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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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loss due to beam fanning,4 a lens L (FL = 38 mm, diam
eter = 50 mm) was placed near the crystal in the direc
tion of preferential gain to collect and focus the fanning 
beam toward the entrance facet of the fiber (see Fig. 1b). 
Without optimization, we achieved a coupling efficien
cy (defined as the output optical power transmitted 
through the fiber divided by the input optical power at 
the entrance face of the fiber) of about 58%, and a tol
erance of more than 0.5 mm in the misalignment of the 
fiber facet. Experimental investigations to extend this 
technique to single-mode fiber at 1.3 µm and to 
improve both the coupling efficiency and the fault-tol
erance are in progress. Potential applications include 
the fault-tolerant coupling of light not only from a sin
gle source to a single fiber but also from multiple 
sources (such as one- or two-dimensional array of laser 
diodes, fibers, or waveguides) to single or multiple des
tinations. For example, the configuration depicted in 
Figure 1b is readily modified for efficient and stable 
coupling from a multi-mode fiber into a single-mode 
fiber based on mutually-pumped phase conjugation 
(see Fig. 1c).5 
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Optical cavities are used extensively to enhance 
processes that depend on the interaction between 

light and matter due to their strong frequency selectivity 
and sharp dispersion near resonance. Most of the cavities 
that are used in optics have relatively large dimensions 
and modest Qs (<10,000). A new type of optical res
onator, which has been the focus of increased attention 
this year as a possible photonic device, is the spherical 

dielectric microparticle (SDM). 1 - 5 This tiny cavity, with a 
diameter of a few microns to several hundred microns, 
has resonances with reported Qs 6 approaching 1X109. 
The combination of high-Q resonances in a very small 
volume offers new possibilities for photonics devices. 
Applications include lasers, room-temperature hole-
burning memories,7 frequency control and linewidth 
reduction of semiconductor lasers (SCLs),2 and a sensi
tive substrate for immunologic assay.1 Although a variety 
of linear and nonlinear processes have already been 
observed in levitated liquid microdroplets,8 photonic 
applications require the use of solid microspheres 
embedded in a solid host or positioned on a solid sur
face, without significant degradation in Q . 

Recently, we demonstrated a novel mechanism for 
stimulating the resonances of an individual SDM on a 
flat substrate.1 Morphology-dependent resonances 
(MDRs) of individual SDMs were addressed spectrally 
using a single-mode optical fiber (SMF). For this pur
pose we used a half-coupler—a SMF embedded in a flat 
substrate and side polished to form a flat surface close 
enough to its core. Polystyrene SDMs within a liquid 
dielectric were placed on the half-coupler, while a tun
able dye laser was used as a light source. The micros
pheres have the appearance of a "resonance dust" that 
scatters light from the fiber only at particular resonance 
frequencies. Resonance peaks were limited in width by 
the dye laser bandwidth (0.025 nm). The intensity and 
frequency of the various resonance orders were 
explained using the localization principle combined 
with the Generalized Lorenz-Mie Theory (GLMT). 1 

Soon after, another group reported using a similar tech
nique to measure the broadening and shift of the reso
nances of a fused-silica SDM in the presence of a fiber.4,5 

The broad linewidth of the dye laser in our studies pre
vented the observation of sharp resonance features in 
the transmission through the fiber. Sharp transmission 
dips are important for frequency control and linewidth 
quenching of SCLs. In a second experiment 3 we 
demonstrated this effect using a 750 nm distributed-
feedback (DFB) SCL, whose linewidth is 3-5 MHz. This 

Figure 1. Scattered and transmitted light spectra showing the reso
nance peaks and the associated dips in the light transmitted 
through the fiber. The inset shows the sphere placed on the half 
coupler. 
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