Medium-Range Order
in the Scientific Court

Jeffrey S. Lannin has written a splen-
did popular article on short- and
medium-range order in elemental
amorphous semiconductors (July
1988, page 28). It is a pity, however,
that for want of space he has left his
readers with the impression that not
much is known (except very indirect-
ly) about medium-range order. I de-
scribed large clusters in amorphous
binary and ternary alloys in my
February 1982 pHYsICS TODAY article
(page 27), and that work on Ge(S,Se)
alloys has since been extended' to
Si(S,Se, Te) alloys, where chains in-
stead of planes are the dominant
structural units.

In the elemental material of great-
est technological interest, amorphous
Si, we need no longer rely on inad-
equately equilibrated (only poorly re-
laxed) computer models such as that
shown in Lannin’s figure 1. Tremen-
dous advances in sample preparation
methods, together with continuing
refinements in instrumentation and
image analysis, have made it possible
to obtain directly pictures of the
atomic structure of this material by
high-resolution electron microscopy.?
These show, as Lannin remarks, that
the structure of amorphous Si deposit-
ed at room temperature varies signifi-
cantly depending on the substrate
used. The range, however, always
includes large clusters with close-
packed <111 atomic planes similar to
those of the crystal and with cluster
diameters between 15 and 30 A. Such
exciting results pose a challenge to
those doing research on amorphous
conductors. They can meet this chal-
lenge by using indirect methods such
as nuclear quadrupole and Raman
scattering spectroscopy together to
identify parallel but complementary
chemical trends in site and bond
populations in alloys.'
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Lannin repLies: I chose not to dis-
cuss binary group 4-6 systems because
there is currently considerable debate
regarding their structure, both
among those favoring different non-
crystalline models and among those

such as J. C. Phillips, who posit crys-
tal-like molecular fragments.

The evidence for structural correla-
tions that are not crystal-like is quite
strong in amorphous Si (or Ge). Radi-
al distribution functions do not pro-
vide an indication of higher-neighbor
crystalline angular correlations. The
wide distribution of bond angles (and
their sensitivity to preparation condi-
tions) cannot be accounted for by
microcrystalline-type models without
the resulting structures’ having a
large fraction of noncrystalline re-
gions (in contrast to Phillips’s refer-
ence 2). It appears that only specifi-
cally prepared films of Si deposited on
crystalline Si substrates, or at high
temperature, yield possible crystal-
like features in electron microscopy.
These latter films are clearly uncom-
mon and do not “always” support
microcrystalline order in amorphous
films, but in fact suggest the opposite.
Similarly, Exars studies of high-tem-
perature Ge films made near the
crystallization point suggest a mix-
ture of approximately 20% of 10-A
microcrystallites and 80% of an
amorphous phase, whereas in films
made at lower temperatures no mi-
crocrystallites are observed.! This
indicates that microcrystalline mod-
els cannot logically describe the
amorphous state. Raman scattering
measurements in microcrystalline
Si of average diameter 35 A exhibit a
spectral form qualitatively quite dif-
ferent from that of amorphous Si.
Current theoretical models such as
the one® shown in figure 1 of my
article provide a reasonable first-
order description of actual amor-
phous Si and Ge films whose struc-
tures are kinetically limited.
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Correction

May, page 13—The letter by Richard
Feynman published in David Good-
stein’s letter was from box 1.5 of the
Richard P. Feynman papers at the
California Institute of Technology Ar-
chives, and permission to publish was
courtesy of the archives. |

COMPUTERS

IN PHYSICS

A new periodical
from the
American Institute
of Physics

Computers in Physics, a
combination magazine and
peer-reviewed journal
published bimonthly by the
American Institute of
Physics, is soliciting papers
on computer use in physics
and astronomy.

We are interested in pa-
pers which describe novel
ways physicists have applied
computers to their work in
the lab or the classroom, as
well as details of original re-
search about computer appli-
cations in related fields such
as optics, acoustics, geo-
physics, rheology, crystal-
lography, vacuum science,
and medical physics.

Please address all papers
for this new publication to
Robert R. Borchers, Editor,
Computers in Physics, PO
Box 5512, Livermore, CA
94550. Papers should be
organized according to the
American Institute of
Physices Style Manual.
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