
















































































































































































































































































































































CHAPTERS 

Preparation and Characterization of 
Lao.sSro.sCoo.sNio.s03 Thin Films 



Lao.5Sro.5Coo.~io.503 (LSCNO) thin films were prepared by rf magnetron 

sputtering. The sputtering gas pressure, Ar:02 ratio in the sputtering gas and 

substrate temperature has been optimized to get better conducting perovskite 

thin films. The thin films were deposited on various substrates such as quartz, 

p-type Si <100> and PtITi02ISiO/Si. The sputtering gas pressure was optimized 

to be 0.003 mbar for conducting and crystalline thin films at room temperature. 

Oxygen incorporation was found to improve the crystallinity and conductivity. A 

substrate temperature of 300 °C at a sputtering gas pressure of 0.1 mbar with 

Ar:02 sputter gas ratio 50:50 was the optimum growth condition for crystalline 

thin films. Crystalline thin films were obtained irrespective of the substrate 

material at the optimized deposition condition. The LSCNO thin film deposited 

on PtlTi021SiO/Si substrate have the advantage of lower resistivity of Pt and 

improved fatigue behavior associated with LSCNO thin film. 
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5.1. Introduction 

Ferroelectric thin films are one of the foremost and essential components for a 

wide spectrum of applications. Perovskite ferroelectrics are widely used in 

memory devices, microwave electronic components and micro devices [1]. 

Lao.sSro.sCo03 (LSCO) thin films; a perovskite oxide have been extensively 

investigated as electrode for ferroelectric memory devices [2-5]. LaNi03 is yet 

another metallic oxide which crystallizes in rhombohedral distorted perovskite 

structure. But LaNi03 is unstable and it decomposes in air above 860°C. 

LaNi03 doped with Co forms a highly stable and conductive mixed oxide 

LaNi j.xCox0 3. LaNij.xCoxO) is also widely used as electrode for ferroelectric 

memory devices [6]. The partial substitution of Co by Ni in Lao.sSro.sCo03 has 

been reported to increases the electrical conductivity of LSCO thin films [7]. 

The perovskite gas sensor based on Lao.SSrO.2Co\.xNi,,03'& is reported to offer a 

lower operating temperature (180°C) for CO detection [8]. The properties of 

Lao.5Sro.sCoo.sNio.s03 as transparent electrodes in a shutter-based infrared sensor 
protection device have been investigated recently [7]. 

This chapter describes the growth and characterizations of 

(Lao.sSro.5CoosNio.503) LSCNO thin films. The LSCNO thin films were prepared 
by rf magnetron sputtering. The sputtering gas pressure, substrate temperature 

and Ar:02 ratio in the sputtering gas has been optimized to get better conducting 

perovskite thin films. Crystalline LSCNO thin films could be grown at low 

substrate temperature. The low temperature deposition of LSCNO electrodes 

opens up the possibility of fabricating ferroelectric capacitors at low 

temperatures. A low process temperature of ferroelectric capacitor is highly 

desirable to maintain the integrity of the plug material and underlying CMOS 

circuitry during the integration of the ferroelectric capacitor with access 

transistor. 
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5.2. Experimental Details 

LSCNO thin films were prepared by rf magnetron sputtering using LSCNO 

powder target. LSCNO powder has been prepared by solid state reaction as 

described in the section 3.2 of chapter 3. The powder was packed on to a copper 

plate of 2-inch diameter and the powder LSCNO of thickness 2 mm was used as 

the target for sputtering. 

The rf power was optimized to be ISO W during the preparation of LSCO thin 

films. The deposition of LSCNO thin films was also carried out at an rf power of 

150 W. The sputtering duration was one hour with a target to substrate distance 

of 4 cm. High purity Argon gas was admitted into the chamber after attaining 

high vacuum (3xlO·6 mbar). The Ar flow was adjusted using a mass flow 

controller. The room temperature deposition of the thin films was carried 

out on p-type Si <100> substrates. In this case the total sputtering pressure of 

Ar was first optimized and then optimized the Ar:02 ratio in the sputtering gas. 

The as deposited thin films were subjected to post deposition annealing in 

oxygen at 600°C for 1 hour to improve the crystallinity and conductivity. The 

films were cooled down to room temperature under the oxygen flow so as to 

prevent the formation of oxygen vacancies at high growth temperatures. LSCNO 

thin films were grown at various substrate temperatures and on various 

substrates such as fused silica, p-type Si <100> and PtlTi02/Si02/Si. The 

condition such as sputtering gas pressure, substrate temperature and oxygen 

partial pressure were varied to optimize the growth of crystalline and conducting 

LSCNO thin films. 

The thickness of the films were found using Stylus profiler (Dektak 6M). The 

structural characterizations were carried out using a Rigaku X-ray diffractometer 

with Cu Ka radiation (1-,=1.5418 AO). The room temperature electrical properties 

of the films were studied using a Keithley Source Measure Unit (SMU 236). The 

electrical conductivity and its temperature dependence were measured by 
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Vanderpauw four probe method. Atomic force microscope was used to study the 
surface morphology and film roughness. 

5.3. Results and Discussion 

The growth of the LSCNO thin films are described in the following two sections 

viz. (i) the room temperature growth followed by post deposition annealing and 

(ii) the growth at elevated substrate temperature. 

5.3.1 Effect of room temperature deposition and post deposition 
annealing 

The deposition of the thin films was initially carried out varying the Ar pressure. 

All the films had a thickness around 800 nm irrespective of the variation in Ar 

pressure. The as deposited thin films were subjected to post deposition annealing 

in oxygen at 600°C for one hour. The annealing condition was optimized during 

the growth of LSCO thin films. The Ar pressure 0.003 mbar during deposition 

resulted in better crystalline and electrical conducting film. 

The structure of LSCO system and many other perovskites depends on the 

percentage of cation substitution and oxygen deficiency. Kharton et al. [9J has 

reported that annealing the perovskite thin films in oxygen deficient atmospheres 

results in structural phase transition to brownmillerite-like phases. Annealing in 

reducing conditions creates oxygen vacancies, which breaks the perfect oxygen 

octahedra around the Co ions, distorting the perovskite structure [10, llJ. The 

effect of oxygen on the structural and electrical properties of LSCNO thin films 

were studied by preparing the films at various Ar:02 sputter gas ratio, keeping 

the total sputtering gas pressure at 0.003 mbar. The conductivity of the films 

prepared with oxygen incorporation was found to be better than that prepared 

without oxygen, even without post deposition annealing. 
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(i) Structural Properties 

The XRD pattern of the as deposited LSCNO thin films deposited at various AI 

pressure is as given in figure 5.1. The peaks of LaNi02.5 and LaI.6Sro.4Ni03.s 

which were present in the XRD pattern of the LSCNO powder were not detected 

in the XRD pattern of the thin films. All the peaks can be indexed to that of 

rhombohedra1 distorted perovskite LSCNO structure, space group R3C. The 

space group identifies the system to be fully oxygenated [12]. The main 

diffraction peak (024) indicated a preferred orientation of the film along (012) 

direction. 
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Figure S.l.XRD pattern of the as deposited LSCNO thin films prepared at 
various pressures 

The calculation of the grain size of the thin films using Scherer's formula 

indicated no significant variation in grain size with Ar pressure. The films 
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prepared at 0.003 mbar had a slightly larger grain size (7 run) compared to 

others (4 nm). Also there was no appreciable improvement in the grain size with 

post deposition annealing. 

The grain size of the films prepared with varying Ar:02 sputter gas mixture was 

found to vary with the oxygen partial pressure. The films deposited at the 

highest oxygen partial pressure (Ar:02 ratio 20:80) had the maximum grain size 

(10 nm). The grain size was found to decrease with decrease in oxygen partial 

pressure and the films deposited with lowest oxygen partial pressure (Ar:02 ratio 

(80:20» had the minimum grain size (3 run). The increase in grain size with 

increase in oxygen partial pressure is due to the better oxygen incorporation into 

the thin films [11]. 
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Figure 5.2.XRD pattern of the LSCNO thin films grown by varying Ar:02 sputter gas 
ratio and then subjected to post deposition annealing in oxygen at 600°C 
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Figure 5.2 shows the XRD pattern of the post deposition annealed LSCNO thin 

films prepared at various Ar:Oz sputter gas ratio, keeping the total deposition 

pressure at 0.003 mbar. The figure clearly indicates presence of the prominent 

peaks (012) and (024) of perovskite LSCNO. The grain size of the post 

annealed samples was found to be greater than the as deposited films which 

further justifies that oxygen incorporation into the films increases the 

crystallinity. 

(ii) Electrical Properties 

The variation of resistivity of LSCNO thin films with Ar pressure during 

sputtering is shown in figure 5.3 (a). The films deposited at deposition pressure 

of 0.003 mbar gave a minimum resistivity of 8xl 0-3 Qcm. Figure 5.3 (b) shows 

the variation of resistivity of the LSCNO thin films with Ar:02 ratio in the 

sputtering gas. A minimum resistivity of Ix 10-3 Qcm was obtained for the films 

prepared with highest oxygen partial pressure (Ar:02 ratio 20:80). The resistivity 

of the films prepared in the presence of oxygen remained in the order of 

10-3 Qcm. The lowering of resistivity with the increase of oxygen partial 

pressure during sputtering may be due to the incorporation of oxygen into the 

thin films. The low electrical resistivity of LSCO is attributed to the multivalent 

state of the Co ion. For every Sr2
+ ion introduced in the lattice, a C03

+ ion 

oxidizes to C04
+ ion. These C04+ ions sitting on what was originally CO)I sites 

are positively charged holes responsible for high electrical conductivity. It has 

been reported that a similar effect as S~+ doping ie an increase in conductivity 

may be achieved by oxygen incorporation into LSCO thin films [10, 13]. 
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Figure 5.3.Yariation of resistivity ofLSCNO thin films (a) with Ar pressure 
(b) with Ar:02 sputter gas ratio 

The dependence resistivity on Ar:02 sputter gas mixture may be related to the 

role that the oxygen stoichiometry plays in the electrical transport of LSCO. 

Both the conductivity and carrier concentration of bulk LSCO is reported to be 

decreasing with decrease in oxygen partial pressure from the measurements of 

electrical conductivity and Seebeck coefficient [14]. This is directly related to 

the change in the oxygen stoichiometry of LSCO corresponding to a larger 

oxygen deficiency. Furthermore, since the metallic conductivity of LSCO results 

from the formation of an "impurity band" composed of the Co-3d and 0-2p 

orbitals, a disruption of the Co-O network due to oxygen vacancies, may affect 

the carrier mobility [14, 15]. Therefore it is reasonable to expect that the Ar:02 

sputter gas mixture can affect oxygen stoichiometry and thus the conductivity of 

LSCNO thin films. 
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(iii) Surface Morphology 
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figure S.4.Atomic force microscopy images of the I $CNO thin films pr~parcd 

la) without oxygen intercalation and Cb) with oxygen intercalation during sputl~ring 
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Figure 5.4 shows the atomic force microscopy images of the LSCNO thin films 

prepared (a) without oxygen intercalation (sputtering in pure Ar gas) and (b) 

with oxygen intercalation during sputtering (sputtering in Ar and oxygen 

mixture). The films grown without oxygen intercalation had an average 

roughness of 2.37 nm. The AFM image shows a dense and continuous film 

composed of small grains with some agglomerations. But the films grown with 

oxygen intercalation were exceptionally smooth and had an average roughness 

of only 0.82 nm. The smooth morphology is due to the isotropic growth rate of 

LSCNO thin film along [021] orientation i.e. along (012) and (024) planes [3]. 

Thus oxygen incorporation into LSCNO thin films forms better conducting film 

with a much smoother surface. The smooth surface morphology of LSCNO 

makes it a better material for growing heterostructures. 

5.3.2 Growth at Substrate Temperature 

The room temperature deposition of the LSCNO thin films gave a resistivity of 

the order of 10.3 nem. But the crystallinity of the films was very poor. The 

crystallinity of the bottom electrode is reported to directly influence the 

nucleation, the microstructure and the electrical properties of the ferroelectric 

deposited over it. Therefore a highly crystalline LSCNO layer is desirable for its 

use as electrode in ferroelectric memory devices. In order to improve the 

crystallinity and conductivity of the LSCNO thin films, ftIms were deposited at 

higher substrate temperature. The sputtering gas pressure, substrate temperature 

and Ar:02 ratio in the sputtering gas were varied to get crystalline conducting 

LSCNO thin films at the lowest possible substrate temperature. The deposition 

was carried out on fused silica, p-type Si <100> and PtfTi02/SiOiSi substrates 

to investigate the effect of various substrates on the properties of LSCNO thin 

films. The growth of LSCNO on p-type Si <100> and PtlTi02/Si02/Si substrates 

is particularly important considering the device fabrication using LSCNO as 

bottom electrode. 
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(i) Structural Properties 

Figure 5.5 shows the XRD pattern of the LSCNO thin films on Si substrates 

prepared at various sputtering gas pressure. The deposition was carried out at a 

substrate temperature of 600°C keeping the Ar:02 ratio in the sputtering gas 

20:80. All the peaks can be indexed to that of rhombohedral distorted perovskite 

LSCNO structure, space group R3C. The main diffraction peak is along (024) 

direction. The films deposited at 0.1 mbar had all the difiTaction peaks of 

perovskite LSCNO and was crystalline (FWHM = 0.541°) compared to the films 

deposited at other pressures (FWHM = 1.126°). The sputtering gas 

pressure, 

0.1 mbar was therefore chosen as the optimum pressure for further deposition of 

thin films. The films were deposited on various substrates varying the substrate 

temperature. The films grown at a substrate temperature of 300°C at sputtering 

gas pressure 0.1 mbar are crystalline and have a lower resistivity. 
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Figure S.S.xRD pattern of the LSCNO thin films on Si substrates prepared at a 
substrate temperature of 600°C with varying sputtering gas pressure 

(Ar:02 ratio 20:80) 
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Figure S.6.xRD pattern of the LSCNO thin films deposited at 300°C at 0.1 mbar with 
an Ar:O:! ratio 50:50 on various substrates 

The effect of oxygen partial pressure on the properties of the LSCNO thin films 

was investigated by preparing the thin films at various Ar:02 sputter gas mixture. 

The films were deposited at a substrate temperature of 300 °C. The films 

deposited at an Ar:02 sputter gas mixture 50:50 showed all the major peaks of 

perovskite LSCNO and has a smaller FWHM (0.271). Figure 5.6 shows the XRD 

pattern of the LSCNO thin films deposited at 300 °c at 0.1 mbar with an Ar:02 

ratio 50:50 on various substrates. All the films had the major peaks ofperovskite 

LSCNO. The. (024) reflection of the perovskite LSCNO in PtJTi02/Si02/Si 

substrate is shadowed due to the strong intensity of (200) reflection of Pt at the 

same angle (29 = 46.5°). It is interesting to note that similar (024) oriented 

LSCNO films are obtained irrespective of materials of substrate. The result 

indicates that the low temperature crystallization and oriented growth of LSCNO 

films are dominated by deposition factors rather than the substrate. It is most 

likely related to the effect from a direct bombardment of the film by energetic 

particles during sputtering [16]. A substrate temperature of 300°C at a 
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sputtering gas pressure of 0.1 mbar with Ar:02 ratio 50:50 was obtained as the 

the optimum condition for crystalline LSCNO thin films. The crystallization 

temperature is much less than the reported crystallization temperature (700 0c) 

of LSCNO thin films prepared by dipping method and rf sputtering [8]. 

(ii) Electrical Properties 

The temperature dependence of electrical resistivity of LSCNO thin film 

deposited on Si substrates is shown in figure 5.7. The films were deposited at a 

substrate temperature of 300 °C at a sputtering gas pressure of 0.1 mbar with 

Ar:02 ratio 20:80. The resistivity of the thin films increased by two orders of 

magnitude as the temperature was decreased from 300 K to 50 K, indicating a 

semiconducting behavior. This behavior is generally shown when LSCO thin 

film is deposited on Si substrate or single crystal substrate [17]. 
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Figure S.7.Temperature dependence of resistivity of LSCNO thin film deposited on Si 
substrates at a substrate temperature of 300 °c at a sputtering gas pressure of 0.1 mbar 

with Ar:02 ratio 20:80 
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The variation of resistivity of the LSCNO thin films deposited at 0.1 mbar at an 

Ar:02 sputter gas ratio 20:80 with substrate temperature is as given in figure 5.8 

(a). The resistivity of the LSCNO thin films grown on quartz and p-type Si 

substrates are more or less the same (- 10-2 Qcm) and independent of substrate 

temperature in the studied range (300°C - 600 DC). The LSCNO thin films 

deposited on p-type Si substrate gave a minimum resistivity of 6x 1 0.3 Qcm at 

500 DC. The LSCNO thin films deposited on PtlTi02/Si02/Si substrates gave a 

minimum resistivity of 5.74xlO-s Qcm at a substrate temperature of 300 DC. 

This low resistivity is obviously due to the parallel conduction through the Pt 

layer beneath the LSCNO film [16]. While it is reported that the LSCO 

electrodes alleviates the fatigue problem of ferroelectric capacitor, it may 

adversely affect the frequency response of non volatile memory devices due to 

its relatively large resistivity compared to conventional Pt electrodes. Thus the 

use of a composite electrode LSCO/Ptlfi02/Si02/Si have the advantage of 

lower resistivity of Pt electrode and the improved fatigue behavior associated 

with LSCO electrodes [18, 19]. 

Figure 5.8 (b) shows the resistivity variation of the LSCNO thin films grown on 

various substrates at a substrate temperature of 300 QC at a sputtering gas 

pressure of 0.1 mbar with Ar:02 sputter gas ratio. A minimum resistivity of 

3xlO-3 Qcm was obtained at an Ar:02 ratio of 50:50 on quartz and silicon 

substrates. This may be due to improved crystallinity and better oxygen 

incorporation into the films at this particular condition. There was no further 

reduction in' the resistivity with the increase of oxygen partial pressure. The 

oxygen concentration in these films might have reached saturation at this 

particular condition [20]. The variation of resistivity with Ar:02 sputter gas 

mixture of the LSCNO thin films deposited on PtlfiOz/SiOz/Si substrates was 

quite different from that on quartz and silicon substrates. The films deposited 

with maximum oxygen partial pressure were better conducting and the resistivity 

was found to increase with decrease in oxygen partial pressure. The behavior is 

similar to that observed on the LSCNO films deposited on quartz and p-type Si 
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substrates at room temperature. The reduced resistivity of the films prepared on 

PtlTi02/Si02/Si at Ar:02 ratio 20:80 compared to the better crystalline film at 

Ar:02 ratio 50:50 may be due to more oxygen incorporation into the films at 

high oxygen partial pressure [10,13]. 

10·' c-----------, 

10" 

10~ 
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Figure S.S.Variation of resistivity for the films deposited at 0.1 mbar (a) with substrate 
temperature (b) with Ar:02 sputter ratio for the films deposited at a substrate temperature 

of300°C. 

(iii) Surface Morphology 

Figure 5.9 shows the atomic force microscopy images of the LSCNO thin films 

prepared on (a) Si (b) Quartz and (c) Ptfri02/SiOiSi substrate. The films were 

deposited at a substrate temperature of 300 °c at a sputtering gas pressure 

of 0.1 mbar with Ar:02 ratio 50:50. 
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Figure S.9.Atomic force microscopy images of the LSCNO !hin fllms prepared on 
(a) Si (b) Quartz and (c) Plffi021Si01/Si substrale 

The films deposited on Si substrates were exceptionally smooth without any 

type of surface features and had an average roughness of only 0.6 om. This 

smooth morphology makes this film a better material for growing 

heteroslrUctures [3]. The film deposited on quartz substrate is seen to be 
agglomerated composed of smaller particles. The individual grains are nOI 

clearly visible and the film had an average roughness of 2 om. The grains are 
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