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Abstract-Superconducting Y-Ba-Cu-O thin films were prepared on MgO(100) substrate by aerosol-assisted chemical 
vapor deposition (AACVD). The process used a single solution source of Y, Ba and Cu [3-diketonates dissolved in 
tetl-atlycli-oful-all (THF). This liquid precursor was passed tiu-ough all ultrasouic aerosol generator and transported into 
a CVD reactor where solvent and precursor evaporation and deposition occurred on heated substt-ate. Experimental 
details of this process were described and the effects of preheating temperature were studied in order to improve the 
quality of the deposited films. When the preheating temperature was 380 ~ films deposited at 815 ~ had sharp 
transitions to tile superconducting state about 88 K. The best superconducting films deposited by AACVD were 
prepared in oxygen partial pressure of 3.2 Torr at a deposition temperature of  815 ~ 
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INTRODUCTION 

Since tile discovmy of superconducting oxides, enormous 
amounts of research have been conducted for the preparation of 
high temperature superconductor (HTS) Y~Ba2Cu3OT_, (YBCO) 
thin films. Tile fabrication of superconduclkg thin films with spec- 
ific propel~ies generally needs controlled chemical compositions 
and growth rates to produce high quality films. For film growth 
with these characteristics two types of techniques have keen per- 
formed the group of physical vapor deposition (PVD) techniques 
incluctklg molecular beam epitaxy (MBE), sputteamg, arid laser ab- 
lation; and the versatile class of methods represented by chemical 
vapor deposition (CVD) teclmiques [Cho and Shin, 1993]. Among 
these, CVD is expected as a promising technique for tile practical 
application of HTS films, having special merits, such as a high de- 
position rate, tile possibility of a long tinle deposition, no linlitation 
of  the shape and the scale. 

Although the CVD process possesses many kinds of merits, 
there have still been various problems bemuse of tile lack of easy 
handling, stable precursors [Yoshida et al., 1996], particularly for 
alkaline earth metals such as barium, the relatively high processing 
temperature, and tile lalge nualber of paranleters that must be con- 
trolled to maintain stoichiometry during the period of deposition. 
Until recently, hydrocalbon based [3-diketone chelate precursors 
such as Ba(thd)2 (thd=2,2,6,6-telramethyl-3,5-heptanedionate) have 
been used for fabrication of HTS films by CVD. The tmriurn de- 
rivative, Ba(thd)2, has been found to have ml in-eproducible alld 
variable transport rate because of gas phase and solid state oligo- 
merization and/or hydrolysis reactions. Because of the long resi- 
dence tinle in tile sublinlatic~l vessels and phanbing, tile stability 
of the precursors is critical in maintaining deposition rote and stoi- 
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chionletly under control. To solve tile problems associated will1 tile 
thermal decomposition of the source materials over a long time, 
tilat tile Ba(thd)e appears to have, we have developed new precur- 
sors with sufficient and stable volatility. We refer to this as aero- 
sol-assisted CVD (AACVD), which uses a single liquid solution 
source for tile fg_orication of YBCO fllins. This technique mini- 
mizes the residence time at high tempem0are that any of the pre- 
cursors must survive before deposition [Salazar et al., 1992]. In 
AACVD of YBCO, the solution of precursors dissolved in a suit- 
able solvent is introduced into an ultrasonic aerosol genemtoc The 
aerosol is then tl-allsported into tile preheated zone of tile reactDr, 
where the tempel-atalre is maintained sut~ciently high. The solvent 
chosen to dissolve the precursors must be unreactive with the pre- 
cursor alld at tile same tmle must have a sufficiently high vapor- 
pressure to be completely evaporated at the temperature of the 
preheating zone [Klippe alld Wahl, 1997]. 

In the present paper, we reported preparation of  YBCO thin 
films by AACVD method, focusing on the effects of the preheat- 
mg temperaOme using a new single-source tectmique. 

EXPERIMENTAL 

The ranges of condition for deposition are suramarized in Table 
1. Fig. 1 shows a schematic diagl'dm of tile AACVD apparatus. 
This system consists of  four parts: a feed system/vaporizer that 
supplies and evaporates the precursor solution continuously, pre- 
heating system, deposition systenl, alld exhaust systeln. Tile depo- 
sition of YBCO by the AACVD process was accomplished by a 
THF (tetmhydrofiran) mixed single solution of [3-diketone che- 
lates of Y(thd)3 , Ba(tild)2 and Cu(thd)2 (tild 2,2,6,6-tet1-oznetilyl- 
3,5-heptanedionate) (Strem Co., Ltd, USA). The precursor solu- 
tion was kept outside tile vacuum system in a reservoir, fronl 
which it was conlmuaUy fed by a mass flow controller (MFC) into 
the system. The molar ratio of the precursors, Y: Ba: Cu, was 1 : 
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Table 1. Deposition conditions of Y-Ba-Cu-O thin films prepared 
by A A C V D  

Source materials Y(thd)s, Cu(thd)~, Ba(thd)~ 
Solvent THF (tetmhydrofuran) 
Molar ratio ofprecursols 1 �9 1.8 �9 2.7 
Injection rate of solution 0.2 ml/min 
Flow rate of cartier gas (Ar) 600 scorn 
Flow rate of reactant gas (O~) 400 sccan ,_= 
Total pressure 8.0 Torr 
Deposition temperature 815 ~ & 
Pre-heating temperature 270-400 ~ 
Deposition time 30 rain ~, 

O_, 

Fig. 1. Schematic diagram of A A C V D  system. 
1. Precursor solution 6. Funlace 
2. L-MFC 7. Substmte 
3. Atomizer 8. Pump 
4. Preheater 9. MFC 
5. Nozzle 

1.8 : 2.7 and the precursor solution was transformed into a mist by 
an aerosol generator at a constant rate of 0.2 ml/min. The mist was 
then tl-ansparted, with a career gas of AI; to file preheating zone, 
prior to entering the deposition area. The preheat zone was heated 
at 270-400 ~ during deposition. Deposition of films was per- 
fomled oil MgO(100) substmte placed nomM to tile gas stream at 
815 ~ 

In tile case of fcmling YBCO films by AACVD process using 
single precursor solution, the following reaction is proposed: 

Y(tM)s + 2Ba(tM)~ + Cu(tM)~ + 2THF + 2060~ 
Y~ Ba~Cu~O~ ~+ 119CO~+123.5H~O 

The films were characterized by X-ray ditfi-action (XRD) using 
Cu-K~ radiatior~ Zero-resistance T~ was measured by the dc four- 
probe method. Surface morphology of the films prepared at vari- 
ous preheating temperatures was investigated by scammg electrc~] 
microscopy (SEM). 

RESULTS AND DISCUSSION 

W~e i~abricated YBCO tilin films using a liquid source. YBCO 
tilin films were prepared oil MgO(100) substrate, changing pre- 
heating tempem0are with the total gas pressure and flow rate kept 
at 8 Ton- and 1,000 sccan, respectively. Fig. 2 shows a change of the 
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Fig. 2. X-ray diffraction patterns for the films prepared at vari- 
ous preheating temperatures of (a) 270 ~ (b) 300 ~ (c) 
380 ~ and (d) 400 ~ 

X-my diffraction palterns by a @-2@ method using Cu-K~ radiation 
as a function of preheating temperature. The strong c-axis peaks 
[u Y B C O ( 0 0  D w e r e  nlainly observed, m a&lition to slight a- or 
b-axis peaks, and a very small peak from CuO was also revealed. 
We could obtain a good, c-axis-oriented YBCO film at a deposi- 
tion tempem0are of 815 ~ when the preheating tempem0are was 
380 ~ The scanning electron micrographs of YBCO thin films 
prepared at deposition telnperatu-e 815 ~ for 30 rain are shown in 
Fig. 3. Sample (c) shows a smooth ground surface of c-axis ori- 
ented YBCO containing small holes. Sample (d) shows some pre- 
cipitations Oil its surface. Tile effects of temperature Oil electrical 
resistivity are shown in Fig. 4. Sample (c) with the highest T C (=88 
K) shows an onset transition temperature above 92 K, and file tran- 
sition width (AT) is small (about 4 degrees). Sample (d) shows 
broad transition width (about 10 degrees) that might be related to 
factors including poor interconnectivity of file grains mid voids. 

YBCO thin films were deposited on MgO(100) substmte as a 
fimction of substmte temperature (T,) and oxygen pamal pressure 
(Po2) with the total gas pressure and volumetric flow rate kept at 
8 Torr and 700 scorn, respectively. Fig. 5 shows the X-my ditfi-ac- 
tion patteailS by tile 0-20 nletilod as a distance between tile nozzle 
and the substrate. The strong c-axis peaks from YBC�9 were 
mainly observed, in addition to a slight a- or b-axis peaks. A very 
small peak fi-oln BaO and Cu�9 was also revealed. We could ob- 
tain a good, c-axis-oriented YBCO filln at 2 Call away from tile 
nozzle when tile substrate temperature was 815 ~ 

Fig. 6 shows tile XRD patterns of YBCO films prepared at a 
temperature of 815 ~ and an oxygen partial pressure between 2.25 
to 4.5 Ton: We could obtain a good, c-axis oriented YBCO film 

Korean J. Chem. Enp~(VoL 17, No. 5) 



526 B.-1L Kim ct al. 

~.. 

,W ~ 

�9 I t ,  

II 

�9 ~ ' l ' ~  ~ ,  

Fig. 3. Surface S E M  micrographs  of the thh~ f']lms prepared a t  

various preheaI~ng t e m p e ~ u r c s  of (a) 270 +C, (b) 300+C, 
(c) 380 ~ and (d) 400 ~ 
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F i g .  5. X-ray diffraction patterns for the films. The interval  be- 
tween the nozzle and the subslrate was (a) 0 m ,  (b) 1 cm, 
(c )  2 c m ,  a n d  (d )  3 era. 
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Fig. 4. Tcmpel'afln'e v& dectiieal r e~ t ance  for the films prcl)ared 
at various preheating telnpcvatm-es of (a) 270 +C, (b) 300 
+C, (e) 380 ~ and (d) 400 ~ 

when the Po~ value was 2.4-3.2 Tore. The scanning eleclron micro- 
graph of YBCO thin ferns prepared at 815 ~ for 30 min are shown 
in Fig. 7. The rough surface and the large precipitates were ob- 
served in the film deposited at Po2 below 2.4 Ton-. Sample (e) 
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Fig. 6. X - I ~  diffraction p ~ m s  for the ~ s  p l ~ a r e d  on MgO 
(1~) ~bfw~es  at ~ ' ~ o ~  ~ n  p ~ l J ~ i  pl'eS~tres ot ( a )  
2.28 TOIT, (b) 2.4 TOIT, (c) 3.2 ToI% ~md (d) 4.2 Tort. 

showed a smooth ground surface of  c-axis oriented YBCO con- 
taining small holes. Sample (d) showed some precipitations on its 

S e p t e m b ~ ,  2 0 0 0  



Preparation of Superconducting YBCO Films by AACVD Using llqtfid Solution Sources 527 

llCt :  

Fig. 7. Surface SEM micrographs ~ the ~ Films prepared on 
lVIgO(100) substrates at various oxygen partial pressures 
a (a) 2.28 Tort, (b) 2.4 TOIT, (C) 3.2 TOIT~ and (d) 4.2 Ton'. 

surfa~. It indicates Poe has a strong mthence on the properties of 
Y-BCO film. The temperatta-e dependences of eleclrical resistivity 
are shown in Fig. 8. Sample (c) wkh the highest Tc (=87K) shows 
an onset transition temperature (T~,~) above 90 K, and the transi- 
tion width (AT=T . . . .  -T~.~)  is small (about 3 degrees). Samples 
(b) and (d) show broad transition width (about 6 degrees), that 
might be related to ~ ' tors  including poor interconnectMty of the 
grains and voids. 

C O N C L U S I O N  

Aerosol-assiged CVD (AACVD) has been developed for pre- 
paring c-axis oriented superconducting YBCO thin films using 
THF (te~hydrofia-an) mked  single solution of ~-diketone che- 
l~ s  of Y(thd)~, B~(thd)~ and ~(thdL The Voc=s invokes form- 
ing an aerosol of a precursor solution to lransport into a CVD re- 
actor. When the preheating temperaure was 380 ~ films depos- 
ited at 815 ~ had sharp transitions to the superconducting state 
about 88 IC The best superconducting films deposited by AACVD 
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Fig. 8. Temp evamre v~ deOrical resistance for the rims prepared 
on 1VIgO(100) ~bstrates  at various oxygen partial pres- 
rares of (a) 2.28 Tort, (b) 2.4 Tort, (c) 3.2 Toll', and (d) 4.2 
TOIT. 

were prepared in oxygen t:attial pressure of 3.2 Ton- at a deposition 
temperature of 815 ~ 
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