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THE EFFECT OF TEMPERATURE. GROWTH KINETICS, AND SUBSTRATE ON THE! 
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MICROSTRUCTURE OF RF OFF-AXIS SPUTTER DEPOSITED YBaKuQ7 - - -  THIN FILMS 

ABSTRACT 
YBa2Cu307 (YBCO) thin films were grown on single crystal substrates by RF off-axis sputter 

deposition under different growth condition, systematically varied to change the kinetic and 
thermodynamic processes that determine both the film microstructure and its crystallographic 
orientation. The effect of substrate temperature, position, and material, total chamber pressure, and 
RF power on the final film structure was examined. The growth matrix was bounded by 
temperatures from 640 to 780 C, pressures from 50 to 200 mtorr, and power from 50 to 100 watts. 
Higher growth rates were achieve by increasing the power setting, lowering the total pressure, and 
moving the substrate farther into the plasma. Care was taken to stay within these parametric stability 
limits defining the 123-YBCO growth regime. The resulting films were characterized, primarily, by 
scanning tunneling and atomic force microscopy, x-ray diffraction, and eddy-current measurements. 

At the extremes of the growth conditions used in this study, ex-situ examination of the films 
revealed that they spanned the extremes from all c-axis normal to all a-axis normal material, with 
mixed a-/c-axis normal material in between extremes in deposition parameter limits, with the mixed 
films containing a-axis material overlaying a c-axis layer. Very smooth single orientation films, 
suitable for multilayer device structure, could be routinely obtained by controlled growth. The 
highest surface roughness measurements were usually due to incomplete or non uniform a-axis 
coverage on c-axis films. Combined data obtained from different studies showed that lower 
temperatures and higher rates favored a-axis growth under the conditions used in these studies. The 
YBCO films were more unstable to a cross-over from c-axis to a-a-axis growth when deposited on 
NdGa03 and LaA103 than on SrTiO3. Under conditions favoring c-axis perpendicular growth, 
higher temperatures and rates resulted in rounder islands. 

INTRODUCTION 
Reproducible hetero-epitaxial fabrication of good quality high temperature superconducting 

(HTS) oxide thin films by vapor phase epitaxy requires control over a number of interdependent 
deposition parameters which play a role in determining the defect structures, microstructure, and 
crystallographic growth orientation of the final film. These structural features, in turn, are important 
because they control the electronic properties of the HTS film. Additionally, these films serve as the 
template for subsequent constituent layers in the construction of HTS based devices. The same 
concerns about controlled growth apply to the fabrication of the intermediate normal or insulating 
layers as well as the base HTS material. Each of these films, thus formed, constitutes one of the 
building blocks for the multilayer structures that form the various devices, e.g. SNS ramp junctions. 
It is, therefore, a precondition that one needs to understand the growth processes for obtaining both 
high yield rates and optimum properties of engineered multilayer thin film structures. Changes in 
microstructure, including the orientation of the islands that comprise the films, and composition are 
expected to have subtle and profound affects on device performance. These issues become 
compounded as the size of the device structures approaches the dimensions equal to only a few of the 
islands (0.25 to 0.5 pdisland) that make up the film. 

The main driving force for the film growth studies is our device fabrication work. In this paper 
we present the combined findings from a number of different studies. Data from previous growth 
studies[l,2,3] is linked to new results and put in the context of a more formal growth matrix in order 
to discover consistent trends in the data that will allow us to understand the dynamics of the growth 
processes. Within that context, we have chosen to focus our attention on probing the effects of 
deposition rate, substrate temperature, and substrate lattice mismatch over a wide range of parameter 
values, within the stability regime of the 123 YBCO phase, on the micro- and nanostructure of the 
film and on the relative film-substrate crystallographic, in and out of plane, orientation. Of particular 
interest was the effect of kinetics on the preferential growth direction of the film normal and its 



crossover from c- to a-axis perpendicular. In effect, by changing the growth rate we changedthe 
supersaturation of the depositing material which controls the growth mechanism and whether growth 
will proceed driven by dislocations, 2-D nucleation, or kinetic roughening. The crossover in 
orientation is still not fully understood and part of this work is an attempt to determine which growth 
conditions play a role in this phenomena. We were principally interested in the role that growth 
parameters have on the kinematic and thermodynamic processes that govern the growth mechanism 
and, ultimately, the in- and out-of-plane crystallographic orientation, the growth rate, grain 
boundaries, and other defect structures. RF power, substrate position, and total chamber pressure 
were used as the main controls of deposition rate, although their role in determining the growth 
mechanism were expected to be energetically different. Since the substrate, its chemical and physical 
properties, also play a crucial role in the film microtopography and orientation, depositions were 
carried out simultaneously on different substrates for a comparison of lattice mismatch on growth 
orientation (a- versus c-perpendicular, critical thickness of c-axis material before cross-over to a-axis 
growth, or in-plane misalignment or rotation). One additional parameter that was considered was the 
effect of doping on microstructure, in this case Pr doped Yl-xPrxBa2Cu307. Typical scanning 
tunneling microscopy (STM) images of the microstructure of c-axis normal, a-axis normal and being 
of mixed orientation material are presented in Figure 1, showing the striking difference in 
morphology between the c- and a-axis grains and the different growth mechanisms producing these 
structures. The former was produced by a dislocation driven spiral growth growth while the latter is 

Figure 1. Three STM images of YBCO sputter 
deposited films. (a) A 400 x 400 nm2 area of a c- 
axis film grown on a CeO2 buffered sapphire 
substrate; (b) a 1 x 1 pm* image of an a-axis 
normal film deposited on a LaAlO3 substrate; and 
(c) a 500 x 500 pm2 scan of a c-axis normal film 
grown on SrTiO3 which captured the film at the 
critical c-axis layer thickness at which there is a 
crossover from c- to a-axis normal growth 
orientation. Note the three elongated grains visible 
in (c), lying on top of the c-axis material, are 
oriented with the a-axis perpendicular to the 
substrate surface. s 



EXPERIMENTAL 
In this study the YBCO films were grown in a 90" off-axis geometry by RF magnetron 

sputter deposition (Figure 2). Two inch planar magnetron guns with stoichiometric targets were used 
to deposit all films. 
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Figure 2. 90' off-axis RF 
magnetron sputter 
deposition system used to 
grow YBCO films. The 
substrate is mounted with 
Ag paint at the bottom of the 
heater assembly which is 
equipped with a buried 
thermocouple for 
monitoring the substrate 
temperature. 

We have carried out an exhaustive study of the complex interplay between deposition variables, 
primarily temperature, total pressure, p02, RF power, and substrate, and the resulting film 
morphology. All films were off-axis RF-sputter deposited on MgO, Ce02 buffered MgO or Al2O3, 
or on more closely lattice-matched perovskite (LaAlO3, NdGa03, and SrTiO3) single crystal 
substrates . The deposition matrix included temperatures from 640 - 780 C, Ptotd = 50 - 200 mtorr, 
p02 = 10 - 120 mtorr, and 
power = 50 - 100 watts. YBCO films were characterized by x-ray 8-28 scans, and STM and AFM 
microstructural characterization. The HTS superconducting properties were monitored by eddy 
current measurements. The effect of each growth parameter on the deposition rate was evaluated and 
related to the ratio of c-axis to a-axis normal growth. The growth studies were complimented by our 
work on the growth of insulating films, e. g. LaAlO3, and on the fabrication of multilayer films, 
YBCO bi-crystal junctions, and edge junction geometry structures which were evaluated using the 
STM and/or AFM. 

SUMMARY 
Not surprisingly, increased power, decreased pressure, and decreased target-substrate distance 

increased rate. The caveat is that the rate and growth processes are determined by the unique 
combination of the effects of these interdependent parameters; increased power had a much greater 
effect at lower chamber pressures that at higher ones. In that context, increased deposition rates and 
lower temperatures appear to favor a-perpendicular growth while higher temperatures and lower rates 
result in nearly perfect c-axis material. Under conditions that favor c-axis growth, increasing rate 
results in rougher terrace edges, while higher temperatures (below the roughening temperature) 
reduces the effects of kink sites on the edge growth yielding rounder grains. The later findings are in 
agreement with classical crystal growth theories. This gives us confidence that the role of the various 
growth parameters on the grow mechanism and resulting film structure can be elucidated using the 
framework of existing vapor phase crystal growth models. In part ,the fruit of this work has been the 
successful fabrication 45' rotated step grain boundaries (YBCO-Ce02-MgO biepi-step junction), 
YBCO-LaAlOyYBCO ramp junctions, and YBCO SrTiO3 bi-crystal junctions. 
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