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(57) ABSTRACT

A high speed high precision laser based alignment sensor
system for use on surface mount component placement
machines. A laser system 1s utilized to correctly align and
position component parts which range between 0.02 inches
and 2.0 inches 1n size. The laser sensor system consists of a
laser light source which 1s passed through a collimating lens
and then through an aperture to create a stripe of collimated
laser light which 1s focused past the component being
aligned to strike a multi-element CCD sensor array. The
sensor system 1s mounted directly on the carrying mecha-
nism for the surface mount component placement machine.
During transit of the component between the bin of com-
ponents 1s to be placed, the component 1s rotated and the
shadow which falls on the detector array 1s monitored. When
the minimum width of shadow 1s detected, the correct
angular orientation 1s determined, the average of the edges
of the shadow when compared with the center of the quill
determines the coordinate (X,Y) location of the component
on the quill. Two alignments normally occur displayed by
90°. Thereafter, the sensor sends correcting signals to the
component placement machine to assure the correct angular
orientation and the correct X,Y position for the component
to be placed on the circuit board by the component place-
ment machine.

54 Claims, 6 Drawing Sheets
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HIGH PRECISION COMPONENT
ALIGNMENT SENSOR SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The 1nvention relates to control system which precisely
align electrical components, both as to angular orientation
and coordinate (X,Y) location for precise placement via
pick-and-place systems such as surface mount component
placement machines. More speciiically, the invention relates
to a non-contact laser based sensor system which precisely
determines and allows a pick-and-place system to connect
the angular orientation of a component and the coordinate
positioning of the component for precise placement of the
component by a component placement machine on a circuit
board or other work surface.

There are two types of component placement machines in
common use today, one of which 1s a cartesian system where
one or more vacuum quills are used to travel to a bin, pick
up a component, properly orient the component and carry 1t
to a circuit board or other work piece to precisely place the
component 1n its proper location with the leads making
proper contact with the circuit connections which are sub-
scribed on the circuit board or work place. Another type of
placement system 1n use 1s a carousel or turret placement
system where components are picked up from the bin and
stepped through stations located around the perimeter of a
circular component carrying mechanism for placement on
the circuit board. It 1s believed that the present invention will
be most useful with cartesian systems which must accurately
place components with the highest degree of speed and
accuracy.

The electrical components must be placed precisely on the
circuit board, to ensure proper electrical contact, thus requir-
ing correct angular orientation and lateral positioning. Angu-
lar orientation and lateral positioning are most commonly
achieved today through mechanical means. A vacuum quill
picks up the part to be placed. During travel between the
component bins and the circuit board, four jaws or hammers,
which are suspended from the fixturing device, travel down-
wardly and strike the component on all four sides with
substantially equal force. The intent of such a mechanical
system 1s to shift the component on the vacuum quill so 1t
achieves the correct angular orientation, O degrees deviation,
and also to center it on the vacuum quill. The striking of such
components can cause damage such as microcracking and
other such components. It 1s also extremely difficult to
achieve the very high degree of accuracy both as to angular
orientation and lateral position that 1s required by the design
rules 1in use 1n today’s technology where lead spacing and
widths are only 10-25 mils wide. To accommodate different
component sizes, six different sizes of jaws may be required
which can lead to high expense.

A number of non-contact higher precision methods have
been proposed. However, light based systems of the past
have had difficulty 1n achieving the high speed and high
accuracy which 1s required for today’s technology.

Vision based systems using a TV camera are capable of
achieving high accuracy. However, they are one of the most

expensive of systems proposed and they require a deviation
in the path of the quill from the bin to the TV station, and
then to the work piece or circuit board which substantially
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slows the process. The laser sensor of the 1nstant invention
1s connected 1n a manner to surround the component carry-
ing quill which transports the component directly, without
deviation, to the appropriate site on the circuit board to
achieve a time saving of approximately a factor of two. In
addition, 1t 1s sometimes difficult to distinguish the particular
parameters of very small components being placed by such
systems from the quill upon which the components are
mounted.

Light sensing systems have also been proposed where a
component 1s 1nterposed in the light path of a collimated
beam of light and the intensity of the light 1s detected by a
single photodetector or a pair of photodetectors with a
maximum light intensity indicating the narrowest shadow
and thus proper angular orientation of the component.
However, 1t 1s difficult for such systems to handle the range
of components that are placed and to achieve the accuracy
required for alignment. The dimensions of components to be
placed normally vary between 0.02 inch and 2.0 inches. If a
single photodetector system 1s designed large enough to
detect shadow variations for a 2.0 1nch part, as it must be, the
fractional variation caused by rotation of a 0.02 inch part has
such little effect on the total light intensity that 1t 1s virtually
undetectable. For two detector systems, the component part
must be precisely aligned between the two detectors with the
ratio of light falling on each detector being analyzed to
determine edge positions. However, 1t 1s extremely ditficult
to mechanically align photodetectors to make such a mea-
surement. The uniformity of light must be precise and such
a system cannot detect component lead positions since
shadows of the leads are not distinguishable from shadows
of the body of the component.

Finally, 1t has also been proposed that a series of laser
light sources be aligned with a series of laser light detectors.
Such a design overcomes some of the problems associated
with the proposals for a single detector or pair of detectors.
However, the degree of accuracy that can be achieved can be
no more than the spacing of the individual laser sources one
from the other. The minimum spacing would be given by the
size of a laser diode source, which 1s 0.5 millimeter. This
minimum spacing still would be too large for reliable
component position detection. The required physical spac-
ing will also be negatively affected by diffraction effects to
further limit accuracy of such a design. Also, it 1s believed
that the cost of such a system 1nvolving many laser sources
would also be prohibitively expensive.

What 1s needed to achieve component placement for
current technology 1s a component system which can
rapidly, 1n a few hundred milliseconds, align a range of parts
varying between 0.02 inches and 2.0 inches with an angular
orientation accuracy of less than 0.03° and with lateral
position accuracy of better than 0.001 inches. The present
invention 1s specifically addressed to this current need.

SUMMARY OF THE INVENTION

The present invention 1s a laser based system designed to
accurately align component parts which range 1n size from
0.02 and 2.0 inches. To achieve this result, an extremely high
speed high accuracy laser based system 1s secured to the
moving placement mechanism. The sensor system includes
a laser diode, the light from which i1s collimated with a
collimating lens and passed through a slit aperture. This
provides a stripe of laser light which passes by an 1s blocked
by the component whose alignment i1s being sensed. The
shadow can by the component 1s detected by a linear array
detector. Typical spacing between detector elements 1is
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10-14 micrometers. The number of detector elements 1s
chosen to accommodate the largest component to be placed.
Data read from the detector array 1s analyzed to detect the
leading edge and the trailing edge of the shadow which 1is
cast upon the detector array. Since only the shadow edges
are detected and analyzed, the same degree of accuracy i1s
achieved when aligning a 0.02 inch part as 1s achieved when
aligning a 2.0 mnch part. Using data processing algorithms
described below, angular orientation can be achieved at
much less than 0.03 degrees and lateral alignment can be
achieved with an accuracy of less than 0.001 inch.

It 1s also possible to detect not only the orientation and
lateral positioning of the component body, but also the
clectrical leads from the component body which are the
actual elements which must be precisely aligned on the
circuit board upon which the component 1s to be placed.

It 1s an object of the mnvention to accurately and precisely
determine angular orientation and lateral position of com-
ponents for placement by a component placement machine.

It 1s an object of the invention to accurately determine
angular orientation of a component to be placed by a

component placement machine with an accuracy of better
than 0.03 degrees.

It 1s an object of the invention to determine lateral position
of a component to be placed by a component placement
machine to an accuracy of better than 0.001 inch.

It 1s an object of the invention to determine angular
orientation and lateral placement of a component to be
placed by a component placement machine in less than 500
milliseconds.

It 1s an object of the 1nvention to accurately determine the
angular orientation and lateral position of leads on a com-
ponent which 1s to be placed by a component placement
machine.

It 1s an object of the invention to determine angular
orientation with a degree of accuracy of greater than 0.03
degrees and lateral position to an accuracy of greater than
0.001 inch for a range of component varying in size from

0.02 inch to 2.0 inch.

These and other objects, features and advantages of the
invention will become obvious to those skilled in the art
upon a review of the following description of the preferred
embodiment, the drawings and claims appended thereto.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing the environment of the
invention. Shown m FIG. 1 1s a component bin which
contains components which are placed by the component
placement machine on a circuit board or work piece. Also
shown 1n FIG. 1 1s a component being carried by a quill in
the shortest route possible between the component bin and
the work piece.

FIG. 2 1s an elevational view showing 1n greater detail the
component carrying mechanism which includes a rotary
motor for rotating the component, a placement head control
box and a laser alignment sensor. Extending through the
laser alignment sensor 1s the vacuum quill which holds the
components.

FIG. 3 1s an 1illustration of the basic elements of the
invention which include a laser diode and a collimating lens
which causes the light beam or stripe to pass across the
component to strike a linear array 1mage sensor. For
alignment, the component part i1s retracted into the laser
beam and rotated for measurement.

FIG. 4 shows a top plan view of a preferred embodiment
of the invention. As shown 1n FIG. 4, the laser beam 1s
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directed to a pair of reflecting mirrors through a collimating
lens, past the part, through an optical filter and on to the
linear CCD array.

FIG. 5 1s a sectional side view of the laser sensor of FIG.
4 taken along the line 5—3. FIG. § illustrates how the optical
path between the laser and collimating lens 1s folded and
hence put 1nto a smaller package via a pair of folding
MIrrors.

FIG. 6 1s a schematic illustration of the laser light paths
from the laser diode through the collimating lens which
distributes the light across the measurement area through a
slit aperture to create the stripe of light and on to and past
the component part to strike the detector array.

FIG. 7 1s an illustration of the elements of FIGS. 6 when
the component part 1s mis-oriented. FIG. 7 shows the broad
shadow that 1s cast from corner to corner of the component
part. Illustrated above the linear array of FIG. 7 1s repre-
sentative data from the linear array.

FIG. 8 shows the same components and elements of FIG.
7 when the component 1s 1n alignment. As noted, the shadow
or dark portion which is cast upon the linear array 1is
narrower than that in FIG. 7. The corresponding data from
the CCD array shows the narrowing of the shadow as well.

FIG. 9 shows a component and the laser stripe across the
component. The laser stripe can be positioned to read the
body only, both leads of the compound and the body, or only
the leads of the component part.

FIG. 10 illustrates diagrammatically one method for
achieving angle orientation and lateral position. As shown 1n
FIG. 10, a discriminator 1s used to determine when the data
falls below a threshold voltage. The discriminator converts
the analog data to a digital representation which can then be
used to establish angular orientation and edge positions of
the component. Illustrated 1n FIG. 10 are the data points
which are identified with the leading edge and trailing edge
of the shadow. Also 1llustrated on the right side of FIG. 10
1s a determination of the lead position which can also be
discriminated and converted to a digital representation of the
lead alignment.

FIG. 11 1s a block diagram of the electronic elements
which are used to 1dentily and detect the leading edge of the
shadow and the trailing edge of the shadow as determined
from the detector array and to provide signals to the com-
ponent placement machine indicating the adjustments nec-
essary to put the component in the correct angular orienta-
tion and the correct X,Y location on the circuit board or
work piece.

FIGS. 12a, 12b, and 12¢ 1llustrate how other part sizes can
be analyzed by the sensor system. FIG. 12a illustrates how
a part larger than 2 inches can be aligned and positioned via
off-center mounting of the detector relative to the compo-
nent. FIG. 12b shows the use of additional optical elements
to reduce the 1mage of a larger part so that the 1mage can be
cast on a detector smaller than the component. FIG. 12c
shows the use of additional optical elements to enhance the
resolution of the measurements.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1 and 2 1illustrate the general environment 1n which
the invention 1s to be used. FIG. 1 illustrates 1n diagram form
a typical surface mount component placement machine 1n
which one or more vacuum quills 24 are used to sequentially
pick up components 30 from predetermined bins 32, trans-
port them as quickly as possible to a circuit board 34 or other
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surface upon which the component must be precisely
aligned, and place the component 30 accurately at the
desired location with the proper alignment of the leads 50 of
the component 30 to a wiring layout which has been
previously created on the circuit board 34. For high preci-
sion placement, an accuracy in angular alignment or orien-
tation of 0.30 degress with positioning error in the X,Y plane
of 0.001 1nch 1s required. Component 30 part sizes typically
employed 1n such a system vary between approximately 20
thousands of an inch 1n size 1n two 1nches 1n size, although
in certain cases larger component 30 sizes are required.

Angular orientation 1s important because of the effect
misorientation has on placement of the electrical leads. For
the largest component size (e.g. 2 inches) a deviation of 0.10
degrees causes the lead positions at the outer edge of the
component to be canted or misplaced by approximately
0.002 1nches. It 1s for this reason that alignment accuracy of
0.03° is an object of the invention.

Referring to FIG. 2, the component carrier mechanism 44
1s disclosed which includes a rotary motor 41, and placement
head control box 43 including a fixturing device for holding,
rotating and retracting the vacuum quill 24. The rotating
fixture rotates the quill for purposes of component 30
pickup, alignment, positioning and placement. Also repre-
sented 1n FIG. 2 are the laser sensors 45 and components 30,
the proper placement of which 1s the subject of this 1nven-
fion.

In the component control box 43, which 1s of conventional
design, are means for retracting the quill to which the
component 30 1s attached by vacuum pressure, comprising
servomotors, a means to create the vacuum to hold the
component to the end of the quill 24, angular position
encoders, force sensors force sensors and the like. Attached
to the control box 43 is the laser based alignment sensor 45
which has an aperture 48 therein through which the quill 24
extends and 1nto which the component 30 can be retracted
for determination of its angular orientation and for align-
ment with the center of the quill 24.

FIG. 3 1s a schematic representation of the components of
the laser sensor 45. For ease of discussion, a line of sight
representation 1s shown from the laser 60 through a colli-
mating lens 61 past the component 30 and quill 24 to the
linear array image sensor 635. In actual practice, a longer
focal length 1s desired and FIGS. 4 and 5 more accurately
represent the actual orientation of a preferred embodiment of
the laser 60 and other components. In other words, a shown
in FIGS. 4 and 5, a preferred embodiment would include a
laser diode 60 directed away from the part, two reflecting
mirrors 70,72 directing the laser light beam through the
collimating lens 61 and a slit orifice 75 past the part 30 with
that portion of the laser beam or stripe which passes the edge
of the component 30 being filtered by optical filter 26 to
strike the linear CCD array 65 to provide the data which 1s
to be processed for angular orientation and X,Y location. It
is also possible to use a single reflecting parabolic lens (not
shown) in place of the mirrors 70,72

FIGS. 6 through 8 further illustrate diagramatically the
components of the laser based component alignment sensor
45 for surface mount component placement machines and its
mode of operation. As diagrammed 1n FIG. 6, a laser source
preferably having a short coherence length 1s directed, or
indirectly through reflecting mirrors 70,72 to a collimating
lens 61 to provide equal light to all portions of the compo-
nent 30. The light pattern cast by the component 1s detected
by the multi-element sensor array 65. A slit aperture 75 1s
utilized to assure a uniform strip of light (A, B or C in FIG.

10

15

20

25

30

35

40

45

50

55

60

65

6

9) which is positioned (A) completely across the component
30, or (B) across the component 30 and its leads 50 or, in

special circumstances, (C) across the leads 50 themselves as
shown in FIG. 9. The light which i1s not blocked by the
component 30 passes the component 30 and strikes a linear
CCD detector array 635 such as part no. TC104 manufactured
by Texas Instruments Corporation which has 3456 elements,
cach 10.4 micrometers by 10.4 micrometers configured
along a line with center to center spacing of 10.4 microme-
ters. Interposed between the component 30 and the detector
array 65 1s the optical filter 76 which 1s outside of the
wavelengths of interest. The data 80 thus captured from the
detector array 65 1s then processed using one or more of the

algorithms which are disclosed 1n more detail below.

The laser source 60 with shorter coherence length 1s
preferred to lessen the effect of speckle from dust or dirt
which might occur if a monochromatic laser diode were
used. The use of 3,456 detector array elements enables large
parts to be measured. The elements are spaced at approxi-
mately 0.4 mil centers which enables high accuracy. Sensi-
fivity to minute changes in angular orientation and lateral
position 1s 1ncreased dramatically over prior art devices.
This 1s because, for a given photodetector element near the
shadow edge, the fractional change 1n light level can be very
large for very small angular rotations.

Referring now to FIG. 7, the component 30 1s shown with
its angular orientation out of alignment. As shown 1n FIG. 7,
a relatively large number of detector elements are blocked
from the laser because of the angular misorientation of the
component 30 creating a shadow 90. In addition, there are
small areas of laser shadow 93,94 striking the array 635
created between the bright portion and the dark portion 90
caused by defraction of the light past the edges of the
component 30. In addition, minutely brighter portions 96,97
will be detected adjacent to outer edges of the shadow 90
due to diffraction and reflection of light off the outermost
edges of the component 30. Illustrated in FIG. 7 1s the data
pattern 80 of the data which 1s read from the CCD array 65
showing portions 102,103 of the detector array 65 which
receive unblocked light from the laser source 60, and then an
increase 1n light from reflection 96,97, a decreasing amount
of light in the shadow area 93,94 caused by refraction, and
the dark shadow arca 90 with an 1denftical pattern on
complimentary sides of the detector array 65. FIG. 8 1llus-
trates the light pattern and the data 80 when the component
1s 1n angular alignment.

As will be obvious from a comparison of FIGS. 7 and 8,
angular alignment can be assured by determining when the
shadow pattern 90 1s narrowest as determined by the data 80
from the sensor array 65. This can be achieved with a
minimum of electronic processing means by following and
determining the leading edge of the shadow and 110 and the

trailing edge of the shadow 112 and by capturing only data
80 which proceeds and follows the edges 110,112 of the

shadow.

FIG. 10 shows a method of processing the data to a high
degree of accuracy. The range of part 30 widths which are
to be analyzed by the alignment and position sensor 45
normally range from 0.02 to 2 inches and can be larger. It 1s
neither practical nor necessary to retain and analyze all data
80 from the over 3,000 element diode array 65. It is
necessary to obtain and analyze only the data 80 which 1s
relevant to the edges 110,112 of the shadow 90 which 1s cast
by the component 30 on the diode array 65. Referring to
FIG. 10, there are two zones, A-B, C-D of primary interest,
one A-B 1s the leading edge 110 of the shadow 90 and the
other C-D 1s the trailing edge 112 of the shadow 90. In other
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words the data 1s zone A-B defines the edge of the shadow
caused by one side of the component, and the zone C-D the
edge caused by the opposite side.

Using the defined edges 110,112, as shown 1n zones A-B
and C-D, the part 30 can be aligned. Initially the component
30 1s picked up 1 a position which 1s known to be mis-
aligned and will, hence, cast a larger shadow 90. The
component 30 1s then rotated by the component placement
head 43 and the angular position at which the shadow 90
width 1s minimized 1s noted. The edge positions, when the
shadow 90 1s narrowest and their deviation from the center
of the quill 24 are noted as well. These positions allow
calculation of the lateral position of the part. The component
can then be rotated 90° and the orthogonal lateral position
determined, based again on the comparison of the center of
the shadow 90 of the component 30, as determined by the
cedge 110,112 positions, with the center of the quill 24.

Alternatively a second sensor (not shown) could be used
which 1s orthogonally located relative to the first sensor 45
to determine the orthogonal lateral position.

As the width of the shadow 90 decreases due to the
component 30 being rotated into alignment, a particular
photodiode element located on the edge 110 of the shadow
90 will receive increasingly more light, until the point at
which the shadow 90 width 1s minimum. As the component
continues to rotate, the shadow width increases and the
amount of light falling on the same photo element will begin
to decrease. Thus, we are able to accurately orient the
component 30 parallel to the laser beam by finding the
position at which the output from the photo element which
1s determined to be on the shadow edge 1s maximum, that 1s
it 1s recerving the maximum amount of light.

One method which can be used, which 1s represented 1n
FIG. 10, is the use of a threshold voltage (V) and a
comparator or discriminator which converts the analog data
80 from the diode array 65 to a digital representation 120 by
detecting when the voltage on each element of the array 65
falls below the threshold voltage V ., thereby indicating that
the shadow 90 of the component 30 has been detected.

Preferably each element in the array 65 1s sequentially
read at a five megahertz data rate and compared with the
threshold voltage V... The pixel count, where the data 80
reading first fell below the threshold voltage, 1s used as a
latch signal and the number of data readings 1mmediately
preceding and immediately following the first occurrence 1s
stored 1n a data buffer as the leading edge 110 of the shadow.
Although any number of data points can be stored, 32 pixels
preceding and following the first latch signal (A-B) has been
found satistactory, providing a total of only 128 items of
data (A-B, C-D) necessary to analyze the precise angular
orientation and lateral position of the component 30.

Similarly, data 1s read and stored for the trailing edge of
the shadow 112 when the data signals first rise above the
threshold voltage V,. This data is then stored as the data for
the current shadow edge positions.

The quill then mncrementally rotates and the next subse-
quent scan of the data 80 from the diode array 65 1is
analyzed. Since the data can be read from the array in less
than a millisecond and the component 30 rotates through
ninety degrees in approximately 150 milliseconds. The
rotational movement has a minor effect on accuracy. For fine
pitch alignment the part 30 1s rotated more slowly through
the area where the first pass established the proper angular
alignment. On the next subsequent scan, the leading edge
110 of the shadow 90 1s again determined by the pixel count
of the diode array location where the voltage first dropped
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below the threshold voltage V... If the leading edge 110 of
the shadow 90 1s detected at a higher pixel count, this
indicates that the shadow 90 has narrowed and the previous
data 1s 1gnored and new data 1s stored which indicates the
present location of the shadow 90. The above process 1s
repeated until the narrowest shadow 90 1s determined which
indicates alignment of the component 30.

Basically, the angular orientation can be determined accu-
rately by a number of algorithms. Proper angle orientation
can be established at the angle at which the “edge pixel”
intensity 1s maximized. The above algorithm can also be
implemented 1n binary form as shown 1n FIG. 10 by using
a discriminator and threshold voltage V ;. As the shadow 90
narrows, the light falling upon, and, therefore, the voltage
read from any certain photo detector elements will rise
above the threshold voltage and then, as the component
rotates past alignment. fall below the threshold voltage.
Using the binary discriminator the angle at which the
voltage rose above threshold and the angle at which the
voltage fell below threshold can be recorded. Proper align-
ment can be determined to be midway between the two
angles where the voltage, and therefore the light, reached
maximum 1ntensity. Multiple “edge pixels” can be analyzed
using this binary method to super resolve the angular
position.

The leading and trailing edges 110,112 of the package
shadow can be computed using digitized analog video data.
The proper angle orientation will be established at the point
at which the shadow width 90 1s minimized. Interpolation
can also be used to super-resolve the angular position.

Similar data analysis can be performed to determine the
lateral (X,Y) position by similarly applying the analog
threshold to the shadow video data. The package width 1s the
distance between the trailing and leading “edge pixels”. The
package center 1s located midway between the two edge
pixels. It 1s also possible to add a correction factor to allow
for the finite width of the diffraction pattern. When the video
signal 1s digitized, numerous 1mage processing algorithms
exist for computing the edge locations. As will be obvious,
the part is rotated 90° to locate the lateral positions in the

orthogonal direction.

FIG. 10, a discriminator 130 (shown in FIG. 11) is used
which can comprise a comparator which compares the data
read from the CCD array 635 to the threshold voltage V ;. As
illustrated 1n FIG. 10, there will be a number of data points
A-B, C-D which, because of diffraction and reflection, will
be present on the leading 110 and trailing 112 edge of the
shadow 90. However, diffraction and reflection will occur
uniformly on both the leading edge and the trailing edge of
the shadow and therefore both the angular orientation and
the lateral position can be accurately established using this
method or algorithm. Data 80 will be collected only 1n the
arca A-B of FIG. 10 1if the stripe of laser light 1s positioned
at location A shown 1n FIG. 9. If the stripe 1s lowered to
Position B of FIG. 9, additional data can be collected to
establish the location of the leads 50 attached to the com-
partment 30. This 1s important since 1t 1s the leads 50 which
must be placed most accurately. The leads 50 will cause a
drop 1n data below the threshold voltage when one or more
detector 65 elements are blocked and such data can also be
converted to binary 172, 182 with the discriminator. Thus
the precise location of the leads 50 can be ascertained for
purpose of placement. In a similar manner, the quill 24 can
be retracted further so that the stripe falls only on the leads
as shown as position C 1n FIG. 9. The finest pitch compo-
nents 320 can thus be accurately placed.

Referring now to FIG. 11, a block diagram 1s shown of the
processing means 200 used to signal the correction for
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angular orientation and lateral position. The rotary motor 41
which rotates the quill 1s mechanically coupled to an angular
position encoder and monitor 43 which provides the angular
orientation of the quill 24 position and thus the component
part 30 to a processor 202. Prior to calculating a component
X,Y location, the X,Y location of the quill 24 1s located by
inserting the quill 24 alone 1nto the laser beam for precise
centering. Thereafter, the sensed X,Y location of the com-
ponent 30 edges 1s compared to the center of the quill 24 for
purposes of precisely placing the component 80 on the
circuit board 34. Similarly, the angular position encoder 43
1s 1nitially calibrated to O degrees angle deviation.

Since 1t 1s an objective of the mnvention to obtain precise
angular orientation and lateral position within a few hundred
milliseconds, all processing 1s done at a very high rate of
speed. For example, 1n a preferred embodiment, the pixel
clock and array timing 204 speed 1s at a five megahertz read
rate. The pixel clock or count 206 which mdicates which
sensor element 1s being read 1s connected to an analog to
digital converter 208 and to a leading shadow edge discrimi-
nator 210 and a trailing shadow edge discriminator 212. As
described above, the discriminator can be a voltage com-
parator 130 comparing the data reading with a threshold
voltage V., and the same voltage comparator can be used
to discriminate both the leading shadow edge and the trailing
shadow edge.

The pixel clock and array timing 204 1s also connected to
the photo detector array 635 for purposes of reading the data
from the photo detector elements. All data from the analog
digital converter 208 1s connected to the leading shadow
cdge data buffer 214 for both temporary and permanent
storage when the shadow edge 1s detected. At the time that
the leading shadow edge discriminator 210 detects data
which falls below the threshold voltage V.., the leading
edge 1s mdicated and 1s connected to the leading shadow
cdge data buffer 214 as a latch signal 220 to store the data
80 which 1s relevant to the leading edge 110. In addition, the
leading edge detect signal 224 1s also connected to the

trailing shadow edge discriminator and data buffer 228 to
enable it to detect and store 1n a similar manner the data 80
when detected for the trailing edge 112. The butfered data 1s
then connected to the processing unit 202 to perform the
calculation to the processing unit 202 to perform the calcu-
lations for angle orientation and X,Y lateral position.

The output 230 of the processor 202 indicating where
angular orientation 1s aligned 1s then connected to the
component placement machine to assure precise angular
orientation when the component 30 1s placed on the circuit
board 34. In a similar manner, the X,Y location of the edges
of the component 30 are compared to the precise center of
the quill 24 and this second signal 235 1s also connected to
the component placement machine to establish the necessary
offset 1n one or both directions for purposes of precise
placement of the component 30 on the circuit board 34.

The following table shows the approximate time and
extremely high resolution which can be achieved using the
invention 1n less than 300 milliseconds when picking up the
part and checking proper alignment, both angular alignment
and lateral position 1n both orthogonal directions.
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TABLE 1

Angular

Action Time  Resolution

(1)
(2)

(3)
(4)
(5)

Pick up.
Rotate to =5°. No data
collected.

0.43°

32 ms
Accelerate from -5° to +45°. 73 ms
Read data while going from -5" to +5°.
Decelerate from 45° to 95°.

Read data in 85 to 95" interval.

Assume component alignment was found to
be at approximately 85.5°. Alignment

1s known to within £0.43, so a 1"

wide zone centered on 85.5 should be
searched at lower rotational speed to achieve
0.03".

Rotate from 95° to 86" at high speed.

Rotate from 86 to 85° at maximum angular
velocity of 43%/sec so that 0.03" resolution
1s obtained.

73 ms 0.43°

44 ms
23 ms

(6)

(7) 0.03°

TOTAL 245 ms

Since the processing speed 1s much faster than limitation
on mechanical movement, the angular position signal 230
and the X,Y location signal 235 can be rapidly and precisely
calculated and fed to the component placement machine for
precise and accurate placement of the component 30 1n its
proper position on the circuit board 34.

As shown 1n FIG. 12a, larger parts 30 can by accommo-
dated by the system by scanning three of the four sides of the
component 30 rotating the component 30 through 270
degrees 1 90° intervals. FIGS. 12b and 12¢ show how
additional optics can be used. In FIG. 12b the image 90 cast
by a larger part 1s reduced by two lens 229, 231. Similarly,
as shown 1n FIG. 12¢ higher resolution can be achieved with
similar lens, 229, 231 by expanding the 1mage on the photo
detector array 63.

Using the foregoing embodiments, methods and
processes, a very fast high resolution sensing system 1s
achieved which can precisely locate a component for place-
ment of that component on circuit boards which are within
the requirements of today’s technology. It will be clear to
those skilled in the art that many and varied modifications
and variations can be made 1n the speciiic embodiment
shown and described such as use of an area array istead of
a linear array, or even using the same methods or algorithms
in conjunction with a TV camera. All such variations and
modifications are intended to be within the scope of the
appended claims.

Having described our invention, we claim:

1. A laser based high precision high speed component
alignment sensor system comprising:

a single laser light source;
a collimating lens;

a multi-element sensor array having a large plurality of
detector elements for detecting the light passing the
component and the shadow cast by the component on
the sensor array;

processing means for calculating angular and coordinate
position of the component by determining the location
ol a plurality of data points which represent each edge
of the shadow cast by the component on the sensor
array, capturing only a plurality of data points which
fall within or near the shadow of each edge of the
component and analyzing only the data representing
edges of the shadow cast by the component on the
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sensor array from the sensor array, said processing

means comprising:

means for detecting and analyzing the trailing edge of
the shadow;

means for detecting and analyzing the trailing edge of
the shadow; and

means for calculating component position based on the
position of the leading and trailing edges of a shadow
cast by the component;

first signaling means connected to the processing means

for indicating the angular orientation of the component;
and

second signaling means connected from the processing,

means for indicating the coordinate position of the
component.

2. The laser sensor system of claim 1 wherein the laser
light source 1s a laser diode.

3. The laser sensor system of claim 2 wherein the laser
diode 1s a broad spectrum laser diode.

4. The laser sensor system of claim 1 wherein an optical
filter 1s 1nterposed 1mmediately prior to the sensor array to
prevent ambient light from striking the sensor array.

5. The laser sensor of claim 1 wherein the collimating lens
1s a means for creating a stripe of laser light.

6. The laser sensor system of claim 5 wherein the com-
ponent comprises leads and wherein the stripe of laser light
1s passed across the leads of the component.

7. The laser sensor of claim 1 further comprising a slit
aperture for creating a stripe of laser light.

8. The laser sensor system of claim 7 wherein the com-
ponent further comprises leads and wherein the stripe of
laser light 1s passed across the leads of the component.

9. The laser sensor of claim 1 further comprising at least
one reflecting means interposed between the light source and
the sensor array for extending the focal length of the light
from the laser light source.

10. The laser sensor of claim 1 wherein the processing
means further comprises means for converting the data to a
digital representation comparing the data with a threshold
voltage.

11. In a surface mount component placement machine
having means for picking up a semiconductor component, a
means for directly transporting the component to a work
piece, a means for rotating the component and means for
accurately placing the component on the work piece, the
Improvement comprising:

a high precision high speed laser sensor comprising:

a single laser light source;

a collimating lens for directing the laser light past the
component;

a multi-element sensor array for collecting data points
relating to the angular orientation and lateral position
of the component; and

processing means for determining the location of a
plurality of data points which represent each edge of
the shadow cast by the component on the sensor
array, capturing only a plurality of data points which
fall within or near the shadow of each edge of the
component and analyzing the data from the sensor
array relating only to a leading edge and trailing edge
of the shadow cast by the component onto the sensor
array to determine the angular orientation and lateral
position of the component; and

mounting means for mounting the sensor directly onto the

means for transporting the component to the work
piece.

12. The laser sensor of claim 11, wherein the laser sensor

further comprises lens means interposed between the com-
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ponent and the multi-element sensor array for magnifying
the 1mage of the shadow cast by the semiconductor compo-
nent so that the shadow cast by the component onto the
sensor array covers substantially all of the sensor array
clements but does not exceed the lateral extent of the sensor
array.

13. The laser sensor of claim 11, wherein the laser sensor
further comprises lens means 1nterposed between the com-
ponent and the multi-element sensor array for reducing the
image of the shadow cast by the semiconductor component
so that the shadow cast by the component onto the sensor
array covers substantially all of the sensor array elements
but does not exceed the lateral extend of the sensor array.

14. A method for aligning a component carried by a
surface mount component placement machine having a
vacuum quill comprising:

picking up the component with the vacuum quill;

providing a stripe of collimated laser light;

providing a photo element array in the path of the laser
light;
retracting the component into the stripe of collimated

laser light so that 1t casts a shadow on the photo element
array;

rotating the component;

detecting the leading edge and the trailing edge of the
shadow cast upon the sensor array;

capturing a plurality of data points which relate to each of
the leading edge and the trailing edge of the shadows;

calculating angular orientation based on the minimum
shadow position using the captured leading edge and
the trailing edge data; and

comparing the lateral position of the leading edge and
trailing edge of the shadow with the center of the quill
to determine the lateral position of the component as
carried by the quaill.

15. A laser sensor comprising a laser light source and a
sensor array for use 1n precisely placing a semiconductor
component having various edges carried on a transport
means, the transport means having control means connected
to the transport means for causing the semiconductor com-
ponent to be 1nterposed between the laser light source and
the sensor array and for incrementally rotating the semicon-
ductor component to cause variation in the position of the
shadow cast by at least one edge associated with the semi-
conductor component on the array as the semiconductor
component 1s rotated, the sensor comprising:

a monolithic multi-element sensor array;

a single laser light source with a short coherence length
directed toward the sensor array;

collimating means 1nterposed between the laser light
source and the semiconductor component for providing
a single, continuous, uninterrupted, collimated stripe of
laser light;

means for reading the voltages from each element of the
sensor array caused by light striking each element of
the multi-element sensor array; and

means for determining the position of at least one edge
assoclated with the semiconductor component as 1t 1s
rotated under control of the control means by deter-
mining the location of a plurality of data points which
represent at least one edge of the shadow cast by the
component on the sensor array, capturing only a plu-
rality of data points which fall within or near the
shadow the one edge of the component and analyzing
only the data representing the edge of the shadow cast
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by the component on the sensor array from the sensor

array, said determining means comprising;:

means for generating a reference threshold voltage
which 1s less than the voltage output from any
clement 1n the array upon which light falls and
oreater than the voltage output from any element
falling fully within the shadow cast by the compo-
nent on the array;

means for comparing the voltages from each element of
the multi-element sensor array with the reference
threshold voltage after each incremental rotation;

means for identifying the edge of the shadow when the
voltage reading on any element equals the threshold
voltage;

means for determining after each incremental rotation
whether the shadow 1s narrower by comparing the
position of the edge of the shadow on the array as
determined by the identifying means from succes-
sive readings of the voltages of each element as the
component 1s rotated;

means for capturing data which relates only to the edge
of the shadow when the shadow 1s determined to be

the narrowest shadow; and

means for processing the captured data to precisely
determine the location of the edge of the semicon-
ductor component and for calculating the angular
orientation and the lateral position of the semicon-
ductor.

16. The laser sensor of claim 15, wherein the sensor
locates the edge of at least one side of a four-sided semi-
conductor component.

17. The sensor of claim 15, wherein the sensor precisely
locates two opposing sides of the semiconductor component.

18. The laser sensor of claim 15, wherein the sensor
determines at least one edge of at least one lead of the
semiconductor component.

19. The detector of claim 15, wherein the laser sensor
detects each edge of each lead of the semiconductor com-
ponent.

20. The semiconductor component of claim 19, wherein
the laser sensor detects each leading edge and each trailing
edge of each lead of the semiconductor component.

21. A method of orienting a semiconductor component
carried on a transport means, the method comprising:

providing a collimated stripe of laser light directed toward
the component;

providing a multi-element semiconductor array having a
plurality of cell locations, the array being positioned on
the side of the component opposite the laser light
source so that the shadow of the component 1s cast upon
the multi-element array;

causing the component to be incrementally rotated;

repetitively reading the voltages in multiple scans from

cach element of the sensor array and for each scan of

the voltages;

reading the voltages on each cell of the array;

comparing the voltages to a threshold voltage;

temporarily storing a plurality of voltage readings as
data points which represent each edge of the shadow
for purposes of determining each edge position of the
component; and

recording the cell locations where a transition occurs
above and below the threshold voltage as the loca-
tion of the leading edge and the trailing edge of the
shadow;

comparing the cell locations where each edge of the
shadow was detected for each scan to determine the

narrowest shadow width;
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capturing only data relating to the edge location when the
shadow 1s the narrowest; and

processing the captured data to determine the lateral
position and angular orientation of the semiconductor
component.

22. The method of claim 21, wherein

the step of comparing cell locations to determine the
narrowest shadow comprises 1dentifies the last cell of
the plurality of cell locations where the voltage falls
below the threshold voltage;

the step of capturing data relating to the edge location
when the shadow 1s narrowest comprises, for the lead-
ing edge of the shadow, determining the last cell on the
leading edge where the voltage falls below the thresh-
old voltage and determining when the voltage on the
last cell exceeds the threshold voltage; and wherein

the step of processing the captured data comprises calcu-
lating the edge of the shadow as the point mid-way
between the two data points.

23. The method of claim 21, wherein

the step of comparing cell locations to determine the
narrowest shadow comprises 1dentifies the last cell of

the plurality of cell locations where the voltage exceeds
the threshold voltage;

the step of capturing data relating to the edge location
when the shadow 1s narrowest comprises, for the trail-
ing edge of the shadow, determining the last cell on the
trailing edge where the voltage exceeds the threshold
voltage and determining when the voltage on the last
cell falls below the threshold voltage; and wherein

the step of processing the captured data comprises calcu-
lating the edge of the shadow as the point mid-way
between the two data points.

24. The method of claim 21, wherein the narrowest
shadow width 1s detected, a limited plurality of data points
are captured which immediately preceed and immediately
follow the detection of the edges of the narrowest shadow
and wherein the processing means analyzes the limited
plurality of data readings to determine the precise edge
locations of the shadow.

25. A method for determining the proper lateral and
angular orientation of a component interposed between a
laser light source and a multi-element photo detector array,
cach element comprising a pixel, comprising:

providing a collimated stripe of laser light directed toward

the component;

establishing a reference voltage threshold which 1s less
than the voltage [ouput] outpur from any pixel in the
array upon which light falls and greater than the voltage
output from any pixel falling fully within the shadow;

incrementally rotating the quill and the component about
a vertical axis;

reading voltages on each pixel of the array after each
mcremental rotation;

comparing the voltages against the reference voltage
threshold;

storing the data voltage readings of a first edge pixel at a
pixel count whose voltage first drops below the refer-
ence voltage threshold and of a second edge pixel at a
higher pixel count whose voltage again rises above the
reference voltage threshold;

determining after each incremental rotation whether the
first edge pixel 1s at a higher pixel count than the
previously stored edge pixel thereby indicting that the
shadow 1s still narrowing;
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capturing the data if the first edge pixel 1s at a lower pixel
count than the immediately preceding stored first edge
pixel which indicates that the shadow 1s the narrower;
and

processing the captured data when the shadow 1s narrow-
est to determine the lateral position and angular orien-
tation of the component.
20. A high precision high speed componeni alignment
SEensor system comprising.

a short coherence length source;
a collimating lens;

a multi-element sensor array having a large plurality of

detector elements for detecting the light passing the
component and the shadow cast by the component on
the sensor array;

processing means for calculating angular and coordinate
position of the component by determining the location
of a plurality of data points which represent each edge
of the shadow cast by the component on the sensor
array, capturing only a plurality of data points which
fall within or near the shadow of each edge of the
component and analyzing only the data representing
edges of the shadow cast by the component on the
sensor array from the sensor array, said processing
means Comprising.

means for detecting and analyzing the leading edge of

the shadow;

means for detecting and analyzing the trailing edge of

the shadow; and

means for calculating component posiiton based on the
position of the leading and trailing edges of a
shadow cast by the component;

rst sienaling means connected fo the processing means
g g P g
for indicating the angular orientation of the compo-
nent; and

second signaling means connected to the processing

means for indicating the coordinate position of the

component,

27. A surface mount component placement machine hav-
ing means for picking up an electrical component, a means
for directly transporting the component to a work piece, a
means for rotating the component and means for accurately
placing the component on the work piece, the improvement
COMprising:

a high precision, high speed sensor comprising.:

a short coherence length light source;

a collimating lens for directing the light past the
COMponent,;

a multi-element sensor array for collecting data points
relating to the angular orientation and lateral posi-
fion of the component; and

processing means for determining the location of a

plurality of data points which represent each edge of

the shadow cast by the component on the sensor
array, capturing only a plurality of data points which
fall within or near the shadow of each edge of the
component and analyzing the data from the sensor
array relating only to a leading edge and trailing
edge of the shadow cast by the component onto the
sensor array fo determine the angular orientation
and lateral position of the component; and

mounting means for mounting the sensor directly onto the
means for transporting the component to the work
piece.
28. A method for aligning a component carried by a
surface mount component placement machine having a
vacuum quill comprising:
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picking up the component with the vacuum quill;

providing a stripe of collimated light from a short coher-
ence length source;

providing a photo element array in the path of the light;

retracting the component nto the stripe of collimated
light so that it casts a shadow on the photo element
array;

rotating the component;

detecting a leading edge and a trailing edge of the shadow
cast upon the sensor array;

capturing a plurality of data points which relate to each
of the leading edge and the trailing edge of the shadow;

calculating angular orientation based on the minimum
shadow position using the captured leading edge and
the trailing edge data; and

comparing the lateral position of the leading edge and
trailing edge of the shadow with the center of the quill
o determine the lateral position of the component as
carried by the quill.

29. A sensor comprising a short coherence length source
and a sensor array for use in precisely placing an electrical
component having various edges carried on a transport
means, the transport means having control means connected
lo the transport means for causing the electrical component
to be interposed between the short coherence length source
and the sensor array and for incremenitally rotating the
electrical component to cause variation in the position of the
shadow cast by at least one edge associated with the
electrical component on the array as the electrical compo-
nent is rotated, the sensor comprising:

a monolithic multi-element sensor array;
a short coherence length source;

collimating means interposed between the short coher-
ence length source and the electrical component for
providing a continuous, uninterrupted, collimated
stripe of light,;

means for reading the voltages from each element of the
sensor array caused by light striking each element of
the multi-element sensor array; and

means for determining the position of at least one edge
associated with the electrical component as it is rotated
under control of the control means by determining the
location of a plurality of data points which represent at
least one edge of the shadow cast by the component on
the sensor array, capturing only a plurality of data
points which fall within or near the shadow of the at
least one edge of the component and analyzing only the
data representing the edge of the shadow cast by the
component on the sensor array from the sensor array,
said determining means comprising:
means for generating a reference threshold voltage
which 1s less than the voltage ouitput from any
element in the array upon which light falls and
greater than the voltage ouiput from any element
falling fully within the shadow cast by the component
on the array;
means for comparing the voltages from each element of
the mulii-element sensor array with the reference
threshold voltage after each incremental rotation;
means for identifving the edge of the shadow when the
voltage reading on any element equals the threshold
voltage;
means for determining after each incremental rotation
whether the shadow is narrower by comparing the
position of the edge of the shadow on the array as
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determined by the identifying means from successive
readings of the voltages of each element as the
component 1s rotated;

means for capturing data which relates only to the edge
of the shadow when the shadow is determined to be 5
the narrowest shadow; and

means for processing the captured data to precisely
determine the location of the edge of the electrical
component and for calculating the angular orienta-
tion and the lateral position of the component. 10

30. A method of orienting an electrical component carried
on a transport means, the method comprising.:

providing a collimated stripe of light, from a short coher-
ence length source, directed toward the electrical com-
ponent; 15

providing a multi-element sensor array having a plurality
of cell locations, the array being positioned on the side
of the component opposite the short coherence length
source so that the shadow of the component is cast

upon the multi-element array, 20

causing the component to be incrementally rotated;

repetitively reading the voltages in muliiple scans from
each element of the sensor array and for each scan of
the voltages;

reading the voltage on each cell of the array;
comparing the voltages to a threshold voltage;

temporarily storing a plurality of voltage readings as data
points which represent each edge of the shadow for
purposes of determining each edge position of the 3p
component; and

recording the cell locations where a transiiion occurs
above and below the threshold voltage as the location
of the leading edge and the trailing edge of the shadow;

comparing the cell locations where each edge of the 35
shadow was detected for each scan to determine the
narrowest shadow width;

capturing only data relating to the edge location when the
shadow is narrowest; and

processing the captured data to determine the lateral
position and angular orientation of the electrical com-
ponent.

31. A method for determining the proper lateral and
angular orientation of component nterposed between a
short coherence length source and a multi-element photo
detector array, each element comprising a pixel, compris-
ing,

providing a collimated stripe of light from a short coher-

ence length source directed toward the component;

establishing a reference voltage threshold which is less
than the voltage output from any pixel in the array upon
which light falls and greater than the voliage output
from any pixel falling fully within the shadow;

incrementally rotating the quill and the component about
a vertical axis;

reading voltages on each pixel of the array after each
incremental rotation;

comparing the voltages against the reference voltage
threshold, 60

storing the data voltage readings of a first edge pixel at
a pixel count whose voltage first drops below the
reference voltage threshold and of a second edge pixel
at a higher pixel count whose voltage again rises above
the reference voltage threshold; 65

determining after each incremental rotation whether the
first edge pixel is at a higher pixel count than the
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previously stored edge pixel thereby indicating that the
shadow is still narrowing;

capturing the data if the first edge pixel is at a lower pixel
count than the immediately preceding stored first edge
pixel which indicates that the shadow is narrower; and

processing the captured data when the shadow is nar-
rowest to determine the lateral position and angular
orientation of the component.
32. A laser based high precision high speed component
alignment sensor system comprising.

a single laser light source;
a collimaiting lens;

a multi-element sensor array having a large plurality of
detector elements for detecting the light passing the
component and the shadow cast by the component on
the sensor array;

a processor for calculating angular and coordinate posi-
lion of the component by determining the location of a
plurality of data points which represent each edge of
the shadow cast by the component on the sensor array,
capturing only a plurality of data poinis which fall
within or near the shadow of each edge of the compo-
nent and analyzing only the data representing edges of
the shadow cast by the component on the sensor array
from the sensor array, said processor detecting and
analyzing the leading edge of the shadow, detecting and
analyzing the trailing edge of the shadow, and calcu-
lating component position based on the position of the
leading and trailing edges of a shadow cast by the
COMpOonent;

a first signaling device connected to the processor for
indicating the angular orientation of the component;
and

a second signaling device connected from the processor
for indicating the coordinate position of the component.
33. In a surface mount component placement machine
having a pickup device for picking up a semiconductor
component, a transport device for directly transporting the
component to a work piece, a rotation device for rotating the
component and a placement device for accurately placing
the component on the work piece, the improvement com-
prising.
a high precision high speed laser sensor comprising:

a single laser light source;

a collimating lens for directing the laser light past the
component;

a mulii-element sensor array for collecting data points
relating to the angular orientation and lateral posi-
tion of the component; and

a processor for determining the location of a plurality
of data points which represent each edge of the
shadow cast by the component on the sensor array,
capturing only a plurality of data points which fall
within or near the shadow of each edge of the
component and analyzing the data from the sensor
array relating only to a leading edge and trailing
edge of the shadow cast by the component onio the
sensor array to determine the angular orientation
and lateral position of the component; and

a mouniing device for mounting the sensor directly onto
the transport device.
34. A method of orienting a semiconductor componernt,
the method comprising:

providing a collimated stripe of laser light directed
foward the component;
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providing a multi-element semiconductor array having a
plurality of cell locations, the array being positioned
on the side of the component opposite the laser light
source so that the shadow of the component is cast
upon the multi-element array;

causing the component to be incrementally rotated;

repetitively reading the voltages in muliiple scans from
each element of the sensor array and for each scan of

the voltages;
reading the voltages on each cell of the array;
comparing the voltages to a threshold voltage;

temporarily storing a plurality of voltage readings as data
points which represent each edge of the shadow for
purposes of determining each edge position of the
component; and

recording the cell locations where a transition occurs
above and below the threshold voltage as the location
of the leading edge and the trailing edge of the shadow;

comparing the cell locations where each edge of the
shadow was detected for each scan to determine the
narrowest shadow width;

capturing only data relating to the edge location when the
shadow is the narrowest; and

processing the captured data to determine the lateral
position and angular orientation of the semiconductor
component.
35. A high precision high speed component alignment
SENSoOr System COMmprising.

a short coherence length source;
a collimating lens;

a mulii-element sensor array having a large plurality of
detector elements for detecting the light passing the
component and the shadow cast by the component on
the sensor array;

a processor for calculating angular and coordinate posi-
lion of the component by determining the location of a
plurality of data points which represent each edge of
the shadow cast by the component on the sensor array,
capturing only a plurality of data points which fall
within or near the shadow of each edge of the compo-
nent and analyzing only the data representing edges of
the shadow cast by the component on the sensor array
from the sensor array, said processor: detecting and
analyzing the leading edge of the shadow, detecting and
analyzing the trailing edge of the shadow, and calcu-
lating component position based on the position of the
leading and trailing edges of a shadow cast by the
component;

a first signaling device connected to the processor for
indicating the angular orientation of the component;
and

a second signaling device connected to the processor for
indicating the coordinate position of the component.
36. A surface mount component placement machine hav-
ing a pickup for an electrical component, a transporter for
directly transporiing the component to a work piece, rotat-
ing the component and accurately placing the component on
the work piece, the improvement cCOmprising:

a sensor, the sensor comprising.
a short coherence length light source;
a collimating lens for directing the light past the
component;
a multi-element sensor array for collecting data points
relating to the angular orientation and lateral posi-
fion of the component; and
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a processor for determining the location of a plurality
of data points which represent each edge of the
shadow cast by the component on the sensor array,
capturing only a plurality of data points which fall

5 within or near the shadow of each edge of the
component and analyzing the data from the sensor
array relating only to a leading edge and trailing
edge of the shadow cast by the component onio the
sensor array to determine the angular orientation
and lateral position of the component.

37. A method of orienting an electrical component, the
method comprising.

10

providing a collimated stripe of light, from a short coher-
ence length source, directed toward the electrical com-

15 ponent,

providing a multi-element sensor array having a plurality
of cell locations, the array being positioned on the side
of the component opposite the short coherence length
source so that the shadow of the component is cast

20 upon the mulii-element array;

causing the component to be incrementally rotated;

repetitively reading the voltages in multiple scans from
each element of the sensor array and for each scan of

75 the voltages;

reading the voltage on each cell of the array;
comparing the voltages to a threshold voltage;

temporarily storing a plurality of voltage readings as data
points which represent each edge of the shadow for
purposes of determining each edge position of the
component; and

30

recording the cell locations where a transition occurs
above and below the threshold voltage as the location

a5 of the leading edge and the trailing edge of the shadow;

comparing the cell locations where each edge of the
shadow was detected for each scan to determine the
narrowest shadow width;

capturing only data relating to the edge location when the

40 shadow is narrowest; and

processing the captured data to determine the lateral
position and angular orientation of the electrical com-
ponernt.

38. A method for determining the proper lateral orienta-
fion of a component carried by a surface mount component
placement machine having a quill, where the quill 1s inter-
posed between a short coherence length source and a
mulii-element photo detector array, each element compris-
ing a pixel, the method comprising the steps of:

providing a collimated stripe of light from a short coher-

ence length source directed toward the component,

45
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rotating the quill and the component about a vertical axis;

reading voltages from the pixels of the array during the

<< rotation,

identifying edges of the component;

capturing the data from the detector only at and near the
portions of the detector corresponding to the edges of
the component, said voltages from the pixels in said
portions being both above and below a threshold

voltage level; and

60

processing the captured data to determine the lateral
position of the component.
39. A method of orienting a component by angularly
65 rotating the component through a plurality of angles so as
fo cast a shadow of the component onto a detector, the
method comprising.
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reading sets of data from the detector as the component
rotates through the angles, each set of data correspond-
ing to one of the angles;

analyzing a leading edge and a trailing edge of each of

22

processing device reporting the angle corresponding to
the minimum shadow width.

49. A method of orienting a component by angularly
rotating the component through a plurality of angles, the

the sets of data to locate one set having a minimum 5 method comprising:

shadow width; and

outputting the angle corresponding to the minimum

shadow width.

40. The method of claim 39, wherein the shadow is formed
by collimated light.

41. The method of claim 40, wherein the shadow cast onto
the detector includes at least a portion of leads on the
component.

42. The method of claim 39, wherein a processor uses the
angle to compute a width and position of the component.

43. Apparatus for orienting a component, the apparatus
COMprising:

a detector;

a rotation device constructed to angularly rotate the
component through a plurality of angles so as to cast
a shadow of the component onto the detector; and

a processing device constructed to read sets of data from
the detector as the component rotates through the
angles, each set of data corresponding to one of the
angles, the processing device capturing only a plurality
of data points which fall within or near the shadow
edge of the component and analyzing data from the
detector relating only to a leading edge and trailing
edge of each of the sets of data to locate one set having
a minimum shadow width, the processing device otit-
putiing the angle corresponding to the minimum
shadow width.

44. The apparatus of claim 43, wherein the shadow is

formed by collimated light.

45. The apparatus of claim 44, wherein the shadow cast
onto the detector includes at least a portion of leads on the
component.

46. The apparatus of claim 43, wherein the processing
device uses the angle to compute a width and postiion of the
component.

47. A method of orienting a component by angularly
rotating the component through a plurality of angles so as
fo cast a shadow of the component onto a detector, the
method comprising.

collimating light fo form a stripe on the detector;

reading sets of data from the detector as the component
rotates through the angles, each set of data correspond-
ing to one of the angles;

analyzing the sets of data to locate one set having a
minimum shadow width,; and

reporting the angle corresponding to the minimum
shadow width.

48. Apparatus for orienting a component, the apparatus
COMPriSINg.
a detector;

a rotation device constructed to angularly rotate the
component through a plurality of angles so as to cast
a shadow of the component onto the detector;

a collimating device constructed to form a stripe of light
on the detector; and

a processing device constructed to read sets of data from
the detector as the component rotates through the
angles, each set of data corresponding to one of the
angles, the processing device analyzing the sets of data
to locate one set having a minimum shadow width, the
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casting a first and second shadow of the component onto
a first and a second detector, the detectors oriented
orthogonally with respect to each other;

reading data from the first and second detectors into a
first and a second group of data, the first group
including data from the first detector and the second
group ncluding data from the second detector, and
repeating the aforementioned steps at the plurality of
angles;

selecting sets of data corresponding to a minimum
shadow width from each of the two groups, the selec-

tion of sets of data performed as a function of a leading
edge and a trailing edge on each of the sets of data; and

reporting two angles from the plurality of angles, each
reported angle corresponding to selected data having
the minimum shadow width.

50. Apparatus for orieniing a component, the apparatus

COMPriSing.

a first detector and a second detector oriented orthogo-
nally with respect to each other, a first shadow and a
second shadow of the component being cast onto the
first detector and the second detector, respectively;

a rotation device constructed to angularly rotate the
component through a plurality of angles; and

a processing device constructed to read data from the first
detector and the second detector into a first group of
data and a second group of data, the first group
including data from the first detector and the second
group including data from the second detector; further
wherein the casting of shadows and the reading of data
into groups is repeated at the plurality of angles, the
processing device further seleciing sets of data corre-
sponding to a minimum shadow width from each of the
iwo groups, the selection of sets of data performed as
a function of a leading edge and a trailing edge on each
of the sets of data, the processing device reporting two
angles from the plurality of angles, each of the reported
angles corresponding to selected data having the mini-
mum shadow width.

51. A method of orienting a component by angularly
rotating the component through a plurality of angles so as
fo cast a shadow of the component onto a detector, the
method comprising.

reading sets of data from the detector as the component
rotates through the angles, each set of data correspond-
ing to one of the angles;

identifying an edge pixel in the sets of daita, the edge pixel
representative of a shadow intensity at the edge pixel,
and storing one of the angles corresponding to a
maximum value of the intensity of the edge pixel;, and

reporting the orientation of the component as a function
of the angle.
52. Apparatus for orienting a component, the apparatus
COMprising:
a detector;

a rotation device constructed to angularly rotate the
component through a plurality of angles so as to cast
a shadow of the component onto the detector; and

a processing device constructed to read sets of data from
the detector as the component rotates through the
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angles, each set of data corresponding to one of the
angles, the processing device identifying an edge pixel
in the sets of data, the edge pixel representative of a
shadow intensity at the edge pixel, the processing
device storing one of the angles corresponding 1o a
maximum value of the intensity of the edge pixel, the
processing device reporting the orientation of the com-
ponent as a function of the angle.

53. A method of orienting a component by angularly
rotating the component through a plurality of angles so as
fo cast a shadow of the component onto a detector, the
method comprising.

reading sets of data from the detector as the component
rotates through the angles, each set of data correspond-
ing to one of the angles;

thresholding the sets of data so as to identify at least a
pair of zero crossings of the set of data with the
threshold, and identifying a component width as a
function of a distance between the pair of zero
crossings, and
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selecting the set of data having the minimum distance
between the zero crossings.
54. Apparatus for orienting a component, the apparatus
COMPFISING.
a detector;

a rotation device constructed to angularly rotate the
component through a plurality of angles so as to cast
a shadow of the component onto the detector; and

a processing device constructed to read sets of data from
the detector as the component rotates through the
angles, each set of data corresponding to one of the
angles, the processing device thresholding the sets of
data so as to identify at least a pair of zero crossings
of the set of data with the threshold, the processing
device identifying a component width as a function of
a distance between the pair of zero crossings, the
processing device selecting the set of data having the
minimum distance between the zero crossings.
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