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the amplifier, exciting the lower gain T M modes in the 
waveguide. On passes three and four, the polarization is 
parallel to the junction exciting the TE modes. This choice 
of polarization order has the advantage of less power dis
sipation at the conjugate crystal leading to higher overall 
efficiency. 

The amplifiers used were broad-area double hetero
structure design grown by low pressure M O V P E . The ac
tive area was a gain guided region 75 µm wide and 500 
|xm long. The back facet was coated with a quarter wave
length S i /A l 2 0 3 six-layer high reflectivity stack that was 
measured at greater than 95%. An A l 2 0 3 /Zr0 2 two-layer 
coating designed to give a minimum reflectivity was used 
on the front facet. During deposition of the second layer of 
the coating, the lasing threshold of the amplifier was con
tinuously monitored and the process was stopped when 
the threshold reached a maximum. Measured values of the 
reflectivity obtained by this technique ranged from 0.1% 
to 0.01%. The phase conjugate return was generated in a 
5 mm cube of barium titanate used in an internally self-
pumped geometry. The conjugate reflectivity was mea
sured to be approximately 65%. 

The far field profile of the three-element PC M O P A is 
shown in the figure. The side lobes are due to leakage of 
spontaneous emission back through the phase grating. 
The main central lobe is diffraction limited for a 75µm 
aperture. Spectrally, the output matches that of the master 
oscillator. The output shows that the three amplifiers have 
been added in phase and any aberrations present in them 
have been corrected by the conjugate crystal. 
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NONLINEAR SYSTEMS 

Optical switching in 
polydiacetylene-based 
directional couplers 

5.J. Allen Jr., Bellcore 

W aveguide directional-coupler devices have been fab
ricated from thin films of solution-processible poly

diacetylenes.1-3 When operated at a wavelength of 1.06 µm, 
these devices exhibit a variety of nonlinear transmission 

and switching phenomena due to both fast electronic and 
slow thermal nonlinearities in the polymer.1 Such results, 
obtained on prototype device structures, give important 
information on the operating conditions and constraints 
relevant for future polymer based on nonlinear optical de
vices. 

Nearly a decade ago, it was realized that the large third 
order optical nonlinearities of organic conjugated poly
mers, such as polydiacetylenes, might be used in all-optical 
signal processing devices.4 , 5 Until recently no such devices 
had been developed and important questions concerning 
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the linear and nonlinear properties of these materials in 
device-like structures were unanswered. 

Finding answers to these questions was impeded by the 
intractable nature of many conjugated polymers, which 
makes them difficult to process and pattern to form low-
loss waveguide structures. To overcome these difficulties, a 
composite technique for fabricating waveguides was de
veloped that consisted of first patterning a glass substrate 
with high index ion-exchanged channels, followed by spin 
coating with the soluble polydiacetylene, poly [5,7-dode
cadiyne—1, 12-diolbis (4-butoxycarbonyl-methylureth
ane)], (poly 4 -BCMU) . 2 , 3 In this method, lateral optical 
confinement in the polymer film is provided by the under
lying channel and no patterning of the polymer 6 itself is 
required. It is important to recognize, however, that since 
the refractive index of the polymer is significantly higher 
than that of the ion-exchanged channel, nearly all of the 
optical field is confined within the polymer film, allowing 
for efficient nonlinear interactions. 

Directional couplers whose coupling strength was var
ied by controlling the waveguide spacing were tested at a 
wavelength of 1.06 µm using a mode-locked and Q-
switched N d : Y A G laser system. A fiber-grating compres
sor and a fast Pockels cell modulator were also used to 
allow variation of both the pulse duration (5-150 ps) and 
the pulse repetition rate (50 Hz-82 MHz) . At the low 
pulse repetition rates (<1 kHz) fast—ps—intensity-depen
dent absorption and apparent switching effects were ob
served in the devices. These phenomena result from two 
photon absorption (TPA) in the material, which leads to 
intensity dependent changes in the imaginary or lossy part 
of the refractive index. 1 Similar apparent switching effects 
have been observed in semiconductor doped glass direc
tional couplers, although in this case the change in the 
imaginary part of the refractive index was induced by sat
urable absorption rather than TPA. 7 

Thermal effects could readily be distinguished by oper
ating the laser at lower peak power but high repetition 
rate, such that the time between pulses was shorter than 
the thermal relaxation time of the material. Under these 
conditions, slow switching due to thermally induced 
changes in the real part of the refractive index could be 
observed.1 

These results reveal how two photon absorption modi
fies the behavior of polydiacetylene based directional cou
plers. The nonlinear response at true off-resonance wave
lengths is critical to their application in all optical switch
ing and is the focus of current research. 
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Excitonic and phonon-mediated 
optical Stark effect in a 

conjugated polymer 
J.P. Heritage, S. Etemad, and G.J. Blanchard, Bellcore 

The last several years have been marked by steady pro
gress in the understanding of optically induced non-

linearity of reduced-dimension excitons. The two-dimen
sional excitons associated with GaAs-AlGaAs quantum 
wells have been extensively investigated. For nonresonant 
excitation, the nonlinear response is dominated by anhar
monic interactions among virtual excitons and virtual car
riers.1 Virtual particles exist only in the presence of an op
tical field; their influence on optical properties disappear 
with the passsing of that field. One well known signature 
of this instantaneous nonlinear response is the optical 
Stark effect, i.e., a blue shift of the exciton transition for 
below resonance excitation. 2 , 3 

One-dimensional excitonic systems should also show 
nonlinearities such as the optical Stark effect. However, as 
the technology for fabricating quasi-one or zero dimen
sional semiconductor structures is still in its infancy, suit
able semiconductor samples are not yet available. But cer
tain organic polymers based on extended linear chains of 
conjugated bonds are excellent model one-dimensional 
electronic systems, since excitations are confined to the 
chains. Furthermore, these materials are readily available. 

Initial nonresonant femtosecond pump and probe mea
surements on one such quasi-one-dimensional system— 
crystalline polydiacetylene-PTS—did not reveal the optical 
Stark shift, but rather showed an unexpected "ho le" 
burned in the excitonic absorption profile4 suggesting the 
existence of an additional nonlinear mechanism that dom
inates the optical Stark effect. Phonon-exciton coupling 
was proposed to explain these results.4 

A major difference between polymeric systems and the 
III-V semiconductors is the very strong phonon-exciton 
coupling strength in conjugated polymers. Thus, when the 
pump is resonant with the phonon-to-excited-exciton 
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