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PS-11.01.16 X-RAY REFLECTIVITY CHARACTERIZATION PS-11.01.17 LATTICE-ADAPTABLE SUBSTRATES FOR YBa=zCuaOx
OF SURFACES, INTERFACES AND MULTI_LAYERS'. By By A.N.Efimov and A.O.lLebedev*, A.F.Ioffe Physical-
T. C. Huang*, R. Gilles, and G. Will, Minera- Technical Institute, Petersburg, Russia.

logical Institute, University Bonn, Poppelsdor-

Both lattice mismatch and stereographic msps of epita-
fer Schloss, 5300 Bonn 1, Germany. * Per-

xial relationships "HTS on perovskite-type substrates”

manent address: IBM Almaden Research Center, have been coneidered as a function of substrate orien-
650 Harry Road, San Jose, CA 95120-6099, USA. tation for SrTiOs and femilies Ln(A1.Ga)0s  &nd
) ) . (Ca.5r)ln(Al,Ga)0s , where Ln- rare-earth element. The
Characterization of surfaces, interfaces and compositions and orientaticns of substrates needed to
thin films is a growing and important appli- create perfect HTS-layers are presented.
cation of X-ray analysis. X-ray results can Table 1. Planes of minimum misfit for the perovskite-
be used to develop methods of growth of mate- type substrates i
rials and in the interpretation of their Phase Minimum misfit plane Misfit.%
physical properties. SrTi0a a=3.898 (100) 0.33
. _ o LaAl0s  a=3.792 (37.8; 0.76: 2.3) 1.66
In our laboratories, the X-ray reflectivity a=90.0867
technique has been used successfully for the SrLaAlOs a=b=3.75 (1; 0: 1.297) 1.26
characterization of surface smoothness and c= 4.167
oxidation, interface roughness and diffusion, NAGaOa a=c=3.864 (15.9: 22.4:; 26.9) 0.03
layer thickness and density of sputtered b=3.855
polycrystalline and molecular-beam epitaxial $=90.713
films. Specular reflectivity data from below LaGa0a a=c=3.8982 (1.557: 0; -1) 0.01
to several degrees above the critical angle b=3.8778
for total reflection were collected using Cu B3=90.569
X-rays and analyzed by least squares refine- SrlaGalq a-b=3.847 (1; 0; 3.768) 0.32
ment. Results  are summarized as follows: c=4.227
. . CaNdA104 a=b=3.888 (1.327: 0: 1) 2.32
SURFACES: Thin 1layers of native oxides were c=4.056
found on metal surfaces. The thicknesses of SrNdGa0a a=b=3.816 (1; 0; 1.847) 0.18
the oxides varied from about 20 angstroms and c=4.173 '
more for Ni, Si and Ta to 10 angstroms and Table 2. Description of epitaxial relationships
less for Pt. Comparing to their thlcknessgs, Relationship Substrate directions Layer directions
the surface roughnesses were small for thick 1 {1001. (0101, [001] {100]. [010], [001]
Ni, Si and Ta oxides. The roughness/thickness 2 [1003. [0107, [001] (um}‘[oo1};[0101
ratios for these oxide surfaces were about 3 {1003, [010], (001} [odi];ro101.[1001
30% and less. The roughnes/thickness ratios 4 [1001;[010]_[001] [010].ETCOL {0011
for Pt oxides were, however, much higher at 5 (1001, [010], {001} [0013‘[100];[010]
about 50% and more. The observed large rough- 8 (100]. {0107, f001] [010];{001];[100]

ness/thickness ratios  for thin Pt oxides
suggested nonuniform oxidation on the surfaces
of the noble metal.

functions

INTERFACES: The roughnesses (or widths) of
buried interfaces were found to be 25 ang-
stroms and less depending on materials and
preparation conditions. The widths of most
buried interfaces were found to increase with
annealing temperatures, indicating significant
expansion of interfacial mixing at layer
boundaries caused by interdiffusion. For
example, the interfacial widths between Cu and
NiFe in a giant-magnetoresistance multilayer
of Ta/FeMn/NiFe/Cu/NiFe/Ta deposited on -a Si
substrate increased more than three times from
7 to 24 angstroms after annealing at 360C for
six hours. The increase in widths was cor-
related with the increase in thicknesses in
the magnetically 1inactive layers detected
previously in NiFe.

LAYERS: Layer thicknesses were determined with
high precise, and the standard deviations were
estimated to be in the 0.l-angstrom range.
The densities of most Dburied layers were
found within 10% of the bulk densities.
Unusual layer densities for Co in epitaxial
films composed of alternate layers of very
thin Co (2-5 angstroms) and much thicker Pt
(18 angstroms) were also observed. The den-
sities were more than 30% higher than that
of the Co bulk density, suggesting a mixture
of heavy Pt atoms in Co. Similar mixing of
Pt in Co was also observed by angle-resolved
X-ray photoelectron spectroscopy.
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Misfit, (upper) and epitaxial relationships mapping (lower) as the
of suhstrate orientation f(001)-centered stereoprojections)
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