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ABSTRACT 

harac-on of granular s u m n d  
both the state of the sample and its fabrication 
is due to synergism between experimental measurements and 
novel technologies form the substance of this system: the magnetically mod 
izing supeductors,  and a powerful new computer peripheral, the Parallel 

nhanced computing capability for PC computers. This enhancement 
approaching that of supercomputers making atomic scale simulations possible on low cost mi~~hinm, The 

present development of this system involves the integration of these two technologies using meso-de: s h h ~ o n s  
of thin film growth. A future stage of development will incorporate atomic scale modeling. 

INTRODUCTION 

In this paper, we describe a system for characterization of 
both physical properties of thin films and parameters which con 
for development of thin film superconductor materials and for quality con 
achieved by physical measurements and computational simulation of the 
implemented by the integration of two novel technologies: the magnetically 
for characterization of superc~nductors,~ and the parallel infarmation 
puting with PC computers. 

The od measures the magnetic field derivative of resistance as a function of ternmm, mis 
measurement own to be sensitive to effects which occur in granular s~perconductors.~ 

ductors consist of ensembles of small single crystals (grains) which are in contact with one ano 
ted by a common boundary constitute a supemnductor structure called a weak link which has 

properties different in some respects from that of a single grain? Granular superconductors, 
table to the weak links which constitute their morphology. It is important to account for bitnese: effw& 
all high temperature superconductors, for practical purposes, are granular. 

Our primary interest here is the characterhaion of granular thin film superconductors which m of 
ount importance in superconducux devices. In the following discussion we w be briefly lpsw the 
measurement characterizes superconductors. We then discuss briefly how the measurmerrr w be 

related to thin film fabrication parameters by computational simulation of the MMR response signal. Nanraaeficd 
simulation is becoming increasingly important in materials research. In this work, it provides an e w a  Einnk 
between physical measurements, and sample morphology and process parameters. Calculations of &is l)?ze wuk 
powerful computing machinery. Atomic scale materials simulations often require supercomputers. The PIP 
technology mentioned above allows the simulations in this project to be done on a PC. We will &us Bdak ww 
technology, briefly, and show how the physical MMR measurements and computational elements m k h g  
integrated into a system for characterizing superconductor thin films. Finally we will indicate how we i n k d  to 
extend this system in the future. 

THE MMR 'METHOD 

The essential features of the MMR technique are shown in the diagram in Figure 1. The supemnhclrw 
sample is contained in a variable temperature bath. The sample is subjected to a magnetic field consis~mg of m ac 
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Figure 1. Schematic diagram for an appamtus to measure magnetically modulated resistance. 
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Figure 2. Typical resistance (R) and magnetically modulated resistance (MMR) response curves for a granular 
s#uctar. 
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where < &. The resistance 
. This signal, which constimes the 

resistance can be any conven 

ctor weak link phase msitions. me ~ h h v e  

re- to the sannple grain size disaibution. 

THE MMR SIGNAL 

In this sectlon, we outline the physical interpretation of the signal without d d l e d  &cussion of the 
g physics. The reader who is interested in more detail is referred to Reference Ell]. An ex far the 

gnal vs. temperature was inferred under the assumptions that links are Josephson s9 with 
upling sbrength per unit area, and that the applied current is al in the sample. U d w  these wn&- 

lions it can be shown that the signal has the form 

WK sin nB/B0 
I ,  = C-F(T) f (L) 

L Bo n B / ~ o  

In the expression above, K is a constant, Ic and I are the critical and applied currents, F(T) is the rempmm depn- 
dence of Ic, B is the applied magnetic field, Bo the critical field for a junction of length L, Wand L are the widh 
and length of a junction, andflL) is the distribution of junction lengths. The function F(T) is known1 but is not 
related to the sannple morphology. The junction length is the length along a grain boundary which h p - d c u k  

t as illustrated by Figme 3. (For ow 

bution fll) is related 
. An example of thi 

. Thus from Equation (1) and the relation 
signal to the grain size distribution of the sample. 
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F i g  3. An llustration which shows the relation between grain size (L) and junction size (Lg) in an ensemble of 

Length 

F i g  4 Mw example of the junction size distribution which results from a Gaussian grain size distribution. 



The simulation o gnal described here provides a way, in principle, 
grain size distribution of the thin film. In actual 
. Consequently, one must essentially estimate the function g(Lg) md &en 

response with the experimental response to gauge the accuracy of the me 
problem, then, is how to estimate g(Lg). Because the distribution g(Lg) is directly related to the codhorn whkh 
control the growth of the thin film, o h  approach is to estimate g(~,)by modeling the growth of thin f h s .  This 
provides a way to obtain the grain size distribution from MMR m&urements and at the same time exm& the 
application of the method to control of process parameters of thin film growth. In the next a h o n ,  we 
discuss our work in modeling thin film growth to obtain estimates of g(Lg). 

SIMULATION OF THIN FILM GROWTH 

The simulations of vapor phase thin film growth described here, generally apply to state of the m epimu 
thin films such as, for example, YBa2C~307-~ on W 0 3  substrates. These types of films consist s f  @ras of var- 
ious sizes which have a common orientation normal to the substrate. Growth occurs as a result of the v ~ r  p h  
deposition of the constituent species, which constitute the superconductor, onto the substrate. The v q r  p W  con- 
stituents are commonly created by rf sputtering or laser ablation from a bulk superconductor target. me v v r  ~- 
tially condenses on the substrate and forms a number of seed crystals of the superconductor species. The & 
crystals grow until their boundaries encounter neighboring crystals thereby forming common grain bun&= 
'between the neighboring crystals. The size of a particular crystal is then determined by the presence of neighwwg 
crystals which limits their lateral growth to the area encompassed by their grain boundaries. 

The grain size distribution is inferred by numerical simulation of this mechanism of thin film powh. The 
simulation is presently implemented as a meso-scale model with two adjustable parameters. These ane the prokbg - 
ity P per unit time that a seed crystal will form at any given location on the substrate, and the rate of pwltB"1, R, of a 
crystal on the substrate. The simulation proceeds by determining the location of new seed crystals on the s u b s m ~  
in each unit of time according to the parameter P, and growing each existing crystal on the substrata: w o ~ n g  to the 

eter R. This process continues until there are no voids on the substrate. The resulting grain size &shbuhw 
is obtain tly by assessing the area of each crystal (grain). Thus, this simulation provides the shap 06 g(Lg) 
which is rned by the two parameters P and R. 

We plan to extend the film growth simulation using atomic scale simulation of the depsihon. The foma- 
tion of seed crystals and crystal growth will be simulated using interatomic interactions and the physicd 
of the growth proass such as substrate temperature, oxygen pressure, and certain 
This will permit calculation of the mew-scale parameters P and R. The atomic scale model will be a p p n M  to h e  
meso-scale model to provide the grain size distribution which will then be related to physical process; v ~ a b b s .  

AN MMR CHARACTERIZATION SYSTEM 

The concepts discussed in the preceding sections are being integrated into a system for 
superconductor thin films. The in' rsion of this system, shown diagramatically in Figure upn a 

between experimental measurements and numerical simulations of 
mental measurements are obtained separately and stored in a computer file for subsequent off-line corn@- with 
simulation. The simulation begins with the meso-scale thin film growth model which calculates the @w snze &- 
bribution. The grain seed probability and growth rate parameters, P and R, are initially estimates which she: e n ~ r d  

n size distribution, calculated from the grain size distribution, is used to calcul& the 
response also depends upon some parameters not shown in F , magne~c fidd md 
of the simulated and experimental MMR responses yields an from which new 

values of P and R are inferred. The process iterates until the MMR error falls within predetemined bw&. In 1Pnk 
way the grain size distribution of the thin film is ascertained 

The parameters P and R are also determined in this system, almough this knowledge is @mhEly d m- 
demic interest. In order to relate this to more fundamental physical parameters we intend to extend &is s y s m  using 

modeling of the deposition process. Figure 6 shows this extended system. The P and iiP g 
the atomic scale model, as discussed previously, using process variables such as subs- 

oxygen pressure, and certain parameters of the reactants (e.g., momentum, excitation, et~.). Thus, in hiis syskm, 
response will be related to the thin film process parameters. 
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Fiigm 5. Schematic terization system which uses meso-scale modeling. 

The systems described above, particularly the extended system which uses atomic scale modeling, involve 
exmsive warrnpumc;ons which requires supemmputer capability to achieve results in reawnable times. A high 

a PC p l a d m  and allows the 
heart of the new computer 
, and is capable of 60 million 

(32 biwword) of high speed 
t PIP boards can be installed 
peak computation rate of a 

I, A usr-Zriendly interface for this computing system is being developed which allows pro 
Bait> C, a high level tool for integrating various software modules with flow charts. h- 

nolo@ h a  h kens& to Scientific Data Systems Inc., which expects to begin commercial distribution in late 
1992. 

ch comprise the system shown in has been completed. The 
a single PIP card. We expect to te an atomic scale model 
a year. The extended system scale modeling will require addi- 
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Figure 6. Schematic terization system which uses atomic scale m&Cng. 

CONCLUSION 

tion system described here is noteworthy bec the exknt d the infor- 
ysical measurement In its early usage, the me&& p r o ~ d d  evi- 

dence for the presence of weak links in supe~~onducmr samples in both granular samples and single m s d s .  At ~s 
remains a unique capability. The present stage of development in which the grain she & s ~ b u ~ o n  
related to prwess parameters is due to the use of numerical simulations of the meas& r e ~ n s  

of enhancement of physical measurements is being rendered practical by the emeDenm d 
pwerful, low cost computer technology such as that embodied by the PIP card. There is 1 UL the 
combined use of measurements and large scale simulation in materials characterization and 
become comon as use of the new computer technology becomes widespread. 
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