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RARE-EARTH DOPED PHOSPHATE-GLASS
LASERS AND ASSOCIATED METHODS

RELATED APPLICATIONS

This application is related to U.S. patent application Ser.
No. 09/490,733, entitled METHOD AND APPARATUS
FOR CLOSED-CRUCIBLE  PROCESSING OF
WAVEGUIDE OPTICS filed on even date herewith and U.S.
patent application Ser. No. 09/490,730, entitled METHOD
AND APPARATUS FOR WAVEGUIDE OPTICS AND
DEVICES filed on even date herewith, each of which are
incorporated by reference.

This application claims the benefit under 35 U.S.C. 119(¢)
of U.S. Provisional Application Ser. No. 60/117,477 filed
Jan. 27, 1999 and to Provisional Application Ser. No.
60/162,458 filed Oct. 29, 1999, both of which are incorpo-
rated by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

Certain aspects of these inventions were developed with
support from NIST (National Institute for Standards and
Technology). The U.S. Government may have rights in
certain of these inventions.

FIELD OF THE INVENTION

This invention relates to the field of optics and lasers, and
more specifically to a method and apparatus for pumping
optical waveguide lasers formed on a glass substrate.

BACKGROUND OF THE INVENTION

The telecommunications industry commonly uses optical
fibers to transmit large amounts of data in a short time. One
common light source for optical-fiber communications sys-
tems is a laser formed using erbium-doped glass. One such
system uses erbium-doped glass fibers to form a laser that
emits at a wavelength of about 1.536 micrometer and is
pumped by an infrared source operating at a wavelength of
about 0.98 micrometer. One method usable for forming
waveguides in a substrate is described in U.S. Pat. No.
5,080,503 issued Jan. 14, 1992 to Najafi et al., which is
hereby incorporated by reference. A phosphate glass useful
in lasers is described in U.S. Pat. No. 5,334,559 issued Aug.
2, 1994 to Joseph S. Hayden, which is also hereby incor-
porated by reference. An integrated optic laser is described
in U.S. Pat. No. 5,491,708 issued Feb. 13, 1996 to Malone
et al., which is also hereby incorporated by reference.

There is a need in the art for an integrated optical system,
including one or more high-powered lasers along with
routing and other components, that can be inexpensively
mass-produced. The system should be highly reproducible,
accurate, and stable.

SUMMARY OF THE INVENTION

The present invention is embodied by a laser component
that includes a glass substrate doped with one or more
optically active lanthanide species and having a plurality of
waveguides defined by channels within the substrate. (As
used herein, a “channel within the substrate” is meant to
broadly include any channel formed on or in the substrate,
whether or not covered by another structure or layer of
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substrate.) Each substrate waveguide (or “channel”) is
defined within the substrate as a region of increased index of
refraction relative to the substrate. The glass substrate is
doped with one or more optically active lanthanide species
which can be optically pumped (typically a rare-carth ele-
ment such as Er, Yb, Nd, or Pr or a combination of such
elements such as Er and Yb) to form a laser medium which
is capable of lasing at a plurality of frequencies. Mirrors or
distributed Bragg reflection gratings may be located along
the length of a waveguide for providing feedback to create
a laser-resonator cavity. One or more of the mirrors or
reflection gratings is made partially reflective for providing
laser output.

The laser component may constitute a monolithic array of
individual waveguides in which the waveguides of the array
form laser resonator cavities with differing resonance char-
acteristics (e.g., resonating at differing wavelengths). The
component may thus be used as part of a laser system
outputting laser light at a plurality of selected wavelengths.
In certain embodiments of the invention, the resonance
characteristics of a waveguide cavity are varied by adjusting
the width of the channel formed in the substrate which
thereby changes the effective refractive index of the
waveguide. The effective refractive index can also be
changed by modifying the diffusion conditions under which
the waveguides are formed as described below. A diffraction
Bragg reflector (DBR) grating formed into or close to the
waveguide is used, in some embodiments, to tune the
wavelength of light supported in the waveguide cavity.
Changing the effective refractive index thus changes the
effective wavelength of light in the waveguide cavity which
determines the wavelengths of the longitudinal modes sup-
ported by the cavity. In another embodiment, the resonance
characteristics of the waveguide cavities are individually
selected by varying the pitch of the DBR reflection gratings
used to define the cavities which, along with the effective
refractive index for the propagated optical mode, determines
the wavelengths of light reflected by the gratings. In still
other embodiments, the location of the gratings on the
waveguide is varied in order to select a laser-resonator
cavity length that supports the desired wavelength of light.

In some embodiments, the laser element is constructed
from a glass substrate which is a phosphate alkali glass
doped with a rare-earth element such as Er or Yb/Er. The
channels defining the waveguides are created by exposing a
surface of the substrate to an ion-exchange solvent through
a mask layer having a plurality of line apertures correspond-
ing to the channels which are to be formed. The ion
exchange may be carried out through an aluminum mask
layer in an aluminum or borosilicate glass crucible using
molten potassium nitrate as a solvent. Lessened etching of
the substrate by the ion-exchange melt has been found to
occur in some embodiments that use a tightly sealed alumi-
num crucible having a graphite gasket between opposing
flanges that are tightly bolted together, and having two
reservoirs, one for holding the salt melt away from the glass
wafers during heating (and later cooling) and another res-
ervoir for holding the salt melt in contact with the glass
wafers during ion-exchange processing. In other embodi-
ments, a borosilicate crucible is used and if the potassium
nitrate is pre-baked at a temperature of at least 120 degrees
C. for 2448 hours in an inert argon atmosphere. In other
embodiments, the crucible is placed inside a fully enclosed
chamber during the ion-exchange process, with the chamber
filled with an inert atmosphere. Carrying out the ion-ex-
change process in an enclosed chamber has been found to
lessen surface etching due to oxidation reactions. The



