
devices we demonstrated devices with record tuning 
range, low tuning power, and all the advantages of sur
face normal operation. The wavelength tracking capabil
ity of the tunable detector could also lower costs by 
allowing greater wavelength tolerances in W D M systems. 
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NONLINEAR OPTICS 

Enhanced Nonlinear Optical 
Response of Nano-Composite 
Materials 
Robert W. Boyd, George L. Fischer, and Russell J. 
Gehr, Institute of Optics, University of Rochester, 
Rochester, N.Y. 

Is it possible to combine two or more optical materials 
in such a manner that the effective nonlinear optical 

susceptibility of the composite material exceeds those of 
its constituents? Recent theoretical1,2 and experimental3 

results indicate it is possible, and suggest that the con
struction of composite materials may constitute a gen
erally useful method for obtaining materials with desir
able nonlinear optical properties. 

Some of the structures that have been considered for 
use in composite nonlinear optical materials are illus
trated in Figure 1. In each case, the characteristic dis
tance scale over which the constituent materials are 
mixed is much smaller than an optical wavelength. 
Consequently, the propagation of a beam of light 
through such a material can be described by spatially 
averaged values of the linear and nonlinear refractive 
indices that are obtained by performing suitable volume 
averages. 

If the two constituent materials of the composite 
possess different linear refractive indices, the electric 
field of an incident laser beam will become spatially 
nonuniform within the material. Under proper condi
tions, the electric field amplitude will become concen
trated in the more nonlinear constituent of the com
posite, resulting in an enhanced overall nonlinear opti
cal response. This enhancement of the nonlinear optical 
susceptibility can be understood in terms of the concept 
of local field corrections,4 but generalized to apply to 
the case of composite materials. 

Much of the early work on composite nonlinear 
optical materials concerned metallic colloids and was 
performed by the group at Ecole Polytechnique.5 For 
such materials, an enhancement of the electric field 
occurs in the vicinity of each metallic particle. The 
enhancement is particularly large when the laser fre

quency is near that of the surface plasmon resonance of 
the metallic particle. 

Recent work at the University of Rochester has been 
directed at demonstrating an enhancement of the non
linear optical response for cases in which both con
stituents of the composite are lossless dielectrics. This 
situation is of significant practical interest, because it 
leads to a non-absorbing composite material. Because 
dielectric materials do not exhibit a surface plasmon 
resonance, the nature of the enhancement is somewhat 
different. 

Enhanced nonlinear optical response was demon
strated3 for layered composite materials of the sort 
shown in Figure 1c. This sample consisted of alternating, 
sub-wavelength-thick layers of the conjugated polymer 
poly (p-phenylene-benzobisthiazole)—(PBZT)—and of 
titanium dioxide. PBZT was the nonlinear constituent; 
titanium dioxide was selected for the other constituent 
because of its large linear refractive index. 
Measurements of the nonlinear response of the compos
ite material showed that its third-order susceptibility 
exceeds that of pure PBZT by 35%. This agrees with the
ory 2 which also predicts that the enhancement of the 
nonlinear susceptibility increases very rapidly with the 
difference in refractive indices of the two constituents, 

Figure 1. Several of the structures that have been cons idered for the 
development of c o m p o s i t e nonlinear optical materials. (a) The Max
well Garnett geometry; (b) the Bruggeman or in terd ispersed geometry, 
and (c) the layered geometry. 
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and can, under realistic circumstances, be as large as a 
factor of 10. Research aimed at demonstrating larger 
enhancements and at studying the nonlinear response of 
the other structures shown in Figure 1 is now underway. 
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Polarization Dependence of 
Ultrafast Nonlinear Refraction 
in Semiconductors at the 
Half-Bandgap 
D. C. Hutchings, J.S. Aitchison, University of 
Glasgow, Glasgow, Scotland, U.K., A. Villeneuve, 
Université Laval, Quebec, Canada, G.T. Kennedy, 
W. Sibbett, University of St. Andrews, St. Andrews, 
Scotland, U.K., and J.U. Kang, G.I. 
Stegeman, University of Central Florida, 
CREOL, Orlando, Fla. 

A ll-optical switching using half-bandgap non-
linearities in semiconductors has received an 

increasing amount of attention. This is due to an 
increased understanding of the nonlinear optical 
mechanisms (in particular, AlGaAs at communi
cation wavelengths has a relatively large nonlin
ear refraction coeff ic ient—on the order 10 3 

times larger than silica) and the maturing of fab
rication technologies which allow development 
of efficient all-optical devices in the 1.55 μ m 
te lecommunicat ions window. A number of 
applications drew on the interaction of two 
orthogonally polarized beams including multi
p lex ing /demul t ip lex ing 1 and vector sol i ton 
propagation. These require an understanding of 
the polarization dependence of the nonlinear 
optical parameters. We report on the experimen
tal determination on the crystalline orientational 
dependence and perpendicular cross-phase-

modulation of ultrafast nonlinear refraction. 
Zinc-blende (cubic) semiconductors do not exhibit 

birefringence and hence a single parameter is sufficient 
to describe the linear refractive index. However, the 
polarization dependence of the nonlinear refractive 
index is more complex and requires three parameters 
for a complete description in a bulk crystal. These are: 
(1) strength (n 2 for linear polarized light parallel to a 
crystal axis), (2) incremetal dichroism which is propor
tional to the difference in n 2 for linear and circular 
polarizations, and (3) anisotropy parameter which is 
proportional to the difference in n 2 for different crystal 
orientations. The incremental dichroism parameter 
also relates the induced birefringence in the case of 
cross-phase-modulation. 3 In the isotropic Kleinmann 
limit, this parameter provides a 2:3 ratio of perpendic
ular cross-phase-modulation to self-phase-modulation 
that, for example, occurs in the description of interact
ing solitons in fibers. 

The polar izat ion dependence was measured by 
investigating spectral broadening in [001]-grown 
AlGaAs rib waveguides using color-center lasers (λ= 
1.55 μ m ) . In this usual configuration, TM polarization 
corresponds to an electric field parallel to the [011] 
crystal direction whereas TE polarization corresponds 
to [110]. The anisotropy of n2 was obtained by a com
parison of the spectral broadening induced by self-
phase-modulat ion for these two linear polarization 
orientations. The n2 value obtained for TE polarization 
was 27% larger than for TM. This significantly larger 
value that results as the polarization is rotated away 
from a principal axis agrees with theoretical predic
tions for GaAs. 2 The incremental dichroism parameter 
was deduced by additionally determining the perpen
dicular cross-phase-modulation between TE and TM 
polarizations. Theory predicts that, unlike the Self-

Figure 1. The deduced orientational dependence of n 2 (scaled to nL

2[001]) in 
Al0.18Ga0.82 As based on the experimental results.4 For linear polarization, the 
variation is shown with respect to the polarization vector direction and for circu
lar polarization, the variation is shown with respect to the propagation direc
tion. The significant anisotropy is revealed in the fact that these figures quite 
obviously display cubic rather then spherical symmetry. 
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