
ings. The pulse shape at the output of the grating pair is 
the Fourier transform of the pattern transferred by the 
mask onto the frequency spectrum. 

Scientists at Bell Communications Research have uti
lized such a pulse shaping apparatus to demonstrate high-
resolution frequency-domain phase coding of picosecond 
and femtosecond pulses. Pseudorandom binary phase 
masks, patterned according to the so-called m-sequence 
codes popular in spread-spectrum communications,3 are 
used to scramble the phases of the various optical spectral 
components. This operation encodes and stretches an inci
dent femtosecond pulse into a low intensity, picosecond 
duration pseudonoise burst. Subsequent unscrambling of 
the spectral phases (decoding) restores the original femto
second pulse, without broadening. 

Frequency-domain phase-coding of coherent ultrashort 
pulses could form the basis for an ultrahigh-speed, code-
division multiple-access ( C D M A ) , optical communica
tions network. C D M A is a type of spread spectrum com
munications in which multiplexing is achieved by assign
ing different noninterfering code sequences to different 
subscriber pairs. Other C D M A systems have traditionally 
been based on time-domain encoding, and optical imple
mentations have relied on incoherent processing of ineffi
cient, 'sparse' code sequences.4 

A proposed coherent, ultrashort pulse C D M A system 
could be configured as follows. N subscriber stations are 
connected via a passive N x N directional coupler. Each 
transmitter station is equipped with a picosecond or fem
tosecond source and an encoder that contains a multi
element phase modulator; each receiver is equipped with a 
decoder, which contains a similar phase modulator, and 
an optical threshold device. Each receiving station is as
signed a unique 'lock', or access code, which it imposes on 
its phase decoder. In order for transmitter i to communi
cate with receiver j , i must encode using a 'key' that is 
phase conjugate to lock j . In that case, decoder j will reas
semble the transmitted signal into an intense ultrashort 
pulse that can be detected by the thresholder. A signal 
transmitted from some other station k, whose key does 
not fit the lock at j , will remain a low intensity noise burst 
and will be rejected by the thresholder. 

Several advantages would be conferred by such a sys
tem. Multiple subscriber pairs could communicate simul
taneously and asynchronously over the same fiber, with
out interference. The total data throughput could poten
tially reach 100s-of-gigabits/sec, e.g., by multiplexing 
twenty 10 gigabit/sec coded data streams. Since the encod
ing process stretches the duration of the original ultrashort 
pulses (to 100 psec in the example above), individual 
subscriber pairs would operate at data rates compatible 
with electronic processing. 

Such a system would be rapidly reconfigurable, in the 

sense that any transmitter station could connect to any 
desired receiver station. Optical crossbar networks, which 
would be able to arbitrarily interconnect N different in
puts to N different outputs, have been proposed as a cru
cial element in future optical computing and photonic 
switching systems.5 A n ultrashort pulse C D M A system 
could serve as a novel architecture for a rapidly reconfig
urable crossbar switch. 
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Terahertz-frequency quantum beats 
in organic molecules 
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W ith ultrafast measurement techniques it is now pos
sible to study the decay of photoexcited molecules 

with temporal resolution well under 100 femtoseconds. In 
addition to fundamental interest in the dynamics of energy 
relaxation and redistribution, these experiments are rele
vant to the understanding of passive modelocking in fem
tosecond dye lasers. 

Recent femtosecond measurements of the relaxation of 
several organic dye molecules have revealed one or more 
damped sinusoidal components superimposed on an ex
ponential background.1 A typical experimental trace is 
shown in the figure for ethyl violet dissolved in ethylene 
glycol. The decay is dominated by a sinusoid with a period 
of 150 fs. Several other triphenyl methane dyes have been 
studied, and all of them produce an oscillating component 
with approximately the same period. The measured relax
ation of the saturable absorber dye DODCI also exhibits a 
sinusoidal term with a 150-fs period, as well as several 
other oscillating terms. 

The oscillatory decay can be understood with the aid of 
a picture that assumes that each molecule can be modeled 
as a simple system with a single ground state and two ex-
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cited states. If the laser spectrum coherently spans the ex
cited states and the optical transition strengths are not 
equal, energy oscillates between the exicted states as the 
system evolves following photoexcitation. This is respon
sible for quantum beats, which have been observed previ
ously in picosecond experiments. Detailed calculations2 of 
the nonlinear optical response of this model have shown 
that quantum beats can be observed in a pump-probe con
figuration and that similar effects should be observed in a 
system with a single excited state and a ground state con
sisting of two levels. 

The exact nature of the molecular levels responsible for 
the beats is not certain. Since the time between collisions 
with solvent molecules is expected to be several hundred 
fs, the observed decay is expected to be a property of the 
isolated molecule. Raman and infrared spectroscopic stud
ies have shown that the molecules that were investigated 
possess vibrational modes at energies corresponding to the 
observed beat frequencies.3 This implies that the observed 
signal is due to beating between different excitations of the 
same vibrational mode. In this case the beat frequency is 
simply one of the normal modes of the molecule. Thus, 
these measurements constitute a time-resolved observation 
of molecular vibrational motion. 

These measurements represent the first observation of 
quantum beats with femtosecond resolution. The results 
suggest that it may be practical to determine vibrational 
spectra in time-domain experiments. As an example, simi
lar measurements of the relaxation of Nile Blue dye have 
revealed eight sinusoidal components with frequencies be
tween 2 THz and 11 THz. 
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Ultrafast photorefractive effects 
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R ecent work by collaborators at Hughes Research 
Laboratories and North Texas State University has 

demonstrated the photorefractive effect in GaAs at a 
wavelength of 1.06 µm using 43-ps pulses and in BaTiO 3 

at a wavelength of 0.53 µm using 30-ps pulses. 1 , 2 In un
doped semi-insulating GaAs, beam coupling gains up to 
10% were observed with fluences that ranged up to 10 
mj/cm 2, while in BaTiO 3 beam coupling was below the 
detection limits but modest diffraction efficiencies were 
observed in a three-pulse transient grating geometry. 

The photorefractive effect has acquired the reputation 
of being a relatively slow nonlinear optical process over 
the past 10 years. The main reasons for this are: (1) to 
obtain the optical energy per unit area required to write a 
strong grating, several seconds are often required with the 
irradiances typical of cw lasers (< 1 W/cm 2) and (2) most 
of the materials with large electro-optic coefficients (and 
hence large optical nonlinearities) are not optimized from 
the standpoint of charge transport and recombination. 
The physical processes required to obtain the photorefrac
tive effect—photoionization of charge carriers, drift and 
diffusion to obtain a charge separation and a space charge 
field, and modulation of the refractive index through the 
electro-optic effect—have limiting time constants, howev
er, that are less than a picosecond. 

The relative size of the photorefractive effect in GaAs 
and BaTiO 3 for picosecond pulses contrasts sharply with 
the situation using cw radiation. For cw excitation, the 
gain coefficients obtained in GaAs (< 0.5 c m - 1 are rather 
modest compared to the large beam coupling gains 
(~10cm _ 1 ) observed in BaT iO 3 ; while for picosecond ex
citation, the photorefractive index changes measured in 
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