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SHAFTLESS ROLLER
FOR LEAD FORMING APPARATUS

FIELD OF THE INVENTION

This invention relates to a shatftless roller which is disposed in a lead
forming apparatus for.facilitating precision forming of fine-pitch leads on a
semi-conductor device while avoiding scraiches and other nonconformities

on the leads.

BACKGROUND OF THE INVENTION

It is well known to those skilled in the art the various methods of
forming leads on semiconductor packages. A popular method uses a forming
punch die or cam type punch as shown in Fig. 1A and FIG. 1B. Although this
method has been available for some time and is currently widely used, it
causes the leads to brush against the forming die to produce highly
undesirable scratches on the leads, and resulting in the removal of tin or
other important metal coating which is necessary to facilitate solid soldered
contacts. This and other problems commonly associated with the
conventional punch or cam forming are generally known to those skilled in
the art and are described in detail in, among others, U.S. Pat. #5,375,630
(Kim). | | |

_The formation of scratches on the leads is a serious problem in the
semiconductor industry. Hence, many design improvements have been
made to lead forming épparatus to overcome this problem. As a result, a new
lead forming process incorporating rollers--hence the term "rolier forming"--
has been developed. Unlike the conventional cam or punch forming where
the leads of a semiconductor device brush against the lead forming
apparatus, the basic principle of roller forming is to eliminate friction between

the leads and the lead forming apparatus by'strategically placing the rollers
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where the leads most often make contact such that relative movement is
reduced or completely eliminated.

A number of lead forming apparatus embodying this principle are
currently available. The U.S. Pat. No. 5,074,139 (Elliot) suggests a roller
forming method using a plurality of roller sets. This method bends the leads
into the desired shape by passing a lead frame holding a plurality of
semiconductor components through a series of specially-shaped rollers
which progressively bend the leads into the final shape. This method,
however, is limited to forming the leads of a dual in-line semiconductor
package (DIP) and cannot form the leads of a quad flat semiconductor
package (QFP). Likewise, the rollers which are specially shaped for this
method cannot be used generally in conjunction with other roll forming
designs.

This limitation was overcome in U.S. Pat. No. 5,376,630 (Kim) which
describes a roller forming method for forming the leads on a QFP. As shown
in FIG. 2A and 2B, Kim's method utilizes a form roller at the end of a punch
press to shape a plurality of leads into the desired shape. Another roller
forming method for a QFP is described in U.S. Pat. No. 5,199,469 (Ishihara),
see FIG. 3A, where a pair of rollers is rotatably attached to a punch plate to
form the leads. Here, the leads, which are fixedly held on a bending die, are
bent along the sides of the bending die as the rollers are lowered. Another,
but similar, method is shown in FIG. 3B where on'ly a single roller is used.

Although roller forming does alleviate some of the problems commonly
associated with the conventional cam or punch type forming, the prior art
designs use "traditional" rollers which are not particularly suited for lead
forming of semiconductor devices. As shown in FIG. 5, a traditional roller 5
has a main cylindrical rod 12 supported by a shaft 16 which is fitted into a
bore or a hole 17 of a support 14 at opposite ends. The rollers with this

"shafted" design supports the cylindrical rod on its shaft which is supported
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only at its ends--it is not supported along the entire length of the shaft.
Hence, the roller cannot tolerate much force without deforming out of shape,
particularly given the smali radius required of the roller for this type of
application.

An attempt can be made to avoid this problem by increasing the roller
radius, or in the alternative, shortening the roller. However, for lead forming
applications for a semi-conductor device, a larger radius is problematic
because the leads are often very small and demand a tight tolerance. It is
typical to require a tolerance on the finally formed package of .05 mm which
includes package warpage, allowed burr, and bounce-back effects. It is
particularly problematic when the rollers are placed at the end of a punch or
cam press, such as in Kim, where the radius of the rod determines the radius
of the formed leads. Because tight tolerances are a must, it is highly
undesirable to increase the roller size at the expense of precision or
accuracy. While shortening of the roller may be another option, a shorter
roller may prevent the resulting apparatus from accommodating
semiconductor packages with very high lead count-- hence, limiting the range
of applications. To consistently attain precision, accuracy and versatility, the
roller must be capable of supporting a long rod with a small radius and be
able to withstand sufficient force without deforming. The currently available
traditional rollers, un_like a shaftless roller, cannot easily meet these important
criteria. _
| This shortcomihg of the traditional roller was partially addressed in the
shafted roller design of Fig. 6. This design attempted to overcome the
bending problem by having a series of short cylindrical drums 18 in a multi-
slotted holder 20. Each slot is accompanied by a pair of shaft supporis 19
and hence has gaps between the drums. To properly utilize this type of roller,
the semiconductor leads must be spaced such that they land on the drums

and not in the gaps. However, because there is finite limit to how thin the
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gaps can be made, this roller is not suitable for forming certain types of
semiconductor devices with very fine-pitch leads.

A modified design of the roller in FIG. 6 is shown in FIG. 6A where the
roller having a continuous rolier surface has multiple matching slots to
accommodate the gaps. By having a continuous surface, this design avoids
the shortcoming described above in reference to the roller in FIG. 6.
However, as shown in FIG. 6A.1, this design does not allow the roller to rotate
the full 360 degrees. Hence, the roller must be cumbersomely "recycled”, i.e.,
rotated back into its original position each tirhe the roller is used.

In addition to the shoricomings stated above, a shafted roller, as
compared to a shaftless roller, generally has number of other disadvantages.
Mainly, a roller with a shaft requires more parts, and hence more space.
Because space is constrained in a semiconductor lead forming process,
additional bulk is highly undesirable. One consequence of this shortcoming
is that a shafted roller cannot easily facilitate a one-step forming of all four
sides of a QFP. As illustrated in FIG. 4, a roller with a shaft on sides A and B
must provide for the shaft support which occupies the space near the
adjacent leads, the space within which the rollers of sides C and D need to
occupy . Hence, only two rollers may be fitted into the design at one time.
Therefore, only two sides of the QFP package can be formed in one stage,
and two separate steps are required to form all four sides of a QFP package.

The two-step fofmation of tﬁe leads, as compared to a one-step, has
number of disadvantages. First, the throughput is reduced since two steps
inevitably take longer to execute than a single step. In addition, the lead
forming apparatus incurs more wear and tear as it is required the repeat the
movement for each QFP. Moreover, because each step cannot be
reproduced exactly as the one previous, additiohal tolerances are introduced.

Yet another shoricoming of a conventional shafted roller is that the

roller is generally not as stable or reliable, and requires more maintenance.
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In addition, because a shafted roller is supported by a shatft, it is not capable
of optimally utilizing air bearing which can help reduce friction and remove

debris.

OBJECT OF THE INVENTION

It is therefore, an object of the present invention to provide a shaftless
roller for a lead forming apparatus and a method of using the same for
precisely forming fine-pitch leads on semiconductor packages and to help
overcome the shortcomings stated above for conventional rollers while also
eliminating some of the problems generally associated with conventional

cam or punch type forming.

SUMMARY OF THE INVENTION

The present invention is a shaftless roller which is particularly suited
for a lead forming apparatus for forming fine-pitch leads on a semiconductor
device while aVoiding scratches and other deformities.on the leads. The
roller is integrated into the lead forming apparatus where a semi-cylindrical
cavity is selectively disposed in the apparatus. A cylindrical rod is rotatably
fitted into the cavity such that more than fifty percent but less than one
hundred pércent of the rod is inside the cavity.

In the preferred embodiment of the present invention, the shaftless
roller includes a plurality of slots leading to the cavity to help reduce friction
between the cylindrical rod and the cavity surface and to facilitate self-
cleaning by providing an opening for di.rt and other debris to escape. The
roller further includes an air passage which provides a channel to the semi-
cylindrical cavity such that pressurized air can create an air bearing for the
rod. In addition, the shaftless roller is modularized such that a section of the
lead forming apparatus containing the cavity and the rod can be removed

and replaced.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (Prior Art). is a side view of a cam-type lead forming apparatus
with an enlarged view of the lead forming area.

FIG. 1B (Prior Art) is a side view of a cam-type lead forming apparatus
with an enlarged view of the lead.

FIG. 2A (Prior Art) is an isolated front view of a punch press
incorporating a shafted roller with an enlarged view of the roller.

FIG. 2B (Prior Art) is a isolated side view of the punch press in FIG. 2A.

FIG. 3A (Prior Art) is a side view of an exterior lead forming device
which uses a pair of rollers.

FIG. 3B (Prior Art) is a side view of a cam driven roller mechanism.

FIG. 4 (Prior Art) is a plan view illustrating the use of shafted rollers in
forming the leads of a QFP semi-conductor package.

FIG. 5 (Prior Art) is a front sectioned view of a conventional roller with a
shaft. '

FIG. 6 (Prior Art) is a front sectioned view of a roller with a multi-slotted
holder.

FIG. 6A (Prior Art) is a front sectioned view of a multi-slotted roller
having a continuous roller surface. |

FIG. 6A.1 (Prior Art) is a side sectioned view of the roller in FIG. 6A.

FIG. 7 is an elevational perspective view of the modularized shaftless
roller with self-cleaning slots and an air passage.

FIG. 8 is a side view of the shaftless roller in FIG. 7.

FIG. 9A is an elevational perspective view of a shaftless roller without
the self-cleaning slots and the air passage.

FIG. 9B is an elevational perspective view of a shaftless roller with the

self-cleaning slots.
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FIG. 9C is an elevational perspective vieW of a shaftless roller with the
air passage.

FIG. 9D is an elevational perspective view of a shaftless roller with less
than fifty percent of the cylindrical rod disposed inside the cavity.

FIG. 9D.1 is a side sectioned view of the roller in FIG. 9D.

FIG. 10 is a partially sectioned side view of the shaftless roller
disposed in a pre-forming apparatus illustrating the pre-forming process.

FIG. 11 is a partially sectioned side view of the shaftless roller in a cam
forming apparatus illustrating the final lead forming process.

FIG. 12 is a side plan view illustrating the method of utilizing a
shaftless roller in a cam forming apparatus.

FIG. 12A is a top plan view of the shaftless roller in FIG. 12.

FIG. 12B is a top plan view of a shafted roller in a cam press.

FIG. 13 is a side plan view of a single-stage cam forming apparatus for
forming leads on a QFP.

FIG. 13A is a top plan view of the section taken along the line A-A of
FIG. 13.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 7 illustrates the preferred embodiment of the present invention
where the shaftless roller for a lead forming apparatus is modularized such
that a selected section of the lead forming apparatus containing the elements
of the roller may be removed and replaced. The shaftless roller 10 of FIG. 7
includes a modular section 15 and a semi-cylindrical cavity 20 disposed in
the modular section 15. A cylindrical rod 25 is rotatably fitted into the cavity
20 such that more than fifty percent but less than one hundred percent of the
rod 25 is inside the cavity 20. FIG. 8 illustrates the preferred embodiment
where approximately sixty percent of the cylindrical rod 25 is disposed inside

the cavity 20. A plurality of slots 30 is disposed in the modular section 15 to
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help reduce friction between the cylindrical rod 25 and the inner surface of
the cavity 20 and to facilitate self-cleaning by providing an opening for dirt
and other debris to escape. An air passage 35 provides a channel to the
cavity 20. Pressurized air can be delivered into the cavity 35 to create an air
bearing for the cylindrical rod 25 to reduce friction and to force out dirt
through the slots 30.

It should be understood by those skilled in the art that a multitude of
embodiments of the present invention is possible. For instance, while the
slots and the air passage are the preferred features, the shaftless roller may
only have one of the features or none at all without unduly affecting its overall
performance. For instance, if pressurized air is not easily available, it may be
desirable to omit the air passage from the roller design while leaving the siots
intact. In addition, while it is preferred that more than fifty percent of the
cylindrical rod be placed in the semi-cylindrical cavity, it is possible to have
an embodiment where less than fifty percent is inside the cavity.
Furthermore, though it is preferred that the shaftless roller have a
modularized design, the shaftless roller may be completely integrated into the
lead forming apparatus in areas where, for instance, it may be cumbersome
or difficult to remove the roller. it is, therefor, up to the particular user to
incorporate the various features into the shaftless roller to match the given
circumstance. .

As a way of illustrating these possibilities, FIGS. 9A, 9B, 9C and 9D
show the various embodiménts. It should be appreciated, however, that the
figures are presented here for illustration purposes only and should not be
construed as a limitation on the present invention. In FIG. 9B, the
modularized shaftless roller includes only the slots 30 while roller in FIG. 9C
includes only the air passage 35. The modularized roller in FIG. 9A, on the

other hand, has neither the air passage nor the self-cleaning slots.
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In FIG. 9D and FIG. 9D.1, a modularized shaftless roller 40 is shown
where less than fifty-percent of the cylindrical rod 43 is inside the semi-
cylindrical cavity 45. Although the roller 40 in FIG. 9D.1 has the cylindrical
rod 43 fitted into a hole 50 at each end of the rod 43 to prevent the rod from
falling out of the cavity, a restraint is not necessary where the roller is used in
a lead forming apparatus with very little vibration and other movement. Also,
the rod may be prevented from falling out via other means, such as magnets,
wires, fasteners, etc., so long as the rod is able to rotate relatively freely.

The shaftless roller can be fabricated from various materials which are
well known to those skilled in the art. Although the rollers will generally be
made out of metal, other materials such as plastic, rubber, and ceramic can
be used as well. Ceramic, in particular, has the advantage of providing a
self-lubricating effect, where the roller may not need any additional
lubricating agent such as oil or grease. A combination of materials can also
be used to make the roller, where, for instance, a metal roller is selectively
coated with ceramic or some other friction-reducing material.

The shaftless roller may be applied in multitudinous ways in a lead
forming apparatus for facilitating lead forming. Generally, the roller should be
strategically positioned in the apparatus where friction between semi-
conductor device leads and the lead forming apparatus is desirably avoided.
The FIGS. 10, 11, 12 illustrate three methods for incorporating a shaftiess
roller in a lead forming process. It should be appreciated, however, that while
FIGS. 10, 11, 12 illustrate what the inventor considered to be the preferred
method of using the shaftless roller, they are shown here for illustration only
and should not be deemed to be the only ways the shatftless rollers may be
utilized in the lead forming process.

In FIG. 10, the shaftless roller is used in a pre-forming stage in the lead
forming process. Pre-forming is a well-known process where the leads are

formed to an intermediary shape in preparation for the final forming. Here,
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the semiconductor device 60 having a plurality of unformed leads 65 is
fixedly positioned in a forming die 70. The shaftless roller 1 having a
cylindrical rod 25 long enough to accommodate the semiconductor device 60
is rotatably disposed in a punch press 75 with a portion of the cylindrical rod
25 protruding out from the press. The punch press 75 is lowered until the
leads 65 are bent into the desired angle. For illustration purposes, FIG. 10
shows a pre-forming angle of approximately forty-five degrees for the leads at
position 80. However, the optimum angle can vary for each package
depending on the package thickness and the length of the leads.

In FIG. 11, the shaftless roller is used in the final forming stage where
the leads of a semiconductor device is bent into the final shape. Here, the
semiconductor device 60 having a plurality of pre-formed leads 80 is fixedly
positioned in the forming die 85. The shaftless roller 1 having a cylindrical
rod 25 long enough to accommodate the semiconductor device 60 is
rotatably disposed in the forming die 85 with a portion of the cylindrical rod 25
protruding out from the forming die 85. As the cam press 90 is moved into the
final position, the pre-formed leads 80 move frictionless into position 95 and
eventually to the final formed position 97. While in this illustration, the leads
of the semiconductor device were pre-formed before the final forming stage,
the shaftless roller may also be utilized without the pre-forming process.

in FIGS. 10 and 11, the shaftless roller was positioned where the
leads of the semiconductor device make contact with the lead forming
apparatus. However, the shatftless roller may also be disposed in other parts
of the apparatus and benefit from the shaftless design. For instance, FIG. 12
illustrates one such situation where the shaftless roller 10 is placed in the
cam press 90 to control the path of the cam as it pivots around the cam shaft
88 form the leads. As shown in FIG. 12A, the shaftless design allows the
roller 10 to be equal to or greater than the width of the cam (represented by

the letter "w1") , and thereby providing stability to the cam movement. In
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contrast, the shafted roller 5 of FIG. 12B requires a support 14 at each end of
the shatft 16, and thus the roller rod 12 must necessarily be narrower than the
cam width (represented by the letter "w2"). Hence, unlike the cam utilizing
the shaftless roller, there is room for the cam to "“wobble" and the overall
stability is reduced.

Lastly, FIG. 13 illustrates how the shaftless roller can facilitate an
important improvement in the overall lead forming design. As mentioned in
the Background section above and illustrated in FIG. 4, the rollers with a shaft
could not be used to implement a single stage forming design due to the
space occupied by the shaft supports. But as shown in FIG 13A, the shaftless
roller 10 can be made to accommodate all four sides of a QFP because the
bulky shaft support is eliminated. Hence, the shaftless rollers makes it
possible to implement single stage forming.

It should be apparent from the illustrations that the shaftless rollers can
take on muiltiple embodiments and may be used in a number of ways in lead
forming. Many currently available lead forming apparatus which utilize the
conventional shafted rollers to form leads on semiconductor devices may be
retro-fitted with the shaftless roller embodying the present invention and
benefit from the advantages- of the shaftless design. Hence it shduld be
appreciated by those skilled in the art that various modifications, additions -
and substitutions are possible for the shaftless roller and the method of using
the same, without departing from the scope and spirit of the invention as

disclosed in the accompanying claims.
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CLAIMS
| claim:

1. A shatftless roller for a lead forming apparatus for forming leads
on a semiconductor device, said shaftless roller comprising:

a semi-cylindrical cavity disposed in said lead forming
apparatus; and

a cylindrical rod rotatably fitted into said cavity such that more
than fifty percent but less than one hundred percent of said cylindrical rod is
inside said cavity.

2. The shaftless roller as recited in claim 1 wherein said roller is
modularized such that a selected section of said lead forming apparatus
containing said semi-cylindrical cavity and said cylindrical rod can be
removed and replaced.

3. The shaftless roller as recited in claim 1 further comprising a
plurality of slots leading into said cavity. |

4. The shaftless roller as recited in claim 1 further comprising an
air passage adapted fbr delivering pressured air into said cavity.

5. The shaftless roller as recited in claim 3 further comprising an
air passage adapted for delivering pressured air into said cavity.

6. The shatftless roller as recited in claim 2 further .comprising an
air passage adapted for delivering pressured air into said cavity and a
plurality of slots leading into said cavity.

7. The shaftless roller as recited in claim 1 wherein at least some
portion of said shaftless roller is made out of friction-reducing material.

8. The shaftless roller as recited in claim 7 wherein said friction-

reducing material is ceramic.
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9.  The shaftless roller as recited in claim 1 wherein approximately
sixty percent of said cylindrical rod is disposed inside said semi-cylindrical
cavity.

10. A shaftless roller for a cam forming apparatus for forming leads
ona semiconduétor device, said cam forming apparatus having a cam press
for forming said leads, said shaftless roller comprising:

a semi-cylindrical cavity disposed in said cam forming
apparatus; and

a cylindrical rod rotatably fitted into said cavity such that more
than fifty percent but less than one hundred percent of said cylindrical rod is
inside said cavity.

11.  The shaftless roller as recited in claim 10 wherein said roller is
modularized such that a selected section of said lead forming apparatus
containing said semi-cylindrical cavity and said cylindrical rod can be
removed and replaced.

- 12.  The shaftless roller as recited in claim 10 further comprising a
plurality of slots leading into said cavity.

13. The shatftless roller as recited in claim 10 furtHer comprising an
air passage adapted for delivering pressured air into said cavity.

14.  The shaftless roller as recited in claim 12 fﬁrther comprising an
air passage adapted for delivering pressured air into said cavity.

15.  The shaftless roller as recited in claim 11 further comprising an
air passage adapted for delivering pressured air into said cavity and a
plurality of slots leading into said cavity.

16. The shaftless roller as recited in claim 10 wherein at least some
portion of said shaftless roller is made out of friction-reducing material.

17. The shaftless roller as recited in claim 16 wherein said friction-

reducing material is ceramic.
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18. A shaftless roller for a lead forming apparatus for forming leads
on a semiconductor device, said shaftiess roller comprising:

a semi-cylindrical cavity disposed in said lead forming
apparatus; and

a cylindrical rod rotatably fitted into said cavity such that no
more than fifty' percent of said cylindrical rod is inside said cavity.

19. The shaftless roller as recited in claim 18 further comprising a
means for preventing said cylindrical rod from inadvertently falling out of said
cavity.

20. A shaftless roller for a pre-forming apparatus for pre-forming
leads on a semiconductor device, said shaftless roller comprising:

a semi-cylindrical cavity disposed in said pre-forming
apparatus;

a cylindrical rod rotatably fitted into said cavity such that more

than fifty percent but less than one hundred percent of said cylindrical rod is

inside said cavity;

a plurality of slots leading into said cavity; and

an air passage adapted for delivering pressured air into said
cavity.

21. The shaftless roller as recited in claim 20 wherein said roller is
modularized such that a selected section of said pre-forming apparatus
containing said semi-cylindrical cavity and said cylindrical rod can be
removed and replaced.

22. A scratch-free method of forming leads on a semiconductor
device using a cam forming apparatus,

said apparatus having a cam press, a forming die, and a
plurality of shaftless rollers strategically disposed in said apparatus,
each of said rollers comprising a semi-cylindrical cavity

disposed in said cam forming apparatus, and a cylindrical rod rotatably fitted
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into said cavity such that more than fifty percent but less than one hundred
percent of said cylindrical rod is inside said cavity, |

said method comprising the step of pressing the leads with the
cam press until the leads are of a desired shape.

23. A scratch method of forming leads on a semiconductor device

using a cam forming apparatus,

said apparatus having a cam press, a forming die, and a
plurality of shaftless rollers strategically disposed in said apparatus,

each of said rollers comprising a semi-cylindrical cavity
disposed in said cam forming apparatus, and a cylindrical rod rotatably fitted
into said cavity such that more than fifty percent but less than one hundred
percent of said cylindrical rod is inside said cavity, a plurality of slots leading
into said cavity, and an air passage adapted for delivering pressured air into
said cavity,

said method comprising the step of pressing the leads with the
cam press until the leads are of a desired shape.

24. A method of simultaneously forming leads on four sides of a

quad flat semiconductor device in a single stage,

said method using a cam forming apparatus, said apparatus
having four cam presses adapted for simultaneous movement, a plurality of
forming dies, and a plurality of shaftless rollers,

each of said rollers comprising a semi-cylindrical cavity
disposed in said cam forming apparatus, a cylindrical rod rotatably fitted into
said cavity such that more than fifty percent but less than one hundred
percent of said cylindrical rod is inside said cavity, a plurality of slots leading
into said cavity, and an air passage adapted for delivering pressured air into

said cavity,
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said method comprising the step of simultaneously pressing the
leads on all four sides of the quad flat semiconductor device with the cam
presses until the leads are of a desired shape.
25. A method of pre-forming leads on a semiconductor device using
a pre-forming apparatus,
| said apparatus having a punch press, a forming die, and a
plurality of shaftless rollers, said roller including a semi-cylindrical cavity
disposed in said pre-forming apparatus, and a cylindrical rod rotatably fitted
into said cavity such that more than fifty percent but less than one hundred
percent of said cylindrical rod is inside said cavity,
said method comprising the step of pressing the leads with the

punch press until the leads are of an intermediary shape.
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ABSTRACT
SHAFTLESS ROLLER FOR LEAD FORMING APPARATUS

A shaftless roller for lead forming apparatus for scratch-free, precision
forming of leads on a semiconductor device. The shattless roller includes a semi-
- cylindrical cavity disposed in the lead forming apparatus. A cylindrical rod is
rotatably fitted into the cavity such that more than fifty percent but less than one
hundred percent of the rod is inside the cavity. The roller further includes a plurality
of slots leading into the cavity for facilitating self-cleaning action, and an air
passage adapted for delivefing pressured air into the cavity to serve as air bearing

for the cylindrical rod.

FIG. 7
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