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LEAD INSPECTION SYSTEM FOR
SURFACE-MOUNTED CIRCUIT PACKAGES

RELATED APPLICATIONS

This application is a continuation-in-part if U.S. pa-
tent application Ser. No. 153,764, filed Feb. 8, 1987.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates inspection
systems for inspecting leads on circuit packages and,
more particularly, to inspection systems that inspect the
leads on circuit packages of the surface-mounted type.

2. State of the Art

Circuit packages of the surface-mounted type are
designed, as their name implies, for electrical connec-
tion to the surface of a circuit board. Typically, leads on
surface-mounted circuit packages are finer and more
closely spaced than leads on circuit packages of the dual
in-line pin (DIP) type. For mounting surface-mounted
packages to a circuit board, solder paste is silk-screened
onto minute solder pads that are precisely located on
the board to match the pattern, or “footprint”, of prop-
erly aligned leads extending from the circuit package.
After the desired number of circuit packages are placed
on a board with the package leads embedded in the
solder paste on the pads, the packages are permanently
soldered into place. To achieve satisfactory electrical
connections using surface-mounted packages, not only
must the lead patterns of the packages match the pat-
terns of pads on a circuit board but, also, all of the leads
of the circuit package must make contact with the in-
tended solder pads. This latter condition is often ex-
pressed by saying the leads of surface-mounted pack-
ages must be substantially coplanar. Typically, surface-
packages are required to have the “contact ends” of
their leads coplanar within less than about two to about
four thousandths of an inch (mils).

As used above, the term “contact end” refers to the
portion of a package lead which is intended to contact
a solder pad when the package is placed in its normal
position on. a circuit board. Equivalently, the term
“contact end” can be understood to refer to the portion
of a circuit package lead which is closest to a flat refer-
ence surface when the circuit package rests in its normal
position on the reference surface. It should be noted
that the actual end of a lead of a surface-mounted pack-
age can be significantly different from the contact end,
since surface-mounted circuit packages can have leads
of various shapes including “J” and gull-wing like
shapes. It should also be noted that, when a circuit
package is viewed from its side, the contact end of a
lead appears to have an edge; such an edge can be re-
ferred to as an *“apparent edge”.

Currently, several methods are used for detecting
whether the contact ends of leads on surface-mounted
circuit packages are coplanar. The conventional detec-
tion methods include reflected image comparisons,
image analysis employing video cameras, transmitted
light measurements, laser-based dimensional measure-
ments, and cast-shadow analysis. Each of these inspec-
tion methods is discussed in copending U.S. patent ap-
plication Ser. No. 153,764, filed Feb. 8, 1987, the disclo-
sure of which is herein incorporated by reference. As
set forth in the application, each of the known inspec-
tion methods has substantial drawbacks.
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In particular it should be mentioned that workers in
the art have used matrix-type video cameras in systems
that inspect the leads of circuit packages. In this con-
text, the term matrix-type video camera refers to video
cameras that depict scenes in two dimensions. The use
of matrix-type video cameras in systems for inspecting
rows of pins on integrated circuit packages of the dual
in-pin (DIP) type is described, for example, in U.S. Pat.
No. 4,696,047. In the patented inspection system, a con-
veyor moves DIP packages past a matrix-type video
camera which provides two-dimensional images of the
pins. The images are analyzed by a signal processor
which compares the images with references stored in
the memory of a digital computer. Based upon the
image comparisons, the inspection system rejects circuit
packages whose pins do not meet specified tolerances.

Also, U.S. Pat. No. 4,668,939 discloses an automated
system using a matrix-type video camera for inspecting
solder bumps on chip carriers. According to the patent,
the images provided by the matrix-type video camera
are processed to provide one-dimensional intensity
plots. The patent states that the intensity plots can be
analyzed to detect missing, bridged or excessive solder
bumps.

Image analysis employing matrix-type video cameras
has several disadvantages. One difficulty arises from the
fact that the two-dimensjonal video information is nor-
mally arranged in rectangular rasters having aspect
ratios of about 4:3. By way of contrast, the region of
interest when inspecting leads of circuit packages of the
surface-mounted type can be, for example, about two-
thousand wide by twenty mils, which equates to an
aspect ratio of about 100:1. (In this example, the two-
thousand mil dimension would represent the length of a
surface-mounted package and the twenty mil dimension

‘would encompass a space between the contact end of a.

lead and a reference surface.)

To increase aspect ratios when inspecting leads on
circuit packages of the surface-mounted type with ma-
trix-type video cameras, it is known to fit the cameras
with cylindrical lenses that provide image magnifica-
tion in the vertical direction greater than in the horizon-
tal direction. That is, such lenses increase resolution in
the vertical direction while retaining sufficient horizon-
tal field width to allow viewing of an entire side of a
circuit package. Even with such cylindrical lenses,
however, matrix-type video cameras may not provide-
adequate resolution in both the vertical and horizontal
dimensions for inspection of leads of circuit packages of
the surface-mounted type.

At this juncture, it can be mentioned that linescan
camera comprising linear arrays of photosensitive ele-
ments are also known. For example, a linescan camera
comprised of photodiodes is disclosed, in U.S. Pat. No.
3,781,467. According to this patent, the linescan camera
operates with a microscope to measure the length of
non-metallic inclusions in polished steel specimens.
Also, a linescan camera is disclosed in U.S. Pat. No.
4,520,702 which is directed to an apparatus for inspect-
ing and cutting articles.

In a somewhat different technique for inspecting
leads on surface-mounted circuit packages, fiber-optic
sensors have ben used to make so-called “transmitted
light” measurements. According to this technique,
when a circuit package is placed on its leads on a planar
surface, any gap between the contact end of a lead and
the planar surface can be considered to be analogous to
a gate. The quantity of light transmitted through a given
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“gate” is directly proportional to the gap between the
contact end of an inspected lead and the reference sur-
face. By measuring the light intensity at the gate loca-
tions, one can determine the extend to which the
contact ends of leads of a circuit package are coplanar.

The technique of transmitted light measurements also
has several disadvantages when inspecting circuit pack-
ages of the surface-mounted type. One drawback is that
a complete sensor head must be custom designed and
fabricated for each package configuration. Another
disadvantage is that conversion of such systems from
one package type to another is difficult and time-con-
suming. Still another drawback is that the transmitted
light measurements can vary depending upon whether
the apparent edges at the contact ends of the leads are
horizontal or angled from horizontal.

In view of the preceding, it can be undersiood that a
need exists for improvements in systems and methods
for inspecting leads on circuit packages of the surface-
mounted type to determine the extent to which the
contact ends of leads are coplanar. Also, a need exists to
provide systems and methods for measuring geometri-
cal properties of leads on surface-mounted circuit pack-
ages such as the width of leads, distances center-to-cen-
ter between leads, and spacings edge-to-edge between
leads.

As will be evident in view of the following descrip-
tion, one advantage of the present invention is that leads
on circuit packages of the surface-mounted type can be
rapidly inspected with very high resolution. Another
advantage of the present invention is that circuit pack-
ages of the surface-mounted type having a variety of
sizes, shapes and lead types can be inspected without
substantial modifications to the measurement system
and without substantial changes in measurement accu-
racy. These and other advantages of the present inven-
tion can be ascertained by reference to the following
description and attached drawing which illustrate the
preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a diagram which schematically shows, in
perspective, an inspection system according to the pres-
ent invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In FIG. 1, an electro-optical system, generally desig-
nated by the number 11, is provided to detect geometri-
cal properties of the leads 15 of a circuit package 16 of
the surface-mounted type. Included in system 11 is a
reference surface 18 which is horizontally flat to sup-
port the contact ends of leads 15. It should be noted that
reference surface 18 has sharp side edges 19 which lie in
the plane of the surface. In the preferred embodiment,
reference surface 18 is selectively rotatable in the hori-
zontal plane in steps of ninety degrees. Mechanisms for
providing such step-wise rotation are conventional and,
for that reason, are not shown.

In the illustrated embodiment, reference surface 18
has a central rectangular aperture 20 whose size and
shape depends upon the dimensions of the circuit pack-
age 16 under inspection. Preferably, aperture 20 should
be as large as possible while still permitting reference
surface 18 to have substantial area to support the
contact ends of leads 15. The purpose of aperture 20 is
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to allow light to pass upwardly toward the bottom of
circuit package 16.

As further shown in FIG. 1, a reflector member 23 is
mounted above aperture 20 and an illumination source,
generally designated by a number 24, is provided below
the aperture. The purpose of illumination source 24 is to
direct light upward through aperture 20 onto reflector
member 23. In practice, the lateral sides of reflector
member 23 are angled sufficiently to reflect light from
source 24 against the back surfaces of leads 15. As a
result, leads 15 are silhouetted when circuit package 16
is viewed from the side. The illumination source 24 can
include, for example, a conventional high-intensity
lamp 25 with a focusing lens 26.

Further in system 11, a linescan camera, generally
designated by the number 30, is mounted adjacent refer-
ence surface 18. In linescan camera 30, a linear array 31
of photosensitive elements is fixedly arranged horizon-
tally to extend parallel to reference surface 18. (In this
context, the term “linear” refers to the fact that photo-
sensitive elements are arranged in a generally straight
line to form the array.) In practice, linescan camera 30
also includes a lens 32 which is interposed between
array 31 and circuit package 16 to focus the individual
leads 15 and reference edge 19 onto array 31.

A mechanism, generally indicated by the bracket 35,
is provided to selectively move linescan camera 30
upward and downward perpendicular to reference sur-
face 18. In the illustrated embodiment, mechanism 35
includes a guide member 36 which extends perpendicu-
lar to reference surface 18, a slider 37 mounted to slid-
ably travel on guide member 36, a driven cam 38, and
linkage 39 which is fixed to linescan camera 30 and
which connects between cam 38 and slider 37.

In practice, linear array 31 is comprised of photo-
electric transducers such as photodiodes or other pho-
tosensitive elements. Preferably, there are at least sev-
eral hundred photosensitive elements in array 31. Such
linear photosensitive arrays are commercially available
from, for example, the Reticon Corporation of Sunny-
vale, Calif.

As further shown in FIG. 1, output signals from lin-
ear array 31 are carried to an analog-to-digital con-
verter 49. Such converters are conventional and, as
such, operate to convert analog signals to digital signals.

Further in system 11, a linear position encoder 51 is
mounted to detect the position of array 31 relative to
reference edge 19. Such position encoders, sometimes
known as linear motion potentiometers, are well
known. From linear position encoder 51, electrical out-
put signals are carried to a microcomputer 61. Mi-
crocomputer 61 also receives digital signals from ana-
log-to-digital converter 49. As will be explained in the
following, microcomputer 61 employs signals from
linear array 31 and encoder 51 to measure and detect
geometrical properties of leads 15.

To measure geometrical properties of the leads 15 of
circuit package 16, the first step in operation of system
11 is to position circuit package 16 on the contact ends
of its leads 15 on reference surface 18. Normally, not all
of the leads 15 will touch reference surface 18 and, in
fact, package 16 can be supported on the contact ends of
only about three leads. With circuit package 16 prop-
erly positioned, illumination source 24 projects light
onto reflector member 23 which, in turn, reflects light
toward the back surfaces of leads 15. (In this context,
the terms “front” and “’back38 indicate the surfaces of
leads 15 relative to photosensitive array 31.) With such
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illumination, leads 15 are silhouetted, the adjacent refer-
ence edge 19 appears dark, and any space between the
adjacent reference edge 19 and the contact ends of leads
15 appears light.

Further in operation of the system, cam 38 is rotated
to drive slider 37 up and down perpendicular to refer-
ence edge 19. That is, when cam 38 is rotated, slider 37
is forced to reciprocate on guide member 36, thereby
causing array 31 to move up and down. It should be
noted that, at all times during its movement, the photo-
sensitive elements in array 31 extend in a line which is
parallel to perpendicular edge 19. During its travel,
array 31 is operated to scan the intensity of light over
horizontal lines across the inspected leads 15. The verti-
cal travel distance includes at least the normal space
between the contact ends of leads 15 and edge 19 of
reference surface 18, typically a distance of about
twenty mils (i.e., twenty thousandths of an inch.) How-
ever, the travel distance of linear array 31 could include
the entire distance from reference surface 18 to the
bottom surface of circuit package 16. Normally, the
scanned distance includes the entire length of the circuit
package. Also, as array 31 travels vertically relative to
reference edge 19, the position of the array is detected
by linear encoder 51 and the position information is
transmitted to microcomputer 61.

At this point, it should also be understood that vari-
ous mechanisms can be used for moving linescan cam-
era 30 vertically. Thus, mechanism 35 is just one exam-
ple of such mechanisms. Another alternative is to mount
linescan camera 30 to a hinge which adjustably tilts the
camera in a precise arc over the vertical distance to be
inspected. In this alternative, a detector would be pro-
vided to detect the tilt angle of the linescan camera. In
this alternative embodiment, as in the one described
earlier, the direction of travel of the linescan camera is
perpendicular to reference surface 18.

In operation of linear array 31, light which is incident
upon the photosensitive elements in the array is con-
verted to voltage signals. Thus, output signals from the
photosensitive elements in array 31 represent a series of
light intensity values in analog form for each element in
the array. The analog output signals are sent to analog-
to-digital converter 49, which converts the signals to a
digital form. Then, the digital signals are provided to
microcomputer 61.

Generally speaking, microcomputer 61 analyzes the

digital signal information to identify changes in the light
intensity values along linear array 31. More particu-
larly, microcomputer 61 detects the number of photo-
sensitive elements which are relatively brightly illumi-
nated in any one scan of the leads 15. In practice, mi-
crocomputer 61 also controls the number of scans per a
given time or distance as linescan camera 30 travels
vertically. In practice, as many as two hundred scans
may be made during the time that linescan camera 30
travels twenty miles vertically. From such information,
microcomputer 61 computes, for example, the extent to
which the contact ends of leads 15 are coplanar within
preselected limits relative to reference surface 18.
Normally in operation of system 11, after inspection
of the leads on one side of circuit package 16, reference
surface 18 is rotated ninety degrees horizontally and the
inspection process is repeated for any leads on the end
of package 16. When all leads on all sides of the circuit
package have been inspected, calculations can be made
by microcomputer 31 to determine the distance that any
given lead deviates from the plane of reference surface
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18 and, thus, to determine the extent to which the
contact ends of leads 15 are coplanar. In addition, sys-
tem 11 can detect geometrical properties such as the
width of each lead, the center-to-center distances be-
tween leads, and the edge-to-edge spacings between
leads. System 11 can also be used to detect the minimum
distance, or “stand-off’, between the bottom of circuit
package 16 and reference surface 18.

At this juncture, it can be appreciated that system 11
permits optical resolution to be modified independently
in the vertical and horizontal directions. In the vertical
dimension, optical resolution is determined by the fre-
quency of horizontal scans as linear array 31 travels
vertically and by the rate of vertical travel. Thus, verti-
cal resolution can be increased by increasing the num-
ber of scans over a given vertical distance or by de-
creasing the rate of vertical travel. In either case, verti-
cal resolution is adjusted without affecting resolution in
the horizontal dimension.

In the horizontal dimension, resolution is determined

by the number of photosensitive elements comprising
linear array 31 and by the focusing optics (i.e., lens 32).
Changes in horizontal resolution can be made by in-
creasing or decreasing the operative number of photo-
sensitive elements in linear array 31 or by changing the
focusing optics (i.e., lens 32) to provide a wider, or
narrower, viewing angle. Again, it should be noted that
changes in vertical resolution can be made without
affecting horizontal resolution. .
. Although the present invention has been described in
its preferred embodiment, those skilled in the art wiil
appreciate that variations may be made without depart-
ing from the spirit and scope of the invention as defined
in the appended claims and equivalents. For example,
although the foregoing description has emphasized ver-
tical movement of linear array 31 relative to a stationary
reference surface 18, array 31 could be held stationary
and the reference surface could be raised or lowered,
thereby carrying a circuit package past the linear array
for inspection. As another example, it can be under-
stood that inspection system 11 can include more than
one array such as linear array 31; for instance, four such
linear arrays can be provided with each array posi-
tioned to face a different side of circuit package 16.

Still further, it should be appreciated that leads 15
could be illuminated by front lighting rather than being
silhouetted by back lighting. In other words, the critical
criteria is that illumination must be provided to produce
sharp optical contrast at the sides and contact ends of
leads 15. According to this alternative, reflector mem-
ber 23 can be eliminated.

In yet another alternative, the positions of linescan
camera 30 and illumination source 24 can be inter-
changed. That is, source 24 can be mounted to illumi-
nate the front sides of leads 15 and linescan camera 30
can be positioned to view images of silhouettes of the
leads reflected from reflector member 23.

What is claimed is:

1. A process for inspecting leads on circuit packages
of the surface-mounted type, comprising the steps of:

positioning a circuit package for inspection on a gen-

erally horizontal reference surface having at least
one horizontal reference edge;

illuminating the package to produce sharp optical

contrast at the edges and contact ends of the leads;
moving a horizontally-arranged linear array of pho-

tosensitive elements in a direction substantially

perpendicular to the reference edge;
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operating - the horizontally-arranged linear array of
photosensitive elements to provide a series of one-
dimensional scans horizontally across the leads;
and

analyzing signal information obtained from the hori-

zontal scans to detect and measure selected geo-
metrical properties of the inspected leads.

2. A process according to claim 1 wherein the signal
information is analyzed tc measure the vertical distance
between the reference edge and the contact end of each
lead.

3. A process according to claim 2 wherein ali leads on
all sides of the circuit package are scanned, and the
signal information from the scans is analyzed to measure
the extent to which the contact ends of the leads of the
circuit package are coplanar within preselected limits.

4. A process according to claim 1 wherein silhouettes
of the package leads are produced by casting light onto
the backs of the leads.

S. A process according to claim 1 including the step
of focusing silhouetted images of the contact ends of
leads onto the array.

6. A process according to claim 1 including the steps
of detecting vertical travel of the horizontal array rela-
tive to the reference edge, providing position-identify-
ing signals that represent the location of the verticaily
moving array, and employing the position-identifying
signal information to provide selected measures of the
geometry of the contact ends of the leads.

7. A process according to claim 1 wherein the posi-
tion-identifying signal information is analyzed to mea-
sure the extent to which the contact ends of leads devi-
ate from the plane of the reference surface.

8. A process according to claim 1 wherein the signal
information is analyzed to measure center-to-center
distances between leads.

9. A process according to claim 1 wherein the signal
information is analyzed to measure edge-to-edge spac-
ings between leads.

10. A process according to claim 1 wherein the signal
information is analyzed to measure standoff of the cir-
cuit package relative to the reference surface.

11. A process for inspecting leads on circuit packages
of the surface-mounted type comprising the steps of:

positioning a circuit package for inspection on a gen-

erally horizontal reference surface having a hori-
zontal edge;

moving a horizontaily-arranged linear array of pho-

tosensitive elements in a direction which is perpen-
dicular to the reference surface;
operating the photosensitive elements of the linear
array to provide a series of one-dimensional scans
along the leads in the horizontal direction;

analyzing signal information provided by the scans to
measure selected geometrical properties of the
inspected leads.

12. A process according to claim 11 including the
steps of detecting vertical movement of the array rela-
tive to the reference surface, providing position -identi-
fying signals that represent the location of the array,
and employing the position-identifying signal informa-
tion to measure geometrical properties of the contact
ends of the leads.

13. A process according to claim 11 wherein silhou-
ettes of the package leads are produced by casting light
onto the backs of the leads and the photosensitive ele-
ments are operated to detect outlines provided by the
silhouettes.
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14. A process according to claim 12 wherein the
position-identifying signal information is analyzed to
measure the vertical distance between the reference
edge and the contact end of each lead.

15. A process according to claim 14 wherein the
signal information is analyzed to determine the spacing
between leads.

16. A process for inspecting leads on circuit packages
of the surface-mounted type, comprising the steps of:

positioning a circuit package for inspection on a gen-
erally horizontal reference surface having a hori-
zontal reference edge;

providing illumination to silhouette the package
leads;

moving a horizontally-extending linear array of pho-
tosensitive elements in a direction perpendicular to
the reference surface, and detecting the position of
the moving array relative to the reference edge;

operating the array of photosensitive elements to
provide a series of horizontally scans; and

analyzing the signal information obtained from the
horizontal scans to measure geometrical properties
of the inspected leads.

17. A system for inspecting leads on circuit packages

of the surface-mounted type comprising:

support means for providing a horizontal reference
surface for supporting a circuit package for inspec-
tion;

illumination means for silhouetting the package leads;

a linear array of photosensitive elements mounted to
extend horizontally and operative to provide one-
dimensional scans of the leads of the package under
inspection;

means for moving the linear array vertically relative
to the support means; and

means for analyzing signal information provided by
the photosensitive elements of the linear array dur-
ing a series of scans to provide information as to
geometrical properties of the inspected leads.

18. A system according to claim 17 wherein the infor-
mation obtained from scans made by the linear array is
used to measure the vertical distances between the ref-
erence surface and the contact ends of the inspected
leads.

19. A system according to claim 17 further including
focation-detecting means for detecting the location of
the array relative to the reference surface.

20. A system according to claim 19 wherein the
means for analyzing signal information employs signals
from the location-detecting means and from the photo-
sensitive elements to measure the distance between the
contact ends of inspected leads and the reference sur-
face.

21. A system for inspecting leads on circuit packages
of the surface-mounted type comprising: .

support means for providing a reference surface for
supporting a circuit package for inspection;

a linear array of photosensitive elements mounted to
extend horizontally to scan the leads of the circuit
package;

means for moving the linear array in a direction per-
pendicular to the reference surface; and

means for analyzing signal information provided by
the linear array to detect selected geometrical
properties of the leads.

22. A system according to claim 21 further including

illumination means to silhouette the contact ends of the
package leads.
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23. A system according to claim 22 wherein the illum-
ination means includes a reflector mounted to the sup-
port means to reflect light onto the back surfaces of the
package leads.
24. A system according to claim 23 wherein the sup-
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port means has an aperture formed therein to received
light which is to be reflected by the reflected means.



