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FIELD OF THE INVENTION

5
The present invention relates generally to the field of electronic
component inspection tools, and particularly to a method and device for
inspecting a lead of an electronic component, and especially surface mount
devices such as quad-flat packages (QFPs}.
10 )

BACKGROUND OF THE INVENTION

The importance of lead inspection of leads of electronic components,

and particularly of semiconductor devices such as the surface mount

15 devices is well appreciated in the art. Various lead inspection systems,

therefore, currently are found in the semiconductor industry. Some of these

systems are desctibed in patent documents such as U.S. Patent No.

4,875,778, 4,875,779, 5,212,390, 5,257,714, 5,402,505, 5,414,458, and

5,440,391. Generally, all of these patents describe a system or apparatus

20 which detects a lead of a device which is out of its intended position. The

lead of an electronic component may be out of position in many different

ways. It may be bent, angled, out of the plane with the others, or out of
position in a combination of ways.

To properly inspect the leads, it is important to check for all of these

25 parameters. [t is not complete to simply check for coplanarity, for instance,

and ignore the pitch (which can be off if the lead is bent within the plane).



The inmportance of |ead inspection of |eads of el ectronic conponents,

and particularly of sem conductor devices such as the surface nount 15
devices is well|l appreciated in the art. Various |ead inspection systens,
therefore, currently are found in the sen1c3nductor i ndustry. Sonme of these
syStens are described in patent docunents such as U S. Patent No.
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| nst ance, and ignore the pitch (which can be q if the lead js bent
within the B r@gsnrab!e to have a lead inspecting apparatus whlch is not only complete in
its ability to inspect all of the pettinent parameters, but is simple in design,

and is space-efficient.

OBJECT OF THE INVENTION -
10
It is therefore an object of the present invention io provide a lead
inspection apparatus which can reliably inspect for all of the pertinent
parameters of lead inspection.
it is another object of the present invention to provide a lead
15 inspection apparatus which is simple in design.
it is yet another object of the present invention to provide a lead

inspection apparatus which is space-efficient.

SUMMARY OF THE INVENTION
20
The present invention includes a pedestal which is mounted on a
transparent base plate. The pedestal has a mirror surface on its sianted
edge. The electronic component to be inspected sits on top of the pedestal.
The leads of the electronic component point downward and hang to the side

25 of and away from the pedestal, but it is preferred that the leads do not touch



2 Al t hough there currently exists a nunber of systens which can

properly I nspect the | eads of a sem conductor device, they usually
i nvol ve conpl ex set of parts or takequp undue anmobunt of space.
Sinmplicity and space efficiency always being desirable goals, it

woul d be therefore highly 5 desirable to have a | ead inspecting
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When the leads are illuminated, the light rays reflecting off the leads
and the rays reflecting off the angled mirror surface are reflected off the
5 angled mirror and are captured by the CCD camera. The angle of slant for
the mirror here is forty-five degrees; however, other angles are possible. It
should be appreciated however that the use of the mirror is for convenience
only, that is, to be able to place the camera in a horizontal position. If it is
convenient to do so, the camera may be positioned directly underneath the
10  light rays and capture the image directly without the use of the mirror. The
captured image can then be displayed on video and/or recorded in digital
memory form so that various measurements can be made.
The image generated from the combined lights rays and can be used
to measure at least three important parameters relevant to lead inspection:
15 1) pitch: distance of separation between the leads of a surface mount
device; 2) coplanarity: height of the leads above the plane on which the
electronic device sits; and 3) lead angle: angle subtended by the tip of the
lead to the base plane. The parameters which can be measured, however,
are not limited to just these three.
20
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the general structural
arrangement of the present invention.

25



It is therefore an object of the present invention to provide a | ead

| nspection apparatus which can reliably inspect for all of the pertinent
paranmeters of |ead inspection. i s anot her object of the
present invention to provide a Iead 15 iﬁspection apparatus which is
sinple in design. I s yet another object of the present

Space-ef ficient.  He2 %%"NWW%E TREFF I ERTARY BigHBriftibes b7 which the
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transparent bdse plate aS a mrror surface on its slanted
edge. The el ectronic conponent to be inspected sits on top of the pedestal.
The | eads of the el ectronic conponent point downward and hang to the side

FIG. 3 illustrates an alternative embodiment of the present invention

5 which is particularly adapted for inspecting PLCC devices.

FIG. 4 is an actual image of the leads generated by the present
invention. |

10 DETAILED DESCRIPTION OF THE INVENTION

The FIG. 1 illustrates the principles employed by the preferred
embodiment of the present invention. As shown in FIG. 1, a pedestal 5 is
mounted on a transparent base plate 10. The pedestal 5 has a mirror

15 surface on its slanted edge 12. Although other angles are possible, it is
preferred that the edge be slanted at forty-five degrees to base plate. The
electronic component to be inspected, in this case a quad-flat package
(QFP) 15, sits on top of the pedestal 5. The leads of the QFP 15 point
downward and hang to the side of and away from the pedestal 5, but it is

20 preferred that the leads do not touch the surface of the base plate 10. A
diffused light source 20 is located near the pedestal to ifluminate of the
leads 17. |

When the leads are illuminated, the light rays 25 reflecting off the
leads 12 and the rays 27 reflecting off the angled mirror surface 12 are

25 reflected off the angled mirror 30 and are captured by the CCD camera 40.

The angle of slant, B, for the mirror 30 here is forty-five degrees; however,
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underneath thepositioned directly undemeath the light rays 25 and 27 and capture the

5 image directly without the use of the mirror 30. The captured image can

then be displayed on video and/or recorded in digital memory form so that

various measurements can be made.

The image generated from the combined lights rays 25 and 27 can

be used to measure at least three important parameters relevant to lead

10 inspection: 1) pitch: distance of separation between the leads of a surface
mount device; 2) coplanarity: height of the leads above the plane on which
the electronic device sits; and 3) lead angle: angle subtended by the tip of
the lead to the base plane. The parameters which can be measured,
however, are not limited to just these three.

15 FIG. 2 illustrates in detail how the parameters discussed above can
be measured from the image captured by the camera. FIG. 2 illustrates the
generated image(the bottom half of the figure), and how it corresponds to
the various parameters of the actual lead of the QFP device (the upper half
of the figure). Here, H is defined as the height of the lead end 17a above the

20 reference plane 50. Height, H, is used to measure the coplanarity of the
leads. Pitch is the distance between the leads as shown in the image, here
marked as P1, F;2, P3, and P4. The lead angle, 8, is defined as the angle
between the lead tip 17a and the reference line 51 which is parallel with the
base plane.

25 To be able to measure these parameters, the variables, W1, W2, d1,

d¥’, d2, d2’ must be known. Ali of these are physical measurements which



10 Ilight rays and capture the image directly without the use of the

m-rror. The captured i mage can then be displayed on video and/ or

recorded in digital menory form so that various measurenents can be
made. The i mage generat ed froffthe conbined lights rays and
can be used to measure at |l east three inportant paraneters rel evant
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1 is a schematic diagramillustrating the general structural
' calculations are done in fight of this fixed value.

5 The pitch, P1, P2, P3, and P4, are measured directly from the image,
and the measured distance corresponds to the actual pitch. The height, H,
is simply equaled to the measurement di. The lead angle, 6, can be
calculated using the following fbrmula: 6 = tan'(W1/W2). Once these
parameters are known, the values can be compared against the norm to

10 complete the inspection process.

The calculations shown above were somewhat simplified by the fact
that the pedestal angle, ¢, was fixed at 45 degrees. Where a value other
than 45 degrees is used for ¢, a more general set of formuias can be used to
calculate the parameters. However, for simplicity, these formulas are valid

15 for angle values near 45 degrees, e.g., 48 degrees. For angles which
deviate much from 45 degrees, the formulas need to modified slightly. For
the pitch, it is still the measured distance. For the height, H, the new formula
is the following:

H =d1tan ¢ + (d2 - di)tan (2¢ - 90)
20 For the lead angle, 6, the new general formula is the following:
6 =tan'[(Wttan ¢ )/W2].
Of course, while these measurements, calculations, and the comparisons
can be done manually, it is more convenient to automate the process via a
computer.
25 The embodiment of the present invention described above is

applicable for QFPs and other similar devices. For another type of surface



arrangenment of the present invention. 25

4. FIG 2 is a schematic diagramillustrating the principles by
whi ch the pertinent | ead-inspection raneters are neasured.
FIG 3 illustrates an alternative enbodi nerit of the present invention 5

which is particularly adapted for inspecting PLCC devices.

FIG 4is an agiugh ddRes Lol w8348 Ehababicke tnb "etBF 835 kome  slight

i nventi on.
modification needs to be made. As shown in FIG. 4, here additional mirror

blocks 60 are added adjacent to the PLCC device 62. The rest of the
components, e.g., pedestal 63, transparent base plate 64, light source 65,
5  mirror 66, and camera 67, of this altemative embodiment are identical as
those described for FIG. 1. Moreover, it should be clear those skilled in the
art that the principles by which the calculations are done are also identical

to those described for and illustrated in FIG. 1 and FIG. 2.
The present invention may be embodied in other specific forms
10 without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the
meaning and range of equivalency of the claims are, therefore, to be

15 embraced therein.



10 DETAI LED I | NVENTI ON The FIG 1
i I-Justrates Wmﬂﬂmmﬂgﬂlwl oyed by the preferred Th laced
the present invention.nAss shown in FIG 1,ga pedestal 5 is “ lon
a transparent base plate 10. The pedestal has a mrror
its slanted edge 12. Al though other angles are possible, it is
preferred thatciximgge be slanted at forty-five degrees to base plate. The
el ectroni c conponent to be inspected, in this case a quad-flat package
(QFP) 15, sits on top of the pedestal 5. the QFP 15 point
downward and hang to the side of and away| THSSHERT ggg%?_@@ ] 5, but it is
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20 preferred fphapidie | eads do not touchi the REP[AGE e base plate 10.

A di ffused i ght source 20 is |ocat® al to illumnate
of the | eads 17. When the leads are illum nated, the
light rays 25 reflecting off the )
1 1. A lead inspection apparatus for an electronic component having at
2 least one lead, said apparatus comprising:
3 a means for illuminating said lead;
4 a means for capturing an image of said lead, said image being
5 formed from views of said lead from at least two different directions, said
6 image of both of said views being captured from a single direction,
7 a means for calculating values defining a position of said lead from
8 said image; and
9 a means for comparing said values with an accepted value.

1 2. The lead inspection apparatus as recited in claim 1 wherein said
2 means for illuminating is a diffused light source.
1 3 The lead inspection apparatus as recited in claim 1 wherein said

2 means for capturing an image is a CCD camera.

o

4, A lead inspection apparatus for an electronic component having at
least one lead, said apparatus comprising:

a base piatle;

a pedestal mounted on said base piate, said pedestal having an
angled mirror oﬁ its edge, said electronic component placed on top of said
pedestal with said lead hanging adjacent to said angled mirror;

a diffused light source for ifluminating said lead;

a means for capturing an image of said lead, said image being
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formed from views of said lead from at least two different directions, said
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25 reflect ed ﬂmfmm ullt lﬁ\ rror 30 and are captured by the CCD canera
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3 a means for calculating values defining a position of said lead from

14 said image; and

15 a means for comparing said values with an accepted value.
1 & The lead inspection apparatus as recited in claim 1 wherein said
2 means for capturing an image is a CCD camera.

1 6. A method of inspecting a -lead of an electronic component

2 comptising:

3 illuminating said lead;

4 capturing an image of said lead, said image being formed from views
5 of said lead from at least two different directions, an image of both of said
6 views being captured from a single direction,

7 calculating values defining a position 6f said lead from said image;
8 and

9 comparing said values with an accepted value.

1 7. A lead inspection apparatus for a PLCC device having at least one
2 lead, said apparatus comprising:

3 a base plate;

4 a pedestal mounted on said base plate,

5 a mirror block, said mirror block having an angled mirror on its edge,
6 said electronic component placed on top of said pedestal with said lead
7 hanging adjacent to said angied mirror;

8 a diffused light source for illuminating said lead;
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The |nage e conbined lights rays 25 and 27 can be
used to - ﬁ BB ﬂmﬂh ree inportant paraneters relevant to lead 10
inspecti nce of separatiygn between the | eads of a surface
nount deV|ce 2) coplanarity: height of the | eads above the plane on which
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the i mage
14 a means for calculating values defining a position of said lead from

15 said image; and

16 a means for comparing said values with an accepted value.
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mar ked as Pl1, P2, P3, and P4. The lead angle, 0, is defined as the angle
between the lead tip 17a and the reference line 51 which is parallel with

t he base plane. 25 To be able to neasure these paraneters,
the variables, W, W2, di, d1' AB®TRACT nust be known. All of these
are physical neasurenments which

6 can be ascertained fromthe generated i mage. The di stances that

t hese vari abl es repregah NQPEU‘FI@NW\FPAHAE"US 2. Here the
pedestal angle, [err], is fixed at forty-five degrees (though other
angl es can be used), and all of the cal cul ations are done in |ight of

ZhhercI : ;e?r\éﬁ]' ;Jf]hee |prr|§3%m invention MhdélGBes Pa. pBdestdB. whivh R4, nfounte@asnr ed
transparent base plate. The pedestal has a mirror surface on its slanted edge.
The electronic component to be inspected sits on top of the pedestal. The leads of
the electronic component point downward and hang to the side of and away from
the mirror surface. A diffused light source is located near the pedestal to
illuminate of the leads. When the leads are illuminated, the light rays reflecting off
the leads and the rays reflecting off the angled mirror surface are reflected off
another angled mirror and are captured by a CCD camera. The image generated

from the combined lights rays can be used to measure the pitch, coplanarity, and

lead angle of the leads.

FIG. 1



and the neasured distance corresponds to the actual pitch. The height, H,
is sinply equaled to the neasurenment dil. The lead angle, [err], can be
calculated using the following fornula: [err] = tan[err] (W/W2). Once

t hese paranmeters are known, the values can be conpared against the
normto 10 conplete the inspection process. The cal cul ati ons
shown above were sonewhat sinplified by the fact t hat the pedestal
angle, [err], was fixed at 45 degrees. \Were a val ue ot her t han 45

degrees is used for - re general set of formulas can be used to
cal cul ate the paraneters. HoweJer, for sinplicity, these fornulas are valid
15 for angle valugs near 45 dgqgrees, e.g., 48 degrees. For angles which
deviate nmuch from 45 degrees, tthe fornulas need to nodified slightly. For
the pitch, it is stfill the ne red distance. For the height, H the new
formul a is the foll ow ng:
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H = diltan [err] + (d2 - dl)tan (2 90) 20 For the lead angle, [err], the

new general fornula is the foll ow ng: [err] =

tan[err] (Witan[err])/W2]. O course, while these neasurenents,

cal cul ati ons, and the conparisons can be done manually, it is nore
convenient to automate the process via a conputer. 25 The
enbodi nent of the present invention described above is applicable for
QFPs and ot her simlar devices. For another type of surface .

7 nmount device, PLCC, with | eads shaped like the letter "J", sone

sl i ght nodi fication needs to be made. As shown in FIG 4, here
additional mrror bl ocks 60 are added adj acent to the PLCC device 62.

The rest of the
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conponents, e.g., pedestal 63, transparent base plate 64, |ight source 65,
5 .mrror 66, and canera 67, of this alternative enbodi nent are identical

as t hose described for FIG 1. Mreover, it should be clear those
skilled in the art that the principles by which the calculations are
done are al so identical to those described for and illustrated in
FIG 1 and FIG 2. The present invention may be enbodied in

ot her specific forms 10 wthout departing fromthe spirit or essential
characteristics thereof. The presently disclosed enbodi nents are,
therefore, to be considered in all respects as illustrative and not
restrictive, the scope of the invention being i ndi cated by the
appended cl ai s ang—all—changes which conme within the meani ng and

3
range of equival engy of the clfains are, therefore, to be 15 enbraced
t her ei n.
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9701 191 -0 CLAI M5 W daim 1 1. A | ead i nspection

apparatus for neasuring pitch, coplanarity, and 2 lead angle of a | ead
of an el ectronic conponent, said |ead protruding out 3 froma perineter
of said electronic conponent and having an angled tip, 4 said apparatus

conpri si ng: 5 a pedestal for supporting said electronic
conponent, said pedestal 6 -having an angled mrrored surface for
reflecting an inmage of said angled tip 7 of said |ead; 8 a
illumnating device for illumnating said lead, said illumnating 9

devi ce positioned such that an |Ilun1nat|ng Ilght emanat i ng fron1sa|d 10
11l um nating s -

capturing ng
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12 image capturing neans positioned such that a direct, non-reflected
imge of 13 said lead is superinposed with @ reflected i mage of said |ead
tip to produce 14 a superinposed i nage having a dark portion in between
afirst lighted 15 portion and a seconddf4ghted portion, said first

| i ghted portion being forned 16 fromsaid reflected i mage of said | ead
tip, and said second lighted portion 17 being fornmed froma direct,
non-reflected image of said lead tip; 18 a nmeans for neasuring and
cal cul ating geonetric val ues defining a 19 position of said |lead from
sai d superinposed i nage; and 20 a neans for conparing said val ues
with an accepted value. 1 2. The | ead inspection apparatus as recited in
claiml1l wherein said 2 illumnating device is a diffused |ight source.

1 3. The | ead i nspection apparatus as recited in claim 1 wherein said
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ngans. for capt
i nspecti on appar at
[err], is determn
| i ght ed porti on,

mrror Sur faclANS o pede

i

measuring a drstance
4 and calculating the | ead angl e,

drstance
8 of
[err]

5 wher e [err]

a CCD carmer a. 1 4.
claim 1 mherern said 2

The | ead
Iead angl e,
WL, of said first

S econd Irghted porti on,
usi ny tua 1
S ai gl &d

as recited in claim 1 wher ﬁt%laﬁcﬁMEET sﬂfﬂl aﬁalr ie?S :258gtct6|r(r)nnnggpg;at -
measuring a distance dl of | ead and conparing to a distance dl1 of
T wherein a helegimy i< czﬁﬁisﬁm. hol & formia H = ditan [err] &
(d2 - dl)tan (2[err] - 90). arene s et
!
1 1. A lead inspection apparatus for measuring pitch, coplanarity, and
2 fead angle of a lead of an electronic component, said lead protruding out
3 from a perimeter of said electronic component and having an angled tip,
4  said apparatus comprising:
5 a pedestal for supporting said electronic component, said pedestal
6 having an angled mirrored surface for reflecting an image of said angled tip
7 of said lead;
8 a illuminating device for illuminating said lead, said illuminating
9 device positioned such that an illuminating light emanating from said
10 ifluminating device hits said lead tip at an angle,
11 an image capturing means for capturing an image of said lead, said
12 image capturing means positioned such that a direct, non-reflected image of
13 said lead is superimposed with a reflected image of said lead tip to produce
14 a superimposed image having a dark portion in between a first lighted
15  portion and a second lighted portion, said first lighted portion being formed
16 from said reflected image of said lead tip, and said second lighted portion
17  being formed from a direct, non-reflected image of said lead tip;
18 a means for measuring and calculating geometric values defining a
19  position of said lead from said superimposed image; and
20 a means for comparing said values with an accepted value.
1 2 The lead inspection apparatus as recited in claim 1 wherein said
2 illuminating device is a diffused light source.
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9 . . a means for ge of said |lead, said inmage being 10

formed from views of Biﬁ &!ﬂﬂﬂﬂﬂﬂlﬁ | east two di fferent di rections, said
11 image of both of captured froma single direction, one
view 12 being generated fromlights refl®cted fromthe lead to said
angled mirror and 13 another view being generated fromlights reflected
directly off said a neans for cal cul ati.ng val ues,  def ning
a position! of 9sai d*ﬁ@a‘&aﬂr'ﬂﬁpe@@n apparatug As r%ﬁi@d ¥ claim” 1 whegeipngaidyy
conparing said values with an accepted val ue.

2 means for capturing an image is a CCD camera.

1 4. The lead inspection apparatus as recited in claim 1 wherein said
2 lead angle, 6, is determined by measuring a distance, W1, of said first
3 lighted portion, measuring a distance, W2, of said second lighted portion,
4  and calculating the lead angle, 8, using the formula @ = tan*[(W1tan ¢ )/W2),
5 where ¢ is an angle of said angled mirror surface of said pedestal.

1 & The lead inspection apparatus as recited in claim 1 wherein said
2 coplanarity is determined by measuring a distance d1 of one lead and
3 comparing to a distance d1 of another lead.

1 6. The lead inspection apparatus as recited in claim 1 wherein a height

2 His calculated using a formula, H=d1tan ¢ + (d2 - d1)tan (2¢ - 90).




