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(57) Abstract: A method and apparatus reduces undesirable glints (6, 302) in an optical position alignment sensor (200) designed
to orient components (303, 304). Collimated light is provided onto the component (303, 304). A filter (306) is positioned behind
the components (303, 304) and is used to block glint (6, 302) generated by the components (303, 304). The filter (306) is tunable by

rotating it about an axis in the plane of the component (303, 304).
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ANGLE REJECTION FILTER

. BACKGROUND OF THE INVENTION

The present invention relates generally to

an optical position alignment sensor for aligning
electronic components, which sensor is used in the
electronic component placement industry. Machines of
the type used in the electronic component placement
industry are sometimes called pick and place machines.

Electronic shadowing techniques incorporated
in optical-based sensors are in widespread use today
in pick and place machines for mounting electronic
components on printed circuit boards. ©One of the more
commonly used position alignment sensors is
manufactured by CyberOptics Corporation in Golden
Valley, Minnesota and is sold as a LaserAlign®
component alignment sensor. This sensor uses a light
source focused into a stripe of light, which is
typically incident on the side of an electronic
component, thereby forming a shadow which is cast onto
a detector. . When the electronic component is rotated
(by a nozzle controlled in x, y and z direction by the
pick and place machine), the shadow cast on the

detector changes in width.

PCT/US02/25159
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The orientation process is generally carried
out while the pick and place machine is transporting
the component to a target printed circuit for
placement. When the orientation process is carried
out simultaneously with the transport of the
component, the orientation process is sometimes
referred to as an "on-head" or an "on-the-fly"
measurement. Conversely, "off-head" measurements are
made when the sensor is not affixed to the pick and
place head but rather, is stationary relative to the
head.

Current techniques are susceptible to error
caused by glint. This occurs where illumination
falling on a portion of the component is reflected
onto the detector. This condition can lead to
erroneous data and improper detection. One of the
problems typically not addressed by the prior art is a
position alignment sensor for aligning at least two
components which prevents undesirable glints (i.e.,
reflections), both large and small angle, from
interfering with accurately orienting either of the
components.

SUMMARY OF THE INVENTION
A method of controlling glint in a position

alignment sensor which aligns a component is provided.

The method includes providing a stripe of light
directed toward the components. The components block
the light to cast shadows of the outline of the
components. Some of the light is specularly reflected
from the component to provide a glint. The light is
then passed through a filter. The filter rejects the
glint. The rejection of the filter is tuned by
rotating the filter about an axis in the plane of the
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component. A detector is positioned beyond the filter
to detect the shadows. Such a filter can be realized
with a dielectric coating.

Another aspect of the invention is a
position alignment sensor adapted to align components.
The sensor includes a housing that accepts at least
one component. A light source is located in a source
plane for shining light on the component.

Furthermore, the light is oriented substantially
perpendicular to a central axis of each of the
components so that the components block the light to
form a shadow image. A glint.specularly reflects off
the component. A filter receives the light and allows
the light to pass while rejecting the glint. The
filter is tunable by rotating it about an axis in the
plane of the component. A detector is positioned
behind the filter.

‘ In another aspect of the invention, two
types of undesireable glints (small and large angle
glints) are effectively flitered in an optical
position alignment sensor and method designed to
orient at least two components. The method includes
shining a plurality of rays of light onto the
components, the rays directed generally
perpendicularly to a central axis of each of the
components where each of the components clock the rays
to cast a shadow of the outline of the components.
Some of the rays of light are specularly reflected
from one of the components to provide a large-angle
glint, which is the first type of flint reduces by the
present invention. The method then passes the rays of
light through an optic with positive power so as to
focus the two shadows at a focal point, the optic

PCT/US02/25159



WO 03/026375 PCT/US02/25159

10

15

20

25

30

-4 -

focuses an image of the shadows at a component plane
located behind the focal point. An aperture is
positioned substantially at the focal point and an
opening in the aperture is positioned to allow the
rays of light to pass therethrough except for the
large-angle glint. The combination of the positive
optic and the aperture prevents the large angle glint
from reaching the detector. A detector is positioned
in front of the component plane and a plane of the
detector is positioned parallel to the plane of the
optics, so that an unfocused image of the shadow falls
on the detector. Additional software to differentiate
between areas of differing intensities and the shapes
of such areas, is needed to discern the glint from the
shadow. The placement of the detector in front of the
component place reduces the effect of the small angle
glint of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a source of light, two

components, a detector with a glint specularly

reflected off of one component.

FIG. 2 shows a pick and place machine which
includes a sensor of the present invention.

FIG. 3 shows an embodiment of the present
invention, including a source of light, a collimating
optic, two components, a filter and a detector.

FIG. 4 shows a further embodiment of the
present invention in a sensor hbusing suitable for
mounting in a pick and place machine.

FIG. 5 shows the embodiment in FIG. 4 in a
perspective drawing.

FIG. 6 is another embodiment of the

invention, including a source of light and two
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components, a positive optic, an aperture, a
collimating optic and a detector, where the plane of
the detector is in front of the images of the shadows
from the components.
DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS
FIG. 1 illustrates the problem of glint

which the present invention solves. Although
embodiments of the present invention will be described
with respect to two or more components, such
description is provided in order to more clearly
describe typically situations where glint occurs.
However, those skilled in the art will recognize that
embodiments of the present invention are certainly
applicable to glint reduction for aligning even a
single component. FIG. 1 shows a source of light 4,
with rays of light incident on components 1 and 2.
Each component is held in place in a sensor by a
nozzle (not shown) of a pick and place machine (not
shown). In the illustration, one of the rays of light
specularly reflects off the edge of component 2,
causing an undesirable glint 6. Components 1 and 2
each cast a shadow image 8, 10 onto a plane of a CCD

" detector 12. Detector 12 outputs to a set of

electronics (not shown) which isolate the edges of the
shadows cast onto detector 12 and send signals to
motor control circuitry for the pick and place
machine. The glint falls onto that portion of the
detector which is receiving the shadow cast from
component 1, thereby erroneously adding to the light
detected by detector 12 and attributed to component 1.
If the glint is located toward the outline of the
shadow cast on detector 12, the electronics in the

sensor may improperly assess the outline of the
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shadow, resulting in an incorrect assessment of the
relative position of component 1.

A multi-nozzle pick and place machine, shown
generally at 201 in FIG. 2, has a conveyor system (not
shown) for transporting a printed circuit board 202
into a working area. Pick and place machine 201
includes an x and y motor drive assembly at 204 for
moving a vacuum head 206 independently in the x and y
directions. Attached to head 206 are multiple vacuum
nozzles 208,210,212 for releasably holding three
components. Head 206 picks up each of the three
components at trays (not shown) and while the head is
transporting the components to PC board 202, a multi-
nozzle alignment sensor of the present invention 200
senses the x,y and theta orientation of the
components.

The pick and place machine 201 is an on-head
pick and place machine, since sensor 200 senses the
X,y and theta orientation of the components while head
206 transports the components to board 202. Other
types of pick and place machines are equally adaptable
for use with the present method and apparatus of the
present invention, such as off-head pick and place
machines, turret style pick and place machines or pick
and place machines which have different gantry systems
for moving the head in x or y directions.

FIG. 3 shows an embodiment of the present
invention in a sensor 300 which blocks glint 302 with
a combination of collimating lens 301 and filter 306.
The sensor 300 of the present invention is secured
onto a pick and place machine of any appropriate type,
one type shown in FIG. 3. This embodiment of the

present invention includes collimating lens 301
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situated between light source 308 and components 303
and 304. Filter 306 is situated between components
303, 304 and detector 310. Light source 308 shines
light on collimating lens 301. Collimated light then
shines on components 303 and 304. An undesirable
glint 302 is specularly reflected off component 304
and is now blocked by filter 306. Filter 306 is a
filter that allows collimated light to pass while
substantially rejecting light at angles to the
collimated light. Filter 306 is preferably made of a
stacked dielectric materials, to provide wavelength
selectable properties.

Filter 306 is rotatable along axis A--A in
the directions indicated by arrow 307. The rotation
of filter 306 can thus be considered about an axis in
the plane of components 303, 304. Rotation of filter
306 essentially allows fine tuning of the glint angles
which are rejected.

Edge detection electronics 320 detects
shadows 312 and 314 cast by components 303 and 304.
Although filter 306 is illustrated substantially
parallel to the component plane, filter 306 may be
oriented at any angle to reject light at angles to the
collimated light. Alternatively, multiple filters may
be used. In addition, other means for collimating
light may be used besides collimating lens 304.

FIG. 3 also illustrates various functions of a pick
and place machine including position and orientation
circuitry 322 which controls motor drive circuitry
324, Elements 320, 322 and 324 can be implemented
separately or as a single circuit and can be
implemented using analog to digital components or

thelr combination.
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An important variation in the embodiment
shown in Fig. 3 can be realized by inserting optic 301
between components 303, 304 and the filter 307. In
this way, light from source 308 would be collimated
after shadow images of components 303, 304 were
formed.

FIG. 4 i1s a side cross—-sectional view and
FIG. 5 is a perspecti&e view of a sensor 400 in
accordance with one embodiment which implements
aspects of the invention.

In FIG. 4, a sensor 400 is adapted to
receive multiple nozzles 402 with components 404 on
their respective ends. A laser diode 406 source emits
light 408, which is reflected off of a flat mirror 410
located inside the housing 412 of the sensor 400. The
mirror 410 directs the light to a second mirror 414,
which re-directs the light as shown and also narrows
the light in the z dimension to make a ribbon (stripe)
of light 416. The stripe 416 is then passed through a
cylindrical collimating lens 418 so that all the rays
of light are substantially parallel in the x-y plane.
The ribbon of light 416 passes through a window 420
and enters the cavity, impinging on the edge of the
components 404. The light which is not blocked by the
components 404 now passes through another window 422
in the housing 412. The light then shines on filter
423. As in the previous embodiment, filter 423
rejects light at angles to the collimated light while
allowing collimated light to pass through and fall on
linear detector 424. Filter 423 is tunable by
rotating it about axis A--A as indicated by arrow 307.

Although the present invention is implemented with a

linear detector 424 for economic reasons, the present

PCT/US02/25159
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invention may also be practiced with an area array as
appropriate.

FIG. 6 is a top plan view of an apparatus,
in accordance with an embodiment of the invention,

5 for determining the position and orientation of
components to be placed. Apparatus 500 includes many
components that are similar to the embodiment
described with respect to FIG. 5 in the parent
application, and like components are numbered

10 similarly. One significant difference between Fig. 5
in the parent application and this Fig.6 is that
detector 308 is now positioned in front of the image
of the component plane. Even though the glint falls
within the shadow, the software and electronics in

15 Dblock 220 discern the difference between the light
formed by the shadow of components 1, 2, and the glint
210 on the basis of the differences in their
respective intensities and shape of the areas
representing differing intensities. This

20 configuration provides for a more compact sensor than
the embodiment shown in Fig. 5 of the parent
application, but requires additional code to discern
the glint light from the shadow light.

The present invention as shown in varying

25 embodiments herein, is also shown herein within one
housing. 1In practice, it may be advantageous to have
two or more housings for practicing the method of the
present invention, such as a separate housing for the
light source.

30 All the presently described sensors for
aligning components are shown with a single source.
However, the method and apparatus of the present

invention are not limited to a single source
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embodiment of position alignment sensors, but is
understood to cover ones with multiple effective light
sources. For example, the point source shown in Fig.
6 may be implemented with an equivalent non-point
source of light and optics. Furthermore, the present
invention may be practiced regardless of the relative
motion of the components or their placement within the
sensor cavity. In other words, one may practice the
present invention and rotate as many nozzles as
desired with any relative placement of the nozzles.
Furthermore, the present invention is disclosed with
lenses, but may be implemented with equifalent optical
components, such as curved mirrors or the like. For
example, the positive optic described in some of the
embodiments herein may be realized by combinations of
other optics which perform substantially the same
function. Although the present invention has been
described in terms of determining the width of a
shadow, the invention can be used with any application
which determines shadow edge position of at least two
components and is affected by glint. Furthermore, the
term "light" as used herein includes non-visible
radiation. Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
can be made in form and detail without departing from

the spirit and scope of the invention.
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WHAT IS CLAIMED IS:
1. A method of controlling glint in a position

alignment sensor, the method comprising:
providing a collimated stripe of light
directed toward the components;
projecting the lighf onto a component, the
component blocking the light to cast a
shadow of the outline of the component,
some of the light specularly reflected
from the component to provide a glint;
passing the light through a filter, the
filter further rejecting the glint;
rotating the filter about an axis in the
plane of the component to tune the
filter's angular rejection; and
positioning a detector beyond the filter to
detect the shadow.
2. The method of claim 1 wherein positioning
the detector includes positioning the detector
substantially perpendicular to a direction of the
light.
3. The method of claim 1 including rotating the
components around their central axes until a cusp
representative of the shadow outline is located.
4. The method of claim 1 including aligning an
additional component illuminated by the light.
5. The method of claim 1 wherein shining light
comprises providing substantially parallel rays of
light in a vicinity of the components.
6. The method of claim 1 wherein positioning
the detector includes positioning the filter
substantially perpendicular to a direction of the
light.
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7. A method of reducing glint in a position
alignment sensor, the method comprising:
shining rays of light onto the at least one
component from a source, at least some
of the light specularly reflected off
the component to provide a glint, the
component blocking some of the light to
form a shadow image of each of the “at
least” one component;
adjusting a filter by rotating the filter in
an axis in a plane of the component;
and '
passing the rays through the filter, the
filter further rejecting the glint.
8. The method of claim 7 further comprising the
step of collimating the rays of light before the
shadow images are formed.
9. The method of claim 7 further comprising the
step of collimating the rays of light after the shadow
images are formed.
10. The method of claim 7 including positioning
a detector to detect the rays.
11. The method of claim 7 including rotating the
component around its central axes until a cusp
representative of the shadow outline is located.
12. The method of claim 7 wherein the filter is
placed in a plane substantially perpendicular to the
rays of light.
13. The method of claim 7 wherein the filter is
angled with respect to a plane substéntially
perpendicular to the rays of light.
14. A position alignment sensor comprising:

a housing adapted to accept at least one
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component;

a light source disposed to shine light on
the at least one component, the light
oriented substantially perpendicular to
a central axis of each of the
component, so that the component blocks
the light to form a shadow image, a
glint specularly reflected off of the
component;

a tunable filter receiving the light and
allowing the light to pass while
rejecting the glint; and

a detector positioned behind the filter.

15. The position alignment sensor of claim 14
further comprising an optic for collimating light the
optic positioned in front of the at least one
component.
le. The position alignment sensor of claim 14
further comprising an optic for collimating light, the
optic positioned behind the at least one component.
17. The sensor of claim 14 wherein the tunable
filter is rotatable in an axis in a plane of the
component.
18. The sensor of claim 14 wherein the light
source provides substantially parallel rays of light
in a vicinity of the components.
19. A position alignment sensor adapted to align
at least two components, the apparatus comprising:

a source of illumination for shining rays of

illumination on the at least two components,

the rays oriented perpendicularly to a

central axis of each of the components so

that the components block the rays to form
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respective shadow images, a glint being

specularly reflected off one of the

compohents;

an optic with positive power adapted to receive
the shadow images and glint, the optic
redirecting the shadow images and glint to

converging paths that would converge upon a

focal point; and

a detector positioned a distance away from the

focal point to receive the converging shadow
images and glint at different portions of
the detector so that the glint does not
overlap any of the shadow images.

20. The position alignment sensor of claim 19

where the detector is positioned in front of the focal

point.

21. The position alignment sensor of claim 19

where the detector is positioned behind the focal

point.

22. The position alignment sensor of claim 19

where the source of the illumination is substantially

a point source.

23. A method for aligning at least two

components, comprising:

a shining light on to the at least two
components to form shadow images, a glint specularly
reflecting off one of the components;

passing the light and the glint through a
positive optic so as to redirect the shadow images and
glint to converging paths which would converge to a
focal point; and

detecting the converging shadow images on a

detector positioned a distance away from the focal
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point.

24. The method of claim 23 where the detector is

positioned in front of the focal point.

25. The method of claim 23 where the detector is

positioned behind the focal point.

26. A method of reducing glint in a position

alignement sensor which aligns at least two

components, the method comprising:

Shining light onto the at least two components from a
source, the source located in a source plane
and the components located in a éomponent
plane, at least some of the light specularly
reflected off one of the components to
provide a large—angle glint, the components
blocking some of the light to firm a shadow
image of each of the at least two
components;

Passing the shadow images through an optic with
positive power to provide focused shadow
images of each component focused at a common
focal point, the optic additionally passing
the large-angle glint;

Passing the rays through an opening in an aperture,
the aperture positioned at the focal point,
the opening in the aperture having a size to
block the large-angle glint; and

Detecting the shadow images on a detector positioned a
distance away from a component image plane.

27. The method of claim 26 where the detector is

positioned in front of the component image plane.

28. The method of claim 26 where the detector is

positioned behind the component image plane.
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