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Structural and Surface Morphological Characterization of Pure and Sr-doped TiO2 Thin Film
Prepared by Spin Coating Technique

Abstract

Transparent thin films  of  pure TiO2 and 3% Sr-doped TiO2 (Ti0.97 Sr0.03O2) were prepared by spin coating technique onto well-cleaned glass  subs trate.
These films  were annealed at different temperatures . The s tructural analys is  by GIXRD and Raman Spectroscopy confirms  the anatase phase of  TiO2.
The s tudy also shows  dependence of s tructural parameters  and crys tallinity on the annealing temperature of films . Surface morphology of the prepared
films  s tudied us ing Atomic Force Microscopy (AFM) exhibits  a homogeneous  globular s tructure.
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Introduction

T iO 2 possesses  three  polymorphs: anatase, rutile  and brookite, with dis tinc t  c rys talline  s truc tures . The  rutile  is  the  most  common and well
known s truc ture  of the  three. In rutile, the  s truc ture  is  based on oc tahedrons  of T iO 2, which share  two  edges  of the  oc tahedron with  other
oc tahedrons  and from chains  T itanium dioxide (T iO 2) has  attrac ted the attention of many research workers  due to its  outs tanding phys ical and
chemical  properties . I t  is  found that T iO 2 is  also  antibac terial, self c leaning and super hydrophilic . I t  has  large  number of applications  as  a
catalys t support, gas  sensor, thermoelec tric  and photovoltaic  cells  [1-13]. T iO 2 is  also a promis ing material  for next generation of ultra-thin
capac itors , due to its  dielec tric  property [14-15].

With inc rease in the frequency, the dielec tric  cons tant of the film is  found to be decrease. This  is  because the frequency inc reases  dipoles  s tart
to lag behind the field and dielec tric  properties  is  going to dec rease and at higher frequency dipoles  are not able to follow the field for longer. The
A C  conduc tivity  is  linearly  inc rease  with respec t to  frequency  and Sr-doped T iO 2 show the  low dielec tric  property  and high A C  conduc tivity
compare with pure T iO 2 films . A n elec trical property of the films  has  been reported [16].

Experimental & Characterization Details

In the present work, s ix films  (three for pure T iO 2; three for Sr-doped T iO 2) of approximately 70-80  nm thickness  were prepared. T itanium (IV )
oxyacetylacetonate  (0 .3M) was  used for T i  source  and Strontium C hloride  (GR) for Sr. P recursor samples  were  taken in polyethylene  glycol
(6ml) and water (4  ml). The solution was  s tirred for one hour at room temperature to obtain a viscous  and transparent solution. The rpm of the
spin coater was  set  at  2000  and during each rotation, three  drops  of solution were  made  to  drop on the  glass  subs trate. This  proces s  was
repeated  three  times  with  the  films  being  annealed  at  300 0C  between each process . O ne  film each of T iO 2 and  Sr-doped  T iO 2  were  then
annealed for 30  minutes  at 500 0C  and 6000C , respec tively.

The  films  s truc ture  was  s tudied  by  Grazing  Inc idence  X-ray  Diffrac tion  (GIXRD) us ing  Bruker D8  discover diffrac tometer,(C u kα  radiation,
λ=1.5406  Å ) complementary information concerning film mic ros truc ture was  derived from Raman Spec tra which were acquired by means  of a
Jobin Yvon Horibra Labram-  HR vis ible spec trometer us ing the blue line (488  nm) of an A r laser as  exc itation source. The collec tion time for
each spec trum was  5  minutes  in the range of 100 to 200 cm-1.Film surface morphology were evaluated from A FM measurements .

Result and Discussion

Structural Characterization
GIXRD Analysis

Figure 1(a) and 1(b), shows  the GIXRD patterns  of as  depos ited and annealed thin films  of T iO 2 and Sr-doped T iO 2 film prepared by spin coating
method on glass  subs trate. I t is  evident from GIXRD patterns  that the annealed thin films  are polyc rys talline and shows  anatase phase with
preferential growth along (101) plane. The GIXRD pattern indicated the presence of (103), (200) and (101) planes  of T iO 2 material which is  in
good agreement with JC PDS card no. 21-1272. The GIXRD pattern of as -depos ited films  low c rys tallinity. Intens ity of (101) and (200) peaks
inc reases  as  an effec t of annealing, which is  attributed to  inc reas ing c rys tallinity.

Figure 1(a), GIXRD data of the TiO2 thin films  prepared by spin coating.
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Figure 1(b), GIXRD data of the Sr-doped TiO2 thin films  prepared by spin coating.

Separate peaks  for Sr-doped T iO 2 are not observed due to low dopant concentration. I t is  also difficult to predic t whether the Sr ion exis ts  as
Sr-O  on the surface of T iO 2 as  SrT iO 3 from the GIXRD pattern due to low dopant concentration.

From the figure 1(a) and 1(b) it is  c lear that, without annealed film shows  the amorphous  nature and as  we inc rease the annealing temperature
the c rys tallinity of the film also inc rease. The anatase phase of T iO 2 was  found in both samples  annealed at high temperature. The c rys talline
s ize es timate us ing the Debye-Scherer formula is  found to be 32  nm for pure T iO 2 and 37  nm for Sr-doped T iO 2.

We have used short and long time scan because of very low thickness  of film and we took scan in the range of 100  to 200  cm-1. The main peak
of anatase phase of T iO 2 is  observed near about 144  cm-1. The Raman spec troscopy of the  samples  confirms  the  anatase phase of T iO 2 as
determined by GIXRD analys is .

Raman spec tra show broadening of the spec tra with inc rease in annealing temperature. P os t annealed film also show the shifting. Same result
were observed in Sr-doped T iO 2 films  but in whole sample we get peak near about 149  cm-1 [17-19] and they are also shows  the same type of
shifting compare with T iO 2 Raman spec tra. This  result supports  that the s truc tural parameter is  dependent on the annealing temperature and
anatase  phase  is  more  temperature  sens itive  and  T iO 2 shows  the  anatase  to  rutile  phase  trans formation  at  high  temperature. The  Raman
shifting of Sr-doped T iO 2 spec tra also indicates  that Sr is  properly combined/attached with T i atom.

Figure 2(a), Raman spectra of TiO2 thin film prepared by spin coating technique.

The  formation  of T iO 2 and  thin  films  depos ited  by  spin  coating  is  cons idered  accumulating  like  “tiny  is land”. Figure  3  shows  the  surfac e
topography image of sample obtained by A FM. A ll the as-depos ited thin films  indicate surfaces  which are not highly rough, and that the film is
homogeneous ly dis tributed on the subs trate. Without pos t annealed films  show rough surface compare to annealed films . The 2D  image of the
films  show the spherical shape of the partic les  and pos t annealed films  also show same result but compare to without annealed film the partic le
s ize is  small  and of uniform spherical shape. The partic le s ize calculated from the A FM  data is  near about ~115  nm in pos t annealed films  in
both samples .
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Figure 2(b), Raman spectra of Sr-doped TiO2 thin film prepared by spin coating technique.

Figure 3(a), AFM data of TiO2 thin film annealed at 6000C

Figure 3(b), AFM data of TiO2 thin film annealed at 5000C
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Figure 3(c), AFM data of Sr doped TiO2 thin film annealed at 6000C

From the A FM  result, it  is  believed that the thin film grow process  cons is t of three aspec ts , the atoms  adsorption, migration and desorption,
which are all connec ted with the annealed temperature and viscos ity of the sample solutions . A FM  Images  obtained on different regions  of the
samples  showed that  the  films  exhibit  a  homogeneous  globular s truc ture. The  entire  film surface  is  formed by  small  grains  of the  depos ited
material.

Conclusion

Thin films  shows  the amorphous  nature at room temperature (without annealed film) and pos t annealed film shows  that the c rys tallinity of the
films  inc reases  for the anatase phase of T iO 2. Raman data sugges ts  that the anatase phase is  present in the prepared T iO 2 film. The Raman
spec trum shows  shifting with inc rease in doping concentration. Raman data s trongly supports  the GIXRD data.
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