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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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give the lowest loss at 10.6 µm. We note the excellent 
agreement between theory and experiment at this 
wavelength. In particular, the data indicate that not 
only is the measured loss for this structure as low as 
possible but also that these guides are essentially single 
mode. This means that the light output may be reim
aged to a small spot size—an important feature for 
many surgical and industrial applications which require 
preservation of the laser beam profile. 

The most important applications for these wave
guides are for short-haul (< 10 m) sensor and power 
delivery. We have used the guides for gas sensing by fill
ing the hollow core with gas, blackbody temperature 
measurement, and the transmission of laser radiation 
in a laser threat-warning receiver. As a power delivery 
waveguide, the device has delivered as high as 1010 W 
of C O 2 laser radiation from a 700 µm-bore guide 
equipped with an external water-cooling jacket and 
10 W of Er:YAG laser power. In general, these hollow 
guides are flexible, robust, and inexpensive to fabricate, 
and, therefore, they should be useful in many sensor 
and power delivery applications.2 
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Observation of Two 
Dimensional Spatial Solitary 
Waves in a Quadratic Medium 
William E. Torruellas, Lluis Torner, Zuo Wang, David 
J. Hagan, Eric W. Van Stryland, George I. 
Stegeman, CREOL, University of Central Florida, 
Orlando, Fla. and Curtis R. Menyuk, University of 
Maryland, Baltimore, Md. 

Using intense fields, newly developed second order 
materials, such as KTP, which show a quadratic 

response with the optical field, can produce large phase 
distortions.1 Such effects are more commonly associat
ed with an ultrafast change in the refractive index fol
lowing the intensity of light. In a few materials with 
large second order response such as KTP, the coupling 
(energy exchange) between the fundamental and sec
ond harmonic fields can be the dominant process 
inducing large phase front distortions. 

Under the appropriate phase matching conditions 
one can induce a positive lens. The question arises, 
"Can such a lens compensate for the natural diffraction 
of light?" The answer to such a question was first pro

vided in 1976.2 Indeed the optical Kerr effect under the 
so-called paraxial regime is known to exhibit unstable 
behavior and, in general, produce catastrophic self-
focusing effects. Because the nonlinear phase change in 
a quadratic process, such as second harmonic genera
tion, can, in the strong coupling regime, follow the 
amplitude and not the intensity of the fundamental 
optical field, stable multidimensional solitary waves 
(soliton-like) can be predicted to occur in state-of-the-
art quadratic bulk crystals.3,4 

We have recently demonstrated experimentally that 
solitary waves can occur in KTP, a widely commercially 
available second order material.5 The experiment con
sisted of focusing 30 psec (FWHM) Nd:YAG laser pulses 
onto a spot with a radius of approximately 20 µm, cor
responding to five diffraction lengths in the 1 cm long 
crystal. Near the phase matching condition, the energy 
exchange between the fundamental and second har
monic fields was large enough to induce a phase distor
tion which locked, both the fundamental and second 
harmonic beams in space, defeating diffraction and spa
tial walk-off induced by the natural birefringence of the 
material. The latter process, "solitary-wave-locking," was 
present under a wide range of experimentally achievable 
parameters. For instance, the phase mismatch between 
the input fields was varied between -5π and +5π, the 
input fundamental intensity was varied over one order 
of magnitude, and the process could also be seeded with 
an input second harmonic beam. In all cases "solitary-
wave-locking" was achieved. The accompanying figure 
shows that at low input intensities diffraction dominates 
and the peak intensity diffuses with distance. However, 
as the intensity reaches a given threshold, the nonlinear 
length exceeds the diffraction length, the crystal is then 
long enough to back-convert the appropriate portion of 

Figure 1. The numerical evolution of the fundamental beam below 
and above the 2-D "solitary-wave-locking" threshold. The 3-D plots 
are experimentally measured beam profiles while the solid curves 
represent our numerical simulations of the process. 
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