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(7) ABSTRACT

A process for assembling micro-optical systems, such as
optoelectronic and/or fiber optic components uses solder
self-alignment to achieve a coarse, passive alignment of
optical components relative to the optical bench. The fine,
final alignment is performed using plastic deformation of the
optical components to thereby improve the alignment of the
optical components. As a result, the sub-micrometer align-
ment accuracies are attainable, if required.
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MANUFACTURING SYSTEM USING SOLDER
SELF-ALIGNMENT WITH OPTICAL COMPONENT
DEFORMATION FINE ALIGNMENT

RELATED APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 09/802,731, filed Mar. 8, 2001,
by Walid A. Atia, Steven D. Conover, Eric E. Fitch Sean P.
O’Connor and Randal A. Murdza, entitled MANUFAC-
TURING SYSTEM USING SOLDER SELF-ALIGN-
MENT WITH OPTICAL COMPONENT DEFORMATION
FINE ALIGNMENT. The teachings of this application are
incorporated herein in their entirety by this reference.

BACKGROUND OF THE INVENTION

[0002] Solder self-alignment is a technique for aligning
devices, such as semiconductor chips, to carriers, such as
packages. Solder is predeposited on the carriers typically to
lithographic precision to form bond pads. The devices are
placed on bond pads to form a precursor structure, which is
then placed in a solder reflow oven where the solder pads are
heated to a liquidous state. The resulting surface tension in
the liquid solder pulls the devices into alignment with the
bond pads and thus the carriers.

[0003] Solder self-alignment has also been used in opto-
electronic device manufacture. In these applications, optical
components, such as an active device, e.g., laser chip, or
passive devices, e.g., lenses or filters, are placed on bond
pads, which have been predeposited on optical benches or
submounts. Then, these precursor structures are placed in a
solder reflow oven where the solder is heated to a liquidous
state. The optical components are then pulled into alignment
by surface tension on the optical benches.

SUMMARY OF THE INVENTION

[0004] With well-characterized processes, optical compo-
nent alignment using solder self-alignment techniques is
effective to align the optical components relative to the
benches to accuracies of about 10 micrometers (um). As a
result, it competes with other passive alignment processes,
such as registration features and/or installation by pick-and-
place machines, in high volume manufacturing processes.
The advantage is that it can be implemented quickly using
manual placement of the optical components on the solder
pads.

[0005] The problem with solder self-alignment, however,
is its alignment accuracy limitation. Many carrier-class fiber
optic components require alignment accuracy of a few
micrometers to sub-micrometer accuracy. Existing solder
alignment processes generally cannot achieve such toler-
ances.

[0006] The present invention is directed to a process for
assembling micro-optical systems, such as optoelectronic
and/or fiber optic components. It uses solder self-alignment
to achieve a coarse, passive alignment of optical compo-
nents relative to the optical bench. The fine, final alignment,
however, is performed using plastic deformation of the
optical components to thereby improve the alignment of the
optical components. As a result, alignment accuracies of a
few micrometers to sub-micrometer are attainable, if
required.
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[0007] In general, according to one aspect, the invention
features a process for assembling micro-optical systems.
This process comprises depositing pads at locations on
optical benches determined by intended engagement points
between optical components and the optical benches. The
optical components are then placed on these solder pads. A
solder reflow process is then performed to join the optical
components to the optical benches using the solder pads.
During this process, self-alignment of the optical compo-
nents is allowed using the solder surface tension. Finally,
according to the invention, after solidification of the solder,
the alignment of the optical components is improved by
plastically deforming the components on the benches.

[0008] In typical applications, the solder reflow process
results in the positioning of the optical components to
accuracies of between 2 and 10 micrometers. Then, the final
step of improving the alignment using plastic deformation
results in the alignment of the components to about 1
micrometer or better.

[0009] In one implementation, the plastic deformation is
performed in an active alignment process. Specifically,
optical signals are directed to the optical component and the
optical components deformed in response to the optical
signals after interaction with the optical components.

[0010] In another implementation, the step of plastically
deforming the optical components comprises deforming the
optical components in response to metrology data describing
in the positions of the optical components relative to the
benches and also so in response to the desired positions of
the optical components.

[0011] To facilitate the solder attachment process, in some
embodiments, solder or metal pads are predeposited on feet
of the optical components. Alternatively, or in addition,
solder preforms can be further placed between the optical
components and the solder pads of the benches.

[0012] In one example, the optical components are placed
on the solder pads manually. Vacuum wands are preferably
used to manipulate the small optical components.

[0013] In alternative processes, pick-and-place machines
are used, such as flip chip bonders, to place the optical
components on the benches.

[0014] Further, lateral registration features are helpful in
some implementations to facilitate the initial placement of
the optical components on the pads. Registration features
can also be further used to control the subsequent self-
alignment process. These registration features are formed on
the bench surface in one implementation. Alternatively,
separate templates are used.

[0015] In some implementations, magnetic fixturing is
used at least after the placement of the optical components
on the optical bench to hold the optical components on the
optical bench. This is typically accomplished by providing
optical components that include mounting structures that are
made from a ferromagnetic material, such as nickel or iron.
A magnetic field is oriented at least partially orthogonal to
the bench in a downward direction toward the bench.

[0016] In general, according to another aspect, the inven-
tion also features an unpopulated bench precursor structure.
This structure comprises a bench. Typically, the benches are
manufactured from a temperature stable substance such as
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silicon or beryllium nitride, or aluminum nitride. The pads
are predeposited on the bench at locations determined by
desired engagement points between the optical components
and the optical bench. Registration features are further
provided on the bench in or near the solder pads for
supporting the optical components at a predetermined posi-
tion vertically on the bench.

[0017] The above and other features of the invention
including various novel details of construction and combi-
nations of parts, and other advantages, will now be more
particularly described with reference to the accompanying
drawings and pointed out in the claims. It will be understood
that the particular method and device embodying the inven-
tion are shown by way of illustration and not as a limitation
of the invention. The principles and features of this inven-
tion may be employed in various and numerous embodi-
ments without departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the accompanying drawings, reference charac-
ters refer to the same parts throughout the different views.
The drawings are not necessarily to scale; emphasis has
instead been placed upon illustrating the principles of the
invention. Of the drawings:

[0019] FIG. 1 is a flow diagram illustrating one manufac-
turing process using solder self-alignment with optical com-
ponent deformation fine alignment, according to the present
invention;

[0020] FIG. 2A is a perspective view showing an unpopu-
lated optical bench with predeposited pads forming an
unpopulated optical bench precursor structure with the opti-
cal components schematically shown ready for installation
or placement on the pads of the bench, according to the
present invention;

[0021] FIG. 2B is a perspective view of a bench template
according to the present invention;

[0022] FIG. 3 is a perspective view showing the populated
optical bench;

[0023] FIG. 4 is a detailed perspective view showing the
interaction between the bench spacers and optical compo-
nents after solder reflow; and

[0024] FIG. 5 shows the fine alignment process in which
the optical components are plastically deformed to thereby
improve the alignment of the system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] FIG. 1 is a flow diagram illustrating an optical
system manufacturing process embodying the principles of
the present invention.

[0026] Specifically, two preassembly or subassembly
steps are typically performed, according to the present
implementation.

[0027] First, optical components are assembled from opti-
cal mounting structures and optical elements in step 110 as
required. This component level assembly is avoided in some
implementations, however, by monolithic fabrication of the
components.
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[0028] Further, metal or other material is deposited on the
targeted optical bench in step 112 to form the bond pads.

[0029] In some embodiments, the bond pad is defined by
a gold layer. For some optical benches, actually a multi layer
structure is used, such as a titanium or chromium adhesion
is layer, a nickel or platinum barrier layer, and a gold layer.
This gold layer defines the bond pad.

[0030] Solder preforms are then placed on the defined pad.
Generally, PbSnAu, AuSn, InPbAg, or InPdAu solders are
currently used. Alternatively, predeposited solder is used,
but typically organic binder materials are included in these
solders. These organics are not desirable in optoelectronic
applications.

[0031] Reactive solders that are directly deposited on the
bench to form the bond pads are still another option.

[0032] FIG. 2A illustrates the result of the subassembly
step.

[0033] In the exemplary optical subsystem 10, the optical
components are divided into two classes: 1) high precision
alignment components 25; 2) and low precision alignment
components 35.

[0034] For the low precision components 35, alignment is
less critical. Examples include detectors d, WDM filters f,
etalons e, isolators i, and fold mirrors m.

[0035] The high precision components 25 require addi-
tional alignment beyond that available using only solder
self-alignment. Examples of these components include
lenses 1, fiber endfaces fe, and micro electromechanical
systems (MEMS) devices such tunable filters tf.

[0036] In the illustrated example, the high precision com-
ponents 25 each comprise an optical component mounting
structure 12 and an optical element 14. In one example, the
optical component mounting structures are manufactured
using the LIGA process. LIGA is a German acronym that
stands for lithography, plating, and molding. Currently, the
optical elements 14 include lenses, which are manufactured
using an etching and/or mass transport processes in gallium
phosphide or silicon, and MEMS devices. Preferably, the
optical elements 14 are solder bonded to the respective
mounting structures 12. Although in other implementations,
the components are monolithically formed using, for
example, deep RIE and metal deposition.

[0037] In some implementations, the mounting structures
or at least their feet are coated to facilitate the solder bonding
process. In one example, they are gold coated. Solder can
also be predeposited onto the feet of the mounting structures.

[0038] For the bench preassembly step 112, solder or
metal material is deposited on the optical bench 5 to thereby
form the bond pads 40 on an unpopulated optical bench
precursor structure. These pads 40 are deposited on the
bench at locations determined by the desired engagement
points between the optical components 25, 35 and the optical
bench 5.

[0039] In one embodiment, spacers 42 are further pro-
vided on the bench 5, in or near the solder pads 40 for
supporting the optical components 25, 35 at predetermined
positions vertically relative to the bench. This further con-
fines the movement and alignment of the optical components
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in the vertical dimension, with the lateral dimensions being
determined by the surface tension during the reflow process
as detailed below.

[0040] Referring back to FIG. 1, in the placement step
114, the optical components are placed on the optical bench,
as illustrated in FIG. 2 by the arrows.

[0041] In one embodiment, the optical components are
placed manually on the solder pads using, for example,
vacuum wands.

[0042] In an alternative embodiment, the optical compo-
nents are placed on the solder pads using a pick-and-place
machine. Flip chip bonders are capable for the required
precision placement. In one example, the optical compo-
nents 25 are tack bonded to the bond pads of the optical
bench.

[0043] In one implementation, a permanent magnet or
electromagnet 60 is used to hold the components 25, 35 on
the bench 5 after placement. The magnet 60 is oriented so
that the magnetic field is orthogonal to the benches top
surface or has a vector component in that direction.

[0044] FIG. 2B illustrates a placement jig or template 70
that is used to facilitate the placement of the optical com-
ponents on the bench 5. Specifically, the template 70 is
aligned over the bench 5. The template 70 has through-holes
or registration features 72 into which the optical component
are inserted so that they are aligned over the bond pads on
the bench 5. The jig 70 can be manufactured from graphite
or silicon.

[0045] FIG. 3 illustrates the result of the placement step
114, with the optical bench § having received the optical
components 25, 35.

[0046] Referring back to FIG. 1, after the placement step,
the bench with optical components is placed in a solder
reflow oven or other reflow device. Ovens are useful because
they create the optimum solder reflow environments in
which the solder is raised to a liquidous temperature in an
forming gas atmosphere so that the components are simul-
taneously bonded to the optical bench while the solder
surface tension pulls the optical components into alignment
relative to the solder pads. Typically, this can align the
optical components on the optical benches to accuracies of
2 to 10 micrometers.

[0047] FIG. 4 illustrates the result of the reflow process in
which the various optical components 25, 35 are solder
bonded to the bench 5. This detailed view further illustrates
the operation of the spacers 42. Specifically spacers 42
function to act is stand-offs between the bench § and the
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mounting structures 12 so that they are fixed at a predeter-
mined height above the bench even after solidification, i.e.,
shrinkage, of the solder in the bond pads 40.

[0048] Finally, in step 118, active and/or passive fine
alignment is performed by plastic deformation of the high
precision optical components 25.

[0049] This is illustrated in FIG. 5. In the illustrated
example, jaws J1, J2 of an alignment system engage the
individual optical components 25 and plastically deform the
mounting structures 12 of the optical components to
improve their alignment relative to the optical system 10.

[0050] As also illustrated by FIG. 5, this alignment can be
an active alignment process where an optical signal genera-
tor 210 is used to generate an optical signal that interacts
with the optical element (lens) 14 of the optical component
25. The alignment is then performed relative to the optical
signal after interaction with the optical component.

[0051] In an alternative implementation, metrology data
are collected which indicates the actual positions of the
optical components 25 on the optical bench 5. The alignment
system then plastically deforms the optical components 25
relative to this metrology data and additional data that
dictate the desired positions of the optical components
relative to the optical benches and/or relative to other optical
components.

[0052] While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

What is claimed is:
1. An unpopulated optical bench precursor structure com-
prising:

a bench;

solder pads deposited on the bench at locations deter-
mined by engagement points between optical compo-
nents and the optical bench; and

spacers on the bench and in or near the solder pads for
supporting the optical components at a predetermined
position vertically on the bench.
2. An unpopulated optical bench precursor structure as
claimed in claim 1, further comprising a template for facili-
tating the placement of optical components on the bench.
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