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Abstract 

YBaCuO thin films grown using the in situ laser ablation deposition technique, were studied using several complementary 
analyses : X-ray diffraction, RBS in channeling geometry and micro Raman spectrometry, in order to obtain complementary data 
on the crystalline quality of the films and on the nature of the intrinsic defects due to the growth process or induced by the RBS 
analysis. 

1. Introduction 

YBaCuO thin films are now routinely and 
reproducibly in situ grown on MgO single crystals 
by pulsed laser deposition. These films present 
high quality superconduct ing properties, i.e. a 
transition temperature T c greater than 90 K and 
critical current densities in the 106 to 107 A/cm 2 
range at liquid ni trogen temperature  in zero 
magnetic field[l]. However, numerous questions 
are not solved out about the growth mechanisms of 
these compounds, and the nature and the density 
of defects present in the films as a result of the 
growth process. Thus, in this paper we report on 
the structural characterisation of in situ g r o w n  
YBaCuO films. X-ray d i f f rac t ion ,  RBS in 
channeling geometry and micro Raman analysis 
were used to obtain nearly exhaustive information 
about the film crystalline perfection. 

2. Experimental 

The YBCO thin films were grown on (100) 
MgO substrates using the well known pulsed laser 

deposition technique. The experimental set-up and 

the precise deposition process were previously 
described [1]. Briefly, the depositions were carried 
out under a pure oxygen pressure (0,2 mbar) on 
heated substrates (740°C). The cooling rate was 
10°C/min under an oxygen pressure of 300 mbar. 
Under these conditions, the growth of pure c-axis 
films was always observed. 

X-ray diffraction in the Bragg-Brentano 
geometry was performed on all films. Special 
attention was paid on the (0 0 3L) peaks in order to 
determine the existence of a-axis and c-axis 
orientations. To distinguish 0 ° and 45 ° orientations 
of the c-axis grains with respect to the substrate 
axes,  the in -p lane  re la t ive  o r i e n t a t i o n  

((100)YBCO / /  (100)Mg O versus (100)YBCO / /  
(110)Mg O) of the YBaCuO cell, was determined 
using the asymmetrical reflection on the (108) 
plane of the YBaCuO structure. Rocking curves 
were also performed on the (006) peak. RBS 
experiments in channeling geometry were carried 
out, and the ratio of aligned to random spectra 
(the minimum yield Xmin) was used as a measure 
of the film crystalline quality. In addition to the 
estimation of the oxygen content of YBaCuO films, 
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micro Raman analysis was used to characterise 
the defects induced in the films by the MeV ion 
irradiation. The Raman spectra were recorded at 
room temperature with the 514.5 nm line of an 
argon laser focused onto the sample through a 
microscope and a selected area of 1 I.tm 2 was 
observed. 

3. Results 

The analyses of X-ray diffraction peaks 
showed that all the in s i tu  grown (at 740°C) 
YBaCuO films have their (a,b) planes parallel to 
the MgO (100) substrate  surface. This highly 
textured growth was further evidenced measuring 
the (006) rocking curve. Typical curves recorded on 
YBaCuO films show FWHM in the range 0.45 ° to 
0.6 ° , which is close to the ones reported in 
literature. Moreover,  differences in the FWHM 
were not observed for films having different 
oxygen contents evidenced by shifts of the rocking 
C u r v e s .  

The high structural quality of the films 
was also observed by RBS in channeling geometry. 
As a matter of fact, Fig. 1 shows the random and 
aligned backscattering spectra of a (001) oriented 
film with a 0.55 ° c-axis angular spread measured 
on the (006) rocking curve. The Xmi n values 
measured at 2 MeV in the case of axial channeling 
along the c axis, are 8% for the Ba and Y atoms, 
while a value of 11% is found for the Cu. These 
values, which are the best results obtained in this 
work, can be favourably compared to the best 
published values for laser deposited YBCO films 

on MgO substrates [2]. The differences observed in 
the Xmi n values between Cu and the other cations 
are related to the fact that along the c-axis two 
different kinds of cationic rows exist in the 
YBaCuO structure, i.e. Cu rows and (Ba, Y) rows. 
Thus, according to the fact that the Cu rows have 
a lower average atomic number (i.e. a lower linear 
charge) with respect to the (Y, Ba) rows, weaker 
channeling effects, therefore a higher Xmi n value, 
are expected for this element. Let us note that the 
precise Xmi n values measured on YBaCuO films 
with the same c-axis angular spread, depend upon 
the oxygen content. In fact, higher Xmi n values are 
observed on the films having a higher value of c 
pa ramete r  (characterist ic of a low oxygen  
content). 

Whatever the crystalline quali ty of the 
YBaCuO films, we observed a decrease of Xmin 
values with decreasing He ion energy (Fig. 2). 
Since dechanneling caused by  extended defects 
(like dislocations) decreases  with decreasing 
beam energy [3], such extended defects appear as 
the main cause of dechanneling in the YBaCuO in 

situ grown layers. Moreover, for the best films, the 
extrapolation of the Xmin variation goes to zero, 
showing that only extended defects are present. 
Thus, the quest ion arises on the correlation 
between these defects and the spiral s tructure 
observed by scanning tunnel microscopy during the 
growth of YBaCuO films on MgO [4]. The screw 
dislocations which can be present in the spiral 
surface microstructure may be at the origin of the 
dechanneling effects in the films. 
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Fig. 3 : Asymmetrical reflections on (108) plane 

The epitaxial relationship between the a 
and b axes of YBaCuO films and the ones of the 
MgO substrate  has been determined using the 
asymmetrical X-ray reflections. Fig. 3 shows the 
diffraction patterns of the (108) reflection when 
the  X-ray beam is parallel to the (100) (curve a) 
and (110) (curve b) substrate directions. The 
(100)YBCO / /  (100)MgO is the only in plane 
orientat ion which is observed in this YBaCuO 
film. 

These  epi taxial  re la t ions were  also 
s tudied by channeling experiments  using the 
special configuration of planar channeling. In fact, 
when the incident ion beam is tilted from the c- 
axis direction to a direction included in a major 
crystal lographic plane, the RBS yield does not 
increase up to the random value but only up to the 
planar )Cmi n value. Therefore, by tilting the beam 

in the (100) or (110) plane of the MgO substrate, 
the respective positions of the (100) and (110) 
YBaCuO planes can be studied. Fig. 4 represents 
the Xmi n variation for scans in the (100) and (110) 
YBaCuO planes. It is worth noting that the Xmin 
values in (100) planar channeling are different for 
Ba and Cu, while a single value is observed for the 
(110) planar channeling• This is due  to the 
YBaCuO structure. In fact, two kinds of cationic 
planes are present in the (100) family (Cu planes 
and (Y, Ba) planes), while for the (110) family, 
only one kind of cationic plane (with Y,Ba and Cu 
species) exists. In the latter case, only one Xmin 
planar value is observed,  while for the (100) 
plane, the lower average atomic number  plane 
(the Cu one) induces weaker channeling effects. 
Thus, it seems possible via planar channeling 
studies to define the epitaxial orientation of the 
film with respect to the substrate axes. 

High T c superconduc t ing  oxides are 
particularly sensitive to radiation damage. The 
MeV He ion beam used to record RBS and nuclear 
microanalysis spectra induces measurable changes 
of transport properties (T c and Jc) of epitaxial 
YBaCuO thin films as previously reported [4]. As 
a result, during the channeling experiments  
reported in this study, the charge deposited by 
the incident ion beam was kept at a minimum dose 
(i.e. 1016 H e + / c m  2) for each spot. This value was 
deduced from the analysis of the Kmin evolution 
with ion dose as presented in Fig. 5. The increase 
of )~min with ion dose characterises the creation of 
defects in the films 
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due  to the incident ion beam. Irradiation in 
random geometry is far more destructive than the 
one in channeling geometry because of the larger 
amount of He interactions with the film atoms. 

The structural defects created by the 2 
MeV He ion irradiation were studied using micro 
Raman spectroscopy.  As shown in Fig. 6, the 
Raman spect rum for as grown YBaCuO films 
(spectrum a) exhibits three main lines at 497, 336 
and 145 cm -1 [5]. The 497 cm -1 band is assigned to 
the axial O (1) stretching vibration, its rather 
weak intensity (with respect to the other bands) is 
due  to the preferential orientation of this film, 
with the c-axis normal to the MgO substrate. 
When the sample is irradiated along a random 
direction i.e. not along a major crystallographic 
axis, a broad band near 565 cm -1, appears in the 
corresponding Raman spectrum (curve b in Fig. 6.) 
This band is very similar to the one observed on 
badly  crystallised or amorphous  YBaCuO thin 
films for which the Raman spectrum is also 
presented for comparison purpose (spectrum c). The 
intensity of this 565 cm °1 band increases with 
i nc rea s ing  ion dose ,  so does  the fi lm 
amorphisation leading to the dechanneling effect 
observed in Fig. 5. 

The gradual  amorphisat ion of the film 
does not induce any large effect on the 336 and 145 
cm -1 lines (corresponding to atomic vibrations in 
the CuO plane). At the same time, the appearance 
of a characteristic line at 470 cm -1 ind ica tes  a 
partial orthorhombic to tetragonal transformation 
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Fig. 6 : Raman spectra of an in situ film before (a) 
and after (b) RBS irradiation, amorphous film (c) 

(spectrum b) [6]. This ion induced transformation 
represents a loss of oxygen during irradiation, 
which can explain the observed related decrease 
in To  as well as the change in the c parameter 
measured after irradiation. 

Summary 

We have evidenced the high crystalline 
quali ty of our  laser ablated YBaCuO films, 
measuring low Xmin values (8%) and narrow 
rocking curves. Conditions to obtain pure c-axis 
perpendicular  to MgO surface films have been 
determined. 0 ° and 45 ° epitaxial growths on MgO 
are obtained, further studies are under  way to 
eliminate the 45 ° orientation. The possibility to 
s tudy  these epitaxial relations using RBS is 
demonstrated and the sensitivity of YBCO to ion 
irradiation is discussed. Intrinsic and induced 
defects are commonly monitored by microRaman 
spectroscopy. 
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