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Nonlinear Optical Effects
in Polar Dielectric Materials

Peter Giinter*

Abstract. The electro-optical and nonlinear optical properties of organic materials are
reviewed. Molecular crystals, Langmuir-Blodgett films and poled polymers are shown
to have interesting properties for applications as high-speed electro-optic modulators,
optical frequency converters or all optical signal processors.

Introduction

Recent developments in the field of
nonlinear optics hold promise for impor-
tant applications in optical information
processing, telecommunication and inte-
grated optics. Electro-optic, nonlinear optic
and photorefractive materials are active
media which can be used in a variety of
devices in which light waves have to be
manipulated by electrical and optical fields.

With the improvement of quality and
output power of diode lasers, it is expected
that instruments and systems employing
lasers will be used more and more. Light,
especially a laser beam, has a number of
beneficial characteristics, thanks toits good
coherence, high density, parallel process-
ing ability, high speed responsivity and
diverse wavelength and frequency. All of
these characteristics are essential for real-
izing high-speed, large-capacity informa-
tion transmission and processing, high-
density data recording and storage. In or-
derto fully utilize the various optical func-
tions of a laser beam, the second- or third-
order nonlinear optical response of a ma-
terial for an electrical field at optical or
radio frequency is employed in one form
or another. In particular, the development
of electrically and optically controlled
devicessuch as frequency converters, elec-
tro-optical modulators or photorefractive
nonlinear devices employing the second-
order nonlinear optical response, includ-
ing the first-order electro-optic effect, is
actively taking place.
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Electro-optic and Photorefractive
Effects

Electro-optic devices provide many
basic functions for modulating and de-
flecting a laser beam. Electro-optic mate-
rials which in addition to the electric field
induced changes of indices of refraction
also show photoconductivity have been
shown to be efficient nonlinear optical
materials. It has been demonstrated, that
optically released charge carriers from
impurity ions can produce space-charge
fields which lead torefractive index chang-
es by the electro-optic effect. Since large
photoinduced changes of refractive indi-
ces can be induced at low light intensities
(mW level) nonlinear optical processing
of arrays of pixels (images) can be achie-
ved. Several applications of dynamic im-
age processing using nonlinear optical and
photorefractive materials have thus been
proposed and investigated in recent years.
They include: optical frequency conver-
sion, electro-optic modulation and deflec-
tion, dynamic holography, real-time inter-
ferometry, optical storage, optical phase
conjugation, optical image amplification,
spatial light modulation, optically induced
beam deflection and optical interconnec-
tion and several types of optical informa-
tion processors efc. Most of the features of
these applications critically depend on the
materials used.

It has been known for many years that
certain classes of organic materials exhib-
it extremely large nonlinear optical and
electro-optical effects. The electronic non-
linearities in the most efficient organic
materials are essentially based on molec-
ular units containing highly delocalized 7-
electrons and additional electron donor
and electron acceptor groups on opposite
sides of the molecules. The most highly
active molecules thus tend to be highly
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polarized. The most polar molecules have
a tendency to crystallize in a centrosym-
metric structure which does not show a
linear electro-optic effect. The choice of
special molecules and the crystal growth
methods used are of main importance for
obtaining electro-optically active single
crystals of good quality and large size. A
main advantage of the organic materials is
the possibility of altering the molecular
structure for optimizing the electro-optic
or nonlinear optical properties. For the
future development in the field of nonlin-
ear optical organic materials a multidisci-
plinary effort combining organic chemis-
try, crystal growth, materials science, phys-
ics and electrical engineering is essential.
This review presents the results of the
preparation, characterization and applica-
tion of organic electro-optic materials in
this emerging combination of fields in-
cluding chemistry and physics.

Until recently, it was an open question
whether the most active electro-optical
molecular crystals can be made photocon-
ductive. This combination of properties is
the main requirement for the appearance
of the photorefractive effect. It has been
shown in 1990 that by doping 2-(cyclooc-
tylamino)-5-nitropyridine (COANP) with
7.7,8,8-tetracyanoquinodimethane
(TCNQ) also in organic materials one can
observe photorefractive effects based on
photoinduced space charge fields. If it
would be possible in the future to optimize
electro-optic properties and photoconduc-
tivity, the organic materials could prove
useful also for applications in parallel op-
tical signal processing or optical phase
conjugation.

Nonlinear Optical Effects in Organic
Material

There are known many interesting mol-
ecules that display strong nonlinear opti-
cal effects when deposited on substrates as
Langmuir-Blodgertfilms, polymersor thin
film crystals [1-8]. For applications there
are two important requirements to be ful-
filled. First, all wavelengths involved in
the nonlinear optical effects should be
away from the electronic resonances, that
is below the absorption edge of the mole-
cules. Secondly, for any kind of applica-
tion non-centrosymmetric films or crys-
tals have to be fabricated. Table 1 shows
examples of molecules with strong optical
nonlinearities. The nonlinear optical coef-
ficients d;;, are defined by
P = EdEVEY
where summation over common indices is
assumed. P?@is the induced macroscopic
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polarization at frequency 2(0 (polarized
along the idirection). E\]yk are the incident
electric fields at (o (polarized along j, k),
and €0 is the vacuum permittivity. For the
ideal case of slightly focused monochro-
matic Gaussian beams, the second-har-
monic intensity generated by the harmon-
ic polarization p2w neglecting pump de-
pletion, is given by

r— 202 -—q‘ﬁ L2(JW) ? sin 02(--!)'!'“'
eoC® niIW 2
where sinc(x) = (sin x)/x, L is the sample
thickness, deff is the effective nonlinear
optical susceptibility, c is the vacuum ve-
locity of light and!:Lk = k2w - k [W. Kk ~wis
the phase mismatch between the funda-

(electronic  contribution,

optics) except where noted (£: dielectric constant).
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mental and second-harmonic  waves with

wave-vectors k" k, and k; respectively.
The main materials constants describ-
ing the efficiency of optical frequency
doubling is the materials parameter d2/
n'N2W' Table 1 shows some measured val-
ues of the nonlinear optical susceptibili-
ties d for a series of organic crystals in
comparison to few inorganic materials.
Table 2 shows similar data for some non-
linear optical polymers. These data indi-
cates that improved efficiencies in nonlin-
ear optical frequency conversion can be
obtained by using organic materials. Some
other materials parameters such as phase-
matching  conditions,  optical damage
threshold, residual absorption, chemical
and optical stability also represent impor-

calculated from nonlinear
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tant criteria for choosing a suitable mate-

rial for nonlinear optical applications

(see

e.g. Chemla and Zyss).

The electro-optical  coefficients r list-
ed in Tables 1 and 2 describe the field-
induced changes of the optical indicatrix
(inverse of dielectric tensor at optical fre-

quencies):

I _
<1f(z_) n= ik

Three values have been given in Table
1. They apply for electric fields at differ-
ent frequency. T is the low frequency
(free) electro-optical coefficient measured
below acoustic and optical lattice vibra-
tional frequencies, I" the clamped effect
between acoustic and optical lattice reso-



FORSCHUNG 404

CHIMIA 47 (1993} Nr. 10 (Oktaber)

Table 2. Electro-Optic and Nonlinear Optical Properties of Selected Polymer Systems. F¥: poling field, d: nonlinear optical suscebtibility, I: wavelength,
T,: glass transition temperature, r: electro-optic coefficient.

%) GH: guest host system, CL: croll sinked polymer, SC: side-chain polymer.
k) Backbone polymer not known.
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NLO-Polymers and Their
Applications In Devices

Gustaaf R. Mohlmann*

Hyperpolarizable  groups attached to the metal top electrode was patterned.
polymers have been used as optically non-  Passive (unpoled) as well as active guided
linear materials for thin film guided wave,  wave structures such as: straight and bent
passive as well as active (electro-optic) channels, optical power splitters, phase
devices. Multilayers comprising polymeric modulators, Mach-Zehnder interferom-
core and cladding layers thus forming slab
waveguides on a substrate, have been pre-
pared. Close to the glass transition tem-
perature of the polymer (e.g. 140°), strong
electric fields (100 V//Iffi) induced the
electro-optic  effect. Via UV bleaching
through selected masks, channel wave-
guides have been realised by locally de-
creasing the refractive indices. Finally,

*Correspondence: Dr. G. R. Mohlmann
AKZO Electronic Products B.V.
Velperweg 76

P.O. Box 9300

405

CHIMIA  471199.11 Nr. 10 (Okloher'

e.G. Willson, J.D. Swalen, Appl. Phys. Lett.
1990,56,2610.

[5] K.D. Singer, M.G. Kuzyk, W.R. Holland,
J.E. Sohn, S.J.Lalama, R.B. Camizzoli, H.E.
Katz, M.L. Schilling, Appl. Phys. Lett. 1988,
53,1800.

[6] G.R. Mohlmann, W.H.G. Horsthllis, SPIE
Proc. 1990, 1337, 251.

[7] D. Haas, H. Yoon, H.T. Man, SPIE Pmc.
1989, 1147, 222 (SPJE- The International
Society for Optical Engineering, Belling-
ham, Washington, 1989), Ed. G. Khanarian.

[8] Y. Shuto, H. Takara, M. Amano, T. Kaino,.l.
Appl. Phys. 1989, 28, 2508.

Books:

P. Gunter, J.P. Heignard, Eds., 'Photorefractive
Materials and Applications'  Springer, Berlin,
1989, Vols. | and II.

'‘Nonlinear Optical Properties of Organic Mole-
cules and Crystals', Eds. D.S. Chemla and J.
Zyss, Academic Press Inc., Orlando, 1987, Yol.
2.

'Polymers for Lightwave and Integrated Optics',
Ed. L.A. Hornak, Marcel Dekker, Inc., New
York,1992.

eters and switches, have been made l1U2].
Switching  voltages are ca. 10 V; the ex-
tinction ratio's are around 20 dB. The
measured intensity output of an optical
power splitter is shown in the Figure. Also
thermo-optically  switchable elements have
been made; here, heating the waveguide
changes the refractive index; electrical
switching powers are of the order of 10's
ofmW's.
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