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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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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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phase-modulation, the perpendicular cross-phase-
modulation per unit irradiance is the same for the 
effect of the TE polarization on the T M and vice-versa. 
This was confirmed within experimental error. 4 , 5 It was 
also found that the ratio of perpendicular cross-phase-
modulation to self-phase-modulation (TE) was signifi
cantly larger than the isotropic Kleinmann value of 2:3. 
A ratio of 0.86±0.05 was obtained 4 and a ratio of 
0.95±0.05 was obtained,5 both of which compare favor
ably with the GaAs prediction of 0.95.2 Figure 1 shows 
the deduced orientational dependence of n 2 in 
A l 0 . 1 8 Ga 0 . 8 2 As at the half-bandgap based on the spectral 
broadening measurements.4 

The polarization dependence of n 2 in a multiple 
quantum well system is considerably more complex 
since even the linear refractive index exhibits uniaxial 
birefringence. It was found that just beneath the half-
gap the ratio of perependicular cross-phase-modula
tion to self-phase-modulation took the values 
0.50±0.05 for the effects of the TE polarization (in the 
plane of the wells) on the T M and 1.00±0.05 for the 
effects of the T M polarization on TE. 5 Note that these 
two quantities are different, in contrast to the bulk case. 

In conclusion, the polarization dependence of nonlin
ear refraction in an AlGaAs waveguide at the half-
bandgap has been measured. This information is essential 
for a full description of nonlinear propagation, particu
larly the interaction between orthogonal polarizations. 
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Holographic Grating 
Formation in dye- or 
Fullerene-C60-Doped Liquid 
Crystals 
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L iquid crystals possess many unique physical, optical, 
and electro-optical and nonlinear optical proper

ties.1 In particular, nematic liquid crystals (NLC) are 
characterized by large birefringence that spans a broad 

spectral range, and large susceptibility to ac, dc, and 
optical fields. Researchers at the Pennsylvania State 
University recently2 discovered a nonlinear electro-
optical effect in dye- or fullerene C 6 0-doped NLC films. 
They have demonstrated, by theory and experiments, 
the possibility of using low power lasers of a few milli
watts, in conjunction with a small dc field to induce 
persistent realignment of the liquid crystal director axis 
(the equivalence of the c-axis or symmetry axis of a 
birefringent crystal), and therefore a "stored" refractive 
index change in these films. 

Figure 1 schematically depicts the processes and sce
nario involved in the observed phenomena. An incident 
optical intensity, e.g., a sinusoidal function from two 
coherent interfering beams, generates positive and neg
ative ions via some photochemical processes in the 
excited states of the dopants. This process gives rise to 
spatially varying conductivity and space charges. 
Several mechanisms of space-charge formation have 
been identified: conductivity inhomogeneity, ionic 
redistribution processes similar to those occurring in 
photorefractive crystals, and the conductivity and 
dielectric anisotropies of NLCs in combination with the 
applied dc fields and director axis re-orientations. 
These space charges give rise to a space charge field, and 
also liquid flows and shear stresses, resulting in local 
distortion of the director axis, and therefore a refractive 
index change. Under prolonged action by the optical 
and dc fields, the induced index change acquires a per
sistent component. 

An obvious application of the observed effect is 
holographic (phase) grating generation. In the reported 
preliminary studies, it was shown that gratings can be 
recorded in these NLC films with a nonlinear sensitivity 
as high as other materials such as doped glasses3 or 
photorefractive crystals.4 One important point to note 
is the transparency of these lightly doped films, e.g., the 
25 μm thick C 6 0-doped film used in the study absorbs 
<1% of the writing beam; this means that further 

Figure 1. Spatial distribution of various fields and parameters 
involved in the nonlinear electro-optical effect occurring in an 
aligned nematic film illuminated by an optical field. (a) Photoinduced 
conductivity change; (b) liquid flow velocity and space charges; (c) 
dc space charge field; (d) director axis re-orientation (n is normal to 
dotted line; θ is the re-orientation angle). 
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