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Even in the first round of experiments, the pulses 
showed negligible broadening up to about 4000 km; for 
greater distances, however, jitter in pulse arrival times pro
duced an apparent increase in pulse width (see figure). It is 
thought3 that the error rate in a soliton transmission sys
tem will reach 10-9 (an industry standard) when the timing 
jitter increases the effective pulse width by a factor of 
about √2. Note that the useful transmission distance 
would then be nearly 5000 km. 

The ultimate source of timing jitter is Raman spontane
ous emission, which slightly modifies the pulse optical fre
quencies, and hence (by virtue of the fiber's group velocity 
dispersion), the pulse velocities and arrival times. When 
the spontaneous emission experiences the same unity gain 
as the signal pulses, the effective pulse width should follow 
the curve marked "Gordon-Haus limit." 4 In the first ex
periments, however, polarization effects allowed the spon
taneous emission to experience exponential gain, and the 
excess emission tended to exaggerate the jitter. With better 
control of the spontaneous emission, the useful transmis
sion distance has recently been increased to about 6500 
km. 

It will be necessary to develop a system of pump laser 
diodes and associated wavelength-selective coupling de-

Effective pulse width versus distance. Dots: experimental 
data; dashed curve: theoretical limit. 

vices before a soliton-based communications system can 
be practically realized. Nevertheless, the potential advan
tages of the all-optical system—its amenability to wave
length multiplexing, a potential information rate (with 
multiplexing) perhaps as high as 100 Gbits/s, and the in
herent reliability of "parallel" pump diodes—should be a 
powerful spur to further research and development. 
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The last two decades have been marked by steady pro
gress in our ability to grow artificial semiconductor 

materials and structures, and in their use to explore and 
critically examine increasingly sophisticated aspects of 
semiconductor and low-dimensional physics. We have 
now reached the point where further advances depend on 
real-time, in situ measurement and control of the growth 
process itself. But the high pressure, highly reactive envi
ronments of many growth technologies prevent the use of 
the electron- and ion-beam spectroscopies that have been 
extensively developed for surface studies. 

Consequently, optical methods, which are noninvasive 
and can be used in any transparent ambient, are now re
ceiving increased attention. But the weakly interacting na
ture of photons that allows them to penetrate these am-

bients is a major disadvantage for surface analysis. As op
tical penetration depths are typically of the order of 10 to 
many hundreds of nm, the surface is no more than a mi
nor perturbation of the overall optical signal. 

The problem of low surface sensitivity is being attacked 
by a new class of optical methods akin to dark-field mi
croscopy in that they take advantage of symmetry to sup
press ordinarily dominant, but unwanted, contributions 
from the bulk and to enhance ordinarily weak, but de
sired, contributions from the surface. 

Approaches that have already made significant contri
butions include: second harmonic generation (SHG) , 1 , 2 

which provides information about the atomic symmetry 
of growth surface; reflectance-difference spectroscopy 
(RDS), 3 - 5 which provides information about their chemistry, 
structure, and dielectric response; and laser light scattering 
(LLS), 6 , 8 which provides information about their surface 
morphology (roughness). 

SHG takes advantage of the fact that S H G signals are 
strictly forbidden in systems with inversion symmetry— 
for example, the bulk of Group-IV semiconductors. Con
sequently, S H G signals observed during Group-IV semi-
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conductor growth can come only from the surface. S H G 
studies of the kinetics of crystallization on the (111) 7 x 7 
Si surface in the 500-700°C range after deposition of 1.5 

Å of amorphous Si showed that reordering is an activated 
process with a characteristic energy of 1.2 ± 0.2 eV, com
pared with an activation energy of over 2 eV in the bulk. 1 

Recent studies of the formation of Sn Schottky contacts to 
(001) GaAs by Shen and co-workers at Berkeley2 showed 
that the apparent restriction of surface S H G to centrosym
metric crystals can be avoided by the use of suitable polar
izations of the incident and scattered beams. 

RDS also makes selective use of polarization to enhance 
surface sensitivity. In RDS, the difference between near-
normal-incidence reflectances of light linearly polarized 
along the two in-plane principal axes of the surface dielec
tric tensor is measured by modulation-spectroscopic tech
niques. As the bulk of cubic materials is essentially isotro
pic, its contribution vanishes in subtraction leaving that 
from the lower-symmetry surface. Being spectroscopic, 
RDS can detect the characteristic optical features of react
ed species and follow them under different conditions to 
provide information on coverage (surface chemistry) and 
evolution (surface kinetics).3 For example, the figure com
pares the time evolution of reflection high energy electron 
diffraction (RHEED), reflectance-difference (RD), and re
flectance (R) signals upon the initiation of AlAs growth on 
(001) AlAs by molecular beam epitaxy (MBE). 4 As the R D 
data were obtained at the 3.5 eV A l -A l surface dimer peak, 
they show the coverage of the growth surface by A l di
mers. Both R H E E D and R D data follow a cyclic pattern 

RHEED (upper), RD (middle), and R (lower) signals 
upon initiation of AlAs at 1.5 sec per layer of AlAs. 

with a period equal to the time required to grow one AlAs 
layer, but analysis of the phases shows that from the 
chemical perspective of R D , each AlAs layer is completed 
upon the deposition of exactly one monolayer of A l , while 
from the structural perspective of R H E E D , completion oc
curs about 30% of the way into the growth cycle. 

By applying RDS to organometallic chemical vapor de
position ( O M C V D ) , workers at Bellcore5 have recently 
made the first determination of the activation energies of 
chemisorption and decomposition of trimethylgallium at 
(001) GaAs growth surfaces, which are the major rate-
limiting steps in atomic layer epitaxy. These data provide 
our first real-time glimpse into the surface chemistry of 
O M C V D . 

LLS measurements take advantage of the fact that 
smooth surfaces scatter light only in the specular direction. 
Consequently, LLS is not restricted to any particlar class 
of material. As surface morphology depends on substrate 
pretreatments as well as growth conditions, LLS data can 
provide this information as well. Current studies involve 
the growth of Si on (001) surfaces by M B E 6 and chemical 
vapor deposition (CVD) . 7 , 8 LLS data show that the initial 
stages of Si growth occur via long-range step propagation, 
although this propagation is perturbed in M B E by the ag
glomeration of surface contaminants. 6 , 7 LSS data further 
reveal that C V D growth at 850°C is characterized by ar
rays of steps of approximate period 1 µm and height 30 Å, 
although these steps vanish at growth temperatures below 
810°C.7 The disappearance of periodic step arrays at low 
temperatures is attributed to a change in growth mecha
nism by the inhibition of surface diffusion at lower tem
peratures, which leads to the creation of random nucle
ation sites. Recently, LSS results on C V D growth have 
been supplemented by ellipsometric data, which provide 
quantitative determinations of thicknesses and void frac
tions of rough surface layers.8 

Present capabilities indicate that combinations of these 
new optical surface probes wil l provide much of the infor
mation that we have come to expect from standard elec
tron-beam-based surface analysis techniques. The pros
pect of the use of picosecond pulses instead of cw beams is 
particularly exciting, as it wil l open entirely new areas of 
surface research. 
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In recent years, there has been interest in optical imple
mentations of neural networks in the hope of develop

ing optical supercomputers to solve computationally mas
sive problems such as pattern recognition by emulating the 
human brain. Many experimental demonstrations have 
shown that optics can provide parallel processing, globally 
distributed information storage, and analogue computing, 
and hence is a good match with neural networks. For ex
ample, work on optical associative memories has beauti
fully demonstrated auto-associative recall: recalling full in
formation from a partial or partially incorrect cue. 1 - 5 

Recently, Hopfield and Tank 6 raised a more complex 
pattern recognition problem, known as the "word-break" 
problem, illustrated in the following sentence: 

T E X T R E E D I N G W I T H A U T W O R D B R E C K S M A Y 
BEKAMEDIFF ICOLT 

Without spaces between words, it is difficult to decipher 
the text. The task becomes even more difficult if the con
tinuous word stream contains errors. Deciphering the 
word stream requires a system that can recognize words 
(each of which is embedded in a continuous stream of oth
er letters), correct errors, and insert spaces between them. 
The system must be shift invariant so that an input word 
can be recognized in any position. Since many words ap
pear at the input window simultaneously, the system 
should also be able to process multiple inputs without 
crosstalk. Moreover, the system should be able to insert 
word-breaks at suitable positions between words. 

Recently, a group at Bell Communications Research 
demonstrated a novel holographic associative memory 7 

that has been applied to the word-break problem. A Hop-
field-style holographic associative memory5 was modified 
to include the various features described above. In this ex
periment, memory words are stored in a conventional 
Fourier transform hologram. The recognition part of the 

(a) The four patterns stored in the holographic memory; 
(b) the input to be read; (c) correlation output; (d) the 
thresholded version of the correlation output that is ana
morphically magnified along the word direction; and (e) 
the associative recalled output with spaces between 
words and error corrections. 

system consists mainly of a holographic VanderLugt corre
lator. For word-break recognition, the input word stream 
is presented at the input plane of the system. Autocorrela
tion peaks that appear at places where there is a match 
between the input and memory are detected and the sepa
ration between the peaks is magnified along the word di
rection. This stretched correlation output is reflected back 
to illuminate the hologram and reconstruct the whole 
memory at the output plane. The output through a win
dow that is situated at the origin of the output plane is the 
desired readable text. 
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