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performed. The physics of podyimer and molecnlar dynamical function offers
tedthook design mechanisms [or non-von-Neumann Drocessing, infortation
w?lnn and content-addressable rezonance mnter 3:*mn The enormous variety
of polymer and molecular dynamics: offers an even greater variety of
architectural designs onice the mind-set s diS-ifE!.!’de':i of the <lassical digital-
switch as the unlv vatlding Gicck for architectures. New polymer-tased
architectures offer more efficient analog transformations and sitapier, more
robust architectures dedicabed to function. Optical (boson) processing, unitke
glectronte Fermion) processing, . also resfstant to  electromagnetic
interference.

1ze of laser-induced chemiztry, chemical synthesis fechniques,
niir-Blodgett monclayer self-ordering and precision chemical reastion
doping, offer chemical device fabrication and lithographic techniques with
adva y,us over current eich lthography. Precision in the achievement of

leciron mobilities and Fermi-levels can be obtained with chemical synthesis
uf donor -a-...-:ept.n::mr commpounds Multple-quantum-well structures can alse be
achtewved with monolayer techniques and electrodeposition.

The fields of polymer and molecular physics and chemistry offer an
ﬁnr‘-rmm'c variety of material properties usable in polymer engineering.
Presently, there is a requirement for fundamental studies of (a) barriers
made from thin films and (b} methods to achieve molecular order. The nse r*-f
glectric and magnetic fields in polymer processing for ordered materials is 2
subject under Jtudv

in the first five chapters the thieorefical physics and chemistry which
underpin device function .5 introduc w-l Chapters siX to aine address the
problems of material organization. Chaplers ten o [fifteen address
applications. An attempt has been made in these chapters o indicate the
possibilities and opportunities in this emerzing field, but, at the same time,

o indicats the difficulties, There are roses to be picked in this field, but they

are surrcundsd by the -1n~ uarding .1’:’\:11110'. seratches, however, does not

sest inpossibie . \ Creat 0 e b, '\",\, Vo
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I Polymer Semiconductors

In 1464 Little suggested the possibility of synthesizing a2 polymeric, organic
conductor of high transition temperature. The mechanism suggested for
achieving this superconductivity at room temperature was an electron-
electron coupling  or one involving the exchange of molecular excitations
instead of phonons. The suggestion was thus named an “exciton” mechanistn
(Ginzburg, 1968) and can be contrasted with the BCS theory invelving
electron pairs coupled to phonons. If not at room temperature (but at 0.90
Kelvin), the first organic superconductors have at least appeared. They
constst primarily of stacks of tetratethyltetraselenafulvalene (TMTSF), the
meolecules of which are said to be donors in that they tend to give up their
valence electrons. Crystals are grown in which the TMTSF molecules are
adjacent to acceptor ions, and they have paths of easy electrical conduction
which are essentially molecular corridors. Along the favored direction, an
electron is scattered approximately once every 1000 molecules, which is ten
o twenty tirnes less frequently than in a typical metal These tnaterials are
now known as Bechgaard salts,

The search for the true room temperature superconductor continues (Little,
194%), but in the meantime, polymeric organic semiconductors and metals
and even organic superconductors of moderately low transition temperature
{Jerome et al, 1930; Chaikifi et al, 1962) have come along. The first organic

compound shown to display metallic conductivity is also now intensively
studied (tetrathiafulvalene-tetracyanoquincdimethane (TTF-TCNG)).

It has been known for many years that organic molecules can be
semiconductors (Kallmann & Silver, 1960; Gutman & Lyons, 1967; Katon,
1968, Meier, 1974; Kao & Hwang, 1981; Pope & Swenberg, 1982; Seanor,
1932} but sustained interest began with the experimental studies of dark
conductivity in phthalocyanines by Eley (1948) in England and Vartanvan
(1943} in the Soviet Union. The phthalocyanines (Moser & Thomas, 1983)
and the porphyrins (Lever & Gray, 1983) contitiwe to be of interest and so
does photoconductivity (Bube, 1960). The organic conducting field in general

has attracted numerous investigators and some of the important results have : ‘]I
been summarized in recent reviews (Wegner, 1981; Baughman et al, 1982; B
Simionescu and Perec, 1982; Duke & Gibson, 1982; Etemad & Heeger, 1982). L]
There will continue to be theoretical difficulties in the treatment of - ®
polymer serniconductors. This is because the conductance is dependent upon Ty
delocalized pi-orbitals, which are treated by many approximation methods o
with varying degrees of success, ¢.g., valence band theory, molecular orbital N
theory, free electron theory, etc. It is instructive, therefore, to trace the
development of free electron theory and note the problems still to be solved. Tf%
In the 1920s the band theory of crystals was developed resulting in the T
Bloch scheme describing independent motion of charge carrying electrons
]

-%




and holes. In 1931 the concept of exciton arose (Frenkel, 1931; Peierls,
1932), which 15 an electronic excitation wave which does not carry electric
current. - but does carry energy - and involves correlated motion of electrons
and holes. Excitons have been found in all basic types of nonmetallic ¢rystals,
as well as certain rare earths and intermetallics. There are three basic types
of excitons: (1) the Fremkel type, which have no energy levels; (2) the
charge-transfer type, where an electron exists on a different atom to a
hole; and (%) the Wannier type (Wannier, 1937), where there are energy
levels of charge transfer in analogy to the energy levels of the hydrogen
atom. Excitons can be associated with any critical point in the band structure,
the criterion for existence being that the electron and hole have equal
velocity.

A related concept is that of polaron, which had an initial meaning of an
electron interacting with long-wave optic vibrations. The wider tmeaning is
now of a self-trapped electron or exciton and it is this meaning which is used
in descriptions of conduction in organics with nondegenerate ground states.
Another concept is that of polariton, which arices when an em. field
interacts with an exciton in a very specific way. The conditions for this
inferaction come about because the exciton has a polarization which can be
either longitudinal or transverse and only the transverse exciton can interact
with the em. field. The polariton is created by an exciting photon and the
transverse exciton mix in a ¢rossover region, both losing their identity in a
combined particle of the polariton.

If one wishes to study polymeric semiconductioni, one should be aware at
the start that there ic even a difficulty in knowing, theoretically, what is
meant by semiconduction. For the delocalized states of the pi-electrons
there are a number of theories of carrier transport, all of which have
advantages and disadvantages {Kao & Hwang, 1981). For example, there is
the energy band model - which is only appropriate for high mobilities.
Then there is the tunneling model - which has failed to explain negative
temperature dependence of mobility and the difference between electron
and hole mobilities. Or the hopping model - which only succeeds if the
electron-phonon interaction is strong. Or the polaron theory - the validity
of which 15 in doubt for the cases in which the interaction between electron
and surroundings depends on electron velocity. There is also a fundamental
difference between semiconduction in inorganics and organics. It is known
that the basic mechanism of charge transport depends on the nature of the
glectron exchange interactions and the electron phonon interactions.
Whereas, ¢n the one hand, in inorganic semiconductors the electron
interactions are much larger than the electron-phonon interactions, so that
the electrons behave as quasi-free particles occasionally scattered by
phonons causing the charge transport to be coherent, in organic
semiconductors, on the other hand, the electron exchange interactions are
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much smaller, while the electrofi-phonon interactions may he the same, 50
that electron-phonon interactions may dominate. There are further
difficulties.

For example, in order to describe the dielectric susceptibilities of these
organics there are a variety of models, eg., the resonance oscillator model
and the self-consistent solution model Unfortunatsly, there is no single
unique form for the spatially dispersive dielectric function In 1957
Pekar, in the Sowviet Union, pointed out the wawve-vector dependence of the
dielectric response function. This means that the constitutive relation
between induced polarization and inducing electric field is not spatially
local. The determination of the correct linear combination of exciton-field
can be reduced to a boundary value probletn, which is known as the probletn
of additional boundary conditions or the "abc problem™ The origin of this
problem (of nonlocality) is due to the propagation of the excited state.

So the degired characteristic of excitation propagation due to delocalized
electrons brings with it theoretical intransigence. There are theoretical
attempts on the abc¢ preblem, 3, the "semimacroscopte sclution” of Pekar
and the Hopfield and Thomas (1963) solution, but each is based on
unverifiable assumptions and is also macroscopic, 50 a complete sclution
must await the development of combined Maxwell-Schrodinger
equations. Attempts in this direction include Zeyher et al (1974) and
Hyzhnyakov #2 5/(1975), both having found litnited success (Birman, 1982).

There are two types of conducting polymers (Wynne & Street, 1982). The
first category is a category of one - (SN),, which is an intrinsically
conducting polymer, and the only one. (SNJ, has open shell electronic
structure and has metallic conductivity. The more numerous second class
includes those in which the pi-bonding system, {not the closed valence
shells), have been modified by oxidation or reduction. Oxidation leads to a
partial emptying of previously filled bands, while reduction leads to partial
filling of previousty empty vands giving rise to p- and n-type conductivity,
respectively. The conducting polymers include: poly(sulfur nitride),
polyacetylene, poly(16-heptadiyne), polypyrrole, pelythiophene, poly(p-
phenylene), poly(p-phenylene sulfide), polyip-phenylens  vinylene,
poly(pyrrole tetrafluoroborate) and bridge-stacked phthalocyanines.
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I1 Physical Bases of Excitons

& half a century age the concept of siciton was conceived and since then
Thet‘* 1: e tr-mn many attetnpts ’rn refine the concept with work still in
progress (Rashba & Sturge, 1942). However, there are few unambignons
experitnents which detns anstrate th-—* most itnportant property of the exciton,
namely itz ability to transport ot ei-»:'; over large dis hu-;:e:-- {large in
cotnparisont with atomic dimensionst We shall cotnmence then with some
Adefinitions of what an exciton i8It Itif
(1} a quantum of electronic emcitation ensergy traveling in a periodic
structure, {nearly impossible to ac mw"a empirically), whose motion iz
tirl‘x:-:i.l':ﬁ"'fr-"*'i"rarl 1 V a wave vector (Dexter & Enox 196051

PR

L 1’rrt’f1- 0 (A -"-IU“*"I'I'iiIlO' this latter ong may obsery o
experiments to show that an exciton moves, there are noneg to show how far
it mowves. 'Jl"‘-‘ﬂ the,, lufmmnm and c-:»mrrmnt: th»‘:- r-aader will raalise

n’ﬂ'H"HI 11 Thw ﬁ:i- lfn 100t *-‘}"T 15 1 '* A TH 1”" A :t' -"r" 11’1»~ S, T LHIL fhw!w
are, at least, many experiments requiring mfwrprafﬂfmn which urgently need
5 explanatory power
::«x rcitons in semiconductors incdude resonant Raman and Brillonin
oscopy (u, 1979) and the nonparamagnetic nature of electrical
conduction in most polymers indicates the existence of charged Bose
particles which tnay be exditons of polarons of bipolsrons (Brazowskil &
Eirova, 1951} From the theorist's point of view, the field is a unique meeting
place of ftransport theory [rom a non-equilibrivm  statistical mechanics
orientation, which addresses the movement of the excitons, as well as the
interaction of light with matter and the creation and radiative decay of
excitons (Kenkre & Re:-:n‘m}'e'-:r 19521 & current major theme of exciton theory
15 the development of an act 'mnf of the absorption of hght in materials
(Davydov, 1962; Knox, '. 1 A

More recently, a new x1-1d has buen ',I'-‘dt*-"l for the study of excitons at
high denzity in semiconductors (Haken & Mikitine, 1975) These consist of
hydrogen-like excfons which are made up of an electron in the conduction
band and a hole in the valence btand coupled together by Coulomb
interaction and perhaps modified by polarization effects The creation of high
concentrations of excitong (by shuning laser light on insulating crystals) has
resulted in the study of different - [-u- 105 of excitons. Thers are excitonic
molecules Ubrexnitong’), possibly Bose condenszation of excitons; possibly
such condensation of tegnctons, electron-hole droplets which are bound
manly by Counlomb exchangs teraction hetween electrons and holes
possibly polyezatons and eyen o vatal-type” excitons in which a quantum




crystal is formed within a crystal. all of such species are possible, hecause

the mass ratio betwesrn 1’11'3 %Cltf:n and hole may vary over a wide rangs. |
Returning now to the theoretical underpinning for the concept, and o

assuming purely electronic states in perfectly periodic systems, the two

major images of a solid, namely, the "tight-binding approximation” and the

‘Bloch descrip

ton” both lead to the conclusion that there must exist low- S
energy,  excted  states  of  insulating  crystals.  The  “tight-binding 4
approxmation” picture is of a periodic array of atoms or mul-ﬁcule;. The
"Bloch description” ém}'h’uuec electrons traveling around in a periedic
potential provided by the positive nuclei. In biological structures, only
chlorophyll arrays hawve shown clear-cut evidence of delocalization of
electronic energy, perhaps some nucleic acids, and perhaps also, the purple
metnbrane of some salt-loving bacteria (Perlstein, 1982). Excitons confined
to a single molscule without . char ge-transfer and without energy levels are
Frenkel excitons, and intramolecular vibrational excitations may be BN
considered as vibrational Frenkel excitations (Belousow, 1982). Such excitons ) e
may also e of itnpottance it conduction in organics. o

For exarmple, associated with the charge-densicy wave in organics is a
lecalized electronic state or states within the bandgap. Before doping, the
organic pelymer is sometitnes paramagnetic, indicating the existence of spin.
The rationale is that if the localized state contains one electron, a soliton {or
charge-density wave) is neutral, with spin 1/2, and therefore is
paramagnetic. On the other hand, if the localized state is empty (doubly
occupied) the soliton is positively (negatively) charged, with spin 0 and
nonmagnetic. Therefore: doping results in conductivity or the ahility to
transfer charge, an absence of spin (the socalled charge-spin exchange), and
effectively a “hole” or "holes” created in the bandgap. If these "holes” are
paired with electrons of the dopant, then one has a type of exciton. This
would necessarily stretch the definition, as in the past the concept of exciton
has been associated with energy transfer but not charge.

\N
SRR
‘H".'.‘ Ca
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IIT Soliton Physics and Quantum Engineeriny
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SR appleed v the newy enpariia obdervations of conduotion i

Croanlo e ma aliioohaerws that the terns conduction tand and walsnce
Pared ones!l bnewmn o and weell used in descrihing conduction n, for example,
et -A."}.w oA f.ilII‘:’I‘-.‘IlT., if  analogous  meaninz in (for tranz-
Teolms et PRsy relar 0 the e |::1».:—g-;-:-ne-rat':—' orouted states There s thos

¢

dooenali vt the physical mechansms of conduction in metals and
are different

e reads therefors that trans-polvacetylene at certaint dopant
e it ke o cserm-condnctor”, or) at other dopant levels “conducts
Die doneral cne alould keenon mund that, whereas analogies can be made
e ¥:a';r: 2 a hand structure mode!l, for example, hetween metals, semi-
reductors on the one hand and orgamics on the other, at the physical
e hanisrn b=wel on the other hand,  all three are different. And again
Wher=at 1t makes  sense, when the  temperature-dependence of the
onductvity of highly doped trans-polyacetylene 15 constdered, o call such
anoorzante 3 svnthetws metal” at the level of the physical mechanism,
lependent npon desenerate states in the case of trans-polyacetylens and
Srprety dilerennes hefweer [lled and unfilled electronic levels in the case of
rhe metall the phvsical mechamsm 15 nonetheless different. Nor should
degenerate '-:'Irn_md states be constdered  the defining attribute of organic
corpductors, as examples will be noted below of organic conductors without
degenerate ground states Furthermore, the soliton mechanism itself is
currentiy not <'<'xn=::niered to be the sfipe qua som of organic conduction at
all dopant levels and in all organics {see Chien, 1984b) And finally: the
termm soliton, which can be defined so rigorously as a moving, dymamic
mathematical entity, 15 somefimes used in the literature to refer to a
stationary dislocation The reader may, at least, remain assured that
orgamcs do, ndeed, conduct feven with conductivities as high as 103
ot ot 1), and awatt a completed theory of conduction so necessary to
cratng of polymer Lo function.

Now, the Hamiltongan derived by Su et al £1979,1940) which was written
i terme of creation and annihilation operators and 15 now known as the SSH
Hamiltonian, can be rewritten i the partial differential equation form to
obtamn the continunm limit (Brazovski, 1978, 1980, Takayama et al, 1950).
From this Harmftoruan one obtains a pair of Bogoliubov-de Gennes
equations (kinetic equaticns) the solution of which is the total mean field
energy Catnpbell and Bishop (1951, 1982ab; Bishop, 1980} observed that
thece Bogoliubwev-de Gennes equations detnonstrate that the conduction
mechanism 15 polaron-like Using the analogy of the relativistic-field-
theory of Gross and Mewveu (Gross & Newveu, 1974, Dashen et al, 1974,
197%a b, Andret & Lowenstein, 1979), they further demonstrated that the Su
st al (soliton) kink-anti-kink pair has a single electron spectrum with two
states svmmetrically placed at the band-gap These states only exist when

ol o erntconductors

o' e 4 o~ b




there 1oox cngle unpatred slectron ooonponng the localized elsdtiron ar
TRXATIYE StaTe ar Wi theers 15 wngls unpatrsd electron olupring the
cther locahzed hole of positive” <tate 43 the electron ior the holel 1s
trapped un the latteee and coupled to phonons, the exatation 15 polaron-like
The peolaron 1 a mch stodesd entity i physees and henos the novel
conduction mechamsin wWas given a familiar descrption

The soltton mechanism for conduction 15 vmdirectional and hence, for
criented polymers, conduction amsotropy 15 to be expected and has been
chaerved However other conduction mechanisins are involved and Kivelson
ClAA 1Ak, 19A2) proposed an intersoliton” conduition mechantsm, (of, Tor
the  rigorous-minded:  an  Vinter-stationary-domain-wall”  conduction
mechamesrm i The theory requires the presence of both a charged soliton and
3 nentral soliton (i e stationary dislocation] betng situated nsar a dopant 1o
of npurtty site”

So far we have constdersd electrical conduction in trans polvacetylene, an
organtc which has two degenerate ground states Electrical conduction can
alzo aocut in organics with nondezsnerate ground states The mechanistn s
due to charge transfer talung place Letwesn the organtd polymer and the
dopant. 4s a result the palymer becomes 1omzed and the  squilibrinm
geometry tn the tonized state 12 different from that tn the ground =tate
creating a Franck-Condon-like ionized state If no lafttice distortion or

geometry relaxation ocurs, then a hole 15 created in the valence band, of, in

I

it 15 energetically favorable to localize the chiarge on the polymer chain then
a local distortion of the lattice ooours, resulting in the appearatics of localized
slectronic states mn the bandgap which appear as polarons of radical-tons
{spin 172} The polaron binding energy is 0.0% ew. in trans polvacetylene
(Brédaz et al, 19821, 0.03% e v 1n polyparaphenylene (Bredas et al, 1982} and
012 evoan polypyrrole (Bredas et al, 1944a). When two charges are present
ona polytnst chawn with nondegenerate ground states, the formation of a
bipolaton 15 energetically favored (& bipolaron iz defined as a pair of like
charges (dion assoctabed with a strong lattice distortion) Howewer, because
trafe polyacetylens has a degenerate sround state, two charges can separate
Lo lower the electrostatic repulston and form two tsolated charged solitons
rather than a tapolaron (Su et al 19739 Rice 14974) Thus, trans polvacetylene
has been constdered to he a special case of a conducting polytmer rather
tham a prototype (Bredas, [4da) There are theoretical predictions of 2 new
dlass soltbon-supporting polyiners poiyarsnemsthides, which also possess
degsnerats ground state bonding patterns (Boudreavi et al, 1955

This wiewr Jlearly distingurshiss betvesen the mechanistn of the drzatton of
states i orpange and morzantc matertal Whereas i the organi: polymer the
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thus mntrinstc to the organtc polymer, in doped morgame semiconductors, on
the other hand, the states an the vandeap are dopant levels (Bréedas et al,
193%4bi In the case of p-type doping of organics, the bipolaron levels 1in the
Zap are empty Conversely in the case of n-type doping of organics, the
tpolaren levels (n the gap are fully ocoupted. The bipolarons are thos
Spinless
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IV Photon Molecular Switching

IV.I. Bistable Molecules and Photon Switching

Optical bistability requires some combination of microscopic nonlinearity
with some microscopic feedback. We shall first consider nonlinearity in
polymeric materials and then address how the feedback may be achieved.

Recent developments in the field of nonlinear optics hold promise for
applications in optical information processing. This field has emerged from
solid-state physics and has become of great interest since the realization
that organic and polymeric materials with very large delocalized pi-electron
systems can exhibit extremely large nonlinear responses (chicsy, for example)
- larger, in some instances, than those of most inorganic materials. It is now
recognized that thin films of organic materials with even second-order
nonlinearities offer the possibility of novel phenomena and devices for laser
modulation, frequency conversion, deflection, power limiting and
information control in optical circuitry. When large third-order nonlinearities
are available, then degenerate four-wave mixing (DFWM) is possible for
use in integrated circuits with for a variety of purposes. The physical
mechanisms underlying the large responses of organics are different from
those underlying the responses of inorganics (Williams, 1983). The origin of
the nonlinear effects in organics is the polarization of the pi-electron cloud
as opposed to displacement or rearrangement of nuclear coordinates found
in inorganic materials. An additional benefit of this circumstance is that
there is a potential use of organics in very high frequency applications
(due to the relative fast response time of the electron cloud) versus the
relatively slower response time of nuclear rearrangements (Franck-Condon
principle).

The theoretical prediction that a particular polymer in bulk will possess
large nonlinear character is difficult. This is because a theoretical analysis at
the single polymer level is difficult to extrapolate to the macroscopic or bulk
material. For example, the second order molecular hyperpolarizability is zero
in centrosymmetric media and is related to the bulk material second order
susceptibility through summations over the number of contributing atoms or
molecules per unit volume corrected for contributions from neighboring
molecular fields. Therefore, a molecule which is asymmetric and possessing a
second order hyperpolarizability may still exist in a centrosymmetric crystal
or a molecular environment in which orientations are averaged (liquid or
, amorphous polymer) The bulk material, in this instance, will exhibit a small
') second order susceptibility despite the large single molecular or polymer

o hyperpolarizability.
N Despite this theoretical difficulty, the organics offer an empirical
o ;-'_;"_-'.;Tfi opportunity to tailor charge asymmetry and provide the polymeric
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conditions for radiation induced nonlinear effects in one part of the radiaticn
spectrum but transparency in another.

Examples of optically nonlinear single crystal polymers possessing three-
dimensional long range order incinde diacetylene (Garite & Singer, 10&2),
1,6-bis(2,4-dinitro-phenoxyj-2,4-hexadiyne or DNP (McGhie et al, 1981) and
2-methyl-4-nitroaniline or MNA substituted diacetylenes known as NTDA
and MNADA (Garito & Singer, 1982). Flytzanis (1983) has observed that in
polyacenes and polydiacetylenes Pople-Walmsley (1962) defects can occur
which are the conditions for soliton-type motion The electron delocalization
length determines the optical third order susceptibility of polydiacetylene
and its dynamical behavior is dictated by soliton mechanics. Thece defects
{optical solitons) can be created by excitation near the main visible
absorption peak.

Such organics are, however, essentially one-dimensional and their nnigque
properties arise from this one-dimensionality. The mnonlinear response
requires response times longer than 1-4 psec which are the diffusion times
of conjugation defects along the constraints of the polymer chain. In three-
dimensional semiconductors, on the other hand, the response is almost
instantaneous.

An interesting technique for the investigation of the third-order nonlinear
susceptibility of multilayers of polydiacetylene has been reported by Carter
ot 3/{1983). This measurement technique has possible device applications.
Polydiacetylene was deposited to a thickness of 5000 A one monolayer at a
time using the Langmuir-Blodgett technique on a silver overcoated grating
etched on a silicon wafer. The third order effect was measured indirectly by
its effect on the refractive index. The grating permitted coupling of a freely
propagating laser beam into the planar waveguide structure formed by the
polydiacetylene on the metal. The third order susceptibility is intensity
dependent, so changing the intensity of the laser beam permitted the
observation of a change in coupling angle to the wavegnide mode. From this
an estimate of the nonlinear index of refraction of the polydiacetylene near
the absorption edge was obtained.

We turn now to the use of these organic nonlinearities in optical switches
hased on the principle of optical bistability Optical bistability requires a
combination of microscopic (material) nonlinearity, which we have already
discussed, with some macroscopic feedback, so that a device's transmission
depends upon the output intensity. This cccurs when a nonlinear optical
medium interacting with a cocherent driving field has more than one stable
steady state. Now, the nonlinearities discussed above are intensity

» dependent, thus 1t should come as no surprise that the current problems
; ” with optically bistable switches nvolve the diffticulty of obtaining
Lo adequately fast switching times at sufficiently low powers ot switching
El - energy to make useful devices Attempts to minimize switching energy have
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involved the use of Fabry-Perot resonant cavities (Agrawal & Cartnichael, I
1979; Gibbs et al, 1980, agrawal & Flytzanis, 19&1), but, of course, this *‘ A
increages the difficulty of fabrication.
The quantum theory of optical bistability has undergone sotne recent Y
development (Drommond & Walls, 1951; Carmichael et al, 1983). The
sheervation of bistability can ccour etther in the absorptive operation, or in et
dizperzive operation with detuning of the laser and interferometer from the T A

atemte transition. Coopsrative effects in resonance fluorescence are also
possible (Bomtfacio & Lugiato, 1978, Bonifacio et al, 1979). Radiative and
collistonal damping of atoms and losses at cavity mirrors are modeled by
coupling the atoms and cavity meode to thermal reservoirs resulting in a
Fokker-Planck equation or quantum-statistical treatment The
theory remains, however, without empirical confirmation,

Recently, however, a new type of optical bistability has been discovered
which requires only ofi a material whose absorption increases as the
maaterial becomes excited (Miller 2t al, 1984a). Ho mirrors or other external
fesdback are required, as the feedback is internal and positive. Furthermore,
new  electroabsorptive  processes, larger than those in conventional
semiconductors, are seen in reom-temperature GaAs/GaAlAs multiple
quantum well (MQW) material (Chemla et al, 1983, Wood et al, 1984).
These new developments have been combined to make a hybrid version of
ophical dstatality in which a micron-thick piece of MQW is used as both
detector and electroabzorptive modulator (Miller et al, 1984b). With only a
serfes resistor and a constant voltage bias added to a p-i-n diode (where i Lo
refers to the MQW material) the resulting device is referred to as a seif- S
electro-optic effect device (SEED) The switch is activated by incident
light at a wavelength near the exciton resonance position for zero wvoltage
across the diode,

With 10w optical power, nearly all the supply voltage of the SEED is dropped
across the dicde as there is little photocurrent. This voltage shifts the
excitation absorption to longer wavelengths, ie, lower energies, and there
the optical absorption is relatively low. Increasing the optical power
increases the photocurrent, reducing the voltage across the diode. This
reduced woltage, however, gives increased absorption as the exciton
, rescnances move back, resulting in further increased photocurrent. This can
® lead to regenerative feedback and switching. Switching time has been 9

.
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¢
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b - demonstrated in the nanosecond range.

SUE There is  a large family of organo-metallic compound semiconductors

R which possess threshold and memory switching. The electron acceptor

p molecules  7,7.8,8-tetracyanoquinodimethane (TCNQ) and 11,11,12,12- S

[ tetracyano-2,6-napthoquinodimethane (TNAP) have heen shown to produce S
o electrically conducting solids with aromatic tieterocyclics, as well as with )

alkali, and divalent transition metal counterions The electrical conductivities
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of  TCHNQ and  THAFP  complexsd  with  electron donots such as
tetrathiofuivalens (TTF) have also been intensively inwvestigated Sharp
changes hawve teen reported in electrical conductivity due to phase
transitions in both TCNG and TNAP cotplexes induced by varying the
temperature of the material More remarkably, a reversidle elsciric figld
{light or em. [ield) induced phase transition has been observed in filtng of
eithet copper or silver complexed with the elel txuu acceptors TCNG, TNAP or
other TCHG derivatives (Potetnber et al, 1973-57%; Poehler et al, 1984 Benson
et al, 13-3,3,1 Thiz remarkable t.r:a.ns:it.i«:m 15. accompanied by an abrupt
increass in the electrical conductivity of the organic semiconductor when the
applied field surpasses a thresheld wvalue The highly conductive state
remains intact as long as the field is present On removal of the field, the
systern can either return to the high impedance state, or, if a voltage
significantly higher than the threshold voltage was used to induce the highly
conductive state, the material will remain in the low-impedance state after
the applied ficld iz retoved.

For intermediate field strengths, i possible to operate a device using,
g, Cu-TCHQ, as #ither a memory switchi of a threshold switch by varying
the strength or duration of the applied field in the low-impedance state
Although the limiting speed of response is net presently known, a Cu-TNAP
._a.mple was able to switch and fellow the rise fitme of a 4 nanosec. pulse
{Potember & Poehler, 1082) It has alse been demonstrated that optical
switching in such semiconducting organometallic films can be erased using
the heat from CO, laser radiation (Benson et al, 19832). Of special interest is
the possibility that below threshold a device using these filmes might add
inputs algebraically, a capability offering the possibility of the fabrication of
analog-digital hybrid computer elements.

IV.11. Switches Activated by Polarized Licht

Refraction is one consequence of the scattering of light by the electrons
and nuclei in the constituent molecules of the medmm, and can be
accompanied by Rayleigh and Raman scattering in all directions. Raman
activity {5 dependent upon an induced polarizability due, almost always, to
an induced electric dipole moment An induced magnetic dipole
moment alse can ocour, tut nsnally at a magnitude 108 less than the
induced electric dipole (Chiu, 1970). An é‘«éptmn to this magnitude
differential occurs if the incident light is {a} in resonance with a magnetic

substate split in zero field, and (b) an effective magnetic field able to interact

with magnetic states, i the light is circularly polarized. When conditions (a)
and (b) apply, the ratic of induced electric to magnetic dipole i 1:1 (Barrett,
1981, 1452)
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If the (nteraction of light and magnetic substate 1 of the kind in which the
substate 15 [illed by an al»- fron from a donating molecule, then a special
interaction ocours in which the substate, pOpulmed by carcnlarly polarized
heght phioton energy, 1s “otherwise occupied”, and cannot play the role of
slectron acceptor If the electron donating molecule, now prevented from
donating, becomes a p-setniconductor when 615 able to donate, the malecnle
now becomes less of a conductor.

Thiz situation was reported to occur in the phthalocyanines (Pe), which are
the electron donating species, and oxygen, which was the electron accepting
spectes, and the magnetic substates of which were [filled by incident
mrv*nhrly polarized radiation (Barrett, 14943 Barrett, Wohltjen & Snow,
1982

Lxght interaction with the Pes in an oxygen or electron-accepting
atmncsphere 15 possible from two points of view. On the one hand, magnetic
circular dichroismn studies of the metal Pes indicate resonance interaction

with the central metal in the red (long wavelength) end of the visible
spectrum. On the other hand, light interaction with O, adsorbed to the Pc
rng occurs over tmost of the visible spectrutn. However, the two effects were
dissotated by studying both metal substituted and metal-free Pecs. The
demonstrated ability to modulate, with circularty polarized (versus linearly
polarized) licht, the electrical conductance of F¢ films sublimed onto an
interdigital electrode surface is due to light interaction with the electron
acceptor, Oy, rather than with metal 4 electrons. The effect offers the
possibility of fast light-induced switching in electron- donating/electron-
accepting sandwiches. More investigation is required with monolayer
sandwiches and other setniconducting organics.
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¥. Properties of Bicconductors

The term "Hoconductor” can be vsed wath two different meanings. The
frst meaning refers to the presently x_mfibr‘-i"l»br'i i'=--:‘nr'= z:.=1' *'uwfhf-wx
biopolVinet can function ke 3 semiconductor. The s
the use of bopalymers ~mm as resis & . 5
for materials which themseelves do t.i.:hl.i‘..lk.-f. This I1rr;:t. Iui::':-j.Illllj':’, alzo has Two
corollary  rmeanings, -:Ziepemimg ofr whether  condul 'ri f fmd
conduction g ovrdeeds imtended, for (618 clear that whate
natural system, a vopolymer, ofnfiderad as just ;1.11'-.-'7211'-:11 ar ;:_';.:ml-... 1.v~...-lj.*1m:1,
might be doped to conduct and function quite otherwise than in its naturally
-:j"."f"l 1 I'I'i 11"" state

We shiall begin by omnsidering the first meaning and the first corollary
meaning  of the /& wivo condition, because this is the hardest to
detnonsirate. In 1928 Jordan suggested that glant biopolytnet molecules
have the properties of solids and i 1941 Tzent- -Gyorgyi postulated that
proteins may behave likes semiconductors (Szent-Gyorgyi, 194iah), {&)
s oconduction bands Another suggedt was made that electroni
exditation energy migrates hetween 'vmm'm' amine  acid respdues or
hetireet nonpt otetnn chiremophore groups by nonradiative resonatice transter
(Forster, 1G94

_\uunf—u nrcf"i": semicotduction idea was e
¥ md-_' apin such -’v"-fz-'lu' s plufx'm Xu._tuIUInulr-t Hlt-a. 16 of the or '1&'-'1' of “, eV
30 that under norfoal tetnperature -vun-..iitin,'ug there would b 0o tgration uI
electrons across the bandgap, and hence no conduction. Furthermore, the
absence of 1ow-1ving levels of electronic rxeut.r.-_tl 2ECItAtIons of peptide bonds
15 known spectroscopically, hence thers would appear to be little mnteraction
betweent thetn In semiconductors the distance bebween electronically
soinpied and unoccufied bands should be of the order of thermal ensrgy KT
Furthermore,  pi-electrons are partly delocalized only o osingle peptide
grcjﬂ_lpf:: which are ceparated by insulating groups.

cver, the argument over whether proteitis semiconduct really
addressed the spedal case of falrfasfe semiconduction. Actually, real
profens contatn many "mpurity” centers such as prosthetic groups, fonized
side groups, efc  If these side groups were doped in vitro, then the question
of sermiconduction might be answered guite differently. So the argument
appears still opett Yot again, zome feel that the multitode of electron and
hole traps located close to a protein's conduction bands might precivds the
motion of charge carriers over large distances (Blumenfeld, 1981)

Certainly, the primary light proces: in photosyanthetic systems
demonstrates sfgas of semiconduction. Furthermore, in higher plant
chloroplasts and bactertal chromatophorss the excitation may rigrate
throngh an ensemble of dye-packed molecules by an exciton mechanism
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Cthe cuestion 1z Ul open o derfafie prool of semiconduotion
mechaniam myolvement i the primary stages of photoinduced charge
separation in photosynthetio systems
Turtung now to the senze of “boconductor” as exempliffed 1 bMoDoelyimer
resists and subetrates b 19 clear m this regard that Giopolviners have an
unportant role The ordering of protemns in regular arrays and with a
perodiaty of 3 superlattice {Uzgirts & Rornbe W, Together witd
deposiiion teohitugues  and anlibody-anligen iton, promuse  the
adwvantaze of cherucal crafung of slectronic materials - an advantage which
1= unavatlabls o conventional of etoh lithography. An addifional advantage
is that computer architectures, as an emergent of a material’s physical
nronerties will be poszible. rather than the tigid architectures related fo
materials only superfically n thewr regquirement for the usual bodlding
bl of capacttors, reststors and inductances. Novel (biojmaterials will thus
offer wversatility and azsist
Furthermore, analog-digital hivbrid element cotnputation may be superior in
context-dependent data processing tasks which require comples weighting
and recornition tonctions aid mtedration of nlormation and computations
from different sources
At the supramolecniar molecular level there 2 the nerve impulse of the
switabls membrans, which 1o the working element of nervons systems
Howewser, this type of bieoonduction 15 unlikely to be used in computer
design, as the conduction, whrch 12 bazed on tonic concentration gradient
breakdown or release medhamame: 13 far o slow, and requires metabolic
erlersy to resctablich the Donditon: for ancther ftnpulse. It would seem that
1 the foresesabls [uturs Crpnuters will not vEe metabolic tmechanisms Ior &
reconstition e hansm
There are however more near-term Droblems to be tackled. If, for
egampls, conduoting elements ars formesd o polytmer resists in two-
dimensional arrayve, the task of understanding how many such arrays can be
stacked must be undertaken & sunple unon of two types of semiconductor
material with different Fermit levels 15 known as a Schotthy barrier If the
twro different materals ars of monolayer tackness, then it 18 lkely that no
Sohottiey arresr wll smen Dt cather a ompostte material due U tunneling
and =lectromic nteraction It makes sense, therefore, to ask questions
concermng how many monolayers must be lad down in order for two
differsnt zemoonduoting matenals to cosxist inoa Schiottky  barrier

'-v—;-v—fvval e o
T . D

arrangernent. This (s ancther way of asking how small {i.e, in this case,
how thick) can one make materials so that the diverse individual
physical characteristics are retained. Oafy whes Jdiversity is
retafned are dJdevices possibfe In other waords: {f there 18 no
retention of material diveraty, then there can be no subelement control and
no device 18 possible Adaod by dJdiversitly is meanl fupctional
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diversfly. fust becguse sLructurdf (ndependence (5 presenl
Joas pol mean thal ruoctrons! fpndependonce of alemonls
exIsts.

A cantons [rat step in understanding boconduction wall be e undertake
the nwvestigation of the solid state physics of the contact junction of
thin materials The Nirst milestons i thas study will be the acisvsment o
material-dependent,  minimmum  thickpess Schottky barriers  Ths
sining advantage of the moleculsr approach over present (etoh)
Hthography  Ues an the  persalrfrly offered by the  diversity  of
mebelularsmatertal propertes qnocontrol of eledtron mobihines, nonew
architectural designs predicated on the material's properties, and in
snalog-digital bybrid microefements Theres iz alzo the question of
titly possitile Yet
making devioes sthalles with molsonlar lithography, than those presently
achieved by etch lthography, has vel to be determined to be theoretically
Teasitle, but of 1t 15, 1t would sl be omg-on-the-cale of the above
mentioned advantages
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VII Organization of Polymeric Conductors

In recent vears numerons polymeric materials have been synthesized
which, on o owomzation yeeld  complexes with conductivities i the
et onduitor -to-metal rangs The tonization of these conjugated backbone
Peolvrners 15 acheewed by addition of electron dofior of acceptors to polytner
precursor:, eg ;_uzzly.ax:etylex‘;e, poiyparaphenylene,  polypytrrole,
polviparaphenylens sullider and polytinophene The similarity of the
slectrical propertees of eds matertals reculted ina search for a unifying
uderiving meedel T darrelate thetr electrongd properttes The concept of
copduction by epanless charee defects was mtroduced by Su, Schrieffer and
Heeger (19300 and applied to trans polvacetylene This model was extended
to apply to polparaphenylens (Bradas et al, 1482), to palvparﬂphenvléne'»
(Bredas ot al, 1484a, 19540 and polythiophens (Brédas et al, 1984a, 1984k
The mathematical consequences of the maodel have al:o been explored
(Takavama et al, 1980, Makt, 1952abc Baertswy!l and Maki, 19820

It appears that transpolyacetylens (and alse the as yet unsynthesized
polvarenermethides  (Boudreany 2t al, 19850 are quite different from other
conpigated polvmers in that the ground-state bonding  geomefry s
dezenetrate (e consequendce of this Umgueness 1§ that in the doped
transpolyacetylens complex the possibality exists {or intrachain transport
by solated charged solitons Howewser, the lack of sinilar degenerate ground
states 1 other doped polymers leads to a description of mobile defects as
coupled pairs of solitonlike defects referred to as polarons or bipolarons

The explanation  of elsctrical conduction in Organics 1S even more
contized n that ot all the empartcal evidetice related to conduction in these
oreanics 15on acereement with the soliton model (Chien, 1984} In fact, the
rest that <an be tard tor now 15 that conduction by soliton-like mechanisms
tmay coour at sormes dopant levels, tat probably not o oall At the tirme of
WHNG howsver theds oreany: canplexes, which supposedly conduct using

soltton mechanesms tall ito the first category of conductors described
abeinre

Deipate the present lack o0 2 fished Z&eorelfedf picture of

DtEOn, Tl LUZANETT DM a0 Knowt empiricgtty to conduct

Trmr sroancation o dewices Can proceds by the usual lithographic

techintgues A& noshible dgffiounlty s that the conducting material is a
complex that 13 the nonconducting oraante preoursor requres jonization
and this has m»‘aam doping Doptng by conventional methods would preclude
any chemical svnthects for achteving device fabrication Attempt:z in this
direction ".u.-'ul,lli &= E’,I'-‘dtl" advanced 1f the organic complex could be
synthenoed g fodo Brenaf the orgamtc complex conld be synthesized, the
cetnplesed geleonle !.mll te ot 0f many such, which together form a
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conduoting eletnent of a device Inter-compley electron hopping must always
CCCUr thersfore.

The orgamizatton of different orgamc complexes in one device must
encounter the difficulties of interfacing materials of different lattice
constants The great advantage of superlattices g that lattice constants do
not have to be matchied, ot their method of conduction 1s not sclitonlike It
1¢ clear, therefore, that the organization of soliton conductors requires
further research.
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V111 Devices: Materials Considerations

& broad classfication of organic solids with enhanced slectrica) properties
into two types has been attempted (Vuavakumar and Fohl, 14841 The first
type consists of the charge-transfer complexes and would include the
charge-transler salts and also those orgamcs with soliton properties whose
conductivity  also  depends upon  spin-charge  exchange, eg, frans-
polyacetylefie, polythiophete, polypyrrols polvphenyiens, polyiphenylene
sulfide). Cotrelated slectron-hole states that have a spatial extent of one or
two lattice constants were termed 1onic states by Lyons (1967) and are now
called charge-transfer excitons (Pope and  Swenberg, 1982) These
intermediate excitons can be thought of as distorted Wannier-like excitons
due 1o the anistropie nature of the molecular crystals The second type
conststs of those polyimers with inherent long-range delocalization and
these include the polyphthalocyanines and the polvacene quinone radical
(PAQR] polymers (Pohl and Follak, 1977). The giant polarization observed in
thie second type s due to long-ranging travel of fresd chargss of "nomadic
polarization” or the response of highly delocalized carriers as they travel,
usnally as polarons, over the loeng molecular domains provided hy the
associated pi orbitals of properly conjugated polytners.

Nevw, although polaron-type conduction is postulated for some cases of the
first type - in particular, for those with scliton-like mechanisms - the
polaron mechanismm, it this instance, involves degeneracies in ground states
or Franck-Condon-like states, both in short-ranging orbitals coupled by
phonons. It sesmis reasonable, therefore, fo assume the aforementioned
broad two part classification, and it iz the second type, or those with highty
delocalized carriers which will be considersd here.

& case can be made that this second type is much more stable than the
first. The first type includes many which are thermally instable, and are
sensitive to atmospheric attack. The second type are highly stable down to

7K and highly conductive. It includes nickel-doped pyropolymers (Wyhof
and Pohl, 1970) and other pyrolized polymers. The tertn “ekacomjugation”
fas opposed to “rubicomjugation”) was proposed for these polymeric
systems (Pohl, 1968). An ekaconjugated structurs s one in which, as the
degree of polymerization increases, the energy difference between the
around state and the first excited electronic ionized state approaches zere. On
the other hand, in rubiconjugated structures, the difference in such eniergy
states remains nonzerc as the molecular size 18 increased To obtain
enhianced electroactive character, matertals must possess conjugated spines
with stabilized orbital delocalization permutting continuous intramolecular
overlap of pi orbitals extending over long domains According W the nomadic
polarization theory of Pollak and Poll (1975) the dielectric constant should
vary with the intensity of the applisd Nield, with the square of the chain
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length of the polymer, and with applied frequency. This prediction has been
confirmed for PAQR polymers (Viayakumar and Pohl, 1984)

These tughly aromatized structures are prepared by a pyrolization
echmgue and fine grovnding o o3 powder They are thus in an
ot th- -hh state H-"f"*"HI fh»v 1~f«m ~nnnuh I fln—n t.-.m...

.......

CAN Lv.e ....11x.»1 mr.n.ie :

&3 the pyrolization produces an icreass i the sze of the polymer, thers
153 unt as to the mechantzm of conduction For edample, the hopptng of an
slectyon-hole patr (2R0ton) Tratn mokeculs W moleonts 15 MP migration of the
exciton. When the electron and the hole jump together from maolecule fo
molecule as they mugrate we have the usht-binding caze and the fmigrating
excitation 1s a Frenkel exaton. Itis also possible for the ».:u:-::.t.x ot and hole to
be on different molecules, but it sach others vicnity, this is the weak-
binding case  and the migrating exzcitation, now spread over several
molecules (of 1ons) 15 a Wannier «xciton As, inorease in conduction results
from increased polymerization (with pyrolizaticn !, it 1s ikely that some type
of Frenkel excttations are iivolved. [t 15 best t0 realize, nonetheless, that the
Wannier-type and Frenkel-type excitons are probably extremes of 2
coOntinutn.

These ekaconiugated polymers clearty offer advantages in stabality, high
conductivity  and  high  diglectric constants. Their pI gparation by a4
pyrolization  process precludes  them, however, from  any  chetnical
lithegraphy of building from small upwards in analogy to the Merrifisld
synthecis technique. Th*" conld be nsed in oa hybrid Cetch-down-thet-
synthesize-up” technigque. Clearly, the type-ong-polymers 4o not p .-eses: fhie
speed of conduction nor, presently, the environmental stability of these
type-two {except, perhaps, i the caze of polypyrrele, and also pul}'as..r:.'t';."lene
according to recent unverified clatms from a [apanese company ) It is likely,
therefore, that the ekaconigates have advantages too great to 1gnore, and
will never be superceded by the type-one Nonstheless, the two types of
materials each have their advant bazes and disadvantages
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IX Polymer Interfaces

& distinction was made above between conduction in (1) charge-transier
complexes which include thoze to which soliton-like properties have hee
attributed and which possess distorted Wannier -like excitonic states, and (2]
those polyers with inherent long-range delocalization for which the
conductivity is attributed to the response of highly delocalized cartiers and -
which possess Frenkel-like excitons traveling usually as polarons. Type (1) ]
was identified with advanced device conduction, and Type {2), with
intermediate-stage device conduction. The interfacing of intermediate-stage
devices with advanced devices is equivalent to the interfacing of Frenkel-
like excitons with Wannter -like excitons, ie, of strong-binding excitons with
weak -binding  excitons (Knox, 1463) We now consider the problems
aszeciated with this interfacing.

We can commence by examining the range of validity of the Frenkel and
Wannier models. The Frenkel exciton probletn obtains a gquick solution
because an assutnption is made that the excited electron shates a unit ¢ell
with the hole. Physically, a single exciton is a good eigenstate of the
molecular Hamiltonian if it can he correctly argued that it lies well below all
higher excitations and does not interact strongly with them. This is true only
o molecular excitens. Formally, it 15 possible to solve aap exciton problstn
with Frenkel states, but a very large radius exciton would thenr be an
enormously complicated mixture of highly interacting, high-enetgy atotnic
states. Thus, large radius excitons are usually treated in terms of the
Wannier model.

The Wannier model, on the other hand, {s not appropriate for small radiue
excitons nor iz it appropriate for orbits which attain the dimensions
comparable with the “crystal”. The excitons will then interact with the
surface of the material Thus, whereas the strict-cense Frenkel model is
hased on excited states of individual atoms, the strict-sense Wannier model
requires large Bohr radii for the excitons treated. It should be realized then,
that strict-sense Wannier and Frenkel excitons are hard to find! In fact, the
type (1) and (2} conductors exhibit intermediate-type Frenks! and Wannier
excitons.

riven, however, two distinctively different types of excitons, even if hoth
are rare in the strictest sense, any interface will involve barriers. We may
try an energy band picture of this interface. When a type 1 semiconductor s
. making contact with a type 2 semiconductor, the Fertni levels in the two
o materials must be coincident at thermal equilibrium. On <ontact, the Fermi
:3. ' level of the lesser conductor s lowered by an amount equal to the difference
e between the two work functions, the work function being the energy
B difference between the vacuum level and the Fermi level The contact
T potential will he the difference hetween electron affinities and band gaps.
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The barrier hetght Detwesn the two materals s -=mlpf,ﬁ ERER0 DR 1)
pritre the differsnce betwresnn the workl fuaoteon o

slectron affimity of the other
Thiz energy band tnodel provides an anzwer. but has 2 Daw, Drobably
- fatal The model assomes no differsnoes 11 hn hnn ~I ‘h~ ~1-—~:::f1' 1S Detarest:
the fr rsemi-...-n 1n~ fmu um'rwn 11 Thu: - 5w
Fpprodmation.
RN ¢ fxl'-‘ ”x*“Iu.’:‘: atd

[ S TG
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pet‘n‘m pnm‘;pu mher -m
‘l"-"i ‘)'" T 1} »-’Hfl haz pln"ldpfi hints as to hn'w' the Green's I.t"f 1ot ‘..p{..‘z
tght r.-11'.:~._¢1w~1w Lridge the Frenkel and Wanmer limfts

In conclusion, the two main types of po *1”11u—’f1- tnaterial yt--mtl can e
v tterfaced IUI electrical condug tion, bat this interface lacks a "'Illplwh—'
. theoretical structure at the px:;;nt tme New theoretical attempts are

reqired, o ~.~fh~1 willh siperimental teelz of 1ype | oand I semiconduotor
”‘Il: Th) 115
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o and the device consideration will e S
. N A
ther as it1s difficult to dissocats the one from the other The .
incinde the follownng: SR

{11 Sensiyve Flezoslectric Materials R |

Meroelaltr ity I Organics 15 sommething o a theoretical qusnommey as ]
arganic polymers contain no rigd lattice strocture o e displaced. He 2 ]
IO o Y ire into electrical potential diff

anics do fransduce pres :
fe o, FVF., @0 the point is academic. Thers are two 11*~'11 which may nod
bhe zz;l.l.ftm»snt, to KeeD it tnind when considering
firstly, there should be g large dipole moment, and 131 :
of the material shoutd obtaim a hugh deores of ordering. Polyroers such as the
w-odd nvlons, and otne ureas offer 111“11 dipoie mum»-nf' m :
A=) U-:':‘J':'}.’s ’L"' inaterials i w 'hl‘:h 11” % iudh' 2% 0F |
the lat the o ;
interrooy tv.f.'...
F“le?-“neléﬁ?r1»“ orzanit material has the advanfages of good processa
large arrays, flembility, zood impedance match o Th'-' inter{s ed nuf.f..h\_‘.m,
high sens mvm low-ooat and, most important, hish wnvﬁwﬁv Thfa NGt are
many, and nclude inpact  and  strain sensors
detoniators and anti- Iunlm"f coatings for ships.
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s conductivity or  semuconductivity
Trhler,  14&%1 Zuperlattic are  artificial  one-dimensional  pertodic
sroctores of at least two different semiconductors, in which ihe relatively
long pertod of alternation (about 100 &) results in the subdivizion of the
Erillomin Zones inte 2 series of tninizones (Ezaki and Tsu, 1969 The
: realization of superiatiices hias revealed powetiul new techinologies by which
L feny Cixises of sermpionductors based on thin fims can be tallorsd. Some of
[ thece wchrde multiple quantom wetls, modulation doped  superlatfioss

superlattioe avalanche structures, laser diodes, strained superlatiices, fiold-

=l transistors, photodetectors, efc An eXample of practical use 15 10 ake a

very mgh unpority concentration in ons of the sandwich matenals, resuiting
; Loy mobality, and then select the other material to be of hugh pority I
L ® there are charge carrters in the sandwich, the mobility ¢ then very high
' Tz tugh toobihity 15 dus to the wery amall dunenswons  permitting
wavefunction averlapo of the electrons

Inorganys superlattices can pos
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If the period of the superfattice, 100 5, which 15 gensrally 20 times as long o
as the lattice constant of the host mater 141 but shorter than the electron ;0,4
mean free path, ic examined, a series of narrow allowed and forbidden L
bands may be expected due to the subdivision of the Brillouin zone L
into a series of minizones. When the same semiconducting material 18 R
doped into poand n types, the lattice constants of the two types of
material need not be matched. This the mrr"t crucial property of
superlatiicss, promises stimultaneous processug of | information at different
frequencies N the same stoacture, minaturization, a5 well as

The width of each miniband in the superia tta;-..e cat ’L"-' "1»~-'is:""»'5(“1 “n-:
width 13 determined by the strencth of interactics

potential wells, and increases with decreasing width f)I the L.tj.‘el&- f..JI tlmt
C;’~‘rru"'--'~vn"1n~'~h-*-r in the superlattice whose bandgap is greater Bloch
csiillations oconr due to the slope in the bands, the ind lination of which is
due to the ‘_1.ppl1t..._1.t1u11 of an clex..ti ic field. In a conventional serniconductor,
the electrons in the conduction band are driven toward the upper edge of
the tited band However, due to the relatively large width of the band, they
newver reach the end and lose etiergy by emitting thermal vibrations in the
crystal In the superlattice, on the other hand, the minibands are narrow,
and the probabality of an excited electron reaching the edge of the band is
high. At the npper edge, the electrons are reflected (Bzagg reflection) and
zv‘rmn b the Dottorn e ge of the band for possible repeated reflection. As
the band i= tilted mors (with increasing applied voltage), the curious effect 1
obtained of negative resistance (Esa ki and Tsu, 1970}, due to an increased
Brage reflection bl with decreasing energy 1oss or resistance.

Inoordinary sempionductors, doping results inoa decreasse in mobility  In
superlattices, the reverse 1s the case This 1s becanse a doping of donors is
confined to the layers of the sermiconductor with the largest bandgap. As
each donor contributes a free elsctron to the orystal, and as the electrons
seek the available states that have the lowest energy, the electron mobility
225 The inorease thzell 12 due to the states of lowest energy residing in
the bands of the other sermtconductor in the sandwich, and separation will be
achieved hetween the donor layer and the electrons donated

The supertattice architecture lends ttzell to tuning by (1) organics with large

molecular orbital overlap matched to obtamned the desired superlattice
characteristics, and {1) organies controlled by incdent light, so that the
tunatality of t.he characteristics mentioned in {1} 18 obtamned A periodic array
of nand ¢ doped layers separated by undoped layers (s known as a nipi
superstructure (Déhler, 1472ab), where 1 means wmtrinsic This intrnsc
layer of the mpt structure can be organic matertal, which, as the properties
of organic materials are limited only by the extent of the synthetio chermist’s

art, profses a great vartety of designed supertattice materials [
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The remlts of rm- ”[11| .m. i1l '\'111 inc lu-i‘3 mnm{lw m-j fUIMl"H Ia-me nes
from diode lazers
megabyte chips an .1

ivn“nﬁr ~l°- frv MIC ﬂrr’a"“

40 Compaters dedicated to tack wath information integration capatalitics :
N
There are many sthuations raken from the military combat scenarto and -
irom the situations encountersd by the airline pilot, the automobiie dri"fa" .
and the .'Wt:““t" and surface tratn ariver, i whitch acourate (nformaty
procesming 1 required, Dubt i 0 arrtves after & sel tme, then a atasw l..t-ph.:—r
coours, and the information processing, no matter how acourate the outcome,

need not have taken place In other words, zeme sthuations redquire ol
compatations to e acourate, but have the overriding requiretent that they
te acoomplished within a fnate time spate Of what good 15 acouracy if it
arrives too late for it to be acted on™?
s wx such computational requiremments that the analog-digital hybrid
slemmants of molecular devices offer advantages. The infortnational funneling °
and Iu.s:i-::::n Irom different sensors and devices can, by analog metiicds, te '
summated for a final judgment within a specified time span. This time-
hrmited infortnational comprezston can proceed in parallel with  the
retamnmment of source of input. The orgamc components offer the greatest
versatility i dedication to task wm the most compadt form. i/

{4) The Molecular Transistor and Molecular Ampiification

Molecular and polymerte dynamics are quite different from electrical and .
: transistor oroutt dynamics Howewver, 1n one regard there s a camitlardy e
- between thetn, namely, in the phenomenon of amphficatton i which a small '
hau-:rs- m one mrnf vamt le 1f—hnlfu 111 3 mw» { hm--@ i an nnfrnf v«mt‘-le

b’ ' the many poi:,.'mér and 2‘(‘1(3)1-?-:..1_11 ar e -'fr‘mL 'utm h mm *1un far 'xum «tmnu al
equilibriam fE-I‘:xrnﬂ@yua’x RETCINI -»x.d»«t-um atd Frigogine 1481 Hondepud:

Elfilfi I"I%xff-’f*ﬂ, i ", "_‘ .." Vo .AHAA a n‘:Hll A :y-""ld e -:1 :."’I“ =g 1”Aut mh 1uA t}l*:"
1 ._

Azsipative procotsec of Qufteion and diemal readtion act concertedly o .
Lroduce 2 variety of d:eaxpa*vw dtroctures Mathematically, the transltnm to RS
® theze dizzipative structures from the homozeneons thermodynams state, 1
. the Mfurcation of new solutions o the equations that deccnbe the spatio-
a temnpeoral vanations of the .-‘.-m.--H-nn-,m.‘-.n-; of the reactants In other words of
S there 1o an order paratnster be 1t wolution wontd strength, soluiion pH, et
S fteld strength, or magnets: feld J’I»—"w 41, then when it 13 1ess than a <ntical

ralue the cystern 1210 a omogeneans state, bhut when 1t exceeds that arifical

value, the syatern underooec a transtion to another ctate Juch hehawior ¢

well-knowmn for molecnles o sofution n the case of the lheltx-to-col
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Phonitavers ot palyivinyl stearate’ are reported to be tizable a3 barrner
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o The ettt ted St iung frne 1o 10 ne
’;‘L~r~ oo wide potentiad Anlr atwon ol thun hlms n transdooer
® Te [LI1 m'-"' (Robwerts Luads, Table 1}

Table 1, From Roberts (1983)
Potential Applications of L-B Films
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It iz clear, th e ore, there are many potential applications of advanced
devices, even if restricted to the cagse of two-dimensionial structures of the L-
E film type. More research inte the synthests of suitable tnaterials is
required and the L-BE deposition technique itself. The way 15 also
integration of L-B sensors with standard electronics.
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X11 Architectures

The ENIAC, the UNIVAC and today's pocket calculators are based on a single
central processor performing operations sequenitially to produce the desired
result, which 1s the traditional view of computer design as put forward by
Charles Babbage, Alan Turing and John von Neutnann. Such designs, which
are referred to as von Neumann coraputers, are constrained to perform one
task at a timme in real time. If they are programmed to perform tnore than
one task, then they do not perform the additional tasks in parallel real times
hut switch between tasks rapidly, so that the cenfral processor 15 "time
shared” with a concomitant loss in speed for each task time. This oheervation
1s not absolute, because every computer has a word of eight bits of more,
which enables 1t to address eight questions, but relatively speaking, tmost
present computers are serial processors, with some notable exceptions (such
as COLOSSUE, ILLIAC-IV, FARALLEL ELEMENT PROCESZING EWSEMEBLE,
DISTRIBUTED ARRAY PROCESSOR and HETEROGENEOUS ELEMENT PROCESSCR
(HEP) among others).

Muttiprogratnming  enables some of today's computers to perform
operaticns in parallel and vector architectures permit a single operation to
be perfortned on several components of a vector simultaneously (Browne,
1984). Knowing in advance the sequence of opsrations permits the some
programs to order some data, while the central processing unit is working on
other data, an operation known as pipelining. However, there is stili a single
central processing unit. Thus, among digital architectures one can distinguish
three basic types: (a) The computer applies a single stream of instructions to
a single stream of data; (b) The computer applies a single stream of
instructions to multiple streams of data; and (c) The computer applies
multiple streams of instructions to multiple streams of data. The atalog-
digital hybrid, based on meolecnlar components, 1s yet ancther approach
which we consider later

Further advances being considered are: use of gallium arsenide for higher
speeds, further use of parallelism in the software, such as that described
above, and  other non-von Neumann architectures using standard
components. Yet another influence on coraputer petformatice, quite apart
from the individual processors, is their organization into a network. A&
current theory now being constdered is that by Hopfield (19482,1944). This is
a content addressable metnory, admittedly difficult to construct in standard
digital hardware, tut which 15 2 collective property of a set of devices
conceived 1n analogy o biological nerve cells. Particular memories are stored
nonlocally in many interconnections with recall a collective decision made by
the network as a whaole (n a single settling titne, with the decision about the
memory to reconstruct made in the analog domain and with the memory
developing its full digital representation. At the present time small matrix
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Here, thr.s.n_, 15 ._m -j.b-_-tl ..u..t. ir.. 2 mspired by a blnlrﬂ-‘val metaphor which

must reach cut for molecular componsnts i 16 1S Lo becotns of -v..'-..’IuF.'frtlt.l‘!'?
AZe Also s, here, 15 the demand for analog slements in the Duture, one

foresses {1) the task to be performed by a particular computer being
matchied by i) the capabilities of a particular molecular xuawml 30 that the
archittecturs 15 dependent on () and (1) Thus, the i 1'"11 otial method of
zaddling the architectire designer with () the fask and f.,m) traditional
dioital transistor computer mrppunwntc will e «..Jt.v's-'iate-:, permitting far
sreater versatility 1 design

archtectures are alse mflnenced by the complexty of électr

CHCS

avalable, 1e, the complexty of the chips ﬂ"ailabla MOT ifteld-elfact
iransistor) technology may be able W create a Inture computsr technology
Wil sleteent ditreensons of 025 um, and even 01 um eletnents may be
posithle Howewer the scale down wall encountsr (a) switching wn»:—:rg;ie:s #i{
Lo srpall a m:.mple of KT, (b tunneling through thin gats ox side layers, (o)

‘-“.-_*'Cnf al fluctuations in threshold voltages ACTOEE Mmany devices 'iné Tu
aniunty ons, (4 at submicron s12e the resfstance of a few mim of fmetal wire
Loty o large that the wire cannol be treated as an equipotential. so that
diffusve propagstion of signals ocours (Sentz & Matiseo) A subsidiary
probletn 12 that of interconnection wiring. Bipolar transistor aircuits have an
advantage over MOZ circuts 1 speed but chip hitegration is pootet due to
FrobiSms M interconnection wirng.

The uze of molecular elements instead of inorganic elements will also rn
mto theze difficutties, if the same transistor/Schottky barrier element
desgnz are followed However, due to the 111410'_' nature of the charge-
transfer dependent switching of, for example, Ca- -TCHQ and the possibilities
~f light-control of :-Llpé!ldtt»lu‘.:?b frofn organic elemsnts, both resulting in
multiple mputs to a single element, Z4e same Jdesigns peed not de
folfowed The opportunities for sirnultaneous infortmation mtegration and
precservation are avatlable in maolecular elements and such designs do not
even obey the same logic truth tables as the digital transistor
switch Thus, 1t 1s inappropriate to assume the same limiting constraints,
and due to the opportusuty for analog wnteractionn between @witching
sletnents, as well as the areat versatility offer=d in molecular control and
thatertal fabrication, those lumting constramnts are not the same Only an
imveterate stone-thrower would regquirs the zame vardstick for the two
physically distinct device technologtes
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X111 Other Applications Including Advanced Sensors

The applications of molecular transducers for information gathering
purposes are many and include those to  biernedical diagnostics, sensory
prosthetic devices, sensory systems in robotics, chemical sensing in
fermentation systemns, and sensing in airframes and engines In many
instances, the molecular transducer technology will be integrated with
optical fiber and wave guide technology and in the biomedical field will
inclnde patch clamping techniques.

Already optical fibers are being used in aircraft structures to determine the
orientation of composite fibers and fo assess excessive strain on aircraft
parts. In the future, even jet engine temperatures will be monitored by
optical fiber sensors. In a day not too distant, onie can foresee an aircraft’s
systerns and airframe being routinely tested by a computer controlled
interrogation of an optical fiber bus which links to all the aircraft sensing
components.

The sensing of molecules fot diagnoestic purposes in the medical diagnoestics
fleld will depend a great deal on coating technology and the ability t
miniaturize. Hirschfeld (1983) has pointed out that as the scale of
engineering grows smaller, so does the importance of phenomena which vary
as a high power of size. For example, gravity, inertia and magnetism, vary
in increasing importance as the third power of size; flow phenomena as the
fourth power; and thermal emission as the second to the fourth power.
Electrostatics and surface tension vary directly with size; diffusion as the
square root and Van der Waals forces as the negative fourth power. The
latter, unimportant for bulk material dynamics, may become predominant at
small size. Cuantum effects, a minor consideration at bulk size, become
preeminent *  small scales causing tunneling and nonlinear behavior.
Hirschfeld's point 1s summed up in the observation that "you don't get a
workable ant by scaling down an elephant.”

His other point is, however, that by scaling down an elephant you obtain
unelephant-like dynamics which you may be able to use for quite different
devices than ante, ie, scaling laws sometimes produce different functions.
This other point should always be kept in mind together with the
first.

Fiber optic sensors are devices that provide optical signals in response to
physical, chemical or other stimuli. In a typical sensor of this type, light from
a solid state optical source 1s coupled into an optical fiber which then
transmits it to the sensing region. In the sensing region, some property of
the light (intensity, phase, polarization or spectral content) is modulated by
the phenomenon of interest. The modulated optical signal is then returned
via the optical fiber to a processing location, where it 1s converted to an
electrical signal by a solid state detector.
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There are two generic classes of fiber opte senzors: Tintrinsic” sensors i
which the parameter under measurement modulates a property of the
optical fiber itself, and “extripsic™ semsors in which the optical fiber s
merely used to transtut light to and from the senszing region The devices
can be potentially as stnall as the fibers themselves (ie | 1ess than 0.1 mrm)
and can be configured either as distributed sensors of podnt sensing
elements. All of the publicized advantages of fiber optic technology apply to
fiber optic sensors as well. These include: relative freedorm  [romm
electromagnetic interference and pulse effects large nfrinsic bandwidth,
and the ability to perform in hostile environments. [n addition, a number of
methads exst for multiplexing such sensors onto a single optical fiber,
thereby providing a potential systetn capability.

Among the many kinds of muoresensors are: microdieledtrometyy for vapor
sensors applications, 1on-sensitive field effective transistors, fon-cotitroiled
diodes, pyroelectric devices for flow monitoring (air, liquid, heat), pressure
transducers and thertnal IR detector arrays, microaccelerometers, surface
acoustic-wave vapor sensors, sensors for pH and pCQ, thermal history
sensors, chetnical pump diodes, piezoelectric vapor sensors.

The field of microsensors is allied with the field of micralithography
(Wohltjen, 1984) CHEMFETS, fon-controlled diodes, Schottky diodes, thin-
film tin oxide gas sensors, chemiresistors and microdielectrometers, surface
acoustic wave devices, potentiometric gas sensors and  pyroelectric
enthalpimetric sensors all can, and are, fabricated by microlithographic
techniques of the etchi-down variety. The extension of the molecular "build-
up” vartety of lithography to these devices 15 1O be expected. The
dependence of microsensor techniology on coating techfiology also gives the
molecular build-up technology ancther opportunity for contributions.
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X1V Defense and Aerospace Applications
The defenss and aerospace applications range from cryplic messags —-~!i
decoding USHIE SUps 1mmpnf~z- toostnall dedtcated computers i small arms ]
In atrplanes, misatlss and small arms, thers 18 a2 reguirsment of corapactiess
speed and the additional regqurstnent of 2 himte computation tme already
mentioned  above ~h the applications amplicate the vtilization of the -
holecular atly “Jute- o analog addition of charge wath digital xeadl:nut and ,,:_‘1,.-_!
resonance iteraction with energy levels spnt in zero field ‘' aclitev= -_-Zf:
f.it.'ilw az well az micrmational wmtegration for Ias ot Hwn"r‘r.:«r;, N
mnl 111111::-1t.1'::11‘ IHI contrast enhancement, and chemical amplification by -]
tientioned  above  Using  Langmuir-Blodgett  technology 1t i T ;‘
. r.;, fabricate thin flms of great purity "yrwwm1nc diglectric B
11~1}\ down), which can have great Imxuw storage capactty, but ywet have ]
extremely high frequency response. We shall dwnbe 1 fmore det: ul ]
foere, as one exatnple of chemmical switching among many, the possibility of :

resonancs  inleraction with phthalocyatines and porphyrins to F-'I"i:"':'i'j?:‘-' )
paramagnetic switching N
The uze of molecnlar resonances offers opportunities for the achievement
of content addressable systems The ability to rotate incident linearly
and horzontally polarized light,  which 15 induced i a material by oan
effective magnetic field such as circularly polarized light i
proportional to the Verdet comstant (atkins and Miller, 190653 bl The
Werdet constant for tron1s 195 (at wavelength 5890 &), whereas for water it
12 00013 and for the oxygen molecule 1t i3 00559 (Par tington, 1953, p 596)
AT magnetls optical activity originates in interference hetween waves Lo
.:n:.,:attere‘:j hecause of the symmetrical polarizability and the antisymmetric —
polarization, itz appearatice itnplies antisyvmmetric scattering  of  light L
Therefore, the ifoduction of magaetic oplical aclivily
results from the jncident circularly polarized lHght being
of 3 frequegcy pear an eleclronfc absorplion band thal is
rigorousty symmalry-forbidden to fower-order mullipoles, i
fe. the d-J traasitions of tragsition melal compounds and
rare earths. In this case, the poxt higher mullipofes (the
magonelic aagd the gquadrupele) sccount for agy oplrcal
Fetivity (Chiu, 12649) o
Uaang rmasnstic aronlar dichrotsen (Stephens, 1970, Stephens, Suetaak and T
Schatz 1900 as o probe, magnetic résonances have been demnonstrated for
metal-fres B Cobo Hibe and Cubc (Hollebone and Stillmman, 19780 Changing
Thﬁ" t‘néfﬂl i the p}muu yarne fas a Imt1- eiule efwr * O e}.amplu 'w'het EER
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motnet:t from 324 o 458 Bolir magnetons (Stilltman and Thomson, 1974).
Magnetic abaorplion resonances Nave also been reported n pf«rph"zm- using
the normal Faraday effect a3 a2 probe (Volkenstemn, Zharonov and
Shemelin, 14960, 19671 The disperston 5 a sharp Macalugo-Corbine curve
(Macalnse and Cortane, 189487 which indicates the direction of the ciroular
current producing the effect.

Thus, arcalarly polarized light at an engrgy squal to the Zere fisld splitting
erergy can resnit i a coupling to a d-d magnetic dipole transition, due to the
radi: m' i ragnetys field. For zero fleld splitting energy to be as large as the
ettty of ittdent vistble radiation is due o the follewing cotsiderations.

The crystal field influences (Van Vieck,K 1972; Bethe 1G240, Abragam
and Bleaney, 1470, p. 595} are larger in porphyring and phthalocyanines
than the intramolecnlar spin-dependent interactions iChan, van Dorp,
Schaafsmma and Van der Waals, 197 1), The orhital momentum of the metal d
electrons are “quenched” due to the presence of asymetrical
intramnolecular fields (Van Wieck, 1932, p. 287) Howewver, although there is
alse no longer an axis of symmetry abouf which J.XlgU.lJ.I momentum <
congerved, tetragonal symmetry will not remave all the degeneracy of the d
electrons (Bethe, 1924, 1930).

For this circumstance, special considerattons apply. For example, Bethe
le'?O"' demonstrated that when an average magnetic moment persists

espite the absence of an axis of symmetry, then there can be no first-order
Zeeman effect, but unusuaily large changes are permitted in the spatial
quanturn numnber which do not have the usual significance of being
proportional to a component of the angular momentum Van Visck, 1922, ¢
2G2) Of first importatics {5 that the Zeeman energy, ,.fnu_.n 13 the zero field
splitting energy, is greatly increased. (Bethe's theory was confirmed in
Becquerel's ohzer vation (10291 of abnormally large Zeeman effects in certain
rare earth <rystals; and Van Vieck (1932, o 292) assumes that crystals
involving iron ions have fields of the same symmetry, bat of much greater
magnitude than Becquerel's rare earth compounds. In fact, if these large
fields producing large Zeernan energies were not present, the susceptivilities
of the iron group would not be dependent upon spin states, which they are).

Thus, the removal of angular momentum redquires a large asymmetrical
crystal field reeult.ing in a large Zeeman The exstence of this aaj.rmmetr ¥ in
phthalocyanines and porphyring can be established by the following
considerations, Metalloporphyrms have a fourfold axs of symnetry  with
the lower excited states, triplets as well as singlets, doubly degenerate. The
triplets have a threefold spin d.ﬁgs‘»nem Cand the lowest triplet state of the
free molecule 15 a manifold of six levels Th» spin independent perturbations
of tetragonal symmetty such as aryetal field effects, although electrostatic in
nature, operate tn conjunction with Jahn-Teller coupling, which cannot by
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iteelf remove the degeneracy of the wibronic levels of a tetrapyrrole system

fWan Vieck, 1939, Ham, 1965, 1963, 1909, Abragam & Bleaney, 1970, p791) ]
Van der Waale, van Dorp and Schaafsma (197G) have demonstrated that ”.i
when a porphivrin i subjected to electrical fields not of tetragonal A
symmetry, onig of two orbital componsnts will be favored energywise over )
the other, resulting in the splitting of the two states. The authors envisage a 1
srnlar effect occurring in the case of ligand binding, leading to a difference -
in shape relative to the environment of the two nuclear conformations near ; e

the minima of the two wells Thus, the evidence 15 that porphyring do not
posgess a fourfold axs in the excited state, and the lowest wibronic level of a
Jahn-Teller unstable triplet or singlet state has a degeneracy removable by
an anisotropic crystal field (Than, van Dorp. Schaafsraa and Van der Waals,
147 1ab, Canters, van Egrmond, van Dorp and Van der Waals, 1373) It is also
known that in the case of guantum mechanical treatment of the Jahn-
Teller effect, the molecular Hamiltonian containe a term  describing
interaction of the melecule with 1ts environment by means of oscillating
electric fields set up by vibrations of the 1attice (Willfams, Krupka and Breen,
196%; Hoffrnan and Ratner, 1978) The <rystal field asymmetry producing a
larze zero field energy is thus present. Tanabe and Sugano (1954) calculated
that the cubic field splitting parameter is 37,000 cm-! and the critical cubic
field splitting parameter is 18 500 cm-! Th ie value is close to that of yellow
light and demonstrates that magnetic substates, split in zero field, can be
Fopulated by interaction with ws;b!e, circularly polarized, light.

In summary, in porphyrins and phthalocyanines, a Jahn-Teller instability
and a large crystal field quench spin angular momentum so that a zero field
energy is large. This large zero field energy permits removal of the d
electronic degeneracy creating two levels, one diamagnetic, the other
paramagnietic. If, then, incident light is at a wavelength giving an energy
equal to the zero field potential energy, ie, the light is at the Larmor
precession frequency (Larmor, 1897, 1899, 1300), and if the light is also
circularly  polarized, permitting magnetic field coupling to the metal
electronic transitions, then magnetic resonance occurs and the paramagnetic

state is assumed. The result is an inverse Faraday effect (Barrett, 1981,
lgah' r ;!:
I‘ﬂe class of porphyrinas and phlhalocyanines s
1arge and lbere are opportunities to taftor many dJdifferent
o resopnances. However, L8is Is fust ope example of the many
SRS ways lo oblain chemical switching and laflor & chemical
A device to the application
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XV Defense and Aerospace Market Considerations:

The days when a strong right arm wonld win the day are long gone. They
wers eone by the time of the Battle of Culloden in 1746 Even the believers
in elgp vital were distnaved by the efficiency of the water-cocled
machung gun ¢f the First World War. There is a school of thought wiiuch
t')if-‘lle'v'{'"" that it 15 not. the side with the best equipment or the best getierals
which wine, but the side with the gf"-’dtk) L pruduutmn vaqum*'r Az

evidence, it cites the Civil War, and the Second World War, There are

exceptions to this rule of the greatect gains %W the greatest producer of war
material For example, the Messerschmidt 262 Schwalbe, if it had not heen
burdened by the opinfons of an amateur commander-ini-chief, might have
had a significant effect on the outcoms of daylight bombing. Hopefully, this is
not an 1solated example, because if he who has, or is willing to have, the
greatest military production wins, then the west is surely in trouble.
Perhaps, then, that argument is dated, or, at least, in some ¢ases it may not
apply. In those caseg, perhaps we are in a new age, in which the better
techniology has the edge. In other words, a high technology "machine gun”
can confront and beat a whole company of charging troops with the highest
e/ap in the world; or, put another way, an aircraft, with sensing capability
which exceeds it range that of its adversary, might outfight its adversary
even with a disadvantage of three to one.

If one had to state succinctly what that high technology advantage might
be, which offsets a numerical disadvantage, then there 13 no doubt that one
would settle on the broad definition of information. All things being equal in
offensive capability, and even with numerical disadvantage, he who has
mere informatfion and at the right time, might make up for that
disadvantage. Defining a defense market, therefore, is relatively simple.
Molecular electronics will permit a greater integration of information, from a
larger senisor capability , and in a faster operational titne scale, than present
technology is able to provide. It will also permit the human operator greater
freedom from the chores of equipment management, so that he may
concentrate on the higher strategies of combat. Taken to its logical
conclusion, the ultimate defense impact of high technology is to remove the
human operator and heroics entirely, so that war tecomes an emotionless
and rational chess game.

We are not yet at that stage, and it is not the present purpose to persvade
that such a stage sbhoufd bDe reached, but there are significant ways in
which minijaturization and dedication-to-task of electronics capability and
the monitoring of multiple sensors can provide equalizing capability After a
national expenditure on the construction of the Maginot line which left the
French army insufficient funds for an adequate amount of field artillery
pieces, the adversary chose not to fight in the way or in the direction it was
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constdered e would,  Similarly, matching tank-for-tank and botnber-for-
botgber may ot he cost-effective nor a winning strategy. Furthermors, a
large expensive pilece of offensive weaponry 19 only effective tn as much as it
can detect {and, of course, destroy, which we take for sranted) the
conntermeasures against it

The minfaturization and dedication of electronics in defense wll Lring an
economiic and also military payoff. When great computing capability becomnss
e petistys, a m-n—» nu.nunx of stnall, cheap and "smart” or “brilliant”
WEADONS Tan b sacriffced in pursust of a small number, perhaps only one, of
fargs and exnpensive pleces of tnilttary equipment. Only (f the large
equipment has sensing and infoermation processing "3F1h111*1H° of the type
we are disonssing w .'c.n.lld it zurvive such a deluge.
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APPENDIX

Degenerate Four-Wave Mixing (DFWM).

Degenerate ! nur—qu“ Mising (OFWM) can pe viewed as a real-time

holographic exposure and readout process. in fact, phase conjugation and
aeerration correction of waves with g transient holographic material used
g degenerate Tour-wave rrwmq gqeomnetry was first demonstrated oy

Stepanoy et al (19710 DFwM is part of the larger field of phase conjugate
cptics, which involves the use of nonbinear optical techmques for
regl-time processing of electromagretic fields. The name, phase conjugate

ci, refers to the ohase reversal of anoncoming electromagnetic field
fYarvy (19781 Fisher (19830

Thrs ps dfferent from the reflection from a conventional mirror, as is
apparent when one considers what happens 1f 8 plane wave passes through
an optically drstorting prece of glass, is reflected from a conventional
o, snd then passes again through the glass. What happens is that the
deuble pass through the distorting glass results in g doubling of the
wavelront distortion 1, however, the canventional mirror i< replaced by &
“conjugate mirror” then the reflected wave is the phase conjugste of the
mcrdent (and distorted) wave (which is equivalent to time reversal). In the
£gse of the conventional mirror, the incident and reflected wavefronts are
related by reflection, but not so ina “conjugate mirror™ which refiects
wavefronts whroh are 1dentical to those of the incident ones Hence, an the
second pass through the distorting glass, the wave's distortion will
undergo compensation and restoratian of the initial wave before the first
pass through the glass, (1e there is "healing” of spatial distortion) Phase
conjugation has many applications, e.q., in optical waveguides, optica!
neers, in three-wave mixing, and in DFWHM, in which two pump mcoming
waves are phase conjugated  Yariv and Pepper (1977) have alsa
dernonstrated that DEWM s also capable of armplifying an incoming wave,
as well a5 providing 1ts complex conjugate.

Phaze conjugation 15 really "time reversal” In 1ts use in DFWHM we

commence with g nonlinear medium characterized by a third-order
nantinear polarization:

(1 PO gz v, ;) = PA (1A, ()8, *(-w,)
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r'A Py . . . ¢ . ST
- Equ (5} shows that at 2=0 the reflected field, A,(0), 1s propartions! te the R
4 complex conjugate of the incident {ield, A4(Oﬁl multiplied by & factor e
¢ The field distribution inside the interaction region is shown for 8 value ‘o
[ of KL satisfying (n/4) < IKiL < (3n/4) (Fig. 3). -
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ang Lam, 1979 Lam

ety L'E"""' has beern related to the detertion of f_.,u—ur oton

CORTAY gnd o e temporal
mfarmation i general (DMeara and Yamwe, 198270 wuth a[:Cs:w.\:-atu_ms i
g _J ral processing, racar and communications systerms

noptical Nioer systems. the 4, wave 18 the infarmation carrying wave

when that wave 15 tapped or read in an aptical fiber buss, then enerqy s
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fost M0t s read Lo mang Dimes, teen the S1onal energy 1 severely
ﬂpplmpd CRWI orovides g means of  reading the signal a3 often gz one
wrshes Decause the energy Tor the readogt s ororded by the two Dump

waves, Ay and A

There remaing the cbianment of mgn o matenals we have already
gJesombed above the Lompetition Detween proponents of orgamic and
morgams rmatenialz An abstacie remans n that for many such materials
there will be § trade-off between a migh nonlinearity and the speed of
responze. Futdre research wil address this problem.
Fefarences
Auveuny, o, Fekete O Pepper, DM Yany, A and Jain, R dptices Lett 4 ".‘J

{19795 42 R

EBilorm, O Lvan, PFoand coonamow, MF, Jptics Lett,, 2 (1978 &8 '
rizher. £ 4 ted) Optical Phase Conjugation, Acadeimic, Mew Yore )
(15E7) )
Swham, JF 0 AppY Prigs , 43 115720 4286 .
Hellwarth, B W IEEE J Dusnt Electr  DE-15(1979) 101 ]
HJain, R e, dptical Eng, 21 (19352 '1.39, o
3, R and e, S1S ) ARpi fu'; Lett 25{1973) 454 S
atn, R K and Steel OG5, 4ppl Phys Lett, 27 (1980) 1 .
Jain, R K and Steel, DG Optics Cormm , 42 (19823 72

Jensen, S M oand Hellwarth, B W Appi Phys Lett | 32 {1978) 404

Lam, JF  Jptwcaieng, 21 {19320 219

Lam, oF and abrams &L, Phys Reyv, A26 (1852) 1539

Lam, dr, Steel, Do, fcrariane, KA and uind, RO, Appl Fhys Lett, %8
(1981) 977

Jnd, B L, steel, DG and Dunmnq G.J., Optical Eng., 21 (1982} 150

:j S i*‘.artn.u'ger, SGH and Larm, JF L Appl r-hg:. Lett , 24 (1973) 269
® OMeara, TR and Yariy, A l]cnth::al Eng., 214 1'-)-:'._} 237
. eel, 06 and Larn, JF  Phys Rev Lett 47 (1973) 1566
Steel, DG oand Lam, JF | Optics Cormm , 40 (15810 77,
Stee] UG Lingd B C and Lam JF F'hu: Rey 23 (19515 2913

T
3
C-‘
n:,‘ }

1 Lam, JF and McFarlane, F &, Fhys Rev., A26 (1982)
epanuv E- L lvakin, BV and Rubanoy, &5 5oy Phys Doki, 1t
ariv A, IEEE J Quant. Electr  SE-14 (19785 650

5t
Ste
ot
E»t




T e W I T e T e T W A diusn e Jhmte S B iRl ~ it e REMN RS S

ChaliNE A al Bon AR0 Jion Jide e e i teCaaiedhin S ie “Riie ‘A AL Nl Saf Tl Sail Sl S Al Relithhai

i
N

Yariv, A and Pepper, DM, Opt. Lett, 1 {1977} 16
Yary, A AuYeung, J., Fekete [ oand FPepper DM Aopl Phy
e

i 1 B35

)
(R SR RNC RN

[xx]

o
—
e
|20

[’y
oW
r—

.
_
/
v

0

Yuer, HP. and Shapira, JH, Ootics Lett | 41979} 224

« "

AN S 4

5 ;]
SN Rk -‘j
-

Af
"

-y
v

AR

oA
Y" .. N

H
Lo

;
aTp s

‘o

.y

-y
Pl

(D)
)




S Pl i I AR NI L RTINS

5d ST

GLOSSARY S

Bipolaron: anatngqous to tre Cooper gay oin the B tmeors of
wuperconductiaty

which consists of two electrons counled thertugn 3

tattice wibration or phoron it the Cgse of & Dipolaron tnere sre Ty

...... - =

polarons coupled Charged soliton-antisoliton pairs A diton

Electron Affinity: That energy required to rermove an efariron from e
bottom of the conduction beand to 8 position qust cutsrde the mater s
Pvacuum Tevel)

Excrton: ¥ we thrk of an oexodtation anoa orygstal o cobumer s feen
caused oy the cermoyal af an electron from one orbital of g moiecule for
atarm or tond and s elevation Lo g higher arbital, then the excited state of

ged a3 tne coexiztence of an electron and a

the molecyle csn be onvis

hole The hopping or rmovernent of ar electron-nale parr from o melecule to
matecyle 13 the migration of the exaotorn When the electron and the hole
wirmpe together from molecule to molecule as they rmgrate we have the
tight-binding case, and the rmgrating exciton 13 2 Frenkel exciton. !f,
on the ather hand, the electron and hole are ane different molecyles, the
weak-binding case applies, ghd the migrating excitetion =soeoad over
several molecules and 1ons, 15 8 Wannier exciton.

Becauze the wavelength of incident hght 15 so long in comparison
with molecular spacing, its electrnic field has the same phase over a
large number of molecules. Therefore 1t stimulates g whole daman of

- transition dipoles to move in phase, and n the presence of exciton
“. coupling resultzn (1) 3 sft in the absorption bend to higher energy it
:

all dipoles are paratleld, or {2) @ shift in the absorotion bana to lower

- energy 17 all dipoles are head-to-tail). The sphtting between shzorption
E;-_ bands s called Davydov splitting.
-

Heterojunction: A& junction between two dissirmilar sermconductors
when the two sermconductors have the same type of conguctivity, the
wnction 13 called an isotype heterojunction ‘when the conductinty
typesz differ, the tunction is called an anisotype heterojunction

Multiple Quantum Wells (MQW): A superlattice constructed of twao
L semiconductors with different electrical and optical properties but with
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conarenate i the !
Jregate Rl
octure e gk ke dne tesionoh motyrs Gt @leotrons o optans i
Becauze the lgyers are o Mo the amecgy tewals geandlacie ty aterteneg D
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SelaL AL Ta I s T-Taul~T; \': 1]5;' tm tho iz;".:g;vj-:’:';_; a1 7&%": Tl ATNOpE reErg -
"!Dnj.’-‘.'_,‘ AR LT NI AE tyijr'!ﬁ byt Sy ttex tow hrgresto Saade Toaies i

gt oy gl qua alitaty ',..:]ul drfferont i IR Ar-T-

N-i-p-1 Structure: & doped superiattice cCorsizting of 5 cemadn
arcay of noand podoped sermoongul Lo fagers separated nyodagers of oo

s

ame ot sorcanguotas The same bulk semiconductor 2 ogned for

i
ol a
'

ne resyglt 1soA ;'E'"i'ﬁ"j‘i: elorirnstalic ,_”“" oo

he throg layers DR g
modulstes t;'te conduction and walence Gands mmygoh 3:s 0t doss oo
compositional superlattice The oreat advsrtage of  the  dope
wuperlattice 1s that any sermconductar Car be the host o
mﬂu that n and )

porlattice requires & chovce of two cerconguotors sp that the
nt ratomic distance in one of them matches at least
approximately the distances in the other A doped superistire can

e tuned o rmedulated wothy wade Vet neoeg, 1‘r‘hf aucitgtion T‘“'g, vy

Lt

[

codoping are oosbie in soetrast o the cominosiang!

.’r_‘

L [¥EE !ectron hole recombinstion by t nelmg car ©Aeren
zuperiattwes Furthermore, gdoned syperlattices can be *.c"i':"?; NGRS M
[ free elet:.t."l:w'vr:'. and hales cap have Wfetimes randind from g faw
F- .'-'. asrasecords un to severgl hours, The concentratians of 2lactrong ang bhole:

- gre turgble quantities In fact the e}whnm conductrety, ontos
?_— gbsorption, Vight erm
o

&

saion, ar angthmg at all about the electrical
and eptical properties of a doped superlattice, can be tuned.

Polaron: A polaron 13 8 defect noan wamc crystal or charged-no’gmer

commpies o whior vz formed when an gxcess ¢

fonkarge 3t s ocartioulsr aont

- cotgrizes the Tattice »r it wagnttyy Thiys of an electron s cantured o 3
= clipmenie Tatticet may be surrounded by ather segative ions which mouee
L. 9 d‘ stance YAy, As the elactran maoyes thro unh tha Jattice 1t g
b .-

_ aecamparned by this distartyon winch rmgkes the siectron g more massive
e particle 4 radical ion

o SEED: A self electro-optic effect dewrce using Mlw materisl properties
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[ T_."amt:.rnﬂ_t‘ng tu:!_s:‘t_.fi-e af 1he qreuhu 1NCress t'd 305 U'E‘Uun j
debie poncal metabie devices using other materials and arrangerments, b ‘,1
the swettoning Dirme g SEED 15 fast A speed of 1O nanoseconds 15 thought -
1

rescrarie ang cerkapt ) onanosscond a3 well J
Soliton: A noreas) mode of a3 pondbinear EU tern A mathermatical entity_, ‘
septation. A good Cross cofmparison o]
cxe ne pade wetn ciioldal ?iu'n"?‘;ﬁr'ué isnes and cosines) A Crsaidsi
Pt tiar can ne defreed witth respect to the Fourer transform of gn
;o hrear funothan ang, rm‘uqc_lu 21y, 3 zoliton can be defined with
rocoect to toe Backlund transform or the inverse scattering transform of 3

e e tiae Tha panhieesr fynctian rust be one which can be placed . 1
X

1

4

FHhnuge 1 Can haes s pnosical repre

|I|

s
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voeernee oo and hgee campiete analyticity and integrabiiity, resuwiting
Soot e st anehiege by b drenersion. Thus, not every function can Fray

[1¢]

Thias

e St w:‘u those which satisfy these requnrerments

[x]

T

ot st these regquiresments  include i17 The nonlinear """""“‘]

Schrodinger equatian  vnose gervation has nothang to do owith quantum 3
boosystermns wmch are weakly nanhinesr out

My oreoweivee 1y The Korteweg-de Yries equation or Toda ‘

! lattice oo descrne water waves, and (3) The whimsics!lly named . ®

sine-Gordon equation. wioch topotogiostiy  nyarmant e

quapt e oog ayster eg g darmary wall or g drslocation nog magnethic

il ek Rnaidal an e S g

AT ISR SR CI qenErC

v, %
.
E

IRETE L
, Sohtors noone spatial dimension snd with g small rumber of degqrees -
af freedore at each “site” af 3 notational Tattice acour wreanly three forms ‘ B

kinks, pulses ard envelopes. The kink v2 a solution Lo the ome-Hordon S

Ltat ooy g et the ond-altermation oatternn a polymer
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sauatvae and the pglse 3o solution to the hortewon-de mes or Todg

Tattore st e Both aropagate ceothouwt change in shape and the kool
t

rntoroeigtes retwaen twp gegensrate ground

Jecirmne coardy b g rar'xs;—i:‘H,:‘ which  ooss e

statess Envelope sohtons (which may be cailled breathers or biions:
the most widespread class Lin polyroer conducthiang Tne
acaiized sohiton structure, which rmay be moving
ar notoand there s oan additional periodic osontation of the envelope
araphitude or anternal carrier wave In this instance four (not two)
canonical variabies are needed to specify the zoliton's state Breathers
can interpolate between Tinear rnodes and  extremely nonlinear
structures such 32 kinks, Breathers are obfainatle from ooth
DN -n0rGon #quation and the nonlinear schridinger eguation

Uf course, whether or not g  physical phenomenon descrmibabie 33 3
solitan actually &asts anooa polymer depends on whether (L fan e
demanzirated experimentailly that toe malch oetween an antenzity
dependent noritnearity and dispersion occurs. Jntyl then, the use of
ontons todescribe the demonstrated conduction in organics must remain
an Ansatz or a hypothesis Furthermorg, sohitons are genenc Tnatiz thney
will rarely be szeen o nature n the precise from regquired oy

L

mathematicians  Nevertheless, the nonlinearity-dizoersion  Galance
mentioned sbove 15 approximated in nature, hence the dynamiocs of
RIMpINICal systems are in many cases "sabiton-tike”

Superlattice Structure: Feriodic layered heterojunctions with layer
trivckness of the order af 100 4 This means that bath of the semiconducior
13ijers are aniy sever

The semiconductors are cnosen
20 that thewr Gancgaps are different. The narrowness of the conduction
band {or rmimbandz) in a superiattice recuits in Bloch oscillations «iin
Bragg reflection. Confining doping to the semicanductar with the
fargest bandgan resuits in high electron mobihities, Cwhereds Soping o

=1

conventional sericonductars resylts i reduced mobilities.

Vaf molecles thick

Work Function: That energy required to remaove an eleciron from ihe
1 iewel tooa posttion qust cutside the matenal, e to o the vacuwT
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