s &V T D e T s e @ ffes &, my e R el T e .= T A Rme;sT v e 7 & T T e T o T T

| /’W%W'g

v TS
RO3(SG) RErLACED SHEE L q | #oseqy
el - 2 .t na;;cc, / |
"Description 5’ G /() to paged g
‘.__’x;-zir\f 8} 9 N '[8 1o RES ‘N_}
mpls) ¢ ‘.r.?'jé- aced Ll i
This Sheet Has Been Replace OV paged ST 10 pag —"J
al1Tel N ——“____,_._-—-"

An Apparatus and Method to Transport, Inspect and Measure Objects
and Surface Details at High Speeds

The invention relates to an apparatus with at least one inspection station for
the inspection of objects or leaded objects travelling on a track and being
singulated while being inspected, said apparatus using at least one vision
inspection system with one or more imaging sensors for surface detail
inspection as well as for object dimensioning and/or measuring protrusions
from said objects to be inspected, saild apparatus comprising at least one light
source for front and/or back lighting.

It should be understood that vision inspection systems are well known, e.g. for
inspection of semiconductor devices. Such a vision inspection system in use
today utilizes three separate stations with three imaging sensors. One station
and sensor for top surface detail inspection, one station and sensor for top view
dimensional measurements and one station and sensor for side view dimen-
sional measurements.

The first station for top surface inspection comprises a light source for front
lighting that is lighting from the front of the object and an imaging sensor for
inspection of the object from the same perspective as the viewing position. This
inspection is used for surface detail inspection including feature extraction and
pattern recognition of surface details. The second station for top view dimen-
sional measurement including object length and width, or for a leaded object,
the dimensions of these leads and their relationship with other features or
objects as viewed from the top, comprises a light source for back lighting or
silhouette lighting from below, that is lighting from the rear of the object
relative to the viewing position so that the object is in shadow or silhouetted.
Under these circumstances the outline of the object can be viewed with high
accuracy. The same is true for side view dimensional measurement with back
lighting from the side and viewing from the opposite side.
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speed the stoppers need to travel up and down. If stoppers are used at the

inspection station, a settling time or dwell time is required so that the singu-
lated unit can come to a complete stop prior to inspection. This dwell time is
necessary, as the inertia of the object would otherwise cause the object to
bounce off the stopper.

Efforts were made to reduce the number of inspection stations by incorporating
the top surface inspection and the top view dimensional measurement into one
station using front lighting. With this arrangement the top view will see both
surface details and the object plan dimensions.

To view the two sides, two imaging sensors can be placed one at each side of the
object to be inspected using front or back lighting. Alternatively, both side
views for side dimensions can also be incorporated into one view using mirrors
or prisms with an appropriate front or back lighting of a more complex nature.

It is also known to use three independent and non-interfering light sources at
the same station to integrate the surface detail inspection with that of back-
lighted top and side dimensioning. This can be done by the use of three strobes
(flashlights) to be fired at different times, one to light up the surface and the
second to provide a silhouetted top image and a third to provide a silhouetted
side image at the same station.

From a photographic point of view, using strobes has the advantage of freezing
the object in motion. This technique is also known as inspecting "on-the-fly".
Although the act of freezing objects can also be done with electronic shuttered
imaging sensors such as progressive scanning video cameras, strobe lights fired
at different times do not interfere with one another, whereas continuous ligh-
ting setup using progressive scanning cameras can interfere with one another.

Although inspection can be carried out "on-the-fly", this kind of inspection is
inherently unstable, if the object has to be presented in a known and consistent
manner to the viewing device. For instance, cases where accurate measure-
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di nen- ment results will occur.

In order to overcome the afore-mentioned drawbacks it is an object of the
invention to reduce the number of stations and the number of imaging sensors
by combining various views with a possibility that the objects can be viewed in
motion with a considerably increased handling speed, so that there is no need
to even momentarily stop the object during viewing. Thus, a moving object is
stable while in motion so that inspection results are repeatable and accurate.

A further object of the invention is to provide means which prevent floating of
the objects while being guided through the inspection station and being
singulated, particularly, if the object is light and is travelling fast.

These objects are accomplished by an apparatus according to independent
claim 1 and a method according to independent claim 186.

Further developments of the invention are subject to dependent claims.

The invention as disclosed provides the advantages that the number of imaging
stations and imaging sensors can be reduced and that inspection can be carried
out "on-the-fly". There is no need to even momentarily stop the object during
viewing. Although known systems for "on-the-fly" inspections are inherently
unstable, the invention has the advantage that the object is very stable while in
high-speed motion and securely guided so that inspection results are repeatable
and accurate.

The invention also provides the advantage that leaded ohjects can be inspected
and dimensionally measured simultaneously from the top and from the side
using front lighting for the top view inspection and back lighting for object
dimensioning and/or measuring protrusions from the inspected objects.

The features and advantages of the present invention will be more readily
understood from the following detailed description of an illustrative embodi-
ment when read in conjunction with the accompanying drawings, wherein:

Fig. 1 1s a diagrammatic cross-section view through an apparatus for
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sional measurenent including object Iength and width, or for a | eaded

obj ect, the dinensions of these |eads and their relationship with other
features or objects as viewed fromthe top, conprises a |ight source for
back lighting or silhouette lighting frombelow, that is lighting fromthe
rear of the object relative to the view ngposition so that the object is
I n shadow or silhouetted. Under these C|rc&nstances the outline of the

obj ect can be viewed with high accuracy. The sane is true for side view

di mensi onal neasurenent with back lighting fromthe side and viewi ng from
t he opposite side.

Fig. 2 is a diagrammatic side view of the apparatus according to Fig. 1;

Fig.3 is a perspective view of a triangle-shaped track and lipped guides
according to the invention;

Fig.4  is a diagrammatic side view of the apparatus according to the
invention with a roller for singulation of the objects;

Fig. 5 is a diagrammatic side view of the apparatus according to the
invention with a conveyor for singulation of the objects;

Figs. 6A and 6B are representations of a top imaging sensor view and a
bottom imaging sensor view as shown on a display screen of a
computer unit;

PFigs. 7TA bis 7D show modifications of the triangle track;

Fig.8  diagrammatically shows a right angle triangle arrangement with an
in and out as well as an up and down adjustment.

Referring now to the drawings, Fig. 1 shows a diagrammatic cross-section view
of an apparatus for inspection of leaded objects 10 which, in the present
embodiment, are semiconductor devices, whereas the same apparatus is shown
in Fig. 2 in a diagrammatic side view.

The apparatus comprises an elongated track 11 which, as shown in Fig. 2, is
inclined for gravity feed and movement of the objects. The track consists of a
rail which is shaped into a right angle triangle with a basis between two 45°
corners supporting the bottom of the objects 10 and the 90° apex of the triangle
in an inverted pyramid position. The track is dimensionally smaller than the
objects so that the sides of the objects and their leads or legs (20) protrude
along both sides of the track.

The two adjacent faces of the triangle at the 90° corners are mirror finished so
as to reflect the images of protuding leads of the leaded objects. Any material
capable of a mirror-like finishing or coating or attachment can be used. Metal is
a good example of & material for mirror finishing.
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-2 - " Wile utilizing the nmentioned vision inspection systemand in order
to prevent inaccurate results, the inspected objects have to be

i ndi vi dual i zed and not resting agai nst each other. It is a common sol ution
for gravity fed inclined machines to use a pair of stoppers. However, the
singulation is limted by the speed the stoppers need to travel up and
down. |If stoppers are used at the inspectr@n station, a settling time or
dwell tinme is required so that the singu- lated unit can conme to a conplete
stop prior to inspection. This dwell tine is

In order to guide the objects while being inspected, two lipped guides 12 are
positioned on both sides of the track above the basis thereof. The bottom-inside
surfaces of both guides are lipped at 45° from the horizontal and the top-outer
surfaces of the guides are chamfered. The degree of chamfering is not crucial
although the chamfer angle should prevent any shadows from being cast on the
top surface. In the shown embodiment the chamfer angle is 60° from the
horizontal.

The bottom-inside lip of each guide 12 is mirror finished. The length of the lip
has to be long enough to reflect the leaded parts of the object. In order for the
lipped guides to minimize any shadows cast on the top surface of the object due
to one or more light sources 14 positioned for the surface detail inspection
above the object, the guides 12 are as small as possible with respect to height.

For singulation of the objects 10 one or more stoppers, high-speed rollers or
conveyors are used. The embodiment as shown in Fig. 2 uses three stoppers 40,
41 and 42 which are placed above the track 11 and operated in a sequenced up
and down manner to allow the objects to be singulated one by one into the field
of view of the imaging sensors 16 and 25.

In this embodiment, the invention requires only one station for both imaging
sensors 16 and 25 to perform all the required measurements and inspections.
As the top lighting 14 and side lighting 18 do not interfere with one another
because of the shielding by the lipped track 12. The use of strobes is not
essential and the invention can use continuous light sources for lighting. The
stopper 40 momentarily stops the objects 10 so that each object is fully resting
on the track 11 and is stable positioned for inspection and not floating. The two
lipped guides 12 and the track 11 is novel in the invention as they act as both
support for the objects 10 as well as back lighting reflectors for the imaging

sensors.

The length of the lipped guides 12 and the right angle triangle track 11 can be
of any length and size as appropriate to view the object to be measured and to
support the object during travel.

With respect to different embodiments of the triangle track the below
description of Fig. 7A through 7D gives further details.
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necessary, as the inertia of the object would otherwise cause the obj ect to
bounce of f the stopper. Efforts were made to reduce the nunber of —
i nspection stations by incorporating the top sur f acdhisiBh ﬁas@aeranéaléd&e op
vi ew di nensi onal neasurenent into one station using fr Wt h
this arrangenent the top view will see bothssurface de Obj ect
plan dinensions. To view the two sides, two inmaging sensors can

one at each side of the object to be inspected using front or back
lighting. Alternatively, both side views for side dinmensions can al so be
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front or back hting of a re conpl ex natur
inst ea of stoppers. Jﬁﬁe outexr'rl:i)enmeter of the roller i1s made of a flexible

rubber-like material so that the roller positively catches the object 10 as it
enters. The flexible material will also cater to objects with small height

variation. The roller is attached to a motor or any revolving mechanism.

The invention may also provide a feature whereby the roller 43 is spring-loaded
so that both the pressure of the roller on the object is regulated and controlled.
This feature is in addition to the rubber perimeter of the roller and reinforces
the ability of the invention to cater for objects of slightly varying heights.

The roller 43 rolls the object forward until the roller is no longer in contact with
the object. When this happens, the object will fall by gravity. As the velocity of
the object falling by gravity is faster than the velocity of the subsequent objects
transported by the roller, the falling object will separate from the rest of the
objects. In this way, the objects will singulate and fall one at a time.

The gap between falling objects and the frequency of each falling object is
controllable by the invention by adjusting the speed of the rotating roller. The
faster the roller speeds, the smaller the gap and the faster the frequency of
falling objects.

In this embodiment with the roller, the imaging sensor 25 positioned below the
track is placed below that of the roller 43. This feature allows the imaging
sensor 25 to inspect the object 10 when it is pressed against the track 11 and
while the object is still in motion. Pressing the object against the track provides
stability to the object which could otherwise float and provide erroneous
measurement results when the object is viewed from the side. Whereas it is
acceptable for the object to be slightly floating when viewed by the top imaging
sensor 16, this is not acceptable for the bottom imaging sensor 25.

In yet another embodiment of the invention as shown in Fig. 5, a conveyor 44 is
used for to transport the objects 10 instead of a roller. The lipped guide at the
viewer’s side is not shown in this drawing. The conveyor 44 will make contact
across a larger surface area of the object and may even make contact with more
than one object at a time. The entrance to the convenyor can also be made
larger by leaving a small gap between the object and the conveyor so that the
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I't. is al so known to use three | ndependent and non-interfering |ight sources

at the sane station to integrate the surface detail
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For inspection or examination of the top surface of the object, as shown in Figs.
2,4 or 5, the imaging sensor 16 is positioned above the track 11 at a distance
high enough to detect full dimensional size of the top surface of the object. The
representation 35 of an example of top surface details, which the top imaging
sensor 16 can see, is shown in Fig. 6A. This drawing shows the top imaging
sensor view on a display screen 32 of a computer unit 30 which according to
Fig. 1 is supplied by the output signals of the top imaging sensor 16 via
conductor 33. The displayed example indicates that not only printed data but
also stains 36 and/or scratches 37 on the top surface can be recognized, as well
as the dimensional length and width of an object.

With respect to the inspection of the object’s dimensional size and the
measuring of the protruding parts, particularly the leads or legs 20, diffused
light sources 18 are placed on each side of the track 11 and the lipped guides 12
for lighting up the side view of the leaded object 10. Either continuous lighting
or strobe (flash) lights can be used. These light sources are arranged to provide
a back lighted or silhouetted image of the object and the leads. The same light
is used to provide a silhouetted image of the bottom dimensions and that of the
side dimensions of the leaded object.

The light of the light sources 18 is reflected at the 45° mirror finished surfaces
at the bottom side of track 11 and the bottom-inside surfaces of the lipped
guides 12. The shadows 21 of the back-lit horizontal part of the leads or legs 20
and the shadows 22 of the vertical part of the back-lit leads or legs 20 are
shown in Fig. 1 on both sides of those portions 23 which are front lit by the
light sources 18. These images will be detected by the imaging sensors 25.

The output signal of the imaging sensor 25 is applied through conductor 31 to
the computer unit 30 which processes the signals for display on the screen 32.
This bottom imaging sensor view is shown in Fig. 6B.

Since the images as seen by the imaging sensors are deseribable by a set of two
coordinate axes, all object points are strictly linearly proportional. This
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Al t heugh inspection can be carried out "on-the-fly", this kind of
I nspection is -inherentty-unstable, if the object has to be presented in a
known and conshﬁst%tet%rgleen e lat he view ng device. For instance, cases
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simplifies the processing by the computer unit significantly, so that standard
personal computers can be used without necessarily having high computational
power. '
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Thus, the shadows 22 of the vertical part of the leads or legs 20 can be easily
transformed in order to be shown on the screen as an extension of the shadows
21 of the horizontal part of the leads or legs together with the shadow 23 of the
portion of object 10 protruding along both sides of the track 11.

Fig. 6B also shows that the horizontal part 27 and the vertical part 28 of the
leads or legs are shorter than the nominal length which is indicated by dotted
lines on the screen.

The invention provides also modifications for objects with long legs or long
leads 45 as shown in Fig. 7B through 7D. The right angle triangle track as
described according to Fig. 1 is shown in a simplified way for comparison
purposes in Fig. 7A. In the further embodiment according to Fig. 7B the right
angle triangle track is extended into an irregular pentagon 46 so that the right
angle triangle sides of the pentagonal track can see the tip of the leads 45.

The invention also provides for the right angle triangle to be manually or auto-
matically adjustable up and down to accommodate for the variations in lead
length as shown in Fig. 7C by using a stationary platform 47 to support the
object 10 in conjunction with a right angle triangle 48 adjustable up and down.

The apex angle of the triangle according to the invention does not strictly have
to remain at 90° although the use of a right angle is of advantage for direct
and linearly proportional reflection. A larger or smaller apex angle 50 for a
triangle 49, as shown in Fig. 7D, can be used to provide an angled view of the
features of the object. In this embodiment, the computer unit 30 that processes
the signals will have to take this angled reflection into consideration.

The invention further includes features to allow cbjects of various sizes to be
accommodated. For that purpose either lipped guides 52 are fixed onto move-
able platforms 53 or they themselves can be moved inwards snd outwards to
accommodate for variation in object width. In this embodiment, as shown in
Fig. 8, the lipped guides 52 are double chamfered on the outer surface to allow
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ments can only be achi eved when the device is flat against a datum when

i nspected. |If
nmeasur e- nent
dr awbacks it

the object is floating during notion, inaccurate or invalid
results will occur. |In order to overcone the afore-nentioned
is an object of the invention to reduce the nunber of stations

and the nunber of imging sensors by conbining various views with a

possibility t

hat the objects can be vi ewed?i-n notion with a considerabl y

i ncreased handling speed, so that there is no need to even nonentarily stop
the object during view ng Thus, a noving object is stable while in notion
so t hat |ns]gect '11grﬁtr 0su S are tﬁg%at abl e and_ accur

op surface &t an acu%e angle. A curved outer

surface can also achieve the same effect of reducing shadows.

An elongated right angle track 55 is also placed on a moveable platform -
allowing upward and downward movements. In the shown embodiment, the
right angle track 55 iz divided into two halves that can be adjusted inward and
outward to accoramodate for variations in object width. The two halves of the
track 55 can also be adjusted upward and downward to accommodate for
variations in object thickness. With these possibilities for adjustment the side
view light sources 18 have to be adjusted accordingly.

The platforms can be moved manually or automatically to accommodate for
variations in size from batches of objects of the same size to individual
variations in size.

The actual design of the platform or movement mechanism is immaterial
provided that the lipped track guides and the right angle track can be moved to
accommodate for the object and the features of the object to be inspected are
not blocked from viewing by the imaging sensors.

Although a preferred embodiment of the invention has been described in detail,
it is to be understood that various changes, substitutions and alterations can be
made therein without departing from the spirit and scope of the invention as
defined by the appended claims.
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A furt“her object of the invention is to provide nmeans which prevent
fl oati ng of the objects while being guided through the inspection station
and being singulated, particularly, if the object is light and is -
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ng view ng. Although known systens for "on-the-fly" inspections

An apparatus with at least one inspection station for inspection of
objects or leaded objects travelling on a track and being individually inspected,
said apparatus using at least one vision inspection system with one or more
Imaging sensors for surface detail inspection as well as for object dimensioning

" and/or measuring protrusions from said objects to be inspected, said apparatus

comprising at least one light source for front and/or back lighting,
characterized by:

- said track (11; 46; 48; 49; 55) being shaped into a triangle with the
basis between the two adjacent corners supporting said objects (10) and the
apex being in an inverted pyramid position, with the two adjacent faces of said
triangle at the apex being mirror polished, said basis between said two
adjacent corners being dimensionally smaller than said objects (10) so that
opposite sides of said objects and in case of a leaded object its leads or legs (20;
45) protrude along said adjacent corners of said track;

- two lipped guides (12; 52) which guide said objects (10) from opposite
sides, the bottom-inside surfaces of both said guides being lipped at an acute
angle from the horizontal and being mirror finished, said lips having a length
long enocugh to reflect said leads or legs (20) of said leaded objects;

- said light source preferably consisting of a side view diffused light
source (18) on each side of said track (11; 46; 48; 49; 55), said diffused light
sources being used to provide a silhouetted image of said leads or legs (20; 45)
and/or a front image of the bottom and side dimensions of said objects (10);

- and said imaging sensor (25) being positioned below said track.

2. An apparatus according to claim 1, wherein said track (11; 46; 48; 49;
55) is a right angle triangle with two adjacent 45° corners and a 90° apex,

- and wherein said bottom-inside surfaces of said lipped guides (12; 52)
are lipped at 45° from the horizontal.

3. An apparatus according to claim 1 or 2, wherein at least one top view
light source (14) and a top imaging sensor (16) are positioned above said objects

(10) for top surface detail inspection.
O N
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unstabl e, the invention has the advantage that the object is very stable
whil e in high-speed notion and securely guided so thatinspection results
are repeatabl e and accurate. The invention al so proxhd@nedtPRs 8edpRdpREed
that | eaded objects can be inspected and di nensional |y _

simul taneously fromthe top and fromthe siyge using fro [ r the
top view inspection and back |ighting for object dinens

measuring protrusions fromthe inspected objects. The features and

advant ages of the present invention will be nore readily understood f_rom
the foll ow ﬁfg det ai A@dam@#%tamrdmg to anypwe of gldims bihoolish Bepwherkiana

read in coniui@hken utlit (B0) Yecaivee AP RErdiS vt B8Rt idBSHS! nsor (25) and/or
said top imaging sensor (16) for displaying said object dimensions as well as
said leads or legs (20; 27, 28; 45) and/or said top surface details (35; 36, 37) on a
display screen (32) after processing.

5. An apparatus according to claims 1, 3 and 4 or claims 2 through 4,
wherein the top-outer surfaces of said lipped guides (12; 52) are chamfered or
curved to prevent any shadows from being cast on the top surface of said object.

6. An apparatus according to anyone of claims 1 through 5, wherein
said objects or leaded objects (10) are moved individually into said inspection
station by use of a roller (43) or a conveyor-like device (44) which act as a
transportation mechanism as well as 2 mechanism to stabilize the object to be
inspected against the track.

7. An apparatus according to claim 6, wherein said roller (43) or said
conveyor-like device (44) have a flexible rubber-like surface material in order to
cater to variations of hight of the objects.

8. An apparatus according to anyone of claims 1 through 7, wherein
said inspection is carried out as an "on-the-fly" inspection.

o. An apparatus according to anyone of claims 1 through 8, wherein
said surface detail inspection on the one hand and said object dimensioning

and/or said protrusion measuring inspection on the other hand are performed
at two different stations.

e



4

Fig.

a3l &

1.-

<

U al.VJd A AL 20V UJd JVLLVTZL A b S LALAARLA AR R 4T RA N BT AETA R &

Is a diagrammati c cross-section view through an apparatus for

i nspection of OB €cts according to the invention;
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10. An apparatus according to claims 1 and 6, wherein the bottom in-
spection station 1s placed below the position of said roller (40) or said conveyor-

-12 -

like device (44), and wherein the top inspection station is placed closely in front
of the bottom inspection station.

11. An apparatus according fo anyone of claims 1 to 10, wherein the
cross-section of the right angle triangle track is extended into an irregular
pentagon (46).

12. An apparatus according to anyone of claims 1 to 10, wherein the
track comprises a stationary platform (47) and a triangle (48) which is manu-
ally or automatically adjustable up and down to accommodate for variations in
lead length of the objects.

13. An apparatus according to anyone of claims 1 tol2, wherein the two
lipped guides (52) or said platform (53) to which they are fixed are movable
inwards and outwards to accommodate for variations of the object width.

14. An apparatus according to claims 1 to 3, wherein said triangle track
(55) consists of two halves which are movable for in and out and/or up and
down adjustment.

15. An apparatus according to anyone of claims 1 to 14, wherein the
clongated triangle (55) is positioned on a platform allowing upward and down-
ward adjustment.

L
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Fig. 2 Is a diagranmatic side view of the apparatus according to Fig. 1;
Fig. 3 IS a perspective view of a triangl e-shaped trackand-t+ipped-guides
according to the invention; Fig. 4 I's a di agrammat i gsSddes Vi of_ t he
apparatus according to the i nvention with a roll ot Has e l268%n
of the objects; Fig. 5 I's a diagranmati c side view ofiﬂu aﬂ
according to the I nvention with 'a13:'onveyor for t he
obj ect s;

16. A method for transporting, inspecting and measuring objects or

leaded objects as well as surface details at high speeds said method comprising
the steps of:

.- providing a track (11; 46; 48; 49; 55) for feeding said objects or leaded
objects (10) to an inspection station by means of "singulation” devices, said
track being shaped into a triangle with the basis between two adjacent corners
supporting said objects and the apex being in an inverted pyramid position,
with the two adjacent faces of said triangle at the apex being mirror finished;

- guiding said objects (10) on said track (11; 46; 48; 49; 55) on both
sides by means of lipped guides (12; 52), with said objects protruding along said
adjacent corners, said lipped guides having a length long enough to reflect the
leads (20; 45) of said objects on their mirror finished bottom-inside surfaces;

- providing side view light sources (18) on both sides of said track (11;
46; 48; 49; 55) to illuminate said leads (20; 52) from the rear and side portions
of said objects at the front relative to the viewing position of an imaging sensor;
- providing said imaging sensor (25) below the track (11; 46; 48; 49; 55)
imaging the back lighted leads (20; 27, 28; 45) of said objects and the front
lighted portions of said objects protruding along the corner of said track;

- receiving output signals of said imaging sensor and applying them to
a computer unit (30) which after processing displays the object dimensions as
well as the leads on a display screen (32).

17. A method according to claim 16, further comprising for additional top
surface detail inspection the steps of:

- positioning a top imeging sensor (16) as well as light sources (14)
above said objects (10) to be inspected;

- and applying the output signals of said top imaging sensor (16) to

said computer unit (30) for displaying after processing the top surface details of

the inspected objects on said display screen (32).
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Fi.gs. 6A and 6B are representations of a top inaging sensor view and a
bottom i magi ng sensor view as shown on a display screen of a

conputer unit; Figs. 7A bis 7D show nodifications of the triangle track;
Fig. 8 diagrammatically shows a right angle triangle arrangement with an
in and out as well as an up and down adj us #ent . Referring now to the
drawi ngs, Fig. 1 shows a diagranmatic cross-section view of an apparat us
for inspection of |eaded objects 10 which, in the present enbodi nent, are
sem conduct or devi ces, whereas the sane apparatus is shown in Fig. 2 in a
di agrammati c side view

Abstract

An apparatus for the inspection of objects or leaded objects comprising top view
imaging sensors for top view inspection and for side inspection, a triangle-
shaped track the basis of which supports the objects so that the apex of the
triangle is in an inverted pyramid position. The two adjacent faces of the
triangle at the apex are mirror finished. The objects are guided from opposite
sides of the inspection station by two lipped guides, the bottom-inside surfaces
of the lips having an acute angle from the horizontal. The objects are lit by side
view diffused light sources on each side of the track and/or by top view light
sources. The portions protruding along the corners of the track are seen by
imaging sensors and the top surface is seen by a top imaging sensor. The
output signals are processed in a computer unit for displaying the view on a
display screen.

s Sheet Has Been Replaced




The apparatus conprises an elongated track 11 which, as shown in Fig. 2, is
inclined for gravity feed and novenent of the objects. The track consists
of arail which is shaped into a right angle triangle with a basis between
two 45[err] corners supporting the b om of the objects 10 and the 90[err]
apex of the triangle in an inverted pyramd position. The track is
dinensionally smaller than the objects so that the sides of the objects and
their leads or legs (20) protrude along both sides of the track. The two
adj acent faces of the triangle at the 90 corners are mrror finished so as
to reflect the images of protuding |leads of the | eaded objects. Any

mat eri al capable of a nirror-lif fini“hingKQL_gggting or attjachnment can be
used. Metal is a good exanple of _a npgterjal for m B8or finisding.
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-5 In order to guide the objects while being inspected, two |ipped
gui des 12 are positioned on both sides of the track above the basis
t hereof. The bottomi nside
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surfaces of both guides are |ipped at 45[err] fromthe horizontal and the
top-outer surfaces of the guides are chanfered. The degree of chanfering is
not crucial although the chanfer angle should prevent any shadows from
bei ng cast on the top surface. In the shomggfnbodinent the chanfer angle is
60[err] fromthe horizontal. The bottom de lip of each guide 12 is
mrror finished. The length of the lip has to be |ong enough to reflect the
| eaded parts of the object. In order for the |ipped guides to m nimze any
shadows cast on the top surface of the object due to one or nore |ight
sources 14 positioned for the surface detail inspecti above the object,
the guides 12 are as snmall as possible with respect hei ght. For

singul ation of the objects 10 one or nore stoppers, '?h;§peed rollers or
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conveyors are used. The enbodi nent as shown in Fig. 2 uses three stoppers
40, 41 and 42 which are placed above the track 11 and operated in a
sequenced up and down manner to allow the objects to be singulated one by
one into the field of view of the imaging gegsors 16 and 25. In this
enbodi nent, the invention requires only one Station for both inmaging
sensors 16 and 25 to performall the required nmeasurenents and inspections.
As the top lighting 14 and side lighting 18 do not interfere with one

anot her because of the shielding by the lipped track 12. The use of strobes
I's not essential and the invention can use continuous |ight sources for

| i ghting. The stopper 40 nonentarily stops t&e obj ects 10 so that each
object is fully resting on the track 11 and i s _stahb posi thioned for

rack 11 is

novel in the invention as theJ‘J ct as both
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support for the objects 10 as well as back lighting reflectors for the

I mgi ng sensors. The length of the |ipped guides 12 and the right angle
triangle track 11 can be of any length an®/8i ze as appropriate to view the
object to be neasured and to support the object during travel. Wth
respect to different enbodinents of the triangle track the bel ow
description of Fig. 7A through 7D gives further details.
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-6 - “In another enbodi ment as shown in Fig. 4, the invention uses a
single roller 43 instead of stoppers. The outer perinmeter of the roller is
made of a flexible rubber-like material so that the roller positively
catches the object 10 as it enters. Th6/8lexible material will also cater
to objects with small height variation. The roller is attached to a notor

or any revol ving nechani sm
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Thet i nvention may al so provide a feature whereby the roller 43 is
spring-l oaded so that both the pressure of the roller on the object is
regul ated and controlled. This feature is in addition to the rubber
perineter of the roller and reinforce?ﬁthe ability of the invention to
cater for objects of slightly varying ights. The roller 43 rolls the
object forward until the roller is no longer in contact with the object.
When this happens, the object will fall by gravity. As the velocity of the
object falling by gravity is faster than the velocity of the subsequent
objects transported by the roller, the falling object will separate from
the rest of the objects. In this way, the objects wll singulate and fal
one at a time. The gap bet wed® falling objects and t hefiQrequency of each
falling object is controllab%é by t he |nvent|on by q/Lustlng t he speed of

the rotating rOllT_Lllc -

10 47 10
& fl/i;y// ....... f”/\_
- — 45
45 /
l 49
adjustable 50
up and down

Fig. 7C Fig. 7D
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faster the roller speeds, the smaller the gap and the faster the frequency
of falling objects. 1In this enbodinent with the roller, the inmaging sensor
25 positioned below the track is placed below that of the roller 43. This
feature allows the inmagi ng sensor .25 to inspect the object 10 when it is
pressed against the track 11 and while 8#8 object is still in notion.
Pressing the object against the track provides stability to the object

whi ch coul d otherwi se float and provi de erroneous neasurenent results when
the object is viewed fromthe side. Wiereas it is acceptable for the object
to be slightly floating when viewed by the top i mgi ng sensor 16, this is
not acceptable for the bottomimging sensor 25. |In yet another enbodi nent
of the invention as shown in Fig. 5, a conveyor 44 is
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- : C/fB OF# - 2
used for to transport the objects 10 instead of a roller. The }%ée\)wwdé
at the viewer's side is not shown in this drawing. The conveyor” 44 WVl
make contact across a larger surface area of the object and may even nake
contact with nore than one object at a timg. . Ihe entrance to the converyar
can al so be nade larger by leaving a small gap h®FEREAGEMENTOHIEELS af€
conveyor so that the Description : paged 2. to paged .2,
AT Claim{(s) @ paged £9to paged £2
/E' Dirawinz(s) © pegad .48t0 paged 878
/[]rﬁ.bstract : paged . to paged I

DATE OF RECERT Q8077
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An Apparatus and Method to Transport, Inspect and Measure Objects
and Surface Details at High Speeds

The invention relates to an apparatus with at least one inspection station for
the inspection of objects or leaded objects travelling on a track and being
singulated while being inspected, said apparatus using at least one vision
inspection system with one or more imaging sensors for surface detail
inspection as well as for object dimensioning and/or measuring protrusions
from said objects to be inspected, said apparatus comprising at least one light
source for front and/or back lighting.

1t should be understood that vision inspection systems are well known, e.g. for
inspection of semiconductor devices. Such a vision inspection system in use
today utilizes three separate stations with three imaging sensors. One station
and sensor for top surface detail inspection, one station and sensor for top view
dimensional measurements and one station and sensor for side view dimen-
sional measurements.

The first station for top surface inspection comprises a light source for front
lighting that is lighting from the front of the object and an imaging sensor for
inspection of the object from the same perspective as the viewing position. This
inspection is used for surface detail inspection including feature extraction and
pattern recognition of surface details. The second station for top view dimen-
sional measurement including object length and width, or for a leaded object,
the dimensions of these leads and their relationship with other features or
objects as viewed from the top, comprises a light source for back lighting or
silhouette lighting from below, that is lighting from the rear of the object
relative to the viewing position so that the object is in shadow or silhouetted. -
Under these circumstances the outline of the object can be viewed with high
accuracy. The same is true for side view dimensional measurement with back
lighting from the side and viewing from the opposite side.

This is the replacement sheet
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-7 - entrance is wider. This will allow to reduce the possibility of
objects jamm ng at the entrance. The conveyor can be of any appropriate
| engt h and the conveyor can be of various design and size with two or nore
rollers. For inspection or exam nation of the top surface of the object,
as shown. in Figs. 2,4 or 5, the imaging sensor 16 is positioned above the
track 11 at a distance high enough to detect full dinensional size of the
top surface of the object. The representation 35 of an exanple of top
surface details, which the top imaging sensor 16 can see, is shown in Fig.
6A. Thi s dWiilergtilinimgsthehmentipnedagsiog isspedion systeonand dngpiay te preent32
of a compuf.ar. Uitk I%Qum', %ﬁeaﬁ%%agﬂeago&%cts have to be individualized and not
resting against each other. It is a common solution for gravity fed inclined
machines to use a pair of stoppers. However, the singulation is limited by the
speed the stoppers need to travel up and down. If stoppers are used at the
inspection station, a settling time or dwell time is required so that the singu-
lated unit can come to a complete stop prior to inspection. This dwell time is
necessary, as the inertia of the object would otherwise cause the object to

bounce off the stopper.

Efforts were made to reduce the number of inspection stations by incorporating
the top surface inspection and the top view dimensional measurement into one
station using front lighting. With this arrangement the top view will see both
surface details and the object plan dimensions.

To view the two sides, two imaging sensors can be placed one at each side of the
object to be inspected using front or back lighting. Alternatively, both side
views for side dimensions can also be incorporated into one view using mirrors

or prisms with an appropriate front or back lighting of a more complex nature.

It is also known to use three independent and non-interfering light sources at
the same station to integrate the surface detail inspection with that of back-
lighted top and side dimensioning. This can be done by the use of three strobes
(flashlights) to be fired at different times, one to light up the surface and the
second to provide a silhouefted top image and a third to provide a silhouetted
side image at the same station.

From a photographic point of view, using strobes has the advantage of freezing
the object in motion. This technique is also known as inspecting "on-the-fly".
Although the act of freezing objects can also be done with electronic shuttered
imaging sensors such as progressive scanning video cameras, strobe lights fired
at different times do not interfere with one another, whereas continuous ligh-
ting setup using progressive scanning cameras can interfere with one another.

Although inspection can be carried out "on-the-fly", this kind of inspection is
inherently unstable, if the object has to be presented in a known and consistent
manner to the viewing device. IFor instance, cases where accurate measure-

This is the repiacemant sheet
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Fig. 1 is supplied by the output signals of the top imaging sensor 16 via
conductor 33. The displayed exanple indicates that not only printed data
but also stains 36 and/or scratches 37 on the top surface can be _
recogni zed, as well as the dinensional |ength and width of an object. Wth
respect to the inspection of the object’'s dgoensional size and the
nmeasuring of the protruding parts, particularly the |eads or |egs 20,

di ffused |ight sources 18 are placed on each side of the track 11 and the
|'i pped guides 12 for lighting up the side view of the |eaded object 10.

Ei t her contMenésisan ghlyi hg achievedlyehqr Ithe hjevideyhe $lat aagdinstiaedatitheshen

| 'i ght sour a 0L 38 | or.silhouetted image
of the" obj corPareyds ARt etiipoatiPa iR o] hBheianf oy i SleastRe
si | houet t edmienigeswits whill desewx.om di nensi ons and that of the side di mensions
of the | eaded object.

In order to overcome the afore-mentioned drawbacks it is an object of the

invention to reduce the number of stations and the number of imaging sensors
by combining various views with a possibility that the objects can be viewed in
motion with a considerably increased handling speed, so that there is no need
to even momentarily stop the object during viewing. Thus, a moving object is
stable while in motion so that inspection results are repeatable and accurate.

A further object of the invention is to provide means which prevent floating of
the objects while being guided through the inspection station and being
singulated, particularly, if the object is light and is travelling fast.

These objects are accomplished by an apparatus according to independent
claim 1 and a method according to independent claim 16.

Further developments of the invention are subject to dependent claims.

The invention as disclosed provides the advantages that the number of imaging
stations and imaging sensors can be reduced and that inspection can be carried
out "on-the-fly". There is no need to even momentarily stop the object during
viewing. Although known systems for "on-the-fly" inspections are inherently
unstable, the invention has the advantage that the object is very stable while in
high-speed motion and securely guided so that inspection results are repeatable
and accurate.

The invention also provides the advantage that leaded objects can be inspected
and dimensionally measured simultaneously from the top and from the side
using front lighting for the top view inspection and back lighting for object
dimensioning and/or measuring protrusions from the inspected objects.

The features and advantages of the present invention will be more readily
understood from the following detailed description of an illustrative embodi-

ment when read in conjunction with the accompanying drawings, wherein:

Fig.1  is a diagrammatic cross-section view through an apparatus for
inspection of objects according to the invention;
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The light of the light sources 18 is reflected at the 45[err] mrror
finished surfaces at the bottomside of track 11 and the bottominside
surfaces of the |ipped guides 12. The shadows 21 of the back-lit horizontal
part of the leads or |legs 20 and the shadows 22 of the vertical part of the
back-1it leads or legs 20 are shown in Fig4a-1 on both sides of those
portions 23 which are front |it by the Iight sources 18. These i nages w ||
be detected by the inaging sensors 25. The output signal of the imaging
sensor 25 is applied through conductor 31 to the conmputer unit 30 which

processes tfje signals f.or display qon the een 32. This bgttom_j nmagi ng
sensor vie ’r%ishod/ﬁai agr .“%?gséﬁﬁ’é%‘”[q%gf‘?#ﬁgﬁa%% ngpllflégi fﬁagi ng
sensors are describable by a set of two

Fig.3  is a perspective view of a triangle-shaped track and lipped guides
according to the invention;

Fig. 4 is a diagrammatic side view of the apparatus according to the
invention with a roller for singulation of the objects;

Fig.5 is a diagrammatic side view of the apparatus according to the

invention with a conveyor for singulation of the objects;

Figs. 6A and 6B are representations of a top imaging sensor view and a
bottom imaging sensor view as shown on a display screen of a
computer unit;

Figs. TA bis 7D show modifications of the triangle track;

Fig. 8 diagrammatically shows a right angle triangle arrangement with an
in and out as well as an up and down adjustment.

Referring now to the drawings, Fig. 1 shows a diagrammatic cross-section view
of an apparatus for inspection of leaded objects 10 which, in the present
embodiment, are semiconductor devices, whereas the same apparatus is shown
in Fig. 2 in a diagrammatic side view.

The apparatus comprises an elongated track 11 which, as shown in Fig. 2, is
inclined for gravity feed and movement of the objects. The track consists of a
rail which is shaped into a right angle triangle with a basis between two 45°
corners supporting the bottom of the objects 10 and the 90° apex of the triangle
in an inverted pyramid position. The track is dimensionally smaller than the
objects so that the sides of the objects and their leads or legs (20) protrude
along both sides of the track.

The two adjacent faces of the triangle at the 90° corners are mirror finished so
as to reflect the images of protuding leads of the leaded objects. Any material
capable of a mirror-like finishing or coating or attachment can be used. Metal is
a good example of a material for mirror finishing.

This is the replacement sheet
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coordi nate axes, all object points are strictly linearly proportional. This
-8 - sinplifies the processing by the conputer unit significantly, so
t hat standard

-5-

In order to guide the objects while being inspected, two lipped guides 12 are
positioned on both sides of the track above the basis thereof. The bottom-inside
surfaces of both guides are lipped at 45° from the horizontal and the top-outer
surfaces of the guides are chamfered. The degree of chamfering is not crucial
although the chamfer angle should prevent any shadows from being cast on the
top surface. In the shown embodiment the chamfer angle is 60° from the
horizontal.

The bottom-inside lip of each guide 12 is mirror finished. The length of the lip
has to be long enough to reflect the leaded parts of the object. In order for the
lipped guides to minimize any shadows cast on the top surface of the object due
to one or more light sources 14 positioned for the surface detail inspection
above the object, the guides 12 are as small as possible with respect to height.

For singulation of the objects 10 one or more stoppers, high-speed rollers or
conveyors are used. The embodiment as shown in Fig. 2 uses three stoppers 40,
41 and 42 which are placed above the track 11 and operated in a sequenced up
and down manner to allow the objects to be singulated one by one into the field
of view of the imaging sensors 16 and 25.

In this embodiment, the invention requires only one station for both imaging
sensors 16 and 25 to perform all the required measurements and inspections.
As the top lighting 14 and side lighting 18 do not interfere with one another
because of the shielding by the lipped track 12. The use of strobes is not
essential and the invention can use continuous light sources for lighting. The
stopper 40 momentarily stops the objects 10 so that each object is fully resting
on the track 11 and is stable positioned for inspection and not floating. The two
lipped guides 12 and the track 11 is novel in the invention as they act as both
support for the objects 10 as well as back lighting reflectors for the imaging
sensors.

The length of the lipped guides 12 and the right angle triangle track 11 can be
of any length and size as appropriate to view the object to be measured and to

support the object during travel.

With respect to different embodiments of the triangle track the below
description of Fig. 7A through 7D gives further details.
This is the repiacemsent sheet
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personal conputers can be used w thout necessarily having high
conput ati onal power. Thus, the shadows 22 of the vertical part of the

| eads or | egs 20 can be easily transformed in order to be shown on the
screen as an extension of the shadows 21 of the horizontal part of the

| eads or | egs together with the shadow 23 &f the portion of object 10
protrudi ng al ong both sides of the track 11. Fig. 6B al so shows that the
hori zontal part 27 and the vertical part 28 of the |leads or legs are
shorter than the nom nal I ength which is indicated by dotted |ines_on the
screen. Theanethestembodimantasshoven inddg 14.dheiisrention uses adtingls nobler dgg

l'egs or | ofgQtead of stoppers. The outer perimeter of the roller is made of a flexible
rubber-like material so that the roller positively catches the object 10 as it
enters. The flexible material will also cater to objects with small height
variation. The roller is attached to a motor or any revolving mechanism.

The invention may also provide a feature whereby the roller 43 is spring-loaded
so that both the pressure of the roller on the object is regulated and controlled.
This feature is in addition to the rubber perimeter of the roller and reinforces
the ability of the invention to cater for objects of slightly varying heights.

The roller 43 rolls the object forward until the roller is no longer in contact with
the object. When this happens, the object will fall by gravity. As the velocity of
the object falling by gravity is faster than the velocity of the subsequent objects
transported by the roller, the falling object will separate from the rest of the
objects. In this way, the objects will singulate and fall one at a time.

The gap between falling cobjects and the frequency of each falling object is
controllable by the invention by adjusting the speed of the rotating roller. The
faster the roller speeds, the smaller the gap and the faster the frequency of
falling objects.

In this embodiment with the roller, the imaging sensor 25 positioned below the
track is placed below that of the roller 43. This feature allows the imaging
sensor 25 to inspect the object 10 when it is pressed against the track 11 and
while the object is still in motion. Pressing the object against the track provides
stability to the object which could otherwise float and provide erroneous
measurement results when the object is viewed from the side. Whereas it is
acceptable for the object to be slightly floating when viewed by the top imaging
sensor 16, this is not acceptable for the bottom imaging sensor 25.

In yet another embodiment of the invention as shown in Fig. 5, a conveyor 44 is
used for to transport the objects 10 instead of a roller. The lipped guide at the
viewer’s side is not shown in this drawing. The conveyor 44 will make contact
across a larger surface area of the object and may even make contact with more
than one object at a time. The entrance to the convenyor can also be made
larger by leaving a small gap between the object and the conveyor so that the
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| eads 45 as shown in Fig. 7B through 7D. The right angle triangle track as
descri bed according to Fig. 1 is shown in a sinplified way.for conparison
purposes in Fig. 7A. In the further enbodi nent according to Fig. 7B the
right angle triangle track is extended into an irregular pentagon 46 so
that the right angle triangle sides of the7pentagonal track can see the tip
of the leads 45. The invention also provides for the right angle triangle
to be nanually or auto- matically adjustable up and down to acconmodate for
the variations in |ead |length as shown in Fi 7C by u3|n a stationary

pl at f or m 4pnt¥anagdsdyider nEhishyidkallay tpredueg ms(s:blm Bf ebjertshiamming at
triangle 48hadrisiakd THEP cﬁﬁr@ 4P \Whn beTWaﬁfﬁﬁﬁ?@ﬁﬁ&qun%‘? ahﬂ' % e]yor
ave |

according to the |nvent|on dos not stri tore n at

al t hough  t ankeofgrarious design sgdesize with amahm;e rpHersdi r ect
For inspection or examination of the top surface of the object, as shown in Figs.
2,4 or 5, the imaging sensor 16 is positioned above the track 11 at a distance
high enough to detect full dimensional size of the top surface of the object. The
representation 35 of an example of top surface details, which the top imaging
sensor 16 can see, is shown in Fig. 6A. This drawing shows the top imaging
sensor view on a display screen 32 of a computer unit 30 which according to
Fig. 1 is supplied by the output signals of the top imaging sensor 16 via
conductor 33. The displayed example indicates that not only printed data but
also stains 36 and/or scratches 37 on the top surface can be recognized, as well
as the dimensional length and width of an object.

With respect to the inspection of the object’s dimensional size and the
measuring of the protruding parts, particularly the leads or legs 20, diffused
light sources 18 are placed on each side of the track 11 and the lipped guides 12
for lighting up the side view of the leaded object 10. Either continuous lighting
or strobe (flash) lights can be used. These light sources are arranged to provide
a back lighted or silhouetted image of the object and the leads. The same light
is used to provide a silhouetted image of the bottom dimensions and that of the
side dimensions of the leaded object.

The light of the light sources 18 is reflected at the 45° mirror finished surfaces
at the bottom side of track 11 and the bottom-inside surfaces of the lipped
guides 12. The shadows 21 of the back-lit horizontal part of the leads or legs 20
and the shadows 22 of the vertical part of the back-lit leads or legs 20 are
shown in Fig. 1 on both sides of those portions 23 which are front lit by the
light sources 18. These images will be detected by the imaging sensors 25.

The output signal of the imaging sensor 25 is applied through conductor 31 to
the computer unit 30 which processes the signals for display on the screen 32.
This bottom imaging sensor view is shown in Fig. 6B.

Since the images as seen by the imaging sensors are describable by a set of two
coordinate axes, all object points are strictly linearly proportional. This
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and linearly proportional reflection. A larger or smaller apex angle 50 for
a triangle 49, as shown in Fig. 7D, can be used to provide an angl ed view
of the features of the object. In this enbodi nent, the conmputer unit 30
that processes the signals will have to take this angled reflection into
consideration. The invention further inclgdes features to allow objects of
various sizes to be accomopdat ed. For that purpose either |ipped guides 52
are fixed onto nove- able platforns 53 or they thensel ves can be noved

i nwar ds and outwards to accommpdate for variation in object width. In this

enbodi nentsimplifi¢sotire iprogasgingsbytthe dompuater guit sigreificantlydeoithet shandanded
on the OUtﬁérsﬁﬂéj @&ﬁpﬁ?ex%léa?l%e used without necessarily having high computational
power.

Thus, the shadows 22 of the vertical part of the leads or legs 20 can be easily
transformed in order to be shown on the screen as an extension of the shadows
21 of the horizontal part of the leads or legs together with the shadow 23 of the
portion of object 10 protruding along both sides of the track 11.

Fig. 6B also shows that the horizontal part 27 and the vertical part 28 of the
leads or legs are shorter than the nominal length which is indicated by dotted
lines on the screen.

The invention provides also modifications for objects with long legs or long
leads 45 as shown in Fig. 7B through 7D. The right angle triangle track as
described according to Fig. 1 is shown in a simplified way for comparison
purposes in Fig. TA. In the further embodiment according to Fig. 7B the right
angle triangle track is extended into an irregular pentagon 46 so that the right
angle triangle sides of the pentagonal track can see the tip of the leads 45.

The invention also provides for the right angle triangle to be manually or auto-
matically adjustable up and down to accommodate for the variations in lead
length as shown in Fig. 7C by using a stationary platform 47 to support the
object 10 in conjunction with a right angle triangle 48 adjustable up and down.

The apex angle of the triangle according to the invention does not strictly have
to remain at 90° although the use of a right angle is of advantage for direct
and linearly proportional reflection. A larger or smaller apex angle 50 for a
triangle 49, as shown in Fig. 7D, can be used to provide an angled view of the
features of the object. In this embodiment, the computer unit 30 that processes
the signals will have to take this angled reflection into consideration.

The invention further includes features to allow objects of various sizes to be
accommodated. For that purpose either lipped guides 52 are fixed onto move-
able platforms 53 or they themselves can be moved inwards and outwards to
accommodate for variation in object width. In this embodiment, as shown in
Fig. 8, the lipped guides 52 are double chamfered on the outer surface to allow

N
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-9- nore light to shine onto the top surface at an acute angle. A curved
outer surface can al so achieve the sane effect of reduci ng shadows. An

el ongated right angle track 55 is also placed on a noveable platform

al l ow ng upward and downward novenents. In the shown enbodi nent, the

-9.

more light to shine onto the top surface at an acute angle. A curved outer
surface can also achieve the same effect of reducing shadows.

An elongated right angle track 55 is also placed on a moveable platform
allowing upward and downward movements. In the shown embodiment, the
right angle track 55 is divided into two halves that can be adjusted inward and
outward to accommodate for variations in object width. The two halves of the
track 55 can also be adjusted upward and downward to accommodate for
variations in object thickness. With these possibilities for adjustment the side
view light sources 18 have to be adjusted accordingly.

The platforms can be moved manually or automatically to accommodate for
variations in size from batches of objects of the same size to individual

variations in size.

The actual design of the platform or movement mechanism is immaterial
provided that the lipped track guides and the right angle track can be moved to
accommodate for the object and the features of the object to be inspected are
not blocked from viewing by the imaging sensors.

Although a preferred embodiment of the invention has been described in detail,
it is to be understood that various changes, substitutions and alterations can be
made therein without departing from the spirit and scope of the invention as
defined by the appended claims.
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right angle track 55 is divided into two hal ves that can be adjusted inward
and outward to accommodate for variations in object wdth. The two hal ves
of the track 55 can al so be adjusted upward and downwar jL.La.aa&;nm.daL.e_J.or
variations in object thickness. Wth thesel@oessibilities THE SHEFU$IMEEeBEEN he
si de view éﬁght sources 18 have t© be adjusted accordi ngly. ﬁ'm,qgjg@tforrr
can be nmova¥bakiuy ﬁ!‘?e@rlsautormtlnﬁg%ée{pasag‘éég Mepdadee f or—vartatrons——
si ze from batches of objects of the ndi vi dual variations in
size. The actual design of the pla ﬂ!ﬂ“ﬂ ﬂﬂg‘&m mechani smis

I mmat eri al provided that the |ipped nd the right angle track

can be noved to accommopdate for the object and the features of the object
to be inspdcted arAn apparatus with at least one inspection station for inspection of

l*)

objects or leaded objects travelling on a track and being individually inspected,
said apparatus using at least one vision inspection system with one or more
imaging sensors for surface detail ingpection as well as for object dimensioning
and/or measuring protrusions from said objects to be inspected, said apparatus
comprising at least one light source for front and/or back lighting,

characterized by:

- said track (11; 46; 48; 49; 55) being shaped into a triangle with the
basis between the two adjacent corners supporting said objects (10) and the
apex being in an inverted pyramid position, with the two adjacent faces of said
triangle at the apex being mirror polished, said basis between said two
adjacent corners being dimensionally smaller than said objects (10) so that
opposite sides of said objects and in case of a leaded object its leads or legs (20;
45) protrude along said adjacent corners of said track;

- two lipped guides (12; 52) which guide said objects (10) from opposite
sides, the bottom-inside surfaces of both said guides being lipped at an acute
angle from the horizontal and being mirror finished, said lips having a length
long enough to reflect said leads or legs (20) of said leaded objects;

- said light source preferably consisting of a side view diffused light
source (18) on each side of said track (11; 46; 48; 49; 55), said diffused light
sources being used to provide a silhouetted image of said leads or legs (20; 45)
and/or a front image of the bottom and side dimensions of said objects (10);

- and said imaging sensor (25) being positioned below said track.

2. An apparatus according to claim 1, wherein said track (11; 46; 48; 49;
55) is a right angle triangle with two adjacent 45° corners and a 90° apex,

- and wherein said bottom-inside surfaces of said lipped guides (12; 52)
are lipped at 45° from the horizontal.

3. An apparatus according to claim 1 or 2, wherein at least one top view
light source (14) and a top imaging sensor (16) are positioned above said objects

(10) for top surface detail 1nspect10n This is the replacement sheet
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not bl ocked fromviewrng by the i maging sensors.- Al though a preferred
embodi ment  of it e bR Bdef RePi@Sedoeen described in detai if. is.to be
under st ood t hat m |t S, substitutions and alt ¢rTats GHSET &ASOREENRDE
therei'n w thout lﬂﬁﬂkﬂrﬂg mﬂEthe spirit and scope of [the ipygnckgn as .
defined by the cxp 1 L TS -11- :
-10-

4. An appafatus according to anyone of claims 1 through 3, wherein a
computer unit (30) receives output signals of said imaging sensor (25) and/or
said top imaging sensor (16) for displaying said object dimensions as well as
said leads or legs (20; 27, 28; 45) and/or said top surface details (35; 36, 37) on a
display screen (32) after processing.

5. An apparatus according to claims 1, 3 and 4 or claims 2 through 4,
wherein the top-outer surfaces of said lipped guides (12; 52) are chamfered or
curved to prevent any shadows from being cast on the top surface of said object.

6. An apparatus according to anyone of claims 1 through 5, wherein
said objects or leaded objects (10) are moved individually into said inspection
station by use of a roller (43) or a conveyor-ike device (44) which act as a
transportation mechanism as well as a mechanism to stabilize the object to be
inspected against the track.

7. An apparatus according to claim 6, wherein said roller (43) or said
conveyor-like device (44) have a flexible rubber-like surface material in order to
cater to variations of hight of the objects.

8. An apparatus according to anyone of claims 1 through 7, wherein
said inspection is carried out as an "on-the-fly" inspection.

9. An apparatus according to anyone of claims 1 through 8, wherein
said surface detail inspection on the one hand and said object dimensioning
and/or said protrusion measuring inspection on the other hand are performed
at two different stations.
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VWhat is clai rred_-Jf—sr——— Aoy An apparatus with at | eagt—erre—+fasp

station for i ns ' r | eaded objects trav hl'rHISnéHBE]T é'Aﬁr%ﬁﬂN
and being i ndi v iﬁfi‘ﬁgBmﬁ?efai d apparatus using a} | easRERMABEYI si on

i nspection system re imagi ng sensors for sUrfrace detail
I nspection as wel di mensi eri2ng and/ or measuring protrusions
fromsaid objects to be inspected, said apparatus conprising at |east one
top view light source (14) and a top imagi ng sensor (16) and at |east one
i ght source for front and/or back_ |ighting, characterized by:

10. An apparatus according %o claims 1 and 6, wherein the bottom in-

spection station is placed below the position of said roller (40) or said conveyor-
like device (44), and wherein the top inspection station is placed closely in front
of the bottom inspection station.

11. An apparatus according to anyone of claims 1 to 10, wherein the
cross-section of the right angle triangle track is extended into an irregular
pentagon (46).

12. An apparatus according to anyone of claims 1 to 10, wherein the
track comprises a stationary platform (47) and a triangle (48) which is manu-
ally or automatically adjustable up and down to accommodate for variations in
lead length of the objects.

13. An apparatus according to anyone of claims 1 tol2, wherein the two
lipped guides (52) or said platform (53) to which they are fixed are movable
inwards and outwards to accommodate for variations of the object width.

14. An apparatus according to claims 1 to 3, wherein said triangle track
(55) consists of two halves which are movable for in and out and/or up and

down adjustment.

15. An apparatus according to anyone of claims 1 to 14, wherein the
elongated triangle (55) is positioned on a platform allowing upward and down-
ward adjustment.
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said track (11;—46:—48—49; 55) being shaped into a triangle with the base

bet ween two adj L.gorpers supporting said objects (10THigngHtHTe

being in an iﬁ-l\-/@ér: L eql E‘%Ddt ion, with the two adjjcent HfE§ HR@?B’E&% d
triangle at the+ ' ei-ween—émk
adj acent corners [

or polished, said base b
nal ly small18r- than said objects (10) so that

|

opposite sides of said objects and in case of a | eaded object its |eads or
| egs (20; 45) protrude al ong said adjacent corners of said track; -

two |ipped

si des,

(gui des (12; 52& whi ch gui de said objects (10) from opposite
t hel®ot t omA nethods fpF dlgansperting, ninspeetingi PeRgYringp 9biecks am

acute ang!Rab@hbides 88'waP Ak 8lrRRE debald gt HigH feddsiatd %ﬂe(-g%@ EophpRSing

havi ng a | engt
| eaded obj & speps of:

| 'ong enough to reflect sal s or legs

- providing a track (11; 46; 48; 49; 55) for feeding said objects or leaded
objects (10) to an inspection station by means of "singulation" devices, said
track being shaped into a triangle with the basis between two adjacent corners
supporting said objects and the apex being in an inverted pyramid position,
with the two adjacent faces of said triangle at the apex being mirror finished;

. guiding said objects (10) on said track (11; 46; 48; 49; 55) on both
sides by means of lipped guides (12; 52), with said objects protruding along said
adjacent corners, said lipped guides having a length long enough to reflect the
leads (20; 45) of said objects on their mirror finished bottom-inside surfaces;

- providing side view light sources (18) on both sides of said track (11;
46; 48; 49; 55) to illuminate said leads (20; 52) from the rear and side portions
of said objects at the front relative to the viewing position of an imaging sensor;
- providing said imaging sensor (25) below the track (11; 46; 48; 49; 55)
imaging the back lighted leads (20; 27, 28; 45) of said objects and the front
lighted portions of said objects protruding along the corner of said track;

- receiving output signals of said imaging sensor and applying them to
a computer unit (30) which after processing displays the object dimensions as
well as the leads on a display screen (32).

17. A method according to claim 16, further comprising for additional top
surface detail inspection the steps of:

- positioning a top imaging sensor (16) as well as light sources (14)
above said objects (10) to be inspected,;

- and applying the output signals of said top imaging sensor (16) to
said computer unit (30) for displaying after processing the top surface details of
the inspected objects on said display screen (32).
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Said Iight source for front and/or back Iighting consisting of a side view
di ffused light source (18) on each side of said track (1 1; 46; 48; 49;
55), said diffused |light sources being used to provide a silhouetted image
of said |eads or legs (20, 45) and/or a froppt inmage of the bottom and side
di mensi ons of said objects (10); - and an i magi ng sensor (25)
bei ng positioned bel ow said track. 2. An appar at us accordlng to
claiml1, wherein said track (11; 46; 48; 49; 55) is ngl e
with two adj acent 45[err] corners and a 90[err] apexﬁmé%ﬁﬁ?ﬂ&\ Bé%
wherein said bottominside surfaces of said |ipped U|desR§mémE§2)

Abstract

An Apparatus and Method to Transport, Inspect and Measure Objects and Surface
" Details at High Speeds

An apparatus for the inspection of objects or leaded objects comprising top view
imaging sensors for top view inspection and for side inspection, a triangle-
shaped track the basis of which supports the objects so that the apex of the
triangle is in an inverted pyramid position. The two adjacent faces of the
triangle at the apex are mirror finished. The objects are guided from opposite
sides of the inspection station by two lipped guides, the bottom-inside surfaces
of the lips having an acute angle from the horizontal. The objects are lit by side
view diffused light sources on each side of the track and/or by top view light
sources. The portions protruding along the corners of the track are seen by
imaging sensors and the top surface is seen by a top imaging sensor. The
output signals are processed in a computer unit for displaying the view on a
display screen.

Figure 2
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are |ipped at 45 fromthe horizontal. 3. An appar atus accordi ng
toclaiml or 2, wherein said top view light source (14) and top i maging
sensor (16) are positioned above said objects (10) for top surface detail
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4. An apparatus according to anyone of clains 1 to 3, wherein a
conputer unit (30) receives output signals of said inaging sensor (25)
and/or said top i mgi ng sensor (16) for displaying said object dinensions
as well as said leads or legs (20; 27, 28; 45) and/or said top surface
details (35; 36, 37) on a display screen (928 after processing. 5.

An apparatus according to clains 1 to 4, wherein the top-outer surfaces of
said |ipped guides (12; 52) are chanfered or curved to prevent any shadows
from being cast on the top surface of said object.

7 ‘31
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6. An apparatus according to anyone of clains 1 to 5, wherein said
obj ects or | eaded objects (10) are noved individually into said inspection
station by use of a roller (43) or a conveyor-Ilike device (44) which act as
a transportati on nmechanismas well as a negqinisn1to stabilize the object
to be inspected agai nst the track. 7. / An apparatus according to
claim6, wherein said roller (43) or said conveyor-1like device (44) have a

fl exi ble rubber-like surface material in order to cater to vari ati ons of

hi ght of the objects.
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8. An apparatus according to anyone of clains | to 7, wherein said
I nspection is carried out as an "on-the-fly" inspection. 9. An
apparatus according to anyone of clainms 1 to 8, wherein said surface detai
i nspection on the one hand and sai d object 4[ nsi oni ng and/ or said
protrusion nmeasuring inspection on the othe and are perforned at two
different stations. 10. An apparatus according to claim®6, wherein
the bottom inspection station is placed below the position of said roller
(43) or said conveyor-Ilike device

b 31
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(44), and wherein the top inspection station is placed upstream of the

bottom i nspection station. _ ) -12-
11. An apparatus according to anyonej/gf claims 2 to 10 wherein the

CroSss-
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section of the right angle triangle track is extended into an irregular
pent agon (46). 12. An apparatus according to anyone of clains 1 to
10, wherein the track conprises a stationary platform (47) and a triangle
(48) which is manually or automaticallg/gdjustable up and down to
acconmodate for variations in lead | ength of the objects. 13. An
appar atus according to anyone of clains 1 to 12, wherein the tw |ipped

gui des (52) or a platform (53) to which they are fixed are m)vabég I nwar ds

35
]

B )

TC4S11F
HN491e
7453291

37 3

R R R A R R A SR NS

N

Top imaging sensor view i

Fig. 6A

32

Bottom imaging sensor view

Fig. 6B

This is the raplacement sheet




and outwards to acconmopdate for variations of the object wdth. 14.

An apparatus according to clains 1 to 3, wherein said triangle track (55) -
consists of two hal ves which .are novable for in and out and/or up and down
adj ust nent . 15. i An apparatus according to anyone of clains 1 to
14, wherein the triangular track (55)7/8 positioned on a platform allow ng
upward and downward adj ust nent.
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16. A nmethod for transporting, inspecting and neasuring objects or

‘| eaded objects as well as surface details at high speeds said nethod
conprising the steps of: - providing a track (11; 46; 48; 49; 55)
for feeding said objects or | eaded objects (10) to an inspection station by
means of "singulation" devices, said tragygbeing shaped into a triangle
with the base between two adjacent corners supporting said objects and the
apex being in an inverted pyramd position, with the two adjacent faces of
said triangle at the apex being mrror finished;
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gui ding said objects (10) on said track (11; 46, _48; 49; 55) on

Ao L20: . AL\ aar d._ o ot Po= N J
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S0 ed gwdes (12; 52) wth said 'r.s rotrudi ngi
A E?NPE@TQ%WL@ sal d |ipped gui-des having a ﬁg’}g Nt%ng enoughf.

@I+ | NSTERY OF MHRCABSTRACT (Continuation of item 5 of the first sheet) : - 13 -

P| An apparatus for the inspection of objects or leaded objects such as integrated circuit packages (10) comprising top view |

tmaging sensors (25) for top view iuspection and for side inspection, a triangle-shaped track (1), the base of which '
supports the packages, with the apex of the triangle in an inverted pyramid position. The two adjacent faces of the
triangle at the apex are mirror finished, The packages are guided from opposite sides of the inspection station by two
lipped guides (12), the bottom-inside surfaces of the lips having an acute angle from the horizontal. The packages are lit. |
by side view diffused light sources (18) on each side of the track and/or by top view light sources (14). The portions of
the leads of the packages (20) protruding along the corners of the track are seen by imaging sensors, and the top surface
(35) is seen by a top imaging sensor (16). The output signals are processed in a computer (30) for displaying the view
on a display screen (32).
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) -ef bot es_off said track

illumnate said I eads (20, 52) fromthe rear and s?8Eeposhion bt sai d
obj ects at tlwhdti9elhiniedigti ve to the view ng posgition of éﬁ Di Nng sensor;
- providing an 1 magi ng sensor (25) bgl 46; 48;

49; 55) imaging the back |ighted | eads (20; 2f

t he front
sai d track;

| i ghted portions of said objects protrumg org-thd corn

1. An apparatus with at least one inspection station for inspection of
objects or leaded objects travelling on a track and being individually inspected,
said apparatus using at least one vision inspection system with one or more
imaging sensors for surface detail inspection as well as for object dimensioning
and/or measuring protrusions from said objects to be inspected, said apparatus
comprising at least one top view light source (14) and a top imaging sensor (16)
and at least one light source for front and/or back lighting, characterized by:

- said track (11; 46; 48; 49; 55) being shaped into a triangle with the base
between two adjacent corners supporting said objects (10) and the apex being in an
inverted pyramid position, with the two adjacent faces of said triangle at the apex
being mirror polished, said base between said two adjacent corners being
dimensionally smaller than said objects (10) so that opposite sides of said objects
and in case of a leaded object its leads or legs (20; 45) protrude along said adjacent
corners of said track;

- two lipped guides (12; 52) which guide said objects (10) from opposite
sides, the bottom-inside surfaces of both said guides being lipped at an acute angle
from the horizontal and being mirror finished, said lips having a length long
enough to reflect said leads or legs (20) of said leaded objects;

- said light source consisting of a side view diffused light source (18) on
each side of said track (11; 46; 48; 49; 55), said diffused light sources being used
to provide a silhouetted image of said leads or legs (20; 45) and/or a front image of
the bottom and side dimensions of said objects (10);

- and said imaging sensor (25) being positioned below said track.

2. An apparatus according to claim 1, wherein said track (11; 46; 48; 49;
55) is a right angle triangle with two adjacent 45° corners and a 90° apex,

- and wherein said bottom-inside surfaces of said lipped guides (12; 52)
are lipped at 45° from the horizontal.

3. An apparatus according to claim 1 or 2, wherein said top view light
source (14) and top imaging sensor (16) are positioned above said objects (10) for
top surface detail inspection.
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. recei vi ng output signals of said|ifmging sensor hnf applyi ng
them to a computer unit (30) which aftetl prgocossﬂ@g[gl Zp3 ayp { he obj ect

dinensions as well as the | eads on a display g$creen (32). 7. A
met hod according to claim 16, further conprisimg—for-addrt+onal top surface
detail inspection the steps of: - positioning said ftop i magi ng

sensor (16) and |ight source (14) above said objects (10) to be inspected;
- akhd appl yAmeppahstusaccpudingstogmyone affclasms d. to Bpphereaga cgmpwasor ( 16)
to said unit (30) receives output signals of said imaging sensor (25) and/or said top

imaging sensor (16) for displaying said object dimensions as well as said leads or

legs (20; 27, 28; 45) and/or said top surface details (35; 36, 37) on a display screen

(32) after processing.

5. An apparatus according to claims 1 to 4, wherein the top-outer surfaces
of said lipped guides (12; 52) are chamfered or curved to prevent any shadows
from being cast on the top surface of said object.

s 6. An apparatus according to anyone of claims 1 to 5, wherein said objects
or leaded objects (10) are moved individually into said inspection station by use of
a roller (43) or a conveyor-like device (44) which act as a transportation
mechanism as well as a mechanism to stabilize the object to be inspected against
the track.

7. An apparatus according to claim 6, wherein said roller (43) or said
conveyor-like device (44) have a flexible rubber-like surface material in order to
cater to variations of hight of the objects.

8. An apparatus according to anyone of claims 1 to 7, wherein said
o inspection is carried out as an "on-the-fly" inspection.

9. An apparatus according to anyone of claims 1 to 8, wherein said
surface detail inspection on the one hand and said object dimensioning and/or said
protrusion measuring inspection on the other hand are performed at two different
stations.

10. An apparatus according to claim 6, wherein the bottom inspection
station is placed below the position of said roller (43) or said conveyor-like device
(44), and wherein the top inspection station is placed upstream of the bottom
inspection station.
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11. An apparatus according to anyone of sla;m&%to—lﬂ,.whenmn_thé Cross-
section of the right angle triangle track is extended into an irregular pentagon (46).

12. An apparatus according to anyone of claims 1 to 10, wherein the track
comprises a stationary platform (47) and a friangle (48) which is manually or
automatically adjustable up and down to accommodate for variations in lead length
of the objects.

13. An apparatus according to anyone of claims 1 to 12, wherein the two
lipped guides (52) or a platform (53) to which they are fixed are movable inwards
and outwards to accommodate for variations of the object width.

14. An apparatus according to claims 1 to 3, wherein said triangle track
(55) consists of two halves which are movable for in and out and/or up and down
adjustment.

15. An apparatus according to anyone of claims 1 to 14, wherein the
triangular track (55) is positioned on a platform allowing upward and downward
adjustment.

\ 16. A method for transporting, inspecting and measuring objects or leaded

objects as well as surface details at high speeds said method comprising the steps
of:

- providing a track (11; 46; 48; 49; 55) for feeding said objects or leaded
objects (10) to an inspection station by means of "singulation” devices, said track
being shaped into a triangle with the base between two adjacent corners supporting
said objects and the apex being in an inveried pyramid position, with the two
adjacent faces of said triangle at the apex being mirror finished;

- guiding said objects (10) on said track (11; 46; 48; 49; 55) on both
sides by means of lipped guides (12; 52), with said objects protruding along said
adjacent corners, said lipped guides having a length long enough to reflect the
leads (20; 45) of said objects on their mirror finished bottom-inside surfaces;
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- providing a top imaging sensor (16) and a light-seuree-(14)-above-said
objects (10) to be inspected,

- providing side view light sources (18) on both sides of said track (11;
46; 48; 49; 55) to illuminate said leads (20; 52) from the rear and side portions of
said objects at the front relative to the viewing position of an imaging sensor;

- providing said imaging sensor (25) below the track (11; 46, 48; 49; 55)
imaging the back lighted leads (20; 27, 28; 45) of said objects and the front lighted
portions of said objects protruding along the corner of said track;

- receiving output signals of said imaging sensor and applying them to a
computer unit (30) which after processing displays the object dimensions as well
as the leads on a display screen (32).

17. A method according to claim 16, further comprising for additional top
surface detail inspection the steps of:

- positioning said top imaging sensor (16) and light source (14) above
said objects (10) to be inspected;

- and applying the output signals of said top imaging sensor (16) to said
computer unit (30) for displaying after processing the top surface details of the
inspected objects on said display screen (32).
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What is claimed is: !
1. An apparatus with at least one inspection station for inspection of

objects or leaded objects travelling on a track and being individually inspected,
said apparatus using at least one vision inspection systern with one or more
imaging sensors for surface detail inspection as well as for object dimensioning
and/or measuring protrusions from said objects to be inspected, said apparatus
comprising at least one top view light source (14) and a top imaging sensor (16)
and at least one light source for front and/or back lighting, characterized by:

- said track (11; 46; 48; 49; 55) being shaped into a triangle with the base
between two adjacent comers supporting said objects (10) and the apex being in an
inverted pyramid position, with the two adjacent faces of said triangle at the apex
being mirror polished, said base between said two adjacent comers being -~
dimensionally smaller than said objects (10) so that opposite sides of said objects

and in case of a leaded object its leads or legs (20; 45) protrude along said adjacent
corners of said track;

- two lipped guides (12; 52) which guide said objects (10) from opposite
sides, the bottom-inside surfaces of both said guides being lipped at an acute angle
from the horizontal and being mirror finished, said lips having“ a length long
enough to reflect said leads or legs (20) of said leaded objects;

- Said light source for front and/or back lighting consisting of a side view diffused light
source (18) on each side of said track (11; 46; 48; 49; 55), said diffused light sources

being used to provide a silhouetted image of said leads or legs (20; 45) and/or a front

image of the bottom and side dimensions of said objects (10);

- and an imaging sensor {25) being positioned below said track.

2. An apparatus according to claim 1, wherein said track (11; 46; 48; 49;
55) is a right angle triangle with two adjacent 45° comers and a 90° apex,

- and wherein said bottom-inside surfaces of said lipped guides (12; 52)
are lipped at 45° from the horizontal.

3. " An apparatus according to claim 1 or 2, wherein said top view light

source (14) and top imaging sensor (16) are positioned above said objects (10) for
top surface detail inspection. '
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- providing a top imaging sensor (16) and 4 light source (14) above said
objects (10) to be inspected;

- providing side view light sources (18) on both sides of said track (11;
46; 48; 49; 55) to illuminate said leads (20; 52) from the rear and side portions of
said objects at the front relative to the viewing position of an imaging sensor;

- providing an imaging sensor (25) below the track (11; 46; 48; 49; 55)
imaging the back lighted leads (20; 27, 28; 45) of said objects and the front lighted
portions of said objects protruding along the comner of said track;

- recetving output signals of said imaging sensor and applying them to a
computer unit (30) which after processing displays the object dimensions as well
as the leads on a display screen (32).

17. A method according to claim 16, further comprising for additional top
surface detail inspection the steps of:

- positioning said top imaging sensor (16) and light source (14) above
said objects (10) to be inspected,;

- and applying the output signals of said. top imaging sensor.(16) to said .
computer unit (30) for displaying after processing the top surface details of the
inspected objects on said display screen (32).
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