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CWF60 Fig. 2 (a) An input pattem 
and (b) the weighted output pattem. 

One of the most important application 
of cellular automata is for image process- 
ing. In terms of Boolean decomposition: 
the image processing functions in math- 
ematical morphology can be directly im- 
plemented by such a cellular automaton 
module. 
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All-optical integrated Mach-Zehnder 
switching in lithium niobate waveguides 
due to cascaded nonlinearities 
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In all-optical switching the required 
phase shift is produced by the light itself. 
Typically this phase shift has been 
achieved via the intensity-dependent re- 

fractive index, i.e., third-order nonlin- 
earities. But recently the fact that the 
so-called cascaded second-order nonlin- 
earity can imitate the third-order nonlin- 
earity was proved experimentally.' A 
phase shift in the cascaded nonlinearity 
is obtained through the energy exchange 
between a fundamental light beam and 
its second harmonic. In the Mach-Zehn- 
der interferometer we need a a-induced 
phase shift for switching, which is half of 
the required phase shift compared to di- 
rectional coupler. Previously we demon- 
strated switching action using a LiNb03 
channel waveguide in one of the interfer- 
ometer, and air in the other? Here we re- 
port high-contrast switching in a fully in- 
tegrated asymmetric Mach-Zehnder 
interferometer. 

The experiments were performed in 

niobate channel waveguides with prop- 
agation along the X-axis on a Y-cut ays- 
tal. An integrated Mach-Zehnder inter- 
ferometer consists of two symmetric 
Y-junctions (pig. 1). At the first Y-junc- 
tion, the input beam is equally split into 
each of the two arms. In one arm, the 
width of the channel waveguide is ta- 
pered down from 15 p,m to ll Fm. The 
separation between two arms is 80 pm, 
which is wide enough to prevent linear 
coupling. At the second Y-junction, the 
light from the two channels is recom- 
bined, causing interference effects. Be- 
cause of the difference in the widths of 
the two interferometer arms, the reso- 
nance temperature of each arm is differ- 
ent. This induces a different nonlinear 
phase shift in each arm at a fixed tem- 
perature. With small variations of the ge- 
ometry we obtained an initial linear 
phase difference between the channels of 
approximately zero and w. 

In the experiment, we used a Nd:YAG 
Q-switched, mode-locked laser operating 
at 1.32 pm with 90-ps pulses, full-width 
at the half-msuci" intensity. A single 
pulse WM extracted using electro-optic 
pulse slicer. The sample was heated in an 
oven with a temperature stability of 525 
mK to near the phase-matching temper- 
ature. The temperature profile in the 
oven and a slight waveguide inhomoge- 
neity provide the nonuniform wavevec- 
tor mismatch distribution along the prop- 
agation length.' Due to this nonuniform 
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CWF6l Fig. 2 Measured 
transmittance of L,iNb03 integrated 
Mach-Zehnder interferometer as a 
function of the peak input power (a) 
initial phase at -0 (b) initial phase of 
-a* 

wavevector mismatch, we can obtain 
large nonlinear phase shift in the small 
fundamental depletion region. The mea- 
sured SHG tuning curves show reso- 
nance temperatures for each arm sepa- 
rated by 2.5 K. Figure 2 shows the 
outputs of the Mach-Zehnder interfe- 
rometer at a fixed temperature which is 
in the low depletion region below both 
phase-matching temperatures. The out- 
put is normalized by the input power. 
Due to differences in the length of the 
arms, the switching curves start either 
"on" or "off." Because of the cascaded 
second-order nonlinearities, as we in- 
crease the input power, the output is 
changed from "on" to "off' or vice versa. 
Pulse break-up is responsible for the in- 
complete swiiching. 'But because of the 
nonlinear dependency of the phase shift 
on the input power in the cascaded non- 
linearities we obtained a better switching 
ratio than using third order nonlinear 
materials.' 

In conclusion, we demonstrated for 
the first time, to our knowledge, the in- 
tegrated Mach-Zehnder interferometers 
switching due to the cascaded second-or- 
der nonlinearities with a switching ratio 
81. 
*Angewandte Physik, Uniuersitdt Paderborn, 
Warburger Strasse 100, D-33098 Paderborn, 
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CWF6l Fig. 1 Configuration of the Kim, Y. Baek, G. I. Stegeman, H. Sei- 
integrated Mach-Zehnder bert, W. Sohler, Opt. Lett. 19, 1949 
interferometer. (1994). 
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Absorption eledromodulation in CdHgTe 
heterostnrctures in the 1.5-pm range 
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The increasing volume of data transfer 
through optical telecommunication net- 
works is demanding high-efficiency op- 
tical switches (e.g., photorefractive de- 
vices) in the wavelength range of 1.5 
pn.' Narrow-gap semiconductors like 
cadmium mercury telluride (CMT) are 
natural candidates for realizing spatial 
holographic interconnect of optical fibers 
at the telecommunication wavelengths 
thanks to their possibility of covering the 
spectral range of interest. CMT hetero- 
structures have also the advantage of be- 
ing almost lattice-matched to CdTe and 
C&.pszrb,Te substrates allowing the 
growth of almost strain-free devices. In 
the present paper we report on room- 
temperature transmission electromodu- 
lation in the wavelength range of 1.5 pn 
of multiple quantum well (MQW) CMT 
hetemstructures diodes. 

The samples we studied consist of a 
1.5-pn-thick n-doped C&.-+Te 
buffer layer, a 1.2-pn-thick MQW active 
region (200-hhick CMT (37% Hg) wells 
and 1 W k h i c k  CMT (27% Hg) barriers), 
and a 1OO-hhick CdTe cap layer. The in- 
sertion of a C&.&l~.4Te barrier before 
(lo00 A) and after (500 bi) the active re- 
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CWF62 Fig. 1 Room-temperature 
transmission spectra at zero electric field 
(solid line) and for -200 kV/cm (dotted 
line). The dashed line represents the 
difference between the transmission 
with and without applied electric field. 
The fact that the &um transmission 
is limited to 30% is given by the 
presence of a semitransparent gold 
contact on the diode surface. A 
maximum absorption modulation of 
200% is observed in the gap region. 

gion gives the samples better properties 
homogeneity, better I-V characteristics, 
and makes the samples extremely stable 
even under high reverse bias (1 mA). The 
samples were all grown by molecular 
beam epitaxy (MBE) on (211) oriented 
C&.&,Te substrates. Semitransparent 
gold Schottky contacts are deposited by 
photolithography on the sample surface. 

Figure 1 shows the room-temperature 
transmission spectra for a representative 
sample (with CdMgTe barriers) for dif- 
ferent reverse electric fields. A strong ab- 
sorption modulation is clearly obtained 
by the application of an electric field in 
the order of 200 kV/cm. The absorption 
variation reaches values as high as 200% 
in the region of 1.5 )~m, where the zero- 
field absorption is still weak. 

For understanding the origin of the 
oscillations observed in the transmission 
modulation we have used a model of the 
electric-field effect on a bulk semiconduc- 
tor (Pranz-Keldysh effect).' The choice is 
motivated by the fact that the large wells 
have nearly no quantum confinement. 
The results we have obtained are in good 
agreement with the experimental ones 
(Fig. 2, fit to the modulation of a sample 
without CdMgTe barriers). 

From the two transmission curves in 
Fig. 1 we were able to calculate the ab- 
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CWF62 Fig. 2 Comparison between 
the experimental transmission 
modulation (dotted line) and the 
theoretical Franz-Keldysh model (solid 
line). 
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CWF62 Fig. 3 (a) Aa (solid line) and 
An (dotted line) for the sample shown 
in Fig. 1. (b) Calculated diffraction 
efficiency from the data in (a). 

sorption coefficient variation Aa as a 
function of the applied electric field and 
then, via Kramers-Kronig transformation, 
the corresponding variation of the refrac- 
tive index, An, is obtained. The results of 
these calculations are shown in Fig. 3'"). 
The maximum An we obtain is -1.7.10-, 
which correspond of a relative variation 
in the order of -0.05%. To estimate the 
diffraction efficiency we used the formula 
reported in Ref. 3 obtaining a maximum 
in the gap region of -6.5 The results 
of the calculations are shown in Fig. 3Oj). 

These results demonstrate that CMT- 
based heterostruchues are good candi- 
dates for spatial light modulators in the 
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Microcavity optical thyristor with strained- 
layer InCaAs quantum wells 
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In short-distance optical interconnects 
such as chip-to-chip interconnects, 
power, area, and speed of the intercon- 
nect are critical parameters. The differ- 
ential pair of optical thyristors is a 
unique detector/emitter device for such 
interconnects: a detecting pair with a to- 
tal area of 60 X 30 gm'has alreadybeen 
shown to latch with a mere 7 fJ optical 
input at 50 MHz.' Higher frequency op- 
eration is expected to be achieved soon. 
As an emitter, however, the optical thy- 
ristor is not ideal. This Limits the mini- 
mum pulse width, which can still supply 
the required switching energy, it limits 
the optical fan-out, and it imposes more 
demands on the quality and the cost of 
the imaging optics. 

Over the past few years the power 
conversion efficiency of LEDs has in- 
creased spectacularly with the help of mi- 
crocavity structures. This has yielded rec- 
ord quantum efficiencies (QE) of 16%: 
Moreover the light is more directional 
than a Lambertian source, which yields a 
higher optical throughput of any imaging 

In this paper, we present the first re- 
sults, to o w  knowledge, of an NpnP op- 
tical thyristor structure embedded inside 
a planar microcavity. This is expected to 
boost the efficiency of both the emission 
and the detection. Additionally, the struc- 
ture contains three InGaAs quantum 
wells (QWs) in the lower junction of the 
thyristor. The advantage of these QWs is 
twofold it supplies light, which is not 
reabsorbed by the GaAs, and the QWs 
can be placed in the antinode of the cav- 
ity standing wave pattem, which is nec- 
essary for good resonant emission and 
detection. 

Figure 1 shows the output spectra of 

optics. 
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