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Abstract 

Thermodynamic modelling of CVD of the superconducting phases in the Y-Ba--Cu--O and 
Bi-Sr-Ca-Cu-O systems is reviewed. Both MOCVD and halide CVD are considered. The re- 
suits are discussed in terms of calculated CVD stability diagrams. The influence of deposition 
parameters, including selection of precursors, on the existence and extension on those stability 
regions, where the superconducting phases can be deposited, is described. The results of the 
thermodynamic modelling are compared with experimental investigations. The agreement be- 
tween thermodynamics and experiments is satisfactory, indicating that thermodynamic modelling 
can be used as a guide to predict the optimum deposition conditions. 
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Introduction 

Since the discovery of superconductivity in the La-M--Cu-O systems, where 
M=Ca,  Sr or Ba [1], research efforts have been intense in the field of these new 
oxide superconductors. New representatives with much higher critical tempera- 
tures, To have been detected in e.g., the Y-Ba--Cu--O [2], T1-Ba--Ca--Cu--O [3], 
Bi-Sr-Ca-Cu--O [4] and Hg-Ba--Ca--Cu--O [5] systems. One of the most challeng- 
ing tasks is to be able to prepare high-quality thin films of these materials. This 
would be beneficial both for basic research and practical applications. Thin films of 
the oxide superconductors have been prepared by many deposition techniques, 
among others chemical vapour deposition (CVD). The CVD technique has many 
advantages: the microstructure and texture can be controlled; the method has an ex- 
cellent step coverage; extremely dense films can be prepared; the defect content of 
the film can be carefully controlled; and easy to scale up and uniform coatings are 
obtained over large areas. The CVD method has also successfully been used to de- 
posit superconducting films in the Y-Ba-Cu--O, the Bi--Sr--Ca-Cu--O and the 
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T1-Ba--Ca-Cu--O systems (for a review see e.g. [6])~ The latter compound is invariably 
prepared by a two-step process where a Ba--Ca--Cu-O film is first prepared followed 
by incorporation of thallium by a vapour diffusion process (see e.g. [7]). However, this 
paper will only consider CVD in the Y-Ba-Cu-O and Bi-Sr-Ca--Cu--O systems. 

In CVD of high-T e superconducting materials, two main types of precursors can 
be distinguished. In the first and most common method, usually referred to as 
MOCVD (metal organic chemical vapour deposition), different metal chelates are 
used. The notation MOCVD is, however, not strictly correct since the metal chelates 
do not contain any metal-carbon bonds but only metal-oxygen bonds. MOCVD have 
been employed in the vast majority of all CVD experiments (see e.g. [6]). The alter- 
native method is to use metal halides as precursor material. This has been success- 
fully demonstrated in both the Y-Ba--Cu--O [8] and the Bi--Sr-Ca--Cu--O [9] systems. 

Several different compounds have been employed as metal precursors in 
MOCVD of the superconducting phases in the Y-Ba-Cu-O and Bi--Sr-Ca-Cu--O 
systems. With the exception of bismuth, metal chelates have invariably been used. 
They have the general formula RrCO-CH--CO-R2, where RI and Rz denote either 
an alkyl group or a fluorosubstituted alkyl group. For the element bismuth, the 
most common compound is (C6Hs)3Bi, triphenyl bismuth. Furthermore, different 
oxygen sources such as 02, H20, O2+I-I20 and N20 have been used. 

A survey of the literature (see e.g. [6]) reveals that a deposition temperature of 
at least 700~ is generally needed to obtain the superconducting YBa2Cu307_ x 
phase in situ. However, some exceptions should be noted. First, it has been ob- 
served that by using plasma-activated CVD, the superconducting compound can be 
obtained at a lower temperature. An excimer laser activated process has also been 
reported to reduce this temperature. Moreover, by using N20 as the oxygen source, 
the YBa2Cu307_ x phase can be obtained at a somewhat lower deposition tempera- 
ture (about 650~ see e.g. [10]). A recent paper has even reported MOCVD of su- 
perconducting films at as low temperature as 500~ using N20 [11]. Also a low to- 
tal pressure and a low oxygen partial pressure have been reported to reduce the re- 
quired deposition temperature. 

One of the problems in MOCVD of YBa2Cu3Ov_x is codeposition of BaCO3 and 
BaF2. Formation of carbonate at low deposition temperatures (650~ has been ob- 
served by several authors (see e.g. [12, 13]). Also formation of BaF2 has been ob- 
served when employing fluorine-containing precursors at low deposition tempera- 
tures (see e.g. [14, 15]). In one of these studies [14], the amount of BaF2 was found 
to be reduced when H20 was used as oxygen source instead of O z. This was ex- 
plained by the reaction between H20 and fluoride yielding oxide and HE Finally, 
in addition to BaF2, also YF3 has been detected [15]. 

For in situ deposition of superconducting Bi-Sr-Ca-Cu-O films by MOCVD, a 
deposition temperature of at least 750~ is required [6]. It should be noted that the 
Bi--Sr-Ca-Cu-O system contains several superconducting phases, e.g., the 
Bi2Sr2CaCu2Os+• phase (Bi-2212) with Te-85 K and the Bi2Sr2Ca2Cu3010+x phase 
(Bi-2223) with Tc-l l0 K [16]. However, the majority phase obtained by CVD is in- 
variably the Bi-2212 phase. This agrees well with the larger thermodynamic stability 
of this phase compared to the Bi-2223 phase [17]. Lead has been reported to promote 
the formation of the Bi-2223 phase and Pb-doped Bi-Sr-Ca-Cu-O films have been 

J. Thermal Anal., 48, 1997 



HARSTA: Y--Ba--Cu-O AND Bi-Sr--Ca-Cu--O 1095 

prepared [18]. However, the Bi-2212 phase constituted the majority phase also here, 
but an increased c-axis orientation was reported. It can also be noted that a higher depo- 
sition temperature has been found to increase the amount of the Bi-2223 phase [19]. 

As mentioned above, a problem in MOCVD of the superconducting YBa2Cu307_ x 
phase is codeposition of carbonates and fluorides. In MOCVD of the Bi-2212 
phase, fluorine has been reported to be incorporated in the films [20, 21]. This con- 
tamination was, however, removed in the annealing process. It has also been re- 
ported that all four metal components cannot be deposited using water as the only 
oxygen source, but that the presence of oxygen is necessary to deposit bismuth [22]. 

Only a few investigations exist where halides have been employed as metal pre- 
cursors in CVD of superconductors. The YBa2Cu307_ x phase has been deposited us- 
ing a mixture of chlorides and iodides (YC13, BaI2 and CuI) as metal precursors [8]. 
A mixture of HzO and Oz was used as the oxygen source and the total pressure was 
2.67 kPa. The superconducting phase was obtained without post-annealing between 
870 and 910~ A mixture of chlorides and iodides (BiC13, SrI1, CaI z and CuI) has 
also been employed for deposition of the Bi-2212 and Bi-2223 phases [9]. Again a 
mixture of 1-120 and 02 was used as the oxygen source and the total pressure was 
100 kPa. Superconducting films were here obtained between 700 and 850~ This 
temperature could be reduced to 580~ by using plasma-enhanced CVD [23]. The 
Bi-2212 phase has recently also been deposited using exclusively iodides as metal 
precursors and with 02 as the only oxygen source [24]. The total pressure was 
1.33 kPa and superconducting films were obtained between 780 and 810~ 

When designing an experiment for CVD of the superconducting phases, i.e., 
compounds consisting of four or five elements, many parameters can be varied. 
First suitable source materials for the components have to be selected. Other vari- 
ables include the deposition temperature, the total pressure and the inlet partial 
pressures of the gaseous precursors. For such a multiparameter system, thermody- 
namics can be used as a guide to predict the deposition conditions. This has been 
demonstrated for CVD of the superconducting phases in both the Y-Ba--Cu--O and 
Bi-Sr-Ca--Cu-O systems (both halide CVD and MOCVD) by our group [25-30]. 
For the Y-Ba--Cu--O system, such modelling has also been performed by Vahlas and 
Besmann [31, 32] and Pisch et aL [33, 34] (MOCVD) and by Ilyinyh et al. [35] 
(halide CVD). A study of a more limited scope of CVD of the YBa2Cu3OT_x phase 
from chloride precursors has also been reported [36]. The present paper constitutes 
a review of results obtained from thermodynamic modelling of CVD of high-T~ su- 
perconductors in the Y-Ba--Cu--O and Bi-Sr--Ca--Cu--O systems. The results ob- 
tained by our group will be the starting point, but comparisons will be made with 
other investigations. The thermodynamic predictions will finally also be compared 
with experiments, 

T h e r m o d y n a m i c  m o d e l l i n g  

The CVD stability diagrams 

All diagrams presented in this review have been obtained using the computer 
program EKVICALC [37]. The program is based on the free-energy minimisation 
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technique [38, 39]. The input parameters are the temperature, the total pressure, 
the amounts of the starting materials and thermodynamic data for all substances in 
the data base that consist of the starting elements. The output are the equilibrium 
composition of the system, i.e., the amounts of condensed phases and the partial 
pressure of gaseous species and various thermodynamic quantities, e.g., AG 
(change in Gibbs free-energy). The results of the calculations are presented in cal- 
culated CVD stability diagrams. The diagrams in this review are considerably sim- 
plified compared to those in Refs [25-30], where both the phase composition and 
the yield of the superconducting phases were given. Here only those regions where 
the superconducting phases can be deposited have been indicated by means of a 
grey shade. 

As mentioned before, a problem in MOCVD of the superconducting phases in 
both the Y-Ba--Cu--O and Bi-Sr--Ca-Cu-O systems may be codeposition of carbon- 
ates and fluorides. Such contaminations can precipitate to the grain boundaries and 
may thus affect the current density to a large extent. The regions in the CVD stabil- 
ity diagrams where the superconductor is accompanied by carbonates or fluorides 
are therefore not considered useful to deposit the superconducting phase. 

The CVD stability diagrams were obtained from thermodynamic calculations 
using different metal precursors and oxygen sources as starting materials (see be- 
low). The calculations were repeated for different total pressures, temperatures and 
oxygen source to metal source ratios. In the diagrams, the position of the region 
where the superconducting phase can be deposited is given as a function of the 
deposition temperature for a specific oxygen source to metal source ratio. For the 
Y-Ba--Cu-O system, this latter quantity is defined as: 

([02] -Jr [H20 ] + [N20])/([YXa] + [BaYb] + [CuZc] ) 

where the brackets denote the amount in mole of a specific compound and X, Y and 
Z denote the ligands. For the Bi-Sr-Ca-Cu--O system, it is defined as: 

([02] + [H20] + [N20])/([BiX J + [SrV b] + [CaZ e] + [CuVo]), 

where X, Y, Z and V denote the ligands. 

Thermodynamic data 

The Y-Ba-Cu--O system 

For deposition of the YBa2Cu307_ x phase, the input ratio between the three met- 
al components was fixed to 1:2:3 in the CVD stability diagrams. This ratio is sup- 
ported by the stoichiometry of the phase and also by the nearly quantitative yield of 
the individual binary oxides upon deposition. The substances included in the calcu- 
lations and the sources of thermodynamic data can be found in Refs [25, 28, 29]. It 
should be noted that several thermodynamic data sets have been given for the 
YBa2Cu3OT_ x phase, e.g. [40, 41]. The data given in Ref. [40] for the composition 
YBa2Cu307 were used in the first paper [25]. These calculations did not include any 
ternary or quaternary oxides, since no thermodynamic data were reported for these 
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phases. In the later papers [28, 29] the data given by Lee et al. [41] were used, 
since they also provided data for ternary and quaternary oxides. The data for the 
YBa2Cu3OT_x phase were now given for the composition YBa2Cu306,5. The selected 
composition for the superconducting phase affects the position as well as the size of 
the region where this phase can be deposited. The CVD stability diagrams of the 
first paper [25] should therefore not be compared to any exactness to the corre- 
sponding diagrams of later papers [28, 29]. 

It should be emphasised that the non-stoichiometry of the superconducting 
phase was not taken into consideration [25, 28, 29]. However, this has been made 
in the calculations presented by Vahlas and Besmann [32] and Weiss et al. [34]. A 
comparison with their results will be made in later sections. 

For MOCVD of the YBa2Cu3OT_ x phase, thermodynamic calculations were 
made for several combinations of metal chelate precursors [29]. The oxygen 
sources chosen were 02, H2 O, O2+H20 and N20. It should be observed that no 
thermodynamic data exist for the metal chelates. In the calculations, these com- 
pounds were substituted by a combination of the pure metals and hydrocarbons or 
fluorine-containing hydrocarbons to obtain the correct stoichiometry [29]. This will 
not affect the CVD stability diagrams, since they only reflect the final state of the 
system at equilibria. The driving force values are affected, but these quantities are 
not considered in the present work. 

For halide CVD of the YBa2Cu3OT_x phase, thermodynamic calculations have 
been made for both a mixture of chlorides and iodides [25] as well as for only chlo- 
rides and only iodides [28]. The oxygen sources employed were 02, H20 or a mix- 
ture of O2+H20. 

The Bi-Sr--Ca--Cu--O system 

In the CVD stability diagrams for deposition of the Bi-2212 phase in the 
Bi-Sr-Ca--Cu--O system, the input ratio was chosen to be 2:2:1:2. As for the 
YBa2Cu3OT_ x phase, this ratio is supported by the stoichiometry of the phase and by 
the nearly quantitative yield of the binary oxides upon deposition. The substances 
included in the calculations and the sources of thermodynamic data can be found in 
Refs [26, 27, 30]. It should be emphasised, that no ternary or quaternary oxides 
were included in the calculations in this system. Furthermore, no thermodynamic 
data have been reported for the superconducting phases in the Bi--Sr--Ca-Cu--O sys- 
tem. However, the largest gain in free-energy occurs when the binary oxides are 
formed. Rather small decreases in free-energy are expected when going from the 
binary oxides to the ternary, quaternary and superconducting oxides, respectively. 
The regions in the CVD stability diagrams where only the four binary oxides 
(Bi203, SrO, CaO and CuO/Cu20) are deposited, were thus considered to be the re- 
gions in which the superconducting Bi-2212 phase can be deposited (denoted the 
Bi-2212 region in the following). This is also supported by the results from thermo- 
dynamic calculations in the Y-Ba--Cu--O system [25]. As mentioned above, thermo- 
dynamic data have been reported for the superconductor in this system. It was found 
that the position and size of the regions in the CVD stability diagrams where the 

J. Thermal Anal., 48, ~997 



1098 HARSTA: Y--Ba--Cu--O AND Bi--Sr--Ca--Cu--O 

superconductor can be deposited followed the same trends upon changing the depo- 
sition conditions as the regions where only the binary oxides can be deposited. In 
the latter calculations the superconducting phase was omitted from the calculations. 
However, the size of these regions were found to be considerably smaller. 

For MOCVD of the Bi-2212 phase, thermodynamic calculations were made for 
several combinations of metal precursors [30]. The oxygen sources chosen were 
02, H20, O2+H20 and N20. As for MOCVD of the YBa2Cu307_ x phase, no ther- 
modynamic data exist for the metal precursors. Again these compounds were sub- 
stituted by a combination of the pure metal and hydrocarbons or fluorine-containing 
hydrocarbons to obtain the correct stoichiometry [30]. 

For halide CVD of the Bi-2212 phase, thermodynamic calculations have been 
made for both a mixture of chlorides and iodides [26] as well as for only chlorides 
and only iodides [27]. The oxygen sources employed were 02, H20 or a mixture of 
O2+H20. 

Results  of  the  model l ing  

The Y-Ba-Cu-O system 

MOCVD 

The results of the thermodynamic calculations are summarised in Fig. 1. It 
should be emphasised that these diagrams should only be used as a guide to how the 
deposition conditions are affected when the deposition parameters are varied. The 
arrows in the diagrams indicate if the region where the YBa2Cu307_ x phase can be 
deposited is reduced or enlarged when such a parameter is changed. The length of 
an arrow indicates the relative importance of the change. In these tentative CVD 
stability diagrams, the border-line of the YBa2Cu3OT_x, region has been drawn with 
O2 as the reference oxygen source. 

For fluorine-free precursors, the largest YBa2Cu307_x region is obtained when 
02 is replaced by N20 as the oxygen source [29]. This may be due to the fact that 
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Fig. 1 CVD stability diagram showing qualitatively the influence of critical deposition parame- 
ters on the stability region of YBa2Cu307, x for precursors without and with fluorine 
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small amounts of NO(g) is formed, which will lower the total energy of the system 
and thus lower the temperature where an YBazCu307_x region is obtained. Using 
H20 as the oxygen source, no YBaECU307_x region can be obtained [29]. This is due 
to the presence of large amounts of hydrogen resulting from the decomposition of 
H20, which yields a reducing atmosphere preventing the formation of the 
YBa2Cu307_ x phase. Furthermore, a decreased total pressure and a precursor with 
a higher carbon/hydrogen ratio is advantageous to gain a large YBa2Cu307_ x region 
[29]. The effect of the latter parameter is, however, very small. When the total pres- 
sure is decreased, the partial pressure of COz will simultaneously decrease. BaCO3 
then becomes less stable towards decomposition to BaO, which will shift the 
YBa2Cu307_ x region to a lower temperature. It can also be seen that a rather high 
deposition temperature has to be used, which is necessary to prevent the formation 
of BaCO3 [29]. The deposition temperature can be reduced if a larger oxygen 
source to metal source ratio is used. 

For fluorine-containing precursors, an YBa2Cu307_ x region can only be ob- 
tained using an O2+H20 mixture as the oxygen source [29]. However, the size of 
the YBazCu307_x region is considerably smaller than the corresponding size for 
precursors without fluorine. The need for both 02 and H20 can be explained as fol- 
lows. Using only H20 will result in large amounts of hydrogen from the decompo- 
sition of HzO, which will give a reducing atmosphere preventing the formation of 
the YBa2Cu307_ x phase. On the other hand, when 02 is used as the only oxygen 
source, BaF/is present in all parts of the CVD stability diagram. Hydrogen in H20 
is thus required to take care of fluorine and form HE As for precursors without 
fluorine, a rather high deposition temperature has to be used. This is necessary to 
prevent the formation of BaF 2 [29]. 

It is interesting to compare these results with other thermodynamic modelling 
studies. Vahlas and Besmann [31, 32] found that a low total pressure was advanta- 
geous to obtain a large YBa2Cu307_x region. They also found it beneficial to use a 
high partial pressure of oxygen. These results are in excellent agreement with the 
results obtained in our group. In the study of Pisch et al. [33] the BaCO3/ 
YBa2Cu307_x equilibrium was investigated, and it was found that it should be bene- 
ficial to use N20 as the oxygen source. The same group [34] also found a low total 
pressure and a low carbon content of the precursor to be advantageous to deposit 
the YBa2Cu3OT_x phase. This is also in good agreement with our results, except for 
the effect of the carbon content. However, as mentioned above, the influence of this 
parameter was very small in our study. 

Halide CVD 

For chloride precursors, the YBa2Cu3OT_ x phase cannot be deposited when 0 2 is 
used as the only oxygen source [28]. If 1-I20 is used as the only oxygen source, it is 
possible to deposit this phase, but the YBa2Cu307_ x region is rather small. As can 
be seen in Fig. 2a, this region can be expanded by using a mixture of O2+H20. It 
can also be seen that a rather high oxygen source to metal source ratio is necessary 
to deposit the YBa2CuaO7_x phase. This ratio can be reduced if a higher deposition 
temperature is employed. However, the highest yield is obtained at a low tempera- 
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ture [28]. Furthermore, the largest YBa2Cu307_ x region is obtained using a high to- 
tal pressure, which simultaneously shifts the region towards a higher oxygen source 
to metal source ratio and a higher temperature [28]. 

For iodide precursors, the best deposition conditions are obtained by using only 
02 as the oxygen source. As can be seen in Fig. 2b, the YBa2Cu3OT_ x region occu- 
pies almost the entire CVD stability diagram. In contrast, only a rather small 
YBa2Cu3OT_ x region is obtained using H20 as the oxygen source. As for chloride 
precursors, the highest yield is obtained using low deposition temperatures and a 
high total pressure [28]. 
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Fig. 2 Schematic CVD stability diagram for the YCI3-BaCI2--CuCI--O2-H20 and 
YCI3-BaC12-CuC1-H20 systems. The ratio [I-IzO]/[O 2] is 1/1 in the top diagram (a) ; 
Schematic CVD stability diagram for the YI3-BaI2--CuI-O 2 and 
YI3-BaI2--CuI-H20 systems (b) 

As a conclusion, thermodynamic calculations predict that it should be advanta- 
geous to use iodide precursors instead of chloride precursors for halide CVD of the 
YBa2Cu3OT_x phase. Both a large size of the YBa2Cu307_x region and a high yield 
of the YBa2Cu307_x phase are favoured by using iodides instead of chlorides. Fur- 
thermore, 02 can be used as the only oxygen source, while H20 is necessary to de- 
posit the YBa2Cu307_x phase from chloride precursors. This is explained by the 
lower stability of the metal iodides compared to the metal chlorides. Moreover, for 
chloride precursors no YBa2Cu3OT_x region can be obtained when 02 is the only 
oxygen source. The presence of H20 is thus necessary in the chloride case. The 
chlorine in the metal chlorides is taken care of by H20 and forms HC1, which is the 
main chlorine-containing reaction product in this reaction. In contrast, for iodide 
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precursors the main iodine-containing reaction products are I and 12. These can be 
formed without the presence of H20. The advantage of using, iodides instead of 
chlorides was also confirmed by Ilyinyh et aL [35]. However, they predicted a dif- 
ferent pressure dependence, i.e., that a low total pressure should be used. 

The Bi-Sr-Ca-Cu-O system 

MOCVD 

The results of the calculations have been summarised in Fig. 3. As for the corre- 
sponding CVD stability diagram for deposition of the YBa2Cu307_ x phase (Fig. 1), the 
arrows indicate if the Bi-2212 region is reduced or enlarged when a deposition parame- 
ter is changed. The border-line of the Bi-2212 reion is drawn with 02 (F-free precur- 
sors) or O2+H20 (F-containing precursors) as the reference oxygen source. 

Without fluorine With fluorine 

TOO 

5 0 0  5OO 

t | t 4 0 0  | | | 
400 2 3 4 2 3 4 

[Oxygen soureel [Oz]+[H 201 
log log 

[I|i(X~]+ISr(Y)zI+[Ca(Z)zI+[Cu(V)2I [Bi(X)3I+[Sr(Y),]+[Ca(Z)2I+[Cu(V)z] 

Fig. 3 CVD stability diagram showing qualitatively the influence of critical deposition pa- 
rameters on the Bi-2212 stability region for precursors without and with fluorine 

7OO 

For precursors without fluorine, the influence of the oxygen source is the same 
as for MOCVD of the YBa2Cu307_ x phase, i.e., the largest Bi-2212 region is ob- 
tained using N20 as the oxygen source and no such region can be obtained using 
H20 as the only oxygen source [30]. This latter effect is due to the presence of large 
amounts of hydrogen resulting from the decomposition of H20, which yields a re- 
ducing atmosphere preventing the formation of the binary oxides Bi203 and 
CuO/CuEO. Also the influence of the total pressure and the carbon/hydrogen ratio 
is the same as for MOCVD of the YBa2Cu307_x phase. It can also be seen that a 
rather high deposition temperature has to be used. This is necessary to prevent the 
formation of SrCO 3. The deposition temperature can be reduced by employing a 
larger oxygen source to metal source ratio. 

For fluorine-containing precursors, a Bi-2212 region can only be obtained using 
an O2+H20 mixture as the oxygen source [30]. However, the size of this region is 
considerably smaller than the corresponding size for precursors without fluorine. 
The explanation to the need for both 02 and H20 is the same as given above for 
MOCVD of the YBa2Cu307_ x phase. Furthermore, a very high deposition tempera- 
ture is needed. This is necessary to prevent the formation of SrF2. 

J. Thermal Anal., 48, 1997 



1102 HARSTA: Y--Ba--Cu-O AND Bi--Sr--Ca--Cu--O 

Halide CVD 

The results of the calculations have been summarised in Fig. 4. All results re- 
garding trends when the deposition conditions are changed are essentially the same 
as for halide CVD of the YBa2Cu307_ x phase. The main difference is that no Bi- 
2212 region can be obtained using iodide precursors and H20 as the only oxygen 
source, while a corresponding region exists in the Y-Ba--Cu--O system. It should 
also be noted that the size of the Bi-2212 regions is somewhat smaller than the cor- 
responding regions in the Y-Ba--Cu--O system. However, this may be explained by 
the inclusion of ternary and quaternary oxides in the latter system. As mentioned 
before, omission of such phases has been found to result in smaller regions in the 
CVD stability diagrams where the superconductor can be deposited. 

iii! !ii ill ! i!il i ii iiii ii 

log [nzo+ozl log [O2] 
[lliCIjI+[SrCI~I+[CaCIz]+[CuCI] [BiljI+[SrI2]+[Cal,]+[Cul] 

Fig. 4 Schematic CVD stability diagram for the BiC13--SrC12--CaCI2-CuC1-O2-H20 system, 
The ratio [H20]/[O2] is 1/1 in the top diagram (a); Schematic CVD stability diagram 
for the BiI3--SrIt-CaIE-CuI-O2 system (b) 

Comparison with experiments 

The primary aim with thermodynamic modelling is to be able to predict how the 
deposition conditions are affected when the experimental parameters are changed. 
It may thus be of interest to compare the results of the thermodynamic modelling 
reviewed here with experimental results. 

For MOCVD of the YBa2Cu307_ x phase, a low total pressure has been reported 
to yield higher critical temperatures [40], and should thus be beneficial for depos- 
iting the superconducting phase. Furthermore, the YBa2Cu307_ x phase could be de- 
posited at a lower temperature when N20 was used as the oxygen source than with 
02 [10, 11, 41]. For fluorine-containing precursors, H20 has been reported to be 
superior to Oz as oxygen source for the deposition of the YBa2Cu307_x phase [14]. 
The effect of HaO was suggested to be the removal of fluorine in the form of HE 
However, the superconducting phase was only obtained after annealing in OE. The 
presence of both 02 and I-I20 thus seems to be desirable. All these results agree 
well with the thermodynamic predictions. However, the YBa2Cu307_ x phase has 
also been reported to form in situ at as low a temperature as 650~ when a very 
low partial pressure of 02 was employed. When the partial pressure of Oz was in- 
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creased, no superconducting phase could be deposited. This is in contrast to the re- 
suits of the thermodynamic modelling, which predict a high oxygen source to metal 
source ratio to be advantageous for a low deposition temperature. 

For MOCVD of the Bi-2212 phase in the Bi-Sr--Ca--Cu--O system, a rather high 
temperature (-750~ has been reported to be required for in situ deposition [6]. 
Furthermore, the presence of 02 is necessary, i.e., no Bi-2212 phase can be depos- 
ited using only H20 as the oxygen source [22]. This is in good agreement with ther- 
modynamics. The thermodynamic calculations predict that N20 should be the best 
oxygen source. Only a few investigations exist in the Bi-Sr-Ca--Cu-O system using 
N20 as the oxygen source [42, 43], but the superconducting phase was not obtained 
in situ. However, it is likely that the deposition temperatures used (625-700~ 
were too low. Using fluorine-containing precursors, no Bi-2212 phase has been ob- 
tained without post-annealing of the deposited layers [20, 21]. According to the re- 
suits of the thermodynamic calculations, a mixture of 02 and H20 is required for 
deposition of the superconducting phase and both these studies used only 02 as the 
oxygen source. 

As mentioned in the introduction, only a few experimental investigations exist 
using halide precursors in CVD of the superconducting phases in the Y-Ba--Cu--O 
and the Bi-Sr-Ca--Cu--O systems. For halide CVD of the YBa2Cu307_ x phase a 
mixture of chlorides and iodides was used as source materials [8]. The presence of 
both 02 and H20 was found to be necessary to deposit the phase and, furthermore, 
high oxygen source to metal source ratios were required. For halide CVD of the Bi- 
2212 phase and when using a mixture of chlorides and iodides, a mixture of 02 and 
H20 was invariably employed (see e.g. [9]). All these results are in good agreement 
with thermodynamics. Furthermore, as predicted by thermodynamics, it was re- 
cently shown that it is possible to deposit the Bi-2212 phase with only 02 as the 
oxygen source when exclusively iodides were used as metal precursors [24]. 

As a conclusion it has been shown that the agreement between thermodynamics 
and experiments are quite satisfactory. This suggests that thermodynamics can serve 
as a guide to predict the optimum deposition conditions. Thermodynamics may thus 
be a useful tool when designing CVD experiments of high-To superconductors. 

Financial support from the Swedish National Board for Industrial and Technical Develop- 
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