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Resume: Des couches minces supraconductrices de composition Y B a 2 C ~ 3 0 7 - ~  ont Ctk obtenues par une 

nouvelle technique de depot, basCe sur la pyrolyse d'un aerosol pulv6ris6 par voie ultrasonore et contenant les 

pr6curseurs Y-Ba-Cu. Cette technique conduit B un trks bon aspect de surface des films et permet de controler 

pr6cisCment leur kpaisseur.Les couches d'B peu prks 0.2 B 6 pm d'kpaisseur ont CtC recuites B l'air B 500°C, 

chauffkes sous oxygkne B des tempkratures de 900 B 960°C, puis refroidies lentement B tempkrature ambiante 

sous oxyg5ne. Cette mkthode conduit B des couches bien cristallis&s, prksentant une bonne homog6nkit6 de 

taille de grain et une texture dans la direction 001 dkpendant des conditions de traitement thermique. Des 

ckramiques et monocristaux de SrTi03, YSZ ou MgO ont kt6 utilisks comme substrats. Dans cet article on 

discute l'influence des conditions expkrimentales sur la microstructure, la morphologie et les propriktks 

supraconductrices des films. 

Abstract: Thin films of YBa2Cu307-, superconductors have been prepared using a new deposition 

technique based on the pyrolysis of an ultrasonic generated aerosol containing the Y-Ba-Cu precursors. This 

technique leads to a very good quality of the film surface and allows to control accurately the film thickness. 

Films of about 0.2 to 6 pm in thickness have been annealed in air at 500°C, heated under oxygen at 

temperatures ranging from 900 to 960°C and then slowly cooled in oxygen to room temperature. This method 

leads to well crystallized YBa2Cu307-, films with a good grain size homogeneity and a texture in the 001 

direction depending on the heat treatment conditions. SrTi03, YSZ or MgO single crystals and ceramics have 

been used as substrates. In this paper we discuss the influence of the experimental conditions on the 

microstructure, morphology and superconducting properties of the films. 

Introduction 

The discovery of superconductivity at 40 K in Ba-La-Cu-0 system Ill, 90 K in Y-Ba-Cu-0 system 121 and 

more recently 110 K in Bi-Sr-Ca-Cu-0 system 131 has encouraged an increasing interest in developping high Tc 

superconductive thin films both for fundamental purposes and technological devices operating in liquid nitrogen and at 

higher temperatures. Many results on YBa2Cu3@-, thin films deposition involve high vacuum equipments such as 

d.c. magnetron sputtering 14-51, R.F reactive sputtering 161 or laser beam evaporation 171. The high cost of these 

physical deposition techniques has recently promoted a new interest in developping non vacuum chemical techniques. 

Simple and inexpensive chemical processes such as spray deposition 18-91, diping or spinning techniques 110-1 11, 

screen printing procedure /12/ and sol gel process /13/ have been successfully used in different laboratories for the 

deposition of superconducting Y B ~ ~ C U ~ @ _ ~  thin films. However these pmcesses do not allow to control carefully 
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the thickness and homogeneity of submicronic films. To our knowledge no positive results concerning the deposition 

of YBaCuO thin films by CVD techniques have been reported in the litterature. The transport of Ba vapors appears 

very problematic owing to the poor volatility of the existing Ba precursors. Recently we have developped an 

ultrasonically assisted CVD method 114-161 which was successfully used for the deposition of magnetic films 117-181 

and transparent semiconductor films 1191 with a thickness of 0.1 to 1 pm or more. This method led to a very accurate 

control of the film thickness and homogeneity. The technique has been now modified in order to allow the transport 

and deposition of non volatile compounds. Experimental procedure involves the pyrolysis on a heated substrate of an 
ultrasonically generated aerosol containing the precursors. Mineral and organic precursors such as nitrates, acetates or 

acetylacetonates have been successfully used for the deposition of YBa2Cu3q-, films. In this paper we discuss the 

first results obtained with nitrate precursors. 

Experimental 

Y(N03)34H20, Ba(N03)2 and Cu(N03)2 3H20 were dissolved in the proportion 1: 2: 3 with a total 

concentration of about 0.05 M/l,,in,a.solution 60 % acetic acid, 40 % desionized water. The experimental device is 
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Fig.1 : Deposition system 



shown in figure 1. The solution was stored in a glass vessel whose bottom was fitted with a piezoelectric transducer. 

Excitation of the piezoelectric transducer at its resonance frequency (about 800 kHz) led to the formation of a mist of 

microscopic droplets at the liquid surface. That aerosol was then transported by an air flow of about 10 llmn through a 

spray nozzle towards the heated substrate fixed on a round shapped flat resistance furnace. Substrates were single 

crystals and ceramics of strontium titanate (STO), ytmum stabilized zircona (YSZ) Dr magnesium oxide (MgO). These 

compounds appeared in the litterature 14 to 131 as the best sustrates for YBa2Cu307-, films deposition. The substrate 

surface was maintained at a temperature of about 150°C controlled with a thermocouple embedded into the surface 

plate near the heating element. This temperature was choosen in order that the dropplets vaporize as soon as they reach 

the heated sustrate leading to a dry precipitate which adheres uniformaly to the substrate. A depressurizing device 

allowed the evacuation of deposition gases.The thickness of films deposited in about 1 hour ranged from 0.2 to 1 pm. 

The deposition rate was closely controlled by the quantity of precursor transported by unity of time. As we reported 

previously 1171 this quantity is the product of the aerosol flow (monitored by the ultrasonic excitation power) by the 

precursor concentration in the source liquid. It was then possible to monitor accurately the deposition rate by a simple 

control of the ultrasonic power level. 

Homogeneity of the films was directly related to the ultrasonic pulverization method. The average size of the 

ultrasonically sprayed droplets is closely controlled by the frequency of the piezoelectric generator. This frequency 

dependance leads to a narrow size distribution and a smaller droplet size in the case of ultrasonic spray than in the case 

of classical pneumatic spray. An average size of about 3-4 microns is obtained using a water solution. The uniformity 

and small size of the droplets contributes in turn to the good quality of films as thin as 2000 A, because all the droplets 

vaporize at the same temperature and lead to the deposition of very fine, dense and uniform grains on the substrate. A 

carefull control of the substrate temperature was a second important factor contributing to the good quality of the films. 

At a too low temperature the droplets did not vaporize and led to a wet coating. At a too high temperature they 

vaporized well before to reach the substrate leading to agglomeration of the dry precipitate and then to a non adherent 
and non uniform powder coating. 

As deposited films of about 0.2 to 1 micron in thickness were pre-annealed in air at 500°C for 30 mn. The 
cycle of deposition and preheating was repeated 1 to 6 times in order to control the thickness of the films. Films were 

then annealed for 5 to 60 mn under oxygen at temperatures ranging from 900 to 960°C and then cooled to room 

temperature in about 10 hours. 

Results 

Fig. 1 shows the films X ray patterns at the different steps of the elaboration process. X ray pattern of as 

deposited fiims (fig. 2a) showed only baryum nitrate reflexion lines suggesting that this compound has precipitated on 

the substrate in larger grains than yttrium or copper nitrate. Pre-annealing at 5W°C led to a significant improvement of 

the film adherence as shown by the scotch tape test. Pre-annealed films X ray pattern (fig. 2b) showed baryum 

carbonate and copper oxide diffraction peaks. Yttrium oxide must be present in the film, in the form of amorphous 

grains or very small micmcrystallites. After heat treatment between 900 and 960°c under oxygen the films Xray pattern 

exhibited mostly the diffraction peaks of the YBa2Cu307-, cuprate (fig. 2c). Films thinner than 0.5 micron appeared 

strongly textured in the 001 direction when heated at 950°C for only 5 mn. The films texture was observed to decrease 

when increasing the thickness above one micron. Increasing the duration andfor temperature of the crystallization heat 

treatment 1 4  to a signficant improvement of the thick films texture. 3 microns thick films appeared completely textured 

in the 001 direction when heated under oxygen for 60 mn at 950°C. Thin textured films (t < 1 micron) were mainly 

composed of disk shapped grains (fig. 3a) of about one micron in diameter and deposited parallel to the substrate. 

Thicker textured films were composed of larger grains (fig. 3b). It is remarkable that the morphology and strong 

texture of the films did not depend on the nature and crystalline state of the substrate. Strongly oriented films were 
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Fig.2 a 1 X-ray pattern of a non annealed film deposited on a YSZ ceramic ( A = Ba(N03)2 ) 

bl X-ray pattern after annealing in air at 500°C of a film deposited on a YSZ single-crystal.( A = BaC03 , B = 

C/ X-ray pattern after annealing in oxygen at 950°C of a 001 textured YBa2C~307-~ film deposited on a YSZ 
ceramic (the fiIm thickness is 5000 &.me copper K a  radiation has been used. 



Fig.3 a1 Morphology of a 001 textured YBa2Cu3+_, film of 0.5 micron in thickness 

b/ Morphology of a 001 textured YBa2Cu307-X film of 3 microns in thickness 

d Morphology of a 001 textured YBa2Cu307-, film of 3 microns in thickness: picture of a large area 

Fig.4 Resistance curve (normalized with respect to the room temperarure resistance value) for YBa2Cu3%_, films 

with different thickness, deposited on MgO single crystal and annealed in oxygen at 950°C. 
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obtained on single crystal as well as ceramic substrates. SEM pictures of a large area (fig. 3c) shows that 

Y B a 2 C ~ 3 0 7 - ~  films were not affected by cracks or voids and exhibited a remarkable grain density and a good 

smoothness. 

As we mentionned previously 1201, films annealed above 900°C were partially affected by an interfatial 

chemical reaction with the different substrates used for this study. Depending on the substrate nature the CuO, Y2O3, 

Y2Cu205 or Y2BaCuOg phases were detected in the films by X ray diffraction. Non identified diffraction peaks were 

detected as well and were attributed to a perovskite phase, with a cubic cell parameter of about 4.20 A. The 

composition of this perovskite is probably close to Ba2YCuOg_, 1201. Appearance of these phases was all the more 

marked since the films were thin. This confms that these phases proceeded from the film-substrate interface and 

propagated through the film thickness during the annealing treatment The film-substmte reaction produced a dramatic 

effect on the composition of submicronic films for which the appearance of contamination phases after annealing a few 

minutes above 900°C was accompanied by a progressive disappearance of the Y B ~ ~ C U ~ W - , .  

X ray diffraction peaks and a strong decrease of the 001 texture. These results show that the duration of the 

crystallization thermal process was a very critical parameter to be control in order to obtain pure crystallized and 

textured YBa2Cu3W-, submicronic films. Further annealing experiments using conventional furnaces and infrared 

radiation devices are currently under investigation in our laboratory in order to improve the purity and properties of 

very thin films. The contamination phases were weakly or not detected by X ray diffraction in the case of films of one 

micron or more in thickness. 
All the YBa2Cu307_, films crystallized under oxygen atmosphere exhibited superconductive behaviours. 

The room temperature resistivity typically ranged from 1 to 10 &cm and the resistivity did not change significantly 

when the temperature decreased down to 100K. Figure 4 shows typical resistance curves ( normalized with respect to 

the room temperature resistance value ) obtained by the four probe method with a current of 1 mA for films crystallized 

at 950°C. In every cases the superconductive onset temperature was observed at about 90K. In the case of films 
thinner than one micron the Tc end was observed at about 30K. This low value is to be related to the previously 

described substrate contamination which led to the appearance of poorly superconductive phases in the films. The two 

step transition observed on fig. 4 for a 3000A thick film, shows that the film surface was composed at least of two 

superconductive phases. For films of about 3 microns in thickness, the temperature dependance of the resistance was 

basically metallic above the superconductive transition and the transition was sharp. The decrease of resistivity from 

90% to 10% was observed inside 6K. In this case the substrate contamined region was thin in comparison with the 

film thichess and the contamination phases did not affect the superconductive properties of the film surface. Thicker 

films exhibited a slightly broader superconductive transition (AT90%..10% was about 13K in the case of a 6 microns 

thick film ) and the films exhibited semiconductor behaviours above the Tc onset . These data are to be related to the 

weaker texture observed when the film thickness reached a few microns. Broadly speaking non textured films 

exhibited poorer superconductive behaviours than textured films. 

In summary, we have developped a technique which allows the deposition of YBa2Cu307-, thin films of 
0.2 to 6 microns or more in thickness with a precise control of the film thickness and homogeneity. This method 

allows the deposition of films which are currently not easily achievable by conventional CVD methods. Moreover our 

technique allows a better control of the films deposition conditions than classical non CVD chemical deposition 

techniques. These first results demonstrate that it is possible to obtain superconductive films by this technique. We 

have now to improve the deposition, pre-annealing and crystallization heat treatment conditions in order to minimize 

the substrate contamination in the case of submicronic films and to optimize the thick films properties. 
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