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ABSTRACT

Lanthanum doped bismuth titanate (Bis2sLag 7511301 abbreviated as BLT) has been known
as one of typical materials for Bi-layered perovskite structure which possess several unique
properties such as good fatigue with metal electrode and stable remanent polarization, hence i
has potential applications in ferroelectric random access memory. In this work, the BLT thn
films were fabricated on Pt/TiO,/Si0,/Si substrates by using a solution process, and then ther
features including crystal structure, surface morphology, and electrical properties wer
characterized by using X-ray diffraction system (XRD), scanning electron microscopy (SEM),
and electrical measurement system (Radiant Precision LC 10), respectively. The obtained result
point out that the BLT thin film annealed at 725 °C is mostly optimum from a viewpoint of film
quality and ferroel_ectricity. In particular, the optimum BLT thin film having a thickness of 20¢
nm does not contain any cracks on the sample surface, and the grain Size 1s closed to 400 nm from
SEM observation. XRD patterns imply that the BLT thin film had stoichiometric structure wih
preferred orientations of (117) and (006), when annealed at temperatl.:;c:s. higher than 725 °C. I
Safsion, Wo logad e Jfiueace of La (0.75) dopping on c¢-axis-oriented éI'OWTh of BL1 thin

films is clear from the structural analysis. The remanent polarization of optimum BLT thin film 1

approximately 10 uC/em’, but the f - : .
vf; ftages. erroelectric hysteresis loops are not saturated at low applied
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In recent years, ferroelectric thin f;
because of its abundant applications in
memory (FeRAM), or 3D high-dens; oot b
Pb(Zr,T1,x)O3, named as PZT, is known as on
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_otigation on structural and ferroelectric properties of Bij 2sl.@¢ 7513045 thin films

advantages such as low crystallization temperature and high remanen't polarization.
Unfortunately, the chemical components in PZT are seriously harmf!.ll to the environment, or the
poor fatigue of PZT leads to limit the utilization of metal ele'cl:n:)des like _Pt, Au, or Al. D?splte the
fatigue of metal/PZT/metal capacitor is poor, it could be significantly improved b?f using metal
oxide electrodes such as RuO,, IrO,, and LaNiO;. It has been repor_ted that th_e issue of these
electrodes is normally to require complicated fabrication process, and' it tends_to increase leakage
current [3]. Therefore, it is necessary to develop ferroelecn?c materials folr improving the poor
fatigue when using pure metal electrodes. Hitherto, typlf:al ferroelectric materials such as
§rBi,Ta;09 (SBT) and Biy T30y, (BIT) are particularly -con51dered to replace PZT..Although the
ﬁti_gue of SBT reached 10" cycles when switching the polarlzaﬂtlon continuously, the
disadvantages of SBT are high crystallization temperature (750 — 825 °C) and small remanent

3 polarization (2P = 4 ~ 16 uCl/cm?®) [4, 5]. On the other hand, for the single crystal BIT material,

e spontaneous polarizations (P;) in a-axis and c-axis are 50 uC/em” and 4. pC/cmz,_ respectively,
but the single crystals require expensive and complicated technique in principle. 2For the
ry \ent polarization (2P,) is as small as 4 +~ 8 uC/cm” and the

ading to be difficult to apply BIT for the practical devices [6]. A recent
at Bi** ion in Bi;Ti;0,; structure could be substituted by valence ions 1in

d
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_,"“_ LW

~ group 11l (for example, Lanthanum) to enhance the ferroelectric properties, especially the fatigue
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" [71. In this work, we have carried out the fabrication of Bi;2sLa,-sTi;0,, (BLT) thin films via
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juence, the investigation on crystal structure, surface

_ properties is systematically performed to find out the optimum
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The BLT thin were fabricated on Pt/TiC In the sample structure,
510, plays a role to isolate the gate electrodes when pat erned, TiO, layer is deposited to enhance
the adhesion of Pt thin film ¢ ibstrate, and Pt layer is a bottom-gate electrode. To
prepare thin films, first, BiszsLaggsTis( on precursor was uniformly dropped on the
surface of Pt/TiO,/Si0,/Si substrates, which were precleaned in acetone solvent and deionized
(DI) water by using ultracleane: 1d, the samples covered with the BLT precursor were
seconds to ensure t [[ n uni Third, the samples were, in turn, dried on a hot plate at
150 °C for 1 min te an §9%0 * i bonds and change the thin film
prepare the desired thickness of about 200 nm for BLT thin films, according to the cross-sectional
SEM observation. Finally, the thin films were annealed to chang 2 from the amorphous state to the
Crystalline state at various temp 750, 775, 800 and 825 °C, by using a
rapid thermal F 5 min i& in oxygen atmosphere to

Supply reactive ga he surface morphology and the
Cl'yStal structure of the fabric stigated by using scanning electron

Microscopy (NOVA NANOSEM 450) and using X-ray diffraction system (model D5005),

fespectively. To eval odes in dot form, whose diameter
are 100, 200, and 500 um, BLT thin films, by sputtering

-
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3. RESULTS AND pDISCUSSION

3.1. Crystal structure

. £1mg fabricated at varlous‘tt_:mperatures_l .
s om0 st D17 0 5 L 0
R mh the intensity qf dlffractml: Pe of 650 °C, it begins to appear the Bi-layered pem"skite
. Hﬁﬂ Mm nne: ;ng.tempera llll'] as (117), (200), and (220). Hou_'ever, the spectra]
ructure m diffractive plan.es SI:IC stallization of BLT thin films Is not completed, o just
| tbat:f,}]t ne ﬁg annealing temperature is continued to increase g
» gy cryz,tallizat jon are almost unchanged, but further incremep .
| -- '. clear picks at the diffractive planes of (004), (006), and ( 117)'

vith a recent research reported by Kang ej al., the 'typlcal peaks of
BEBLT thin films were only started at 7SQ 0l ac&_:ordmog to their XRp
_ # lization temperature of BLT thin film is 25 °C lower i, our
fom a point of view on better technology. Moreover, we obserye that
her when increasing annealing temperature up to 825 °C, especially
"AOA1 ] k pos.itiOI'lS. This result can be exP]ain,ed
 Bi-layered perovskite structure is c-axis, i.e. (00/) plane is More

e "BLT is the highest in [00/] direction, leading to the

re details, the XRD patterns of the optimum BLT
fted as shown in Fig. 2. One can see that the
ss and the high-leve! crystallization, and it is

RiSiferroelectric capacitor because if the

8tes can be pecled off, and the process

R

20 (degree)

Sy diffraction pattern of the BLT "
Hlm annealed at 725 °C.

: _ . x 2 i '
1650 °C to 825 °C is shown iP5
$Sm00th, and non-cracked. 11
Y BLT thin films using 8
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g 0gy of the BLT thin films annealed at: a) 650 °C, b) 675 °C, ¢) 700 °C,
¥ %i «@ 350 “c f) 775 °C, g) 800 °C and h) 825 °C.

' 3 '*5' 22 'mg temperature, the grain size rises steadily, for
ase 1 650 °C to 725 °C, the grain size expands slightly
| he grain size of the BLT thin film annealed at
BL f in film annealed at 725 °C is about 100 nm. In
er than 750 °C, the grain size is larger than that
ut is not highly uniform, and it appears a lot of
m dramatically. Figure 3(h) is a typical surface
We can see that when rising the annealing
b increases slightly to 400 nm and the porous
. That is, the crystallization level is totally
1 Comparing to the grain size of non-doped
> as 2000 nm, which might be a drawback of

La3 "ion plays a role as an important factor to
3¢ h‘
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thin films annealed at 650 °C and 675 °C. One can
C @f the electric field, that is, the P-E loops are

; 1zation is back to 0 when the electric field is
als. It seems to be reasonable with the results
f thin films is amophous or microcrystal, but

i
films annealed at 700 °C and 725 °C. From this
Xpanded comparing with the lower temperature

a ty '*ical hysteresis of ferroelectric materials, for

S s annealing temperature to 725 °C, the P-£
sly ferro lectrlc properties, which are symmetrical, but
Elg 5 (b) for the BLT thin films annealed at
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remanent polariz.ation (P,) can be extracted to pe 0

. s value is quite small, comp
s R s . . : s [11 - 13]. This va pared 1,
~ p#Clem’, which is matching with mg;t,}.]::nrearpgg al[ (14]. In our paper, although we do not prege,

*“:‘" 1€ " ‘4 ul (',.‘.1"[‘]2 rep rted ; “ P-F h "
*the results o mi{'fk{in ﬁlmﬂoannealing at temperatures higher than 725 °C, ySteresis loops

1e results e ing to the leakage curre
e Af Snerlats aterials, corresponding . t are
c«down behavior of insulating m 1 because the thickness and the syrfye,
y of 3LT thin films fabricated are not uniform overall, and the thinnest film area g,
B e 1o (i giant electric field at the local region, or the tunnel effect from the
which would be discussed in the next section. In consequence, we conclude thg
completely resembles with results from XRD patterns and surface morphology of

nnealed at 725 °C as seen from Fig. 2 and Fig. 3.
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amplitude nf voltages. The first region is a linear 8.0x10°

dence on voltage, and follows Ohm’s law. 7 010
econd one is known as the contribution of  _ .
'.- irrent, proposed by Pool — Frankel <
cl The third one relates to the E oy ol
lown effect or the Fowler — 5 o
tunneling effect. Importantly, the i e
characterlstlcs provide the -
tion of the electrionic device = .-

or not in use. Therefore,
nves gatlon on the P-E loops,
*@f BLT thin film annealed
s were measured for each

0lte * -_;_m -,,_,i wn m F lg 6. We
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Figure 6. Leakage current characteristics (/-f) of

3 ing the BLT thin film annealed at 725°C.

‘h AMO:!
; ) _ﬁ 650 675 and 700 °C. For the BLT thin films
H appears the breakdown phenomenon between
r consideration on the grain size rising with the
‘ » makes the discharge effect through the grain
¢down of the insulating film layer.

2ven at ¢ = 0, the leakage current 1s quite high for
‘and 5 V. This is because the equigment does not
pelectric material before each measurement. The
urce which contributes the high leakage current at
funhennore in the case of 5 V, the /- shape 1s
contnbuted from the polarization current of
asurement for the applied voltage of 4 V. Both
gh lea 1C lthe rugged shape of /-# characteristics are able
to neglect steadlly the apphed voltage to 0, like a sine

: before measuring the /-f in each applied
31 T thin film annealed at 725 °C has the best
ith the traditional PZT material. In other words,
s further optimized to approach the practice in

vices.
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 films with the thickness of about 200 nm have
/Si substrates by using a solution process. X-ray
; stoichiometric Bi-layered perovskite structure
‘ yeratures > 725 °C. SEM images describe that
the surface, the grains grow steadily in size,
u increase of annealing temperature. One
inealed at 650 °C is about 30 - 50 nm, and that In
1. We obtained that the BLT thin film annealed
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d leakage
of about 10 pC/cm an g€ Curren
rem;ﬂe”;. pOIanzaﬂond has not su1tabl)’ supported to apply for
BLT in 1l
Lower than 10* A. Although the

rtles of BLT thi
h is required 10 improve the prope sy é“ flms
i faﬂgue . Lhe furtherl resetaf chmquc to crystallize each layer or ging Opping
sl [ i-annealing tecC

at 725 °C has hlghest quality with

ﬂf Bi component.
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A
B(Biz2sLa, 1 Tis0); viét tit 1a BLT) duoc biét
P 16p Bi va cho thiy nhiéu tinh chét ndi trdi
nang ung dung Ién trong bd nhé st
Y, -: mong st di¢n BLT duoc ché tao trén
1a d6, khao sat syr thay ddi cac dic trung nhu
ld mang mong BLT. Cac dic trung duoc khao
éidién tir quét (SEM), va hé do tinh chit dién
'thdy mang mong sit dién BLT duoc d tai
thai bé mit tot nhat. Cy thé mang mong BLT

g

hién tugng nut giy trén bé mit. Két qua
€ cau tric hop thirc perovskite chdng 16p, c6
1 °C. Hon nira, két qua khao sét cu tric ciing
;ff 1at trién cua hat theo truc ¢ cua ciu tric
16c hat 16n nhat khoang 400 nm. Phan cuc du
va dic tnmg dién tré chwa bdo hoa & thé ap
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