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Abstract

Thin films of polycrystalline PbTi@were prepared by sol-gel process—spin coating method. The substrates used were fused silica and
stainless steel. The effect of post-deposition annealing on the electrical properties was analysed. Crystalline phase cirPbilDbe
obtained when the annealing temperature was higher tharCee electrical measurements were conducted on metal-film-metal capacitors.
Films annealed at 60@ exhibited crystallinity with perovskite phase, a dielectric constant of 125 and a dissipation factor of 0.035 at 1 kHz.
Current—voltagelV) characteristics were found to be ohmic at lower fields and space charge limited current (SCLC), controlled by traps at
higher fields. Transmission spectra of the films deposited on fused silica were recorded and from this, refractive index, extinction coefficient
and thickness of the films were calculated. The refractive index was found to be in the range 1.90-2.25 for different wavelengths (300—900 nm).
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction 2. Experimental details

Ferroelectric (FE) materials are of high interest for a  Thin films of lead titanate were fabricated by sol—gel
number of applications, including non-volatile memories, method using titanium isopropoxide and unhydrated lead
dynamic random access memories, electro optic switches,acetate as precursors. The sol was prepared by dissolving
pyro-electric detectors, etfl—3]. Presently, the usage of an 3.61g of [Pb(CBCOO)] in 15ml of methoxy ethanol at
optically transparent substrate in combination with transpar- about 68 C. The solution was then heated to around 125
ent ferroelectric thin film transistor offers interesting oppor- in a reaction flask fitted with a reflex condenser and cooled
tunity for optical application$2]. down to 9C°C. Then titanium isopropoxide (2.94 ml) was

Thin films of lead titanate based materials like lead zir- added drop wise to the mixture to yield 1:1 molar ratio of
conium titanate (PZT) and lead lanthanum zirconium ti- lead to titanium. The isopropyl acetate thus formed was
tanate (PLZT) have been studied extensively in the recenteliminated and lead titanate precursor solution was obtained.
past for optical memory, wave guiding applications, etc. This clean solution was filtered through Whatman’s glass
[2—4]. Lead titanate is well known to have good ferroelectric micro fibre filters GF/C and stored in a sealed clean bottle.

and pyroelectric propertig®] such as high Curie temper- Stainless steal plates and fused silica were used as sub-
ature, large pyroelectric properties and is one of the most strates. After spinning the precursor solution at 2500 rpm
promising materials with wide applicability. PbTiGhin for 30s on substrates, the films were kept at hot plate in

films have been prepared by using various techniques like;air at around 400C for 30 min to eliminate solvents and
flash evaporation, chemical vapour deposition, magnetronother organics. Films coated on the fused silica were then
sputtering, sol-g€gb], etc. Sol-gel method has been recog- annealed at different temperatures for 30 min with a heating
nized as one of the major materials processing technologyrate of 200°C/h. Single coated films thickness was found to
in the recent years due to its versatility in synthesizing new be approximately 1200 A. Repeated coatings were done to
materials for a variety of applications. In this paper, the elec- get thicker films by repeating the same process. For mak-
trical and optical properties of sol-gel derived lead titanate ing films on stainless steel, post deposition rapid anneal-
thin films on fused silica and stainless steel substrates areing was carried out at various temperatures from 400 to
reported. 700°C for 2min. Variation of the methoxy ethanol content
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Fig. 1. (a) X-ray diffraction pattern of PbTifilms annealed at various temperatures on fused silica. (b) X-ray diffraction pattern of PBIRG
annealed at various temperatures on stainless steel.



H.O. Yadav/Ceramics International 30 (2004) 1493-1498 1495

in the solution could control the thickness of the film. The 200¢
films were found to be transparent and polycrystalline. The E (o) 1KHz
film thickness was measured by optical nano-scope (Model E - (b) 10 KHz

911-9150, Anelva, Japan). The crystal structure was studied () 1 mHz
with Rigaku Geigerflex X-ray diffractometer. For electrical
measurements, top electrode was vacuum evaporated alu-
minium dots. Dielectric properties and ac conductivity were
measured by using HP 4284 precision LCR meter lad
characteristics were done with Keithley 617 Programmable
Electrometer. Optical properties were done with thin films
grown on fused silica. Transmission spectra were recorded
with Perkin-Elmer UV-Vis Spectrophotometer. Refractive
indices were calculated from the transmission spectra by the b
technique reported by Manifacier et ). . . . . ,
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3. Results and discussion Fig. 2. Dielectric constant as a function of annealing temperature for a

6500 A thick PbTiQ film.
X-ray diffraction (XRD) analysis was carried out on the

films made on fused silica. The pyrolised films (4@) were . . . .

. ; very low dispersion with frequency, whereas at third tem-
found to be amorphous, and post-deposition annealing was erature, the dispersion is larger. AtZ5, the variation of
required to develop crystallinityrig. 1(a)shows the XRD P ' P ger. '

P . . o . .
patterns of the films deposited on fused silica and annealed at shows high dispersion in the low frequency region. This

. . : may be due to the increase in the thermally generated charge
different temperatures by conventional process, keeping the - " - . S0
o ) . , carriers in the sample. The low dispersion in ¢hand the
annealing time constant (30 min). It is clear from the figure . L
. i . absence of any relaxation peakseihindicate the absence
that 30 min time was enough to attain perovskite phase at . . S
o : of any interfacial polarization of the Maxwell-Wagner
500°C. The polycrystalline nature and absence of preferred (MW) type as well as due the electrode barrier in the
orientation is evident from the XRD patteifig. 1(b)shows yp
. . o sample.
the XRD pattern of rapid annealed lead titanate thin films . I .
. . The effect of applied bias field on the capacitance of lead
grown on stainless steel substrate. Films annealed below

N ) ; titante film on stainless steel is given kig. 4 The mea-
500°C were found to be amorphous and crystallized films : : .

. . o surements were performed by superimposing an ac signal of
were obtained at an annealing temperature of “&D@&nd . . )
above amplitude 100 mV and frequency 1 kHz with dc bias on a

1 wm thick film. The nature of th€-V curve indicates hys-
teresis and non-linear behaviour of ferroelectric lead titanate
with applied field. Further, it also confirms the tetragonal

. . : structure of lead titanate film. Similar results for PZT were
The electrical properties of PbTiOwere measured on reported by Unhimann et &9].

the films deposited on stainless steel substrates. The top
electrode of the metal—insulator—metal (MIM) structure was
vacuum deposited Al dots. 200 150
The dielectric properties of the thin films deposited are eeeee 25
improved by heat treatment in the furnace between 400 and ——ose %oyg
750°C. The annealing effect on the dielectric constant of
lead titanate films is shown irig. 2at different frequencies.
It can be seen from the figure that relative dielectric con-
stant ¢') increased in the annealing range of 450-7G0
This trend is due to the increased grain size and higher crys-
tallinity with annealing temperatures. The decreasefbr
films annealed at 800 could be due to the loss of Pb
by evaporatiori7,8] or due the formation of low dielectric
constant interface layer because of the reaction between the
films and substrate. Similar observation of decreagélias o R A A
been observed by other authrs. 10°? 10* 10° 10°
Fig. 3 depicts the variation of dielectric constasat,and log frequency
dielectric loss¢” against frequency of lead titanate films at rig 3. variation ofe’ ande” with frequency at various temperatures for
25, 100 and 200C. At the first two temperatures,, shows a 6500 A thick PbTiQ film annealed at 600C.

3.1. Electrical measurements
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Fig. 4. The effect of applied bias field on the capacitance of a sol-gel
derived PbTiQ film on a stainless steel substrate.

The current—voltage characteristics (logersus log/) of
MIM capacitors employing lead titanate films are shown in
Fig. 5. It may be noted from this figure that at low voltages,
an exponential increase of current with applied voltage was
observed, followed by a saturation region at high voltages.
Similar non-lineal-V characteristics were obtained for bar-
ium titanate[10]. In these kinds of resistively films, the

Current {A)

possible dominant conduction mechanisms may arise due 16" -~ r
to tunnelling. Schottky effect, Poole Frankel effect and/or 0 5 10 15
space charge limited current (SCLC). As the thickness of Voltage (V)

the film was well above 500A, the tunnelling process can Fig. 5. (a and b) Typical current-voltage for stainless steel-PHTAO
be ruled out. To understand the type of conduction mech- capacitors on a semi log plot and semi log plotldf vs. VY/2, for the
anism, semi log plot of versusVY/2 and| versusV were same data.
drawn and are shown iRig. 5(a) and (kb)respectively. For
conduction mechanism either by Schottky or Poole Frankel
emission over a single metal insulator bartigtversusv'/? ;
should be linear one. The absence of linearity in our case
[Fig. 5(b) clearly rules out this as the possible conduction 10 “g —— 100°C
mechanism. Also, we noticed the polarity reversal of the ap-
plied field caused no asymmetry in the/ behaviour, indi-
cating the absence of any Schottky type barrier at the film
and metal electrode interface. There was no change in the
conductivity with change in the polarity of the applied field,
which is an indication for conduction process to be bulk lim-
ited not electrode limited. Low dispersion dfand absence
of relaxation peaks ir” also confirms this; space charge
limited current conduction therefore seems to be the possi- ]
bility. Similar results on PZT were reported by Scott et al. ]
[11] and Krupanidhi and Roj12] indicate the dominance 1
of space charge limited current. T R S —
The ac conductivitydzc) of lead titanate films is shown in L 10° 10! 10
Fig. 6 at different temperatures. It shows that. increases Frequency (log scole)

as the frequency and temperature increasg.is propor- Fig. 6. Variation of ac conductivity with frequency for various tempera-
tional to the out of phase part of the polarization produced tures.

oc canductivity [ag)
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Fig. 7. Optical transmittance spectrum of PbJi@m on fused silica 20.00
substrate with that of uncoated substrate.
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by an electrical field applied to the solid. When the conduc- £nergy ( hw eV}

tivity is dominated by thermally excited carriers in the band,
the ac conductivity is frequency independent to the first ap-
proximation. Also if ac conductivity is due to free carriers
thano,c decreases with increase in frequency according to
the relation[13]

Fig. 8. Determination of bad gap from optical data.

in the shorter wavelength region causes drastic increase in
k in that region.

Odc 4. Conclusion

Gac = 5 5
14+ w?r?

Polycrystalline and transparent films of lead titanate of

the dc conductivity. In our samples, thgc increases with high crystallinity were grown on fused silica and stainl_ess
frequency. Hence the conductivity arises from bound carri- steel substrates by using sol—-gel method. The value of dielec-

ers trapped in the sample. This frequency and temperaturemc constant depended on film thickness and annealing tem-

dependent ,c behaviour is strongly suggestive of impurity ~Perature. Ferroelectric nature of the_ film was evi_dent from
state dominated conductigai4], i.e. donor like impurity ~ the non-linear dependence of capacitance with bias voltage.
present in the sample act as shallow traps as already ex-T he films exhibited ohmic behaviour at low fields and SCLC
plained inl-V characteristics. at higher fields for electrical conduction controlled by trap
levels. Optical band gap energy, extinction coefficient and

refractive index were also obtained.

wherert is the relaxation timeg the frequency andc is

3.2. Optical properties
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