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METHOD AND APPARATUS FOR HYBRID RESOLUTION FEEDBACK OF A
MOTION STAGE

Technical Field

[0001] This application claims priority from provisional application No.
61/182,469, filed on May 29, 2009.

[0002] This invention relates to methods and apparatus for obtaining feedback
related to the position of a motion stage in laser processing systems. In
particular it relates to obtaining high-resolution positional feedback from a motion
stage designed to index articles between processing or load/unload positions in
laser processing systems used in the manufacture of electronics. In more
particular it relates to methods and apparatus for obtaining high-resolution
positional feedback from motion stages using coarse and fine resolution
feedback devices in tandem.

Background Information

[0003] High resolution positional feedback is a requirement of many precision
motion systems, in particular motion systems designed to fixture articles for laser
processing systems used in the manufacture of electronics. Laser processing
systems typically are used to remove material from articles, mark the surface or
interior of articles, singulate articles fabricated on a common substrate, or anneal
or otherwise condition the article. Articles can be made of metals, such as

aluminum or steel, glass or glass like materials or various plastics. Articles can
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be substrates such as semiconductor wafers or printed wiring boards, devices
such as integrated circuits or electro-optical devices, assemblies such as
displays or sensors or packaging components such as enclosures.

[0004] Some laser processing systems are constructed with motion stages that
can fixture more than one article at a time in order to increase system
throughput. These systems have motion stages that move articles from positions
where they can be loaded or unloaded, to positions for laser processing, and
possibly positions for other operations such as further laser processing or
inspections. An exemplary laser processing system that performs these
functions is the ESI ML5900 Laser Micromachining System, manufactured by
Electro Scientific Industries, Portland, OR 97229. Fig 1 shows a diagram of a
typical laser processing system such as the ESI ML5900. These systems have to
index articles relatively long distances between positions while maintaining
accuracy which is a small fraction of the distance moved. This motion could be
rotary, linear, such as a continuous belt, or reciprocating. For example, a rotary
stage may move an article the equivalent of several centimeters and require that
the article’s position be known to within several microns at the end of the motion.
This could be accomplished by building the equipment with the requisite
mechanical precision to accomplish this task, but the cost and time to operate
are both high. The approach typically used is to build the mechanical
components to within normal manufacturing tolerances and then instrument the
motion stages with encoders to indicate the position of the stage. Typical
approaches to the problem involve the use of high quality linear or rotary optical
encoders of fine grid pitch or linear interferometers to provide high resolution
feedback throughout the motion systems' travel range. Both solutions are well-
established, however the costs associated with providing such high resolution
feedback throughout the entire travel range is large. Fig 2 shows a typical prior
art rotary stage indexing system.
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[0005] There are no evident industry solutions to position feedback requirements
that combine low resolution-low cost feedback devices with high resolution-high
cost devices. Accordingly, there is a continuing need for a method and
apparatus for obtaining high resolution positional feedback data from motion
stages at costs that are between low resolution-low cost devices and high

resolution/high cost devices.

Summary of the Invention

[0006] Aspects of the instant invention improve laser processing by providing
both low resolution and high resolution positional feedback from a motion stage
that is designed to index between predetermined positions. Aspects of the
instant invention use a low resolution/low cost device to provide coarse location
information from the motion stage as it moves between indexed positions. An
existing laser micromachining system, the ESI ML5900, is adapted to implement
aspects of this invention. The ESI ML5900 has a motion stage which indexes
between positions as it processes articles. “Indexing” refers to motion stages
that have one or more positions within the total range of travel of the stages that
the system returns to repeatedly in the course of processing articles. These
positions may be positions where the articles are loaded or unloaded from the
stage or positions where laser processing or other operations such as
inspections take place. High resolution/high cost feedback devices are applied to
the motion stages in the vicinity of these index positions so that when the low
resolution feedback device indicates that the motion stage is in the vicinity of an
index position, the system can access the position feedback information from a
high resolution feedback device installed in the vicinity of the index position and
thereby have high resolution information regarding the position of the motion
stage without the costs associated with providing high resolution positional
feedback over the entire range of travel of the motion stage.
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Brief Description of the Drawings

[0007]Fig 1. Prior art laser processing system.

[0008]Fig 2. Prior art indexing motion stage.

[0009]Fig 3. Indexing motion stage with hybrid resolution feedback.

Detailed Description of the Preferred Embodiments

[0010] Am embodiment of this invention improves laser processing of articles
with a laser processing system by providing a low resolution positional feedback
device indicate the position of a motion stage throughout its range of travel. This
embodiment directs the motion stage to move to a first position indicated by the
low resolution positional feedback device and further provides a high resolution
positional feedback device in the vicinity of the first position. These
embodiments then directs the motion stage to move to a second position
indicated by the high resolution positional feedback device, thereby providing the
laser processing system with high resolution positional accuracy without requiring
high resolution feedback throughout its range of travel.

[0011] Laser processing systems process articles by positioning them with
respect to a laser beam and then directing the laser beam to emit energy which
impinges the article. Fig 1 shows a typical prior art laser processing system 10
having a laser 12 which emits laser pulses 14. These pulses 14 are shaped by
beam shaping optics 16, which can optionally shape the laser pulses spatial and
temporal distributions from the typical Gaussian distribution pulses emitted by
lasers to form desired spatial distributions such as top hat distributions or desired
pulse temporal distributions such as tailored pulses. The pulses 14 are then re-
directed by beam steering optics 18 which direct the laser beam to desired

locations on the article using galvanometers, fast steering mirrors, deformable
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mirrors, electro-optic devices, or acusto-optic devices to steer the beam. The
laser pulses are the directed through optional field optics 20 to impinge the article
22 which is fixtured on a motion stage 24. The motion of the motion stage 24 is
combined with the steering of the beam steering optics 18 by the controller 26
which coordinates and directs the operations of the laser 12, beam steering
optics 18 and motion stage 24.

[0012] A typical use of a motion system involves accurately positioning parts with
respect to processing station for machining purposes. A particular scenario for
this type of usage is a motion system that comprises a rotary table that has a
finite number of discrete indexing positions. Moving sequentially from one index
position to the next will then position the next part within the processing field.

Fig 2 shows such a rotary indexing table 32, having four fixtures 34, 36, 38, 40
for holding articles attached to the rotary table 32. Fig 2 shows a load/unload
station 42 adjacent to the rotary table 32 which has loaded an article 50 into the
fixture 34. The rotary table 32 then indexes in the direction of the arrow to bring
the fixture 34 and the article 50 adjacent to processing station 44 in the position
formerly occupied by fixture 36 bringing the article 50 into position 52 to be
processed by processing station 44. Subsequent indexes of the rotary table 32
will bring the fixture 34 and article 50 adjacent to processing station 46 placing
the fixture 34 in position 38 and placing the article 50 in position 54. Likewise,
indexing the rotary table 34 again brings the fixture 34 and article 50 into
positions 44 and 56 respectively adjacent to processing station 48. Another
index will bring the fixture 34 and article 50 back into adjacency with the
load/unload station 42, where the processed article 50 can be unloaded and
replaced by a new unprocessed article.

[0013] The rotary table may be replaced by a linear device such as an endless
belt which fixtures articles for processing. In this arrangement the articles may
be loaded at one point, indexed past processing stations and then unloaded at a
separate point. The rotary table may also be replace by a device which supports
reciprocating motion, where the part is loaded at one point, the device moves the

part to one or more processing stations and then returns the part to the
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[0014] An embodiment of this invention is shown in Fig 3. The rotary table 53
having fixtures 55, 57, 59, 60 for holding an article 70 adjacent to load/unload
station 62 and subsequent processing stations 64, 66, 68 as the rotary table 53
indexes in the direction of the arrow. This embodiment is adapted according to
the instant invention by the addition a low or coarse resolution position feedback
sensor 72 and high or fine resolution scales 74, 76, 78 and 80 applied to the
rotary table 53 along with scanning heads 82, 84, 86 and 88 applied adjacent to
the processing stations. For example, when the laser processing system (not
shown) directs the rotary table 53 to index to place the fixture 55 and article 70
adjacent to processing station 64 according to information received from the low
resolution position sensor 72, high resolution scale 74 will be brought into
proximity with scanning head 84, thereby forming a high resolution position
sensor, which then communicates high resolution positional information
regarding the location of the rotary table 53 and hence the fixture 55 and article

70 with respect to the adjacent processing station 64.
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[0015] The high resolution information received by the laser processing system
may be used to correct the position of the article with respect to the laser
processing system by instructing the motion stage to move or the information
may be used to alter the path of the laser beam used to process the article
electro-optically to compensate for the position of the article. In this embodiment
the low resolution sensor may be a shaft encoder with a resolution of a few
milliradians while the high resolution sensor may comprise a glass scale and an
electro-optic scanning head with a resolution of a few microns.

[0016] The foregoing is presented in an exemplary fashion and other means of
implementing this invention may be available which do not depart from the intent
or meaning of this patent. We therefore request that the scope of this invention
be only determined by the following claims:
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We claim:

1. An improved method for laser processing articles with a laser processing
system, said laser processing system having a motion stage, comprising:

providing a low resolution positional feedback device operatively
connected to said motion stage to indicate the position of said motion stage in a
first vicinity including a first position of the motion stages;

directing said motion stages to move to said first position indicated by said
low resolution positional feedback device;

providing a high resolution positional feedback device operatively
connected to said motion stage to indicate a second position of said motion stage
in a second vicinity including said first position; and

communicating said second position indicated by said high resolution

positional feedback device to said laser processing system.

2. The improved method of claim 1 wherein said laser processing system
directs said motion stage to move to a third position indicated by said high
resolution positional feedback device based on said communicated second
position.

3. An improved laser processing system for laser processing articles having a

motion stage, the improvements comprising:

a low resolution positional feedback device operatively connected to said
motion stage to indicate a first position of said motion stage; and
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a high resolution positional feedback device operatively connected to said
motion stage in the vicinity of said first position to indicate a second position of
said motion stage.

4. An improved method for laser processing articles with a laser processing
system, said laser processing system having a laser, a laser beam, laser beam

steering optics, a controller and a motion stage, the improvements comprising:

providing a low resolution positional feedback device to indicate the
position of said motion stage in a first vicinity including a first position of the

motion stage;

directing said motion stages to move to a first position indicated by said

low resolution positional feedback device;

providing a high resolution positional feedback device operatively
connected to said motion stage to indicate a second position of said motion stage

in a second vicinity of said first position; and

communicating said second position indicated by said high resolution
positional feedback device to said controller.

5. The improved method of claim 4 wherein said controller directs said
motion stages to move to a third position indicated by said high resolution
positional feedback device based on said communicated second position.

6. The improved method of claim 4 wherein said controller directs said laser
beam steering optics to steer said laser beam based on said communicated
second position.
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Prior Art
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Fig 2
Prior Art
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