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(Pb,La,.,) (@r,T5.,)0; (PLZT) thin films with eleetrooptic effect are promising for the optical applications such ag display
or light shutter However, it is difficult to use inexpensive and transparent glass substrates hecause the con-
ventional process for preparation of PLZT requires temperatures above 600°C. In arder to deposit a perovskite
PLZT thin [ilms at low processing temperatures through alkoxide route, we have offered several seeding processes
which reduce the activation energy for crystallization. In this study, we optimized the stacking struecture of multi-
layered PLZT for obtaining single phase perovskile at lower temperatures. As a result, ferroelectric PLZT thin
films with different compositions were successfully prepared at a temperature as low as 500°C.
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L. Introduction

LZT is a transparent ceramic which was developed

by Heartling in 1971."” PLZT is one of the most pro-
mising material {for optical devices such as light shutter
and display beeause it exhibits both Kerr and Pockels
effects. To apply PLZT for the optical devices, a single
phase perovskite PLZT is required. If the PLZT thin
films are prepared by wet chemical proeessing, they crys-
iallized into perovskile phase via pyrochlore. However, the
pyrochlore phase does not exhibit the desired optieal el-
fects.” Therefore, single phase perovskite structure is re-
quired for PLZT films.

Commercial PLZT has been prepared by bot-pressing
at above 600°C, resulting in high cost.” For thin film pro-
cessing, sputtering” and sol-gel method have been studied.
Lee e al. reporled™ low temperature processing of PLZT
thin films by sol-gel method. However, the optimum com-
position for the electrooptic effect was not obvious. In addi-
tion, high-temperature annealing above 600°C was re-
quired to obtain single phase perovskite for the Zr rich
composition.

This paper focuses on the low-temperature processing
of PLZT thin films with different compositions which
shows the electrooptic effect by the seeding process. If a
low-temperature process is established, various subsirates
with low melting temperatures can be used, leading to the
wide or new applications. To demonstraie this, commercial
soda-lime glass with transparent indium tin oxide (ITO)
electrode was used as a subsirate. Compositions of PLZT
studied were in the range from Ti rich to Zr rich com-
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positions (20<Zr<65, 35<Ti<80), which were expected to
show the electrooptic effect.

Many parameters such as the substrale, temperature,
annealing and the atmosphere affect the erystallization
behaviour of PLZT thin films. Among them, seeding pro-
cess is one of the most effective method to lower the crys-
tallization temperature.”” Therefore, we used seeding lay-
er to introduce the nucleation sites, which lowered the ac-
tivation energy for the crystallization. We offered two
types of seeding processes for the PLZT thin films.

II. Experimental Procedure

Fig. 1 indicates the preparation method of PLZT and
Pb,La, Ti0, (PLT) precurser solutions. Lead acelate, lan-
thanum acetate, zirconium i-propoxide and titanium
i-propoxide were used as raw materials. In this study,
the compositions for PLZT and PLT precursors are de-
scribed as (100-100x/100y/100-100y) and (100-100x/100),
respectively. For PLZT precursor, (10/65/35), (15/53/47),
(20/20/80), and PLT precursor, (10/100), {15/100), (20/100)
were prepared. The salvent was 2-methoxyelhanol and
the concentration of cation was 0.6M. Soda lime glass of
1.1 mm thickness with dip-coated sol-gel derived SiO, for
passivation layer was used as a substrate. Then, ITO
{215 nm) was coated on the substrate to give sheet regist-
ance in the range 9.0~9.50/] (ITO/Glass). In some
experiments, PLZT thin film was deposited on Si wafer
to investigate the effect of different substrates on the crys-
tallization behaviour.

Dip-coating method was used for the film deposition,
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Fig. 1. Flow diagram for the synthesis of PLZT ar PLT pre-
cursor solution.
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Fig. 2. Flow diagram for the preparation of PLZT or PLT
thin film.

with the withdrawal speed of 0.1 mm/min. Film thick-
ness was estimated from Seanning Electron Microscope
(SEM) images of the cross sections. Estimated thickness
for one coating was about 50 nm. The as-deposit film
way pre-annealed at 350°C for 15 min followed by the
annealing at 450, 500 or 600°C for 1 hour (Fig. 2).

In this study, two different types of seeding methods
were used, One was a zingle seeding process and the
other was a multi- seeding process,” where the seeding
layers of PLT and PLZT layers were deposited alter-
nately. The cross sections of the stacked structure are
illustrated in Fig. 3.

The crystalline phases developed during annealing
were identified by X-ray diffraction (XRD; Rigaku RINT
20000.The transmittances of the samples were measured
by UV-Vigible Spectroscopy (Shimazu UV-3520). The fer-
roelectric properties of some samples were measured by
RT-6000S (Radiant Technology Inc.) using gold upper
electrode.
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Fig. 3. Hlustration of stacking structure for single-seeding
or multi-seeding process.

III. Results and Discussion

1, Crystallization behaviour of precursor

The crystallization behaviour of PLZT and PLT pre-
cursors on ITO/Glass were investigated and shown in
Fig, 4 and 6. As shown in Fig. 4, only the ITO peaks
were observed up to 500°C. A single phase perovskite
thin film was deposited for the (20/20/80) composition at
600°C. However, for the (15/53/47) composition, a mixture
of perovskite and pyrochlore was identified, and only the
pyrochlore phase was ohserved for the Zr rich (10/65/35)
composition at 600°C. These results indicate that per-
ovskite phase in the PLZT precursor film tends to
crystallize at lower temperature with increasing Ti eon-
centration. This tendency has been confirmed Ly the other
studies.” Although the single phase perovskite was
obtained at 600°C for Ti rich {20/20/80) films, this tem-
perature was gtill high when the TTO/Glass was used as
a substrate. The degradation of substrate at this tem-
perature leads to the reduced electrical properties of the
resultant films. Fig. § shows the crystallization behaviour
for PLT precursor,

For the PLT thin films, perovskite phase was identified
at ahove 500°C. However, sol-gel derived PbTi0, film crys-
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Fig. 4. XRD patterns of PLZT thin films on ITO/Glass with-
out seeding (a), (b) and (¢) are the XRD patterns of the com-
position {10/65/35), annealed at 450, 500 and 600°C respec-
tively, (d), (e) and (f} are the XRD patterns of the composition
(15/53/4T), smnealed at 450, A00 and 800°C respectively (g),
(h} and (1) are the XRD patterns of the composition (20/20/
80}, annealed at 450, 500 and 600°C respectively.
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Fig. 5. XRD patterns of PLT thin films on ITO/Glass with-
out seeding (a), (b) and {c¢) are the XRD} patterns of the com-
position (10/100), annealed at 450, 500 and 600°C respee-
tively (d),(e} and (f) are the XRD patterns of the composition
(15/100), annealed at 450, 500 and 600°C respectively (g), (h)
and () are the XRD patterns of the composition (20/100),
annealed at 450, 500 and 800°C respectively.

Vol.5, No 1

BCE
~ O PLZT Perovskits
* ITQ electrode
g
i 5
.-
e
Y
£ on Si wafer
El !
i 3 =
L S =
w, w
| g _on ITO/Glass
2 (o) = = =
I = = - 5] =
L O = o] " =
_;d\ 4 gr A L ©
20 a0 1 50 60
]

Fig. 6. XRD patterns of PLZT(20/20/80) thin films annealed
at 600°C on different substrates of Si wafer or ITO/Glass
without seeding.

tallized into perovskite phase at 450°C." Therefore, it can
be concluded that addition of La increases the crystalliza-
tion temperature of perovskite phase for PhTi0, film.

2, Effect of substrate

One of the parameters affecting the crystallization
behaviour of PLZT thin film is the substrate. The crys-
tallization behaviour of PLZT thin films on ITO/Glass
and Si wafer investigated at 600°C (Fig. 6). As shown in
Fig. 6, PLZT thin film on Si wafer exhibited the orienta-
tion te (100) direction, whereas PLZT thin film on ITO/
Glass exhibited perovskite phase with random orien-
tation. The random orientation of the PLZT films on ITO/
Glass is aseribed to the lattice mismatch between ITO and
PLZT. On the other hand, the reason for (100) orientation
of the PLZT thin film on Si wafer is not clear. However,
this seems to be relaled to the (100) orientation of Si wafer.

It is considered that c-axis orientated PLZT thin film
with peroyskite type structure exhibit the excellent
electrical properties. Crystallization behaviour of PLZT
precursor in this stndy was strongly affected by the type
of the substrate.

3. Effect of seeding layer

From the results in section (1), PLT seems te be an
excellent candidaie as a seeding layer hecause a single
phase perovskite films were deposited af 500°C. There-
fore, PLT precursor with same Zr/Ii ratio as PLZT which
suppresses the composition change of the resultant films
after annealing was selected as seeding layer. The cry-
stallinity of the seeding layer also has large effect on the
crystallization of PLZT films. Fig. 7 shows the XRD pat-
terns for {10/65/35) PLZT thin filins with seeding layers
of different thickness and crystallinity, In this figure, a
seeding layer was pre-annealed at 350°C (in situ seeding)
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Fig. 7. XRD patterns of PLZT(10/65/35) thin films on I'TCY
Glags annealed at 500°C by single seeding process. PLT
seeding layer pre-annealed at 350°C (a} or 500°C, (b) with 50
nrn thick and pre-annealed at 500°C with 27nm thiek (c).

and other seeding layers were pre-annealed at FOD°C to
oblain the well-crystallized seeding layers (crystallized
seeding). All PLZT films with seeding layer had perovskite
structure at 500°C, even for the Zr rich compogition (Fig. 7).

This suggests that seeding layer lowers the activation
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Fig. 8. XRD patterns of PLZT thin films on ITO/Glass by
multi seeding process {(a}), (b) and (¢} are the XRD palterns
of the composition (10/65/35), annealed at 450,500 and
600°C respectively (d), (e) and {f} are the XRD patterns of
the composition (15/63/47), annealed at 450, 500 and 600°C
respectively (g}, (h) and (i} are the XRD patterns of the com-
pogition (20/20/80), annealed at 450, 500 and 600°C respec-
tively.
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energy for crystallization of perovskite phase. In addition,
PLZT film with 500°C annealed seeding layer showed
higher crystallinity (Fig. 7(b)), leading to superior electri-
cal properties (Fig. 9). In thiz case, different peaks
corresponding to the PLT seeding laver were identified.
Therefors, we prepared PLZT film with thin seeding layer
(Fig. T{eh. As a result, diffraction peak of PLT was not
identified and the resulting PLZT film oriented to (100}
direction. 'This result is consigtent to that of Lee et ol”
Insertion of well-crystallized thin seeding layer preannealed
at 500°C hetween PLZT film and substraie resulted in
the low-temperature deposition of c-axis oriented PLZT
film. On the other hand in multi-seeding process, both
PLT and PLZT perovskite were identified at 500°C (Fig.
8). This suggests that the resultant films were consisted
of alternative stacking of PLT and PLZT peravskite
layers. PLT layers did not dissolve into PLZT layers to
form solid solutions al this temperature. Molecular
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Fig. 9. P-E hysteresis loops for PLZT thin films annealed at
500°C on ITO/Glass by single seeding process (a) P-E hys-
teresis loops for PLZT thin {ilms for the composition (10/65/
35) with seeding layer thickness of 50 nm (b) P-E hysteresis
loops for PLZT thin films for the different compositions and
speding layer thickness of 27 nm.



54 The Korea Jownal of Ceramics - Tonuo Hirsna et al

100
0 |
a0+
70 |
60 |
50 b
a0 |
30 |
a |
w0t

in situ seeding

[
crystallized seeding

Transmrttanca(%)

— P R

0 , . . . .
300 350 400 450 500 550 GO0 650 00 730 BOQ
Wavelength{nm)

Fig. 10, The transmittance spectra of PLZT films with {20/
20/80) compeosition annealed at 500°C.

design of precursor solutions for PLT and PLZT is essential
1o prepare single phase PLZT by multi-seading process.

4. Flectrical and optical properiies of fhin film

As already described above, single phase perovskite
type PLZT thin films were succesfully deposited onto
ITO/Glass at low temperature of 500°C in the wide range
compositions. In this section, ferroelectricity and trans-
mittance of the resultant {ilms were messured. Fig, 9
shows the P-E hysteresis loops for low-temperature
processed PLZT thin films. As a result, PLZT films with
wall-crystallized seeding layer exhibiled higher remanent
polarization {(Fig. 9(a)). However, hysteresis loops did not
show enough saturation. Higher applied field is essential
to obtain the good hysteresis loops for the PLZT thin
films, showing the relatively large leakage current of the
resultant films. This also may be ascribed lo the crys-
tallinity of the resultant films. Further investigation is
indispensable to improve the film quality, In addition,
PLZT film with thin seeding layer exhibited superior
ferroelectricity compared to the PLZT [ilm with thick
seeding layer (Fig. 9(a) and (b)). This result confirmed
the erystallization behaviour (Fig. 7) Increased remanent
polarization for the PLZT film with thin seeding layer is
ascribed hoth to the orientation and crystallinity of the
resultant films. On the other hand, remanent polarization
decreased with increasing Ti content (Fig. 9(b)). However,
low coercive field was obtained in the case of PLET film
with T1 rich composition of {20/20/80). Therefore, we have
to change the compasitions depending upon the ahjectives.

Figure 10 shows the transmittance of the resultamt
PLZT films. A gshown in the fgure, more than 60% of
transmittance was attained in the visible region for all
films., This iadicates the possibility for applying the
low-temperature processed PLZT films in optical devices.

IV. Conclusions

This paper focused on the preparation of PLZT thin
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films at low temperatures by using seeding process. From
the comparigon of different seeding processes, followings
are concluded;

(1) Perovskile formation temperature for PLZT thin
films decreased with increasing Ti content.

(2) Perovskile formation temperature for PLT thin
films were higher than PT thin [ilm and lower than
PLZT thin films. Increased amount of La addition resulted
in the higher perovskite formation temperature.

{3) Single-seeding process iz effective for low-temper-
ature processing of PLZT thin films.

{4) Tnsertion of well-crystallized thin seeding laver
between PLZT precurser film and substrate resulted in
the (100} oriented perovskite PLZT thin films at low tem-
perature of 500°C.

{8) Low-temperature processed PLZT thin filins showed
relatively gaod ferroelectricity and transparency more
than 60% transmittance in the vigible region.
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