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(7) ABSTRACT

A fiber optic module according to the invention includes a
housing, a light source, a positioning device, and an optical
fiber. The housing defines interior and exterior regions of the
module. The housing has a source receiving aperture and a
fiber receiving aperture. Each aperture extends from the
exterior region of the module to the interior region thereof.
The light source is attached to the housing and extends at
least partially into the interior region of the module through
the source receiving aperture. The positioning device is
attached to the housing and extends at least partially into the
interior region of the module through the fiber receiving
aperture. The positioning device has a central axis, an outer
diameter that is substantially equal to the diameter of the
fiber receiving aperture, and a bore extending through at
least a portion thereof. The bore has an axis that is eccentric
with respect to the central axis. The optical fiber is fixedly
coupled to the positioning device and extends at least
partially through the bore.

21 Claims, 14 Drawing Sheets
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APPARATUS AND METHODS FOR MICRO-
POSITIONING AND ALIGNMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Provisional U.S.
Patent Application No. 60/312,913, filed Aug. 16, 2001, the
contents of which are hereby incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The invention is related generally to mechanical micro-
positioning and alignment devices. In preferred
embodiments, the invention provides apparatus and methods
for micro-positioning and alignment of fiber optic cables
using a coaxial positioning device.

BACKGROUND OF THE INVENTION

Fiber optic cables have been developed as a medium to
transfer information within a communication system.
Typically, an optical fiber is linked to a target, such as an
optical transmitter, an optical receiver, another optical fiber,
or the like. A typical optical transmitter includes electronic
circuitry that drives a light source, such as a laser diode. The
laser diode emits a modulated light beam that travels
through the fiber optic cable to an optical receiver, such as
a photodetector.

FIG. 1A is an exploded view, and FIG. 1B is a partial
cut-away view, of a known fiber optic module 10. The
module 10 can include a metallic package housing 14 that
contains a titanium oxide (TO)-can laser diode module 11
having a plurality of electrical contact pins 12 that extend
from the package housing 14. The contact pins 12 can be
soldered to a printed circuit board assembly (not shown),
which can include electronic circuits, such as driver
amplifiers, for example, that are thereby electrically con-
nected to the module 10. The package housing 14 can also
contain a graded-index (GRIN) lens 16.

An optical fiber 18 extends at least partially through a
metallic fiber ferrule 20, which extends through a metallic
weld sleeve 22. The weld sleeve 22 is laser-welded to the
package housing 14 at each of a plurality of spot weld points
24, and to the ferrule 20 at each of a plurality of spot weld
points 26. The laser diode module 11 is laser-welded to the
package housing 14 at each of a plurality of spot weld points
28.

According to Mobarhan, et al., the following laser-
welding process can be used to manufacture the module 10
(see Mobarhan, et al., “Laser Diode Packaging Technology:
Coaxial Module Assembly™). First, the device is loaded onto
a laser welding machine. The laser diode module is then spot
welded to the package housing. Initial light coupling and a
coarse 2-dimensional alignment of the optical fiber to the
laser diode waveguide are then performed. The alignment of
the optical fiber to the laser diode waveguide is then opti-
mized in three dimensions. The optical fiber assembly,
which includes the optical fiber, the fiber ferrule, and the
weld sleeve, is then laser welded to the laser diode module.
The completed module is then unloaded from the laser
welding machine.

In such a technique, however, forces generated by the
laser welding can disrupt the alignment of the laser diode
module and the optical fiber. This disruption occurs because,
as can easily be seen in FIG. 1B, the optical fiber assembly
is free to move with respect to the laser diode module.
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It is well known, however, that accurate alignment of the
optical fiber with the target minimizes optical power losses.
Typically, the fiber is adjusted during the alignment process
by an operator who manually moves the fiber. Such adjust-
ments are typically performed both before and after the fiber
is laser welded to a housing to form a fiber optic module.
Manual adjustment of the fiber requires a certain level of
skill and patience. Additionally, as each second of assembly
time increases the cost of mass producing such a fiber optic
module, it would be desirable to minimize the amount of
time required to align the optical fiber with the target.

Consequently, numerous fiber optic modules have been
developed that package the laser diode and the fiber cable in
a manner whereby the cable is aligned with the diode. By
way of example, U.S. Pat. No. 5,619,609 (“the Pan patent™)
discloses a fiber optic module that includes a clip that is used
to align the fiber with a laser diode. The position of the fiber
is varied until a receiver unit detects a predetermined
amount of optical power that corresponds to an optimal
alignment position of the cable. The fiber is then removed
from the package and the clip is placed on a package
substrate. The fiber is re-inserted into the module and onto
the clip. The fiber is then adjusted until a maximum optical
power is detected to indicate alignment between the fiber
and the laser diode. The clip is then laser welded to the
substrate. The fiber is once again adjusted until it is aligned
with the laser diode. A ferrule is then laser welded to four
corners of the clip. Such an assembly process can require
significant manual intervention and, therefore, can be con-
siderably time-consuming.

As discussed in the Pan patent, the laser welding process
creates local heating and shrinkage that can shift the position
of the ferrule. The power and paths of the laser beams used
to laser weld the ferrule to the clip can be adjusted to fine
tune the position of the fiber optic cable. U.S. Pat. No.
4,747,657 (“the Chaoui patent”) discloses a process for fine
adjustment and alignment of a fiber optic cable subassembly
with an optical device subassembly utilizing the shrinkage
and shifting of the parts during the laser welding process.
Such a technique is sometimes referred to as “laser ham-
mering.”

The subassemblies of the Chaoui patent are initially laser
welded together at two opposite points of adjoining mating
surfaces. Light is transmitted through the fiber and detected
during the alignment process. An additional laser weld is
then created adjacent to one of the initial weld locations. The
shrinkage created by the additional weld spot will further
shift the fiber cable toward the direction of the spot. Light
transmitted through the fiber is then detected to determine
whether there was an increase or decrease in light intensity.
If the light intensity increases, an additional weld spot is
created adjacent to the two previous weld locations. If the
light intensity decreases, a weld spot is created adjacent to
the other initial weld location. This iterative process con-
tinues until the fiber is aligned with the laser diode. This
process, however, is time consuming and ultimately
increases the cost of mass producing fiber modules.

Similarly, U.S. Pat. No. 6,184,987 (“the Jang patent”)
discloses a process for laser welding a ferrule of a fiber optic
cable to a clip of a fiber module. The process can detect and
correct a movement of the fiber optic cable so that the fiber
is aligned with a light source such as a laser diode. The
detection method includes the steps of mechanically moving
the ferrule with an automated device after the laser diode is
welded to the module housing, and then detecting a change
in optical power of a light beam that is transmitted through
the fiber optic cable. The detection can determine a direction





















