexis? bonding vibrations with a short measurement time.

This allowed us to choose the structural parameter, R117, Figure 5a displays Raman shifts of the BLT film. Three

to consider such an anisotropic property. R117 denotes theintense peaks were observed at 260, 550, and 848wiren

peak intensity ratio between the (117) diffraction peak and x = 0 and were assigned to the internal angle bending
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interfaces® These phenomena reduce the measuRpdadd
therefore, smallerR values can be obtained despite intense
Raman peaks. Although this interface problem of BLT
caused a mismatch of the optimum composition between the
P—E hysteresis and the Raman spectroscopic results, the
micro-Raman spectroscopy is still a useful method in the
QSPR study of combinatorial libraries because it provides
reliable structural information within a short measurement
time.

In conclusion, a Bj4LaxTizO1 thin film library (0 < x
< 1) was fabricated from BDs/La,O4/TiO, multilayers using
RF-multitarget sputtering. The linear compositional gradient

(b) over the substrate was obtained using an automated shutter.
2000 1w In a P—E hysteresis loop, Bizdag2sTiz0;12 exhibited the

R i ° greatest P, value, 20 uClcn?. For x < 0.2, the P—E
t =er / '| [ - hysteresis loop could not be measured because of the higher
2 ol S " leakage of current density. Microbeam XRD and a micro-
R A AN . & Raman systems were used for the QSPR study. The intensity
£ o | % 0 ratio between the (117) and (008) peaks of XRD spectra and
j -l "-\ : 1~ intensity of the 848 cm! peak exhibited that theP2 values
£ f.'" Re o j are in agreement, which implies that these two parameters
2 sof ™ e R are good indicators for QSPR analysis.
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Figure 5. (a) Micro-Raman spectra of Bi\LacTi30;, as a function
of La contentx. (b) The intensity of the Raman-active peak at 848 Sponsored by KOSEF (2007).
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