
GaAs are more than an order of magnitude larger than 
those observed in BaTiO 3 . The most important reason for 
this turn-about is that the mobility of GaAs is more than 
6000 times larger than that of BaTiO 3 . Diffusion times in 
GaAs are roughly 5 ps compared to 30 ns in BaTiO 3 for 
grating spacings on the order of a micron. This means that 
the photoionized charge carriers in GaAs have ample time 
to diffuse a grating period during a 43 ps pulse, while in 
BaTiO 3 , they diffuse only a small fraction of a grating peri
od. Worse for BaTiO 3 , the recombination time in BaTiO 3 

appears to be less than 100 ps, while in undoped semi
insulating GaAs this time is about 30 ns. Thus the residual 
grating formed after the picosecond pulses end is much 
smaller in BaTiO 3 . 
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T here is a continuing need for lasers capable of gener
ating femtosecond optical pulses for application to 

investigations of ultrafast phenomena in chemistry, phys
ics, biology, electronics, and communications. The most 
common source of these pulses is the passively mode-
locked cw dye laser,1 which may be either continuously or 
synchronously pumped. From the inception of femtosec
ond spectroscopy1 in 1981 until very recently, such lasers 
operated almost exclusively using a single pair of dyes— 
Rhodamine 6G and DODCI—as the gain medium and the 
saturable absorber, respectively. This restricted direct fem
tosecond generation to the 600-635 nm spectral region. 
However, rapid progress has been made during the past 
year in extending the wavelength coverage of these sys
tems, by the identification and use of a variety of novel 
gain/saturable absorber dye combinations. Much of the 
pioneering work in this area has been conducted by re
searchers at Imperial College, London, where the cw Ar

gon ion-pumped systems have been demonstrated to oper
ate almost continuously across the spectral range 490 to 
780 nm, 2 , 3 yielding pulses as short as 80 fs. In particular, 
these femtosecond cw mode-locked dye lasers are current
ly unique in the blue-green portion of the spectrum (490 to 
550 nm) for which there is no suitable high power syn
chronous pump source. Extension into the near infrared, 
however, is limited by the severe restrictions placed on the 
gain dye selection by the pulse formation process in the 
cw-pumped systems. 

The synchronously-pumped passively mode-locked la
sers, on the other hand, allow a much wider variety of 
gain dyes to be used, particularly the styryl and pyridine 
dyes for efficient near infrared operation. The extension of 
these systems to new wavelengths has been investigated 
primarily at North Texas State University and Hughes Re
search Laboratories, A T & T Bell Laboratories, and the 
Technical University of Munich, Federal Republic of Ger
many. Operation has been demonstrated near 850 nm 4 

and 800 nm 5 and now across the spectral range 560 to 
975 n m 6 , 7 under frequency-doubled cw mode-locked N d : 
Y A G laser pumping. The pulses generated in the latter sys
tem have been reported to be as short as 55 fs.8 

These new sources allow direct femtosecond generation 
over an extended wavelength range, greatly increasing the 
versatility of ultrafast spectroscopic techniques. In addi
tion, their wavelengths may be chosen to correspond, ei
ther directly or by nonlinear frequency-shifting processes 
(e.g., second harmonic generation), to the gain spectra of a 
wide variety of amplification media, e.g., krypton fluoride, 
alexandrite, and titanium sapphire. This offers the oppor
tunity to generate high power ultrashort pulses at novel 
wavelengths with applications in areas such as x-ray laser 
development, multiphoton excitation studies, high-order 
harmonic generation, and short-pulse continuum genera
tion in gases. 
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T he future of photonics critically depends on new ma
terials that possess large and fast optical nonlineari

ties. Conjugated polymers like the polydiacetylenes and 
archtypical polyacetylene have emerged as potentially im
portant materials to fill this role. 

Conjugated polymers behave like one-dimensional 
semiconductors with energy gaps, E g , of the order of 2 eV 
and combined valence-conduction band widths, W, of the 
order of 10 eV. Recently, Kajzar, Etemad, Baker, and 
Messior have measured the third order nonlinear re
sponse, X ( 3 ) , over a wide frequency range below the band-
gap in polyacetylene and have shown that the large x ( 3 ) is 
enhanced even further at long wavelengths. A peak ap
pears at the two photon resonance with the bandgap and 
X ( 3 ) rises dramatically as the incident beam drops to lower 
frequency (see figure).1 

The frequency dependence of the absorption indicated 
on the right and third harmonic generation indicated on 
the left in polyacetylene. The third order susceptibility is 
converted to a nonlinear index of refraction, n2. The 
cross hatched region indicates a minimum value of n2 re
quired for on chip all photonic switching as described in 
the text. 

This work is scientifically important to our understand
ing of these novel one-dimensional semiconductors and 
technically important in assessing their significance as ma
terials for photonic devices. On the scientific side, the two 
photon excited state does not significantly differ in energy 
from the direct band gap absorption. This implies that the 
coulomb interactions between electrons do not dominate 
the physics and control such things as the bandgap. The 
essential physics is the electron lattice interaction that 
forms the conjugated pairs while the coulomb interactions 
renormalize and only modify this result. 

Technically these results show that the values of x ( 3 ) are 
sufficiently large that they may be useful in all-photonic 
switches. We may consider a generic photonic switch as a 
1 cm long waveguide constructed of a material that would 
allow a semiconductor diode laser to modify the index of 
refraction enough to change the phase of a signal beam by 

Π. This generic device would be constructed of material 
with a nonlinear index of refraction indicated by the cross 
hatched region (see figure). The long wavelength non-lin
earities in these polymeric semiconductors satisfy this re
quirement. Although it is necessary to construct low loss 
waveguides in this material and satisfy a number of other 
important technical issues, these experiments have graphi
cally demonstrated that these materials may hold the key 
to on chip all optical switching. 

In another vein, but equally important to our under
standing of the non-linear response of these materials, are 
subpicosecond optical pump and 2.5-5.5 µm probe of po
lyacetylene. These experiments have provided new experi
mental insight into the character of the photo induced ex
citations in polymeric semiconductors. In the 2.5-5.5 µm 
spectral range a strong absorption peak can be induced by 
bandgap excitation and is caused by the creation of soli-
tons. Earlier work could only observe the creation of these 
states on a microsecond time scale and probed the long 
time build up of the solitons. 

Rothberg, Jedju, Etemad, and Baker 2 showed that the 
earlier long time observations were focused on the residue 
of the photogenerated solitons. Most of the photo-induced 
absorption disappeared on a picosecond time scale and 
signaled geminate recombination of soliton anti-soliton 
pairs on the same chain. This provided the first verifica
tion of the mechanism originally proposed by Su and 
Schrieffer3 for the photo generation of solitons. On a 
much longer time scale, they were able to observe the 
build up of the mid-gap absorption that could be attribut
ed to electron hole pairs created on different chains that 
then migrate to and convert neutral solitons to charged 
mid-gap absorbing solitons. This confirms the model put 
forward by Orenstein et al. in 1984. 4 

Although these experiments are vital for our under
standing of electron dynamics in these unusual semicon-
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