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Gallium Arsenide

Electron mobility inside it is about five times higher than in silicon
hence a shorter switching time and consequently higher information
processing speed. Because of its non-existent light-emitting properties,
silicon is not suitable for making optical components (like light-
emitting diodes, semiconductor lasers or light modulators), unlike gal-
lium arsenide. (On the other hand, silicon is the basic element of pho-
todetectors). Gallium arsenide has better insulating properties than sil-
icon and this delays micro-circuit breakdown.

The frequency limit for the use of gallium arsenide devices is in the
region of 60 GHz against a few GHz in he case of silicon, thus opening
up the hyperfrequency market to gallium arsenide (in particular, for
reception of satellite signals which are carried by waves in this fre-
quency range).

The energy consumption of gallium arsenide is lower than that of
silicon (about one-tenth), leading to far less heating in integrated cir-
cuits. Moreover, the range of operating temperatures is far wider than
in the case of silicon (350°C as against 200°C). These properties would
lead GaAs winning hand down if it were not for the very developed
technology of silicon-based devices. But as usual, special niches will
serve as incubator rooms for the subsequent dispersal of technology
matured there. Some important lines of application can be:

Integrated circuits. Gallium arsenide complements silicon in this appli-
cation being superior to silicon in certain of its electronic properties; its
higher carrier mobility and drift velocity enable gallium arsenide dev-
ices to operate faster and to dissipate less power than their silicon
equivalents. However, there are high price penalties to be paid for this
improved performance; problems with electron states produced at the
interface between gallium arsenide and most insulators make
integrated circuit manufacture with this material considerably more
difficult and expensive than with silicon. High-quality single-crystal
wafers of gallium arsenide are also more costly to produce.
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Photovoltaic cells. Gallium arsenide solar cells have been developed
with efficiencies exceeding 20%, which is substantially higher than
those obtained with any other material investigated so far. These cells
also possess superior high temperature characteristics and their perfor-
mance is relatively unaffected by exposure to cosmic radiation. The
principal factor limiting the widespread use of gallium arsenide in solar
cells has been mainly the high cost of manufacture of the single-crystal
wafers required for these devices compared with those of silicon.

Lasers. Solid state heterojunction lasers of gallium arsenide and gal-
lium aluminium arsenide are used in conjunction with optical fibers in
telecommunications. Experimental communications systems based on
optical fiber technology are already in operation in a number of coun-
tries, including the UK. A large expansion of this field is envisaged
throughout the 1980s. However, a move to low transmission frequen-
cies would result in a switch from gallium arsenide to indium phosphide
in lasers.
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Electrically Conductive Polymers

Solid state physics led the way to make electrons (and ions) mobile into
plastic materials, with dreams about superconductivity.

The area is moving fast, especially because tailored molecules may
lead to micro-micro switching circuits for very compact computers.

To stay on the easy side, contemplated in the analysis of patents
and publications here annexed, sheets of polyacetylene and others
appear to have exceptional market potential for use especially in auto-
motive batteries. Their combination of good power flow, ease of fabri-
cation, versatility of physical shape, very low density, make them the
only materials which a realistic chance of making competitive battery
vehicles.

Inspection of the content of the patents show that the first wave is
devoted mainly to polymer films and varnishes to eliminate statics, the
second wave, on the contrary, concentrates on battery applications.
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Figure 27.
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Figure 28.
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Optical Fibers

Optical fibers are one of the star performers in the development of
materials during the last 20 years. This on the side of the physical pro-
perties of the material where, e.g., transparency has been increased by
orders of magnitude and on the side of fabrication where fibers of uni-
form size down to a few microns with all sorts of sheetings around
them, are currently fabricated in kilometers apiece.

These fibers can conduct light for imaging purposes as in the endo-
scopes of medicine, or can carry light modulated for information, e.g.,
for telephonic transmission. The very high transmission capacity, ord-
ers of magnitude superior to that of metallic cables, the development of
very compact electro-optic interfaces, the resistance to electric interfer-
ences, and the basic low volume low cost of the machinery is making
applications and proposed applications grow exponentially. Behind
that is an exztremely sophisticated work in materials development,
materials processing, and materials manufacturing. An estimate of the
work done comes out also from the very large number of publications
and patents on the subject.
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Figure 29.
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Figure 31.
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Figure 32.
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Plastic Materials

Finding reliable data on production capacity and sales of really
advanced materials is difficult, bu for well established materials like, for
example, PVC, the situation is a little better. Data on plastic materials
in pipes for the USA, have been collected by Ginley of the Bureau of
Mines. In particular for PVC, which is one of the winning horses in
substituting metals, especially for underground water and sewage pipes.

We have done two analyses, reported in Fig.33 and Fig.34, to show
that the diffusion model catches well the process of market penetration
and substitution of materials that were brand new and somehow
advanced 40 years ago when they were introduced into the big market.
The analysis of market share in terms of fraction in volumes of pipe
material shows an interesting feature: it saturates around 70% indicat-
ing the existence of market niche inaccessible to present day plastic
materials.

We are now at the end of a Kondratiev cycle with all the innova-
tion rush usually associated with it. We may then expect new plastics
emerging in this wave of innovations being able to penetrate even these
niches. If I had to drop names I would say oil and gas transport could
benefit from high mechanical and chemical resistance, e.g., of Liquid
Crystal Polymers. The possibility of a machine that extrudes the pipe
along the way in a single piece is a gleam in the eye of pipelayers. Int-
rinsically fibrous plastics and Liquid Crystal Polymers may compete
with good steels, if not yet economically, and might permit higher
operations pressures in the pipelines. They can exhibit tensile strength
up to 15 times that of steel, are resistant to chemicals and have negligi-
ble creep.
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Figure 34.
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framework of the kind I have started to put together here the bits and
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MATHEMATICAL APPENDIX

The equations for dealing with different cases are reducible to the general
Volterra-Lotka equations

dn, =1
- = KN, + ﬁ.'_{i:: a NN, (1)

where N, is the number of individuals in species f, and 6, A, and K are constants.
The equation says a species grows (or decays) exponentially, but interacts with
other species. A general treatment of these equations can be found in Montroll
and Goel {1971) and Peschel and Mende (1986). Since closed solutions exist only
for the case of one or two competitors, these treatments mainly deal with the gen-
eral properties of the solutions.

To keep the analysis at a physically intuitive level, I use the original treat-
ment of Verhulst (1845) for the population in a niche (Malthusian) and that of
Haldane (1924) for the competition between two genes of different fit. For the
multiple competition, a computer package has been developed that works perfectly
for actual cases {Marchetti and Nakicenovic, 1979), but whose identity with the
Volterra equations is not fully proved (Nakicenovic, 1979). Most of the results are
presented using the coordinates for the linear transform of a logistic equation ori-
ginally introduced by Fisher and Pry (1970).

The Malthusian Case

This modeling of the dynamics of population systems started with Verhulst in
1845, who quantified the Malthusian case. A physically very intuitive example is
given by a population of bacteria growing in a bottle of broth. Bacteria can be
thought of as machinery that transforms a set of chemicals in the broth into bac-
teria. The rate of this transformation, coeteris paribus (e.g., temperature), can be
seen as proportional to the number of bacteria (the transforming machinery) and
the concentration of the transformable chemicals.
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Since all transformable chemicals will be converted eventually into bacterial
bodies, one can measure broth chemicals in terms of bacterial bodies using homo-
geneous units. So N(t) is the number of bacteria at time ¢, and N is the amount of
transformable chemicals at time 0, before multiplication starts. The Verhulst
equation can then be written

aN _ _
‘-&T = BN(N M N (2)
whose solution is
_ N

with b an integration constant, sometimes written as &, i.e., time at time 0; a is a
rate constant that is assumed to be independent of the size of the population.
This means that there is no “proximity feedback”. If we normalize to the final size
of the system, N, and explicate the linear expression, equation (2) can be written
in the form suggested by Fisher and Pry (1970)

loglfF = at + b , where F =

(4)

=

Most of the charts are presented in fhis form. The variable N is often called the
niche, and the growth of a population is given as the fraction of the niche it fills.

The fitting of empirical data requires calculation of the three parameters N,
a, and b, for which there are various recipes (Oliver, 1964; Blackman, 1972; Bos-
sert, 1077). The problem is to choose the physically more significant representa-
tion and procedure. 1 personally prefer to work with the Fisher and Pry
transform, because it operates on ratios (e.g., of the size of two populations), and
ratios seem to me more important than absolute values, both in biology and in
social systems.
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The calculation of N is usually of great interest, especially in economics.
However, the value of N is very sensitive to the value of the data, i.e., to their
errors, especially at the beginning of the growth. The problem of assessing the
error on N has been studied by Debecker and Modis (1986), using numerical simu-
lation.

The Malthusian logistic must be used with great precaution because it con-
tains implicitly some important hypothesis:

o that there are no competitors in sight
e that the size of a niche remains constant

e that the species and its boundary conditions (e.g., temperature for the bac-
teria) stay the same.

The fact that in multiple competition the starts are always logistic may lead
to the presumption that the system is Malthusian. When the transition period
starts there is no way of patching up the logistic fit.

The fact that the niches keep changing, due to the introduction of new tech-
nologies, makes this treatment, generally speaking, unsuitable for dealing with the
growth of human populations, a subject in which Pearl (1924) first applied logis-
tics. Since the treatment sometimes works and sometimes does not work, one can
find much faith and disillusionment among demographers.
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