
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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Excitation of Morphology 
Dependent Resonances of 
Microspherical Cavities Using 
Optical Fibers 
Giora Griffel, Stephen Arnold, Dogan Taskent, 
Microparticle Photophysics and Photonics 
Laboratories, Polytechnic University, Brooklyn, N.Y., 
Ali Serpengüzel, Bilkent University, Ankara, Turkey, 
and John Connolly and Nancy Morris, David Sarnoff 
Research Center, Princeton, N.J. 

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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narrow linewidth enables us to couple out a substantial 
fraction of the source light at resonance. 

Figure 1 shows typical scattering and transmission 
spectra covering one free spectral range, taken by cur
rent-tuning the DFB, and polarization selecting the 
scattering associated with TE modes. The sphere was 
embedded in a dielectric liquid that index matched the 
surface of the fiber coupler. A round-trip formulation 
was applied to derive expressions for the scattering and 
transmission functions. Using this model, the Q factor 
of the composite system is 

where Q 0 is the quality factor of the sphere far from the 
surface of the coupler and Qf is controlled by the fiber-
particle interaction. We find that 

Here |t|2 is the fraction of power from the fiber 
which is coupled into the sphere in a single pass and X 
is the optical size of the particle, i.e., circumfer
ence/wavelength in the sphere. 

Our studies show that we can independently couple 
to individual microspheres within clusters, on the sur
face of the half-coupler.1 At this point it is not difficult 
to imagine coupling to one of many particles by this 
scheme. If so, wavelength spectra, i.e., scattering or 
transmission, may be used to obtain particle size distri
bution with unprecedented precision. 
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Small-Bore Hollow-Glass 
Waveguides for Broadband, 
Infrared Transmission 
James A. Harrington and Yuji Matsuura, Rutgers 
University, Piscataway, N.J. 

A new class of hollow glass waveguides has been 
developed for the delivery of both broadband and 

infrared laser energy.1 These hollow waveguides have 
the advantages of high power thresholds, low insertion 
loss, no end reflection, ruggedness, and small beam 
divergence. While these waveguides were initially devel
oped for C O 2 laser power delivery, they are today one of 
the most attractive alternatives for the transmission of 
infrared radiation for broadband spectroscopic and 
radiometric fiber sensors as well as for laser power 
delivery in surgical and industrial applications.2 

The hollow-core guides developed are fabricated by 
first depositing, using a liquid-phase chemistry tech
nique, a metallic layer of silver on the inside of silica glass 
tubing. Then a dielectric layer of Agl, with the correct 
optical thickness, is formed over the silver to enhance the 
reflectivity of the guide. Using this approach we have 
been able to make hollow silica waveguides with straight 
losses as low as 0.1 dB/m at 10.6 µm. 1 These structures 
are very simple in design, quite flexible, and provide a 
very smooth inner surface in the silica tubing which 
reduces scattering losses and low-order mode 
generation.3 We have made guides from silica tubing 
protected with an outer polymer coating in bore sizes 
ranging from 250 to 1,300 µm and in lengths up to 11 m. 

The attenuation coefficient, α, in hollow waveguides 
depends on the bore size, a, and the bending radius, R; 
specifically, α ~ 1/a3 and α ~ 1/R. In the figure we show 
the straight loss for four bore sizes at the key C O 2 laser 
wavelength of 10.6 µm. 1 Also included with the mea
sured loss data is the theoretical calculation of the loss
es expected for the lowest order HE11 mode of the 
Agl/Ag structure with a film thickness optimized to 

Figure 1. Hollow glass waveguide loss measured at CO 2 laser wave
lengths for four smallest bore sizes. 
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