
exhibits a highly resonant behavior, characterized by a 
narrow transmission peak in the middle of the Bragg stop 
band. By operating in close vicinity of the transmission 
peak, one can achieve an all-optical switching and limiting 
behavior at intensity levels that are up to three orders of 
magnitude lower than those of comparable uni form 
NLDFB. A multiple-phase shifted device shown in Figure 
1c, exhibits an even more interesting behavior. By control
ling both the location and value of the phase shifts, one 
can selectively control the position and the form of the 
transmission peaks simply by tuning the input intensity. 

While phase-shifted structures are clearly superior to 
comparable uniform N L D F B , they are still not an opti
mal solution. Switching intensities can be reduced by an 
additional order of magnitude by combining the phase-
shifted DFB with a co-directionally coupled waveguide. 
Such a structure represents a four-port nonlinear device 

with potential applications for extremely low-intensity 
all-optical switching, routing, and pulse generation. It is 
not difficult to foresee the first practical diode-driven 
devices that include optimal NLDFB design and use 
highly nonlinear materials that are now becoming avail
able. Our current work is concerned with both charac
terization and practical realization of these devices. 
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Optical Characterization of 
Photonic Microstructures 
Thomas F. Krauss and Richard M. DeLaRue, 
Optoelectronics Group, Glasgow University, 
Glasgow, Scotland. 

M icrostructured photonic materials are expected to 
show full photonic bandgap (PBG) effects if the 

periodic arrangement of the photonic lattice is appropri
ately chosen and there is sufficent refractive index con
trast. A P B G crystal can be seen as a three-dimensional 
Bragg reflector for photons. Such materials may eventu
ally lead to a new generation light emitting devices with 
ultralow threshold, high efficiency, and very low noise.1 
The fabrication of suitable three-dimensional photonic 
crystals at optical wavelengths is difficult and may not be 
practical for some time, which is why our work is 
focussed on lower-dimensional patterns embedded in a 
waveguide structure. T h e 
waveguide approach provides 
a means of character iz ing 
photonic lattices2 , 3 and can 
also be exploited directly in 
increasing the functionality of 
optoelectronic devices, e.g., 
lasers, filters, and nonlinear 
elements.4 

Referring to a "normal" 
grating as a one-dimensional 
photonic bandgap structure 
may sound somewhat exag
gerated, but one should keep 
in mind that "normal" grat
ings, e.g., as in D F B lasers, 
usually use refractive index 
contrasts o f at most 1%, 
whereas photonic bandgap 

structures demand a contrast o f greater than 2:1. 
Diffraction losses, i.e., coupl ing to radiation modes 
require serious consideration, particularly since the 
third d imension (conveniently assumed infinite in 
most 2-D calculations) only extends to, at most, 1µm in 
a semiconductor waveguide structure. These losses 
arise because modal conf inement is l imited to the 
semiconductor region, whereas in the air region the 
light is not confined and some degree of out-of-plane 
diffraction occurs. We have developed a waveguide 
structure that aims to minimize these losses by confin
ing the mode near the surface and by etching very nar
row gaps into the semiconductor, thereby maintaining 
as much guiding as possible. 

We performed transmission measurements on third 
order 1-D lattices (420/470 nm period, 100 n m gap) 
with a tunable Ti:sapphire laser. The measurement 
clearly shows the band edge on the long-wavelength 
end of the bandgap for two different grating periods (see 
Fig. 1) and is the first demonstration of P B G effects in a 

Figure 1. Experimental results of a third order 1-D PBG struction and comparison with simulation. (a) 
Physical structure, 420 nm period, 100 mm airgaps, etched 0.9 µm deep. (b) Normalized transmission 
through two different waveguide structures (420 and 470 nm period) measured with a tunable Ti:sap
phire laser. (c) Simulation of the properties of the same structure. The wavelength range accessible in 
the measurement is highlighted. 
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high-contrast grating at optical frequencies. This result is 
immediately relevant to laser applications, because the 
all-semiconductor waveguide can be easily redesigned to 
include quantum wells and allow current injection. We 
are also confident that this method is viable for the char
acterization of 2-D structures and the study of defects 
(defects are the photonic analogy of donors and accep
tors in semiconductors) in a photonic lattice. 

GUIDED WAVES 

Experimental Demonstration 
of Photorefractive Resonator 
for Adaptive Fault-Tolerant 
Coupling 
Arthur Chiou, Rockwell International Science 
Center, Thousand Oaks, Calif., Pochi Yeh, Rockwell 
International Science Center and University of 
California, Santa Barbara,Calif., Chang-Xi Yang, 
University of California, Santa Barbara,Calif., and 
Claire Gu, Penn State University, University Park, 
Pa. 

In 1987, Schuenke1 proposed and analyzed the possi
bility of realizing a laser-to-fiber coupling scheme 

that is relatively insensitive to both angular and lateral 
misalignments. The basic principle of operation is 
based on a photorefractive semi-linear phase conjugate 
resonator2 (PSPCR) consisting of a photorefractive 
crystal and a reflector (placed in the direction of pref
erential photorefractive gain) such that a laser beam 
injected into the crystal at an appropriate angle can 
initiate and sustain an optical oscillation between the 
crystal and the reflector (see Fig. 1a). The basic criteri
on for the oscillation is that the photorefractive gain 
has to be large enough to compensate for the loss. 
When the gain is sufficiently high, the reflector can be 
replaced by an optical fiber with an appropriate 
amount of optical feedback (see Fig. 1b). If the optical 
feedback is generated, for example, by a Bragg grating 
inside the fiber or by partial reflection coating at the 
exit facet of the fiber (rather than the Fresnel reflection 
from the entrance facet of the fiber, as was proposed by 
Schuenke), the oscillation is forced to match the mode 
of the fiber, and the input light can be coupled into the 
fiber with a high efficiency and a large degree of toler
ance to misalignments. 

Recently, we have successfully demonstrated that a 
PSPCR pumped by an injected laser beam can indeed 
automatically sense and track the location of the fiber 
facet and diffract the input beam into the fiber.3 In the 

preliminary experiment, we used an argon laser (514.5 
nm), a barium titanate crystal, and a multi-mode fiber 
(core diameter = 400 µm, cladding diameter = 500µm, 
numerical aperture = 0.16) with a reflection coating (R 

36%) at the entrance facet of the fiber. To reduce the 
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Figure 1. A s c h e m a t i c illustration of (a) a photorefractive semi-l inear 
phase-conjugate resonator (PSPCR); (b) a fault-tolerant laser-to-fiber 
coupl ing s c h e m e us ing a P S P C R with the fiber a s an output coupler, 
and ; (c) a mult imode-to-singlemode fiber optics coupler using pho
torefractive mutual ly-pumped p h a s e conjugation. 
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