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MODULARIZED IN-LINE TRIM AND FORM SYSTEM

'FIELD OF THE INVENTION

- The present invention relates to the field of semiconductor packaging, and
particularly to a modularized in-line trim and form system for trimming and forming

leads on a semiconductor package with high throughput, precision, and reliability.

BACKGROUND OF THE INVENTION

Trim and form systems are well known in the semiconductor packaging
industry. It is a system used near the end of the semiconductor packaging process
where the packaged semiconductor devices are removed or trimmed from the
leadframe and the leads are shaped. Hence the name "trim and form."

Many improvements have been made over the years to increase the
throughput rate, reliability, precision, ease of use, versatility, and other QUaIities
which ‘are deemed highly desirable in the industry. Since there is no foreseeable
limit to these improvements, the industry players continue to make changes to the
existing designs to produce a system which can perform faster and better than the
existing designs.

One of the most noticeable shortcomings of the prior art designs is the failure to
achieve an in-line system where the feeder rail move up and down during a trim
and form process. One serious consequence of this is that it creates greater
tendency for the delicate leadframe to be damaged by the excessive movement. It
addition, it céuses additional tolerances as the system needs to precisely track the
movement of the rail. Furthermé_;r_e, it reduces the overall throughput because the

system requires additional time to place the rail in position for the press.
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15 sprocess where the packaged sem conductor devices are renoved or trimred
fromthe | eadfranme and the | eads are shaped. Hence the nane "trim and
form™" Many i nprovenents have been nade over the years to increase the

t hroughput rate, reliability, precision, gase of use, versatility, and

ot her - :

Hence, in light of these shortcomings, it would be highly desirable to have an
in-line trim and from system which overcomes the stated shortcomings while
improving the overall throughput, reliability, precision, ease of use, versatility, and

other desirable qualities.
OBJECT OF THE INVENTION

It is therefore the object of the present invention to improve upon the existing
trim and form system designs to provide an in-line system having improved
10 reliability, flexibility, ease of use and service, precision, throughput rate, modularity,

and overall productivity and quality.
SUMMARY OF THE INVENTION

15 A modularized in-line trim and form system includes an on-loader module,
infeeder module, a press module, and an off-loader module. The press module
includes a twin-cam servo drive which moves simultaneously and independently to
facilitate high-throughput in-line process. The on-loader and off-loader modules
include a pick and plaée apparatus with suction pads and storage magazine, where

20 the pick and place apparatus can load and unload a leadframe without excessive
rotating movements. The componénts of the present system are highiy. integratable

and replaceable for easy modification and repair.
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FIG. 1 is an perspeciive diagram of the in-line trim and form system.




20 =qualities which are deened highly desirable in the industry. Since
there is no foreseeable |limt to these inprovenents, the industry players
continue to nmake changes to the existing designs to produce a system which
can<performfaster and better than the ed sting designs. One of the nost
noti ceabl e shortcom ngs of the prior art designs is the

FIG. 2 is pictorial illustration of the in-line system.
FIG. 3 is a block diagram illustrating the in-line system.
5 FIG. 4 is a symbolic representation of the in-line system.

FIG. 5A is a side view of the on-load module in open position with leadframes

having small semiconductor packages.

10 FIG. 5B is a side view of the on-load module in open position with leadframes

having large semiconductor packages.

FIG. 6A is a side view of the on-load module in closed position with Ieadframés

having small semiconductor packages.

15
FIG. 6B is a side view of the on-load module in closed position with leadframes
having large semiconductor packages.
FIG. 7 is a perspective view of the pick and place apparatus for the on-loader.

20 '

FIG. 8 is a perspective view of the unloader components. _ :
I
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FIG. 9 is a perspective view of the unloader components. . ““\‘“ ‘“‘“\“‘ m\“\

25 FIG. 9.1 is a perspective view of the infeeder components.

FIG. 10 is a side view of the press module.
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25 failure to achieve an in-line systemwhere the feeder rail nove up and
down during a trimand form process. One serious consequence of this is
that it creates greater tendency for the delicate | eadfrane to be damaged
by t-he excessive novenent. It addition,.i4 introduces additional tolerances

as the
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FIG. 11 is a perspective view of the bottom cam of the press module.

FIG. 12 is a perspective view of the press mechanism of the press module.

FIG. 13 is a plan view of the press module.

FIG. 13.1 is a perspective view of the upper cam of the press mechanism. |

FIG. 13.2 is a perspective view of the lower cam of the press mechanism.

FiG. 14 is a prior art sensor implementation in the press area.

FiG. 15 is a sensor implementation in the press module for the present invention.

FIG. 16 is a side view of the off-load module in open position with leadframes having

small semiconductor packages.

FIG. 17 is a side view of the off-load module in open position with leadframes having

large semiconductor packages.
This Sheet Has Been Replaced -
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FIG. 19is a perspectivé view of the pick and place apparatus for the off-loader.

FIG. 18is a perSpebtive view of the off-loader components.

DETAILED DESCRIPTION OF THE INVENTION
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reduces the overall throughput because the systemrequires additional tinmne

5

The present invention is an improved modularized in-line trim and form system
having many improvements and advantages over the existing trim and form
systems. FIGS. 1 thrbugh 4 illustrate the overall trim and form system. As better
shown in FIG. 2, the system is modularized into 4 main sections, magazine onload
module 5, infeeder module 10, press module 15 , and magazine offload module 20.
As illustrated in FIG. 3, the press module can include multiple modules, here marked
FORM 1, FORM 2, FORM 3, FORM 4, where each of the press modules performs a
different function. Alfhough in this figure four press modules are indicated, of course
there may be fewer or greater number of modules depending on the needs and the
desires of the user. For instance, FIG. 4 illustrates a system where only three press
modules are used. .

The system is controlled by a microcontroller preferably with a monitor display
and an optional touch screen. The monitor is suitably located for viewing with
proper consideration to the operator's ergonomics. An EPROM is preferably
provided with the controller to protect against sudden memory loss.

To better elucidate the way to make and practice the preferred embodiment of
the present system, several of the improvements and their corresponding structure
shall be described below. In summary, the features of the improved trim and form
system includes, among' others, the following: higher intergratability; greater range
of applications; lower cost; higher precision; more user friendly approach; greater
flexibility; higher throughput; shorter movement of essential parts; better ability to
accommodate custom applications; more user friendly open architecture software

libraries; better modular design; less need for maintenance; design adapted for

easier repair and replacement of parts.

One of the important advantages of the present invention is its in-line feeder
rail. This feature greatly improves the quality of the entire system by minimiz'ing the
undulating movement of the delicate leadframes, while greatly improving the rate at

which a leadframe can be processed, known as the throughput of the system. These
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place the rail in position for the press. Hence, in light of these
shortcomngs, it would be highly desirable to 5 have an in-line trim and
from system which overcones the stated shortcom ngs while inproving the
overall throughput, reliability, precisid%, ease of use, versatility, and
ot her desirable qualities.
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two features are extremely important considerations for a trim and form system.
Obviously, a system which can produce higher thrbughput without compromising
quality is highly desirable. Currently, the highest throughput which can be achieved
by the existihg trim and form system without compromising quality i_s approximately
120 units per minute. The present invention, however, can adhieve up to 220 units
per minute. |

Several factors contributed to the slow down in the throughput in the prior art
designs which were overcome in the present invention. For ease of understanding
and to better explain the improved features and the structure of the modules and its
contribution to the overall system shall be described individuaily.

FIGS. 5A through 9 illustrate the on-loader module. The basic function of the
on-loader module is to quickly and accurately load the leadframes from the storage
magazine to the feeder rail. To load the leadframe onto the feeder rail, the
leadframe is first lifted up near the level of the feeder rail by a lifter. The pick and
place apparatus, illustrated in detail FIG. 7, lowers the suction pads until they make
contact with each of the semiconductor packages in the Ieadframe. The feeder rail
is opened to make room for the leadframe and the pick and place apparatus raises
the leadframe until it is above the feeder rail. The feeder rail is then closed such that
the outer edges of the leadframe is aligned properly in the feeder rail.

- The piék and place apparatus, as illustrated in FIG. 7, includes a mounting
frame and a plﬁrality of suction valves. At the end of each valve is a éuctioh pad
which makes contact with the semiconductor devices. A partial vacuum is achieved
through the suction valve .which allows the suction pad to lift the leadframe. _

This on-loader design offers many advantages as compared to the previous
designs. The prior on-loaders had cumbersome designs which required complex
movement of the leadframe. The leadframe often had to rotate into position and
waste valuable time. In contrast, the present off loader does not require any rotating

movement of the leadframe, and uses only the minimum number of movements
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- OBJECT OF THE I NVENTION 10 It is therefore the object of the present.

I nvention to inprove upon the existing trimand form systemdesigns to
provide an in-line systemhaving.inproved reliability, flexibility, ease of
use and service, precision, throughput =7

where the leadframe moves directly from the magazine to the feeder rail. The
simplicity in the transfer from the magazine to the feeder rail greatly reduces
possibility of damage to the leadframe. In addition, it reduces the on-loading time.
This reduction in time is important because the rate at which the leadframe is loaded

5 onto the feeder rail is a factor which can determine the throughput for the entire
system.

After the leadframe is loaded onto the feeder ralil, it is transferred to the infeeder
module via transfer beit and wheels, as generally illustrated in FIG. 2, and illustrated
in detail in FIG. 9.1. The function of the infeeder module is to index the leadframe

10 such that the position of the leadframe is perfectly synchronized with the rest of the
system, and especially, in relation to the press module. The main components of the
infeeder module is the indexing wheel, or the indexer, and the sensors. The indexer
is servo-cam driven and it generally covers the range of 5 mm to 60 mm movement
according to a minimum leadframe length of 150 mm and a maximum length of 280

15 mm, with minimum of four packages on the leadframe in a single row. The indexer
movement will be set automatically by the parameters set for a particular product.
The indexer preferably includes a measuring system which is as similar as possible
to the transport tongs of the press module to control the actual movement according
to the settings and any adjustments which need to be made. The indexer rail can be

20 easily opened up when the tool is in home position for maintenance purposes, or for
removing or correcting the leadframe after a misfeed. All parts of the indexer
preferably should not scratch plastic devices or damage the molded or piated strips
and pilot pin holes of the leadframes. _

After the leadframe is indexed, it is moved into the press module. As shown in

25 Figs. 1 to 4, a series of press modules or just a single module is possible. Because

the general structure of every press module is the same, only one shall be used to

illustrate the function and the overall structure. This Sheet Has Been Replaced |
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rate, nmodularity, and overall productivity and quality. 15 SUMVARY OF THE
I NVENTI ON A nodul ari zed in-line trimand formsystemincludes an on-| oader
nodul e, i nfeeder nodule, a press nodule, and an of f-1oader nodul e. The

 FIGS. 10 through 13.2 illustrate the press mechanism for the press module.
The present invention employs two independently servo-driven cams, termed the
"twin-cam" design, to drive the lower and upper die both simultaneous and

independently. This dual movement is important as it facilitates the in-line process.
5 In the previous trim and form systems, one of the dies, usually the bottom, did
not move. To properly place the leadframe in position to trim or form, the feeder rail
had to move up and then lowered into the lower die. This type of system has a
number of disadvanfages. First, the throughput is limited because there is a limit to
how fast the feeder rail can be moved up and down. Second, the continual
10  undulating movement creates potentia! for damage to the delicate leadframe. And
third, any misalignment of the leadframe may result in severe damage to the
leadframe and the semiconductor packagé as it may crash against a component of
the pressing mechanism such as the sensor. As illustrated in FIG. 14, the prior art
- "undulating" feeder rail design often required that the sénsor be placed between the

15 semiconductor packages to properly function.

But as illustrated in FIG. 15, the present invention encounters no such danger
as the feeder rail remains constant, and the sensor detects the moving die, not t.he
leadframe. In addition, the present design, as illustrated in detail in FIGS. 13.1 and
13.2, offers other advantages. It is fully modular so that many pressing mechanism

20 can be added in series. The pressing mechanism employs a pair of tongs which
work in conjunction with the indexer to position the leadframe. Unlike the prior art
systems which use rollers to perform this function, the use of tongs offers the
advantage in that the greater surface area of the tongs puts less stress on the
siderail of the leadframe. The pressing mechanism is also easily repaired and

25 replaced because the components can be easily removed and replaced, and there
is ample working clearance. In addition, because of the servo drive, the entire
mechanism can be stoﬁped in an instant when a misalignment or other problems

are detected so that damage to the leadframe and the tool can be avoided.
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20 :press nodul e includes a tw n-cam servo drive which noves sinultaneously.
and i ndependently to facilitate high-throughput in-line process. The

on-| oader and of f-| oader nodul es include a pick and place apparatus with
suctd on pads and storage nagazi ne, where g he pick and pl ace apparatus can

| oad and unl oad a | eadfranme w thout excessive rotating novenments. The

conponent Ssgynhermore, dies of different applications, e.g. a die for trimming or for forming, are
interchangeable so that the press module can be used as either a trimming tool or a
forming tool. Hence, the present system offers greater throughput with greater
flexibility and reliability. |
5 After the press module, the leadframe is transferred to the offloader so t_hat the
leadframe can be stored in a magazine. The offloader of the present system
employs similar design as the on-loader and therefore, it can be made to
interchangé with the on-loader if such a need arises.
FIGS. 16 through 18 illustrate the off-loader module. The basic function of the

10 off-loader module is to quickly and accurately unload the leadframes from feeder rail
to the storage magazines. To unload, the pick and place apparatus, illustrated in
FIG. 19, lowers the suction pads until they make contact with each of the
semiconductor packages in the leadframe. The feeder rail is opened to release the
leadframe and the pick and place apparatus lowers the leadframe into the storage

15 mégazine

The pick and place apparatus, as illustrated in FIG. 19, includes a mounting
frame and a plurality of suction valves. At the end of each valve is a suction pad
which makes contact with the semiconductor devices. A partial vacuum is achieved
through the suction valve which allows the suction pad to lift the leadframe.

20 This off-loader design offers many advantages as compared to the previous
desighs. The prior off-loaders have cumbersome designs which require complex
movement .of the leadframe. The leadframe often had to rotate into position and
wasted valuable time. In contrast, the present off loader does not require any
‘rotating movement of the Ieadframé, and uses only the minimum number of

25 movements where the leadframe moves directly from the feeder rail to the storage
magazine. The simplicity in the transfer from the feeder rail to the magazine greatly
reduces possibility of damage to the leadframe. In addition, it reduces the off-

loading time. This reduction in time is important because the rate at which the
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25 .of the present system-are highly integratable and repl aceabl e for easy
m)dl fication and repair.

= 10

leadframe is loaded off the feeder rail is an important factor which can determine the

throughput for the entire system.
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is pictorial illustration of the

pr esent

in-line system 5 FIG 2 isa side view of the on-load nodule in

open position with | eadfranmes having | arg$ sem conduct or packages. FIG 3

is a-side view of the on-load nodule in
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CLAIMS

l Claim; W”ﬂ”’!’”l!’l

1. A modularized in-line trim and form system comprising:

an on-loader module for loading a leadframe from a storage magazine onto a
feeder rail _without rotating said leadframe;

an infeeder module for indexing and sensing said leadframe;

a press module for trimming and forming said leadframe, said bress module
including a twin-cam press mechanism;

an off-loader module for off loading said leadframe from said feeder rail to a off-

- loading storage magazine without rotating said leadframe;

a micro-controller for controlling said system, said micro-controller

communicably and controllably coupled to each of said modules;
wherein said feeder rail is in-line during a trim and form process and said

leadframe is processed quickly and precisely.
2. The system as recited in claim 1 wherein said twin-cam presé mechanism-has
independent servo drives. |
3. A modular on-loader apparatus for a modularized trim and form system with an
in-line feeder rail, said apparatus comprising a storage magazine, a pick and place
apparatus with suction pads, and a means for controllably opening and closing said
feeder rail, 'whereby a leadframe is loaded onto said féeder rail from said storage
magazine by said pick and place apparatus by placing said leadframe onto said
feeder rail without rotating said leadframe.
4. A modular off-loader apparatué for a modularized trim and form system with an
in-line feeder rail, said apparatus comprising a storage magazine, a pick and place
apparatus with suction pads, and a means for controllably opening and closing said

feeder rail, whereby a leadframe is loaded off said feeder rail by said pick and place

e v s B
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having | arge—semconducter—packages. 10 FIG 4 is a side view of the press
modul e | | u?r,m"llmnnrlmm camstructure. FIG 5 is a schematic
|IIustrat|o mm p bet ween the press and the | eadfrane.

12

5 apparatus by placing said leadframe off said feeder rail and into said storage

»

magazine without rotating said leadframe.

-1 5. A modular twin-cam pressing apparatus for a modularized trim and form
system with an in-line feeder rail, said apparatus comprising an upper cam and a
lower cam, said upper and lower cam independently driven by a servo-drive,
whereby said upper and lower cam can simultaneously and independently move up

and down in a precise, controlled sequence.

- o s W N

6. An modular infeeder apparatus for indexing and sensing a leadframe for a
modularized trim and form system with an in-line feeder rail, said infeeder apparatus
comprising an indexer and a sensor, said indexer adapted for precisely and

controllably indexing said leadframe and said sensor adapted for sensing a precise

o h O N

location of said leadframe.
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15 FIG 6 is a side view of the off-load nodule in open position with
| eadf rames havi ng | arge sem conductor packages. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON' 20 ABSTRACT

MODULARIZED IN-LINE TRIM AND FORM SYSTEM

An improved in-line trim and form system includes a on-loader module,
infeeder module, a press module, off-loader module. The press module includes a
twin-cam serve drive which moves simultaneously and independently to facilitate
high-throughput in-line process. The on-loader and off-foader module includes a
pick and place apparatus with suction pads and storage magazine which can load
and unload a leadframe without excessive rotating movement. The components of

the system are highly integratable and replaceable for easy modification and repair.

FIG. 1
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The present invention is an inproved nodul arized in-line trimand form
system havi ng many i nprovenents and advantages over the existing trimand
- formsystens. FIGS. 1 illustrates the overall trimand formsystem As
shawn in FIG 1, the systemis nodul arized into 4 main sections, nagazine

onl oad 25 nodule 5, infeeder nodul e 19/22%?85 nodul e 15 , and nmagazi ne
of f | oad _

FIG. |
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nodul e 20. The systemis controll ed by a mcrocontroller preferably with a
.nmoni tor display and an opti onal touch Sqopree=the-monitor is suitably
| ocated for '
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4 viewing with proper consideration
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To better elucidate the way to nmake and practice the preferred 5

enbodi ment of the present system several of the inprovenents and their
correspondi ng structure shall be described below. In sumary, the features
of the inproved trimand form systemincludes, anong others, the foll ow ng:
hi gher intergratability; greater range 07 applications; |ower cost; higher

\.
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precision; nmore user friendly approach; greater flexibility; higher .
throughput; 10 shorter novement of essential parts; better ability to

- accommodat e custom applications; nore r. Lriendly open architecture
sof tware |ibraries; better nodul ar desg§2;l ess need for nmai ntenance;

design adapted for easier repair and replacenment of parts.
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One of the inportant advantages of the present invention is its in-line 15
feeder rail. This feature greatly inproves the quality of the entire system
by m nim zing the undul ati ng novenent of the delicate |eadfranmes, while
greatly inmproving the rate at which a | eadfrane can be processed—knowr—as—

the throughput of the system These t\/\%yi%y es are extrerrr?lll_ySli T orée%m{eplaced
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considerations for a trimand formsystem Cbviously, a systemwhich can 20
produce hi gher throughput w thout conprom sing quality is highly desirable.
Currently, the highest throughput which can be achi eved by the existing
trimand formsystemw t hout conprom sing. quality is approximately 120

units per mnute. The present invenr#z?pv\ever can achieve up ta 220
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m nute. 25 Several factors contributed to the slow down in the
t hroughput in the prior art designs which were overcone in the present
i nvention. For ease of understanding and to better explain the inproved

f eat.ures and the structure of
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FIG. 2 and 3 illustrate the on-loader nodule. The basic function of the
on-l oader nodule is to quickly and accurately load the |eadframes fromthe
5 storage magazine to the feeder rail. To |load the | eadframe onto the
feeder rail, the leadfrane is first . lifted up near the | evel of the feeder
rail by a lifter. The pick and place apparatus |owers the suction pads
until they make cont act '

lof24 |
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with each of the sem conductor packages in the |eadframe. The feeder rail
Is opened, FIG 2, to make room for the |eadfranme and the pick and place 10
apparatus raises the leadframe until it is above the feeder rail. The
feeder rail is then closed, FIG 3, such that the outer edges of the

| eadfrane is aligned properly in the feeder rail.
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The prior on-loaders had cunbersonme desi gns which 15

s on-l oader design offers many advantages as conpared to the previous
conpl ex novenent of the |eadframe. The | eadframe often had to rotate into

require any rotating novenent of the |eadfrane
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only the m ni num nunber of novenents where the |eadfranme noves directly
fromthe magazine to the feeder rail. The sinplicity in the transfer from
-the 20 magazine to the feeder rail greatly reduces possibility of damage

to the leadframe. In addition, it reduc€g¢&aa on-loading tine. This

reduction in tinme is inportant because e at which the leadfrane is
| oaded onto the feeder
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rail is a factor which can determ ne the throughput for the entire system
After the leadfrane is | oaded onto the feeder rail, it is transferred to
the 25 infeeder nodule via transfer belt and wheel's, as generally
ilLustrated in FIG 1. The function of zfzgéﬁieeder nodule is to index the
| eadf rane such that the position of the ffame is perfectly synchronized
with the rest of the system
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and especially, in relation to the press nodule. The main conponents of the

6 | 15/24

This Sheet Has Been Replaced

FIG. |2

THIS SHEET HAS prpn
REPLACED

. n




i nf eeder nodule is the indexing wheel, té Q and the sensors. The
i ndexer is servo- cam driven and it general ,é S the range of 5 mMmto 60

mm m)vement‘ accordvng to a i ni mum T eadf rame rengtirof3150 mm and a maxi num
| engt h of 280 mm V\H —FA-PH--o our packages ¢n the}leadfrane 5 in a

Si ngle row; The |ndexar mo¥NQtent | W11 be set autpmaticglly by the

.
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patraneters set for a particular proquzh/ I ndexer preferably includes a
measuring systemwhich is as simlart ds ible to the transport tongs of

the press nodule to control the actual novenent according to the settings
and any adjustnents which need to be made. The indexer rail can be easily
10 opened up when the toocj 2An ho position for maintenance purposes,

or for _
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illustrates t.he

After the | eadfrane
The present invention

FIG 4 15

I c devices or damage the nol ded
| eadf r anes.
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enpl oys two i ndependently servo-dri- a?éézp?, termed the "tw n-cani design,
to drive the | ower and upper die botth!&i"lruf t aneous and i ndependently. This
dual novenment is inportant as it facilitates the in-line process. In the
previous trimand formsystens, one of the dies, usually the 20 bottom
did not nove. To properly place the |leadframe in position to trimor
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forrm the feeder rail had to nove Ezéﬁggéggpn | owered into the | ower die.
Thjss type of system has a nunber of ntages. First, the throughput is
limted because there is a limt to how fast the feeder rail can be noved
up -and down. Second, the continual undul ati ng novenent creates potenti al
for damage to 25 the delicate |eadfrane. And third, any m salignnment of

t he | eadf rame may
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result in severe damage to the Ieadfrane and the sem conduct or package as

it may crash against a conponent

‘senssr.

MANUAL ADJUSTMENT FOR DIFFERENT
FRAME WIDTH AT 10—-80mm BY JIG

THE MAGAZINE OFFLOAD STATION ALIGNMENT SIDE

DEJUNK PACKAGE WILL DROP INTO

%21/42!F1e35|ng mechani sm such as a
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7 But as illustrated in FIG 5, the present invention encounters no such
danger as t.he feeder rail renalns cggg?gﬁgz?and the sensor detects the

moving die, not the |eadfrane,

ot her

the present design offers

N

0~-80mm

MANUAL ADJUSTMENT FOR DIFFERENT
FRAME WIDTH AT 10-90mm BY JIG

ALIGNMENT SIDE

DEJUNK PACKAGE WILL DROP INTO
THE MAGAZINE OFFLOAD STATION
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advantages. It is fully nodular so that many pressing nechani smcan be 5
added in series. The pressing nechani smenploys a pair of tongs which work
in-conjunction with the indexer to position the |eadfrane. Unlike the prior
art_systenms which use rollers to performthis function, the use of tongs
offers the advantage in that the greater surface area of the tongs puts
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stress on the siderail of the |eadframe. The pressing nmechanismis al so
easily 10 repaired and repl aced because the conponents can be easily
renoved and replaced, and there is anple working clearance. In addition,
because of the servo drive, the entire nechanismcan be stopped in an

I nstant when a m salignnment or other problens are detected so that damage

to the | eadfrane
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and the tool can be avoided. Furthernore, dies of differen
e.g. al5 die for trimmng or for form.ng, are interchang
press nodul e can be used as either a trinmng tool or a f
Hence, the present systemoffers greater fhroughput wth
fl&ibility and reliability. After the press nodule, the lleadfrane 1s

transterred to thapULARIZED IN-LINE TRIM AND FOR

5

10

156

20

25

FIELD OF THE INVENTION

The present invention relates to the field of semiconductor packaging, and
particularly to a modularized in-line trim and form system for trimming and forming

leads on a semiconductor package with high throughput, precision, and reliability.

BACKGROUND OF THE INVENTION

Trim and form systems are well known in the semiconductor packaging
industry. It is a system used near the end of the semiconductor packaging process
where the packaged semiconductor devices ere removed or trimmed from the
leadframe and the leads are shaped. Hence the name "trim and form."

Many improvements have been made over the years to increase the
throughput rate, reliability, precision, ease of use, versatility, and other qualities -
which are deemed highly desirable in the industry. Since there is no foreseeable
limit to these improvements, the industry players continue to make changes to the
existing designs to produce a system which can perform faster and better than the
existing designs. |

One of the most noticeable shortcomings of the prior art designs is the failure to
achieve an in-line system where the feeder rail move up and down during a trim
and form process. One serious consequence of this is that it creates greater
tendency for the delicate leadframe to be damaged by the excessive movement. It
addition, it i.ntroduces additional tolerances as the system needs to precisely track
the movement of the rail. Furthermore, it reduces the overall th“roughput because the

system requires additional time to place the rail in position for the press
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that the |eadframe can be stored in a nmagazine. The of fl
present 20 systemenploys simlar design as the on-1|oad
it can be made to interchange with the on-loader if such la lneed aris
FIGS. 6 illustrates the off-1oader nodul eg The basic functipn)df ARR
| oAder nodule is to quickly and accurately unload the |ealffanes from

f eeder Hence, in light of these shortcomings, it would be highly|desirable to have an

in-line trim and from system which overcomes the stated shortcomings while
improving the overall throughput, reliability, precision, ease of use, versatility, and

other desirable qualities.
OBJECT OF THE INVENTION

It is therefore the object of the present invention to improve upon the existing
trim and form system designs to provide an in-line sysiem having improved
10 reliability, flexibility, ease of use and service, precision, throughput rate, modularity,

and overall productivity and quality.
SUMMARY OF THE INVENTION

15 A modularized in-line trim and form system includes an on-loader module,
infeeder module, a press module, and an off-loader module. The press module
includes a twin-cam servo drive which moves simultaneously and independently to
facilitate high-throughput in-line process. The on-loader and off-loader modules
include a pick and place aﬁparatus with suction pads and storage magazine, where

20 the pick and place apparatus can load and unload a leadframe without excessive
rotating movements. The components of the present system are highly integratable

and replaceable for easy modification and repair.

This Sheet Has Been Replaced
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FIG. 1 is pictorial illustration of the present in-line system.
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rail to the storage nagazines. To unload, - the pick and pﬁEPLACEMENT SHEEJE
i sfrﬁpw:&jﬁ%

| owers the suction pads until they nake contact with eagch
rs the |eadf

sem conduct or packages in the | eadframe. The feeder rai
rel ease the | eadfrane and the pick and pl gce apparatus
i nfo the storage nagazi ne

FIG. 2 is a side view of the on- Ioad module in open positiomwithteadfrarmes—tavirg

large semiconductor packages.

FIG. 3 is a side view of the on-load module in closed position with leadframes having

5 large semiconductor packages.
FIG. 4 is a side view of the press module illustrating the twin-cam structure.
FIG. 5 is a schematic illustration of the relationship between the press and the

10 leadframe.

FIG.6 i_s a side view of the off-load module in open position with leadframes having

large semiconductor packages.
This Sheet Has Been Replaced -
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" The present invention is an improved modularized in-line trim and form system

DETAILED DESCRIPTION OF THE INVENTION ”IIII
15

having many improvements and advantages over the existing trim and form systems.

FIGS. 1 illustrates the overall trim and form system. As shown in FIG. 1, the system is

modularized into 4 main séctions, magazine onload module 5, infeeder module 10,
20 press module 15, and magazine offload module 20.

The system is controlied by a microcontroller preferably with a monitor display
and an optional touch screen. The monitor is suitably located for viewing with
proper consideration to the operator's ergonomics. An EPROM is preferably
provided with the controller to protect against sudden memory loss. |

25 To better elucidate the way to make and practice the preferred embodiment of
the present system, several of the improvements and their corresponding structure
shall be described below. In summary, the features of the improved trim and form

system includes, among others, the following: higher intergratability; greater range
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8 This off-1oader design offers many advantages as conpgr€d To tte
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4

of applications; lower cost; higher precision; more user friendly approach; yreatJr
flexibility; higher throughput; shorfer movement of essential parts; better ability to
accommodate custom applications; more user friendly open architecture software
libraries; better modular design; less need for maintehénce; design adapted for
easier repair and replacement of parts.

One of the important advantages of the present invention is its in-line feeder
rail. . This feature greatly improves the quality of the entire system by minimizing the
undulating movement of the delicate leadframes, while greatly improving the rate at
which a leadframe can be processed, known as the throughput of the system. These
two features are extremely important considerations for a trim and form system.
Obviously, a system which can produce higher throughput without compromising
quality is highly desirable. Currently, the highest throughput which can be achieved’
by the existing trim and form system without compromising quality is approximately
120 units per minute. The present invention, however, can achieve up to 220 units
per minute. |

Several factors contributed to the slow down in the throughput in the prior art
designs which were overcome in the present invention. For ease of understanding
and to better explain the improved features and the structure of the modules and its
contribution to the overall éystem shall be described individually. |

FIGS. 2 and 3 illustrate the on-loader module. The basic function of the on-
loader module is to quickly and accurately load the leadframes from the storage
magazine to the feeder rail. To load the leadframe onto the feeder rail, the
leadframe is first lifted up near the level of the fe_eder rail by a lifter. The pick and
place apparatus lowers the suction pads until they make contact with each of the
semiconductor packages in the leadframe. The feeder rail is opened, FIG. 2, to
make room for the leadframe and the pick and place apparatus raises the leadframe
until it is above the feeder rail. The feeder rail is then closed, FIG. 3, such that the

outer edges of the leadframe is aligned properly in the feeder rail.
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previ ous designs. The prior off-|loaders have cunberso
require conpl ex novenent of the | eadfrane. The | eadfra
rotate into position and wasted valuable time. 1In cont rcLstz 4t APRPIBSR et
off '5 |oader does not require any rotati gg noverment off tthe | eadfrane, }and
us€s only the m ni mum nunber of novenents where the | eddf'rame—TroveS
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often had to

This on-loader design offers many advantages as ¢
designs. The prior on-loaders ha;i-cumbersomé designs which required complex
movement of the leadframe. The leadframe often had to rotate into poéition and
waste valuable time. In contrast, the present off loader does not require any rotating
movement of the leadframe, and uses only the minimum number of movements
where the leadframe moves directly from the magazine to the feeder rail. The
simplicity in the transfer from the magazine to the feeder rail greatly reduces
possibility of damage to the leadframe. In addition, it reduces the on-loading time.
This reduction in time is important because the rate at which the leadframe is loaded
onto the feeder rail is a factor which can determine the throughput for the entire
system. | |

After the leadframe is loaded onto the feeder ralil, it is transferred to the infeeder
module via transfer belt and wheels, as generally illustrated in FIG. 1. The function
of the infeeder module is to index the leadframe such that the position' of the
leadframe is perfectly synchronized with the rest of the system, and especially, in
relation to the press module. The main components of the infeeder module is the
indexing wheel, or the indexer, and the sensors. The indexer is servo-cam driven
and it generally covers the range of 5 mm to 60 mm movement according to a
minimum leadframe Iength of 150 mm and a maximum length of 280 mm, with
minimum of four packages on the leadframe in a single row. The indexer movement
will be set automatically by the parameters set for a particular product. The indexer
preferably includes a measuring system which is as similar as possible to the
transport tongs of the press module to control the actual movement according to the
settings and any adjustments which need to be made. The indexer rail can be easily
opened up when the tool is in home position for maintenance purposes, or for
removing or correcting the leadframe after a misfeed. All parts of the indexer
preferably should not scratch plastic devices or damage the molded or plated strips

and pilot pin holes of the leadframes.
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transfer fromthe feeder rail to the nmagazine greatly rg
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eadIrame rlls indexed, it is moved into the-press—medule—FIG./4

illustrates the press mechanism for the press module. The present invention
employs two independently servo-driven cams, termed the “twin-cam" design, to
drive the lower and upper die both simultaneous and independently. This dual
movement is important as it facilitates the in-line process.

in the previous trim and form systems, one of the dies, usually the bottom, did
not move. To properly place the leadframe in position to trim or form, the feeder rail
had.to move up and then lowered into the lower die. This type of system has a
number of disadvantages. First, the throughput is limited because there is a limit to
how fast the feeder rail can be moved up and down. Second, the continual
undmating movement creates potential for damage to the delicate leadframe. And
third, any misalignment of the leadframe may result in severe damage to the
leadframe and the semiconductor package as it may crash against a component of
the pressing mechanism such as a sensor. |

But as illustrated in FIG. 5, the present invention encounters no such danger as
the feeder rail remains constant, and the sensor detects the moving die, not the
leadframe. In addition, the present design offers other advantages. It is fully
modular so that many pressing mechanism can be added in series. The pressing
mechanism employs a paif of tongs which work in conjunction with the indexer to
position the leadframe. Unlike the prior art systems which use rollers to perform this
function, the use of tongs offers the advantage in that the greater surface area of the
tongs puts less stress on the siderail of the leadframe. The pressing mechanism is
also easily repaired and replaced because the components can be easily removed
and replaced, and there is ample working clearance. In addition, because of the
servo drive, the entire mechanism can be stopped in an instant when a
misalignment or other problems are detected so that damage to the leadframe and
the tool can be avoided. Furthermore, dies of different applications, e.g. a die for

trimming or for forming, are interchangeable so that the press module can be used'
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as either a trimming tool or a forming tool. Hence, the preseht system offers greate

throughput with greater flexibility and reliability.

After the press module, the leadframe is transferred to the offloader so that the
leadframe can be stored in a magazine. The offloader of the present system
employs similar design as the on-loader and therefore, it can be made to
interchange with the on-loader if such a need arises.

FIGS. 6 illustrates the off-loader module. The basic function of the off-loader
module is to quickly and accurately unload the leadframes from feeder rail to the
storage magazines. To unload, the pick and place apparatus lowers the suction
pads until they make contact with each of the semiconductor packages in the
leadframe. The feeder rail is opened to release the leadframe and the pick and
place apparatus lowers the leadframe into the storage magazine

This off-loader design offers many advantages as compared to the previous
designs. The prior off-loaders have cumbersome designs which require complex
movement of the leadframe. The leadframe often had to rotate into position and
wasted valuable time. In contraét, the present off loader does not require any
rotating movement of the leadframe, and uses only the minimum number of
movements where the leadframe moves directly from the feeder rail to the storage
magazine. The simplicity iﬁ the transfer from the feeder rail to the magazine greatly
reduces possibility of damage to the leadframe. In addition, it reduces the off-
loading time. This reduction in time is important because the rate at which the
leadframe is loaded off the feeder rail is an important factor which can determine the

throughput for the entire system.
_—
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CLAIMS

| Claim:

ek

1. A modularized in-line trim and form system comprising:

an on-loader module for loading a leadframe from a storage magazine onto a
feeder rail without rotating said leadframe;

an infeeder module for indexing and se_nsing said leadframe;

a press module for trimming and forming said leadframe, said press module
including a twin-cam press mechanism; |

an off-loader module for off loading said leadframe from said feeder rail to a off-
loading storage magazine without rotating said leadframe; and

a micro-controller for controlling said system, said micro-controller

O O 0O N O o b~ W N

=N

communicably and controllably coupled to each of said modules,

b
—dy

wherein said feeder rail is in-line during a trim and form process.

by

2. The system as recited in claim 1 wherein said twin-cam press mechanism has

N

independent servo drives.

—

3. A modular on-loader apparatus for a modularized trim and form system with an in-
line feeder rail, said appafatus comprising a storage magazine, a pick and place
apparatus with suction pads, and a means for controllably opening and closing said
feeder rail, whereby a leadframe is loaded onto said feeder rail from said storage

magazine by said pick and place apparatus by placing said leadframe onto said

o o~ W N

feeder rail without rotating said .Ieadframe.

-

4. A modular off-loader apparatus for a modularized trim and form system with an in-
line feeder rail, said apparatus comprising a storage magazine, a pick and place

apparatus with suction pads, and a means for controllably opening and closing said

B WN

feeder rail, whereby a leadframe is loaded off said feeder rail by said pick and place
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aller

apparatus by placing said leadframe off said feeder rail ahd into said storage

magazine without rotating said leadframe.

5. A modular twin-cam pressing -apparatus for a modularized trim and form system
with an in-line feeder rail, said apparatus comprising an upper cam and a lower
cam, said upper and lower cam independently driven by a servo-drive, whereby said
upper and lower cam can simultaneously and independently move up and down in
a precise, controlled sequence.

6. A modular infeeder apparatus for indexing and sensing a leadframe for a
modularized trim and form system with an in-line feeder rail, said infeeder apparatus
comprising an indexer and a sensor, said indexer adapted for precisely and
controllably indexing said leadframe and said sensor adapted for sensing a precise

location of said leadframe.
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2 systemwth an in-line feeder rail, said apparatus conprising a storage
3 . magazine, a pick and place apparatus with suction pads,_and a neans. .for

4 controllably opening and cl osing said feeder rail, wher
is 5 |loaded onto said feeder rail from said storage mgaz%mﬂaﬁm‘ﬂ%ﬂ.
and 6 place apparatus by placing said 2#adfrane onto sai d fieeder rail
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7 rotating said |leadframe. 1 4. A nodul ar off-|oadgr_apparatus for a
modul ari zed trimand form2 systemw th an in-line feeded IQQF , !
apparatus conprising a storage 3 nmgazine, a pick and plac E'J\_lTvSHEET
suction pads, and a neans for 4 controllably opening and cj ogi ng said
feeder rail, whereby a leadfranme is 3/6 24 APR 1997
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10 5 | oaded of f said feeder rail by said pick and place apparatus by

pl aci ng sai d
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6 |leadframe off said feeder rail and into said storage ramy 1+
rotating 7 said leadfrane. 1 5. A nodular tw n-cam'aiL X WENTJgHEET
apparatus for a nodularized trimand 2 formsystemwth an fn-T1ne feeder
rail, said-apparatus conprising an upper 3 camand a lo Cagny KPR 1997r4r
and | ower cam i ndependently driven by a :

5/6
La}
=
=
l‘ g
™
|10
/ o§ 0§
| Z0 3
go Sa
=0 24
2 =9
N 5 ot
on
o 2 £
& g —

-

.

JUH

iy Sewee—

Z NN
10

AN SEND
7
_omsa0
rd 7 /
.
Fig. 5

/’/‘
7
C/

N

L

J

J : T
SENDER WITH AMPLIFIER |1[2]3




4 servo-drive, whereby said upper and | ower cam can sinulthR
I ndependently nove up and down in a precise, controlled seque
6. A nodul ar infeeder apparatus for indexing and sensing a | epd
a nodul arized trimand formsystemwi th an in-line feeder rp
| nfeeder apparatus conprising an indeerV%nd a sensor, saidfi.
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4 for precisely and controllably indexing said | eadfrane anp'm—@enseuﬁ_' ; : .
adapt éd for sensi ng a precise location of said | eadfrane. R CEMENT SHEET
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ABSTRACT

MODULARIZED IN-LINE TRIM AND FORM SYSTEM

A modularized in-line trim and form system includes an on-loader module,
infeeder module, a press module, and an off-loader module. The press module
includes a twin-cam servo drive which moves simultaneously and independently to
facilitate high-throughput in-line process. The on-loader and off-loader modules
include a pick and place apparatus with suction pads and storage magazine, where
the pick and place apparatus can load and unload a leadframe without excessive
rotating movements. The components of the present system are highly integratable

and replaceable for easy modification and repair.

FIG. 1
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ABSTRACT -

MODULARIZED IN-LINE TRIM AND FORM SYSTEM

| A modularized in-line trim and form system includes an on-loader module,
infeeder module, a press module, and an off-loader module. The press module
includes a twin-cam servo drive which moves simultaneously and independently to
facilitate high-throughput in-line process. The on-loader and off-loader modules
include a pick and place apparatus with suction pads and storage magazine, where
the pick and place apparatus can load and unload a leadframe without excessive
rotating movements. The components of the present system are highly integratable

‘and replaceable for easy modification and repair.
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MODULARIZED IN-LINE TRIM AND FOR}VI’SYS'ﬁM
FIELD OF THE 'INVENT|0N

The present invention relates to the field of semiconductor packaging,
and particularly to a modularized in-line trim and form system for trimming and
forming leads on a semiconductor package with high throughput, precision,

and reliability.

BACKGROUND OF THE INVENTION

Trim and form systems are well known in the semiconductor packaging
industry. ltis a system used near the end of the semiconductor packaging
process where the packaged semiconductor devices are removed or trimmed
from the leadframe and the leads are shaped. Hence the name "trim and
form.”

Many improvements have been made over the years to increase the
throughput rate, reliability, precision, ease of use, versatility, and other
qualities which are deemed highly desirable in the industry. Since there is no
foreseeable ﬁmit to these improvements, the industry playefs continue to
make changes to the existing designs to produce a system which can perform
fastér and better than the existing designs.

One of the most noticeable shortcomings of the prior art designs is the
failure to achieve an in-line system where the feeder rail move up and down
during a trim and form processt One serious consequence of this is that it
creates greater tendency for the delicate leadframe to be damaged by the

excessive movement. It addition, it introduces additional tolerances as the
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system needs to precisely track the movement of the rail. Furthermore, it
reduces the overall throughput because the system requires additional time to
place the rail in position for the press.

Hence, in light of these shortcomings, it would be highly desirable to
have an in-line trim and from system which overcomes the stated
shortcomings while improving the overall throughput, reliability, precision,

ease of use, versatility, and other desirable qualities.
OBJECT OF THE INVENTION
It is therefore the object of the present invention to improve upon the

existing trim and form system designs to provide an in-line system having

improved reliability, flexibility, ease of use and service, precision, throughput

| rate, modularity, and overall productivity and quality.

SUMMARY OF THE INVENTION

A modularized in-line trim and form system includes an on-loader
module, infeeder module, a press module, and an off-loader module. The

press module includes a twin-cam servo drive which moves simultaneously

and independently to facilitate high-throughput in-line process. The on-loader

and off-loader modules include a pick and place apparatus with suction pads
and storage magazine, where the pick and place apparatus can load and
unload a leadframe without excessive rotating movements. The components
of the present system are highly integratable and replaceable for easy

modification and repair.
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FIG. 1 is pictorial illustration of the present in-line system. |

FIG. 2 is a side view of the on;load module in open position with leadframes

| having large semiconductor packages.

- FIG. 3 is a side view of the on-load module in closed position with leadframes

having large semiconductor packages_.
FIG. 4 is a side view of the press module iIlustratin_g' the twin-cam structure.

FIG. 5 is a schematic illustration of the relationship between the press and the

leadframe.

FIG. 6 is a side view of the off-load module in open position with leadframes

having large semiconductor packages.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is an improved modularized in-line trim and form
system having many improvements and advantages over the existing trim and
form systems. FIGS. 1 illustrates the overall trim and form system. As shown
in FIG. 1, the system is modularized into 4 main sections, magazine onload

module 5, infeeder module 10, press module 15 , and magazine offload

module 20.

The system is controlled by a microcontrolier preferably with a monitor

| display and an optional touch screen. The monitor is suitably located for
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viewing with proper consideration to the operator's ergon
is preferably provided with the controller to protect against sudden memory
loss.

To better elucidate the way to make and practice the preferred
embodiment of the present system, several of the improvements and their
corresponding structure shall be described below. In summary, the features
of the improved trim and form system includes, among others, the following:
higher intergratability; greater range of applications; lower cost; higher
precision; more user friendly approach; greater flexibility; higher throughput}

shorter movement of essential parts; better ability to accommodate custom

_applications; more user friendly open architecture software libraries; better

modular desigri; less need for maintenance; design adapted for easier repair
and replacement of parts.

One of the important advantages of the present invention is its in-line
feeder rail. This feature greatly improves the qualiiy of the entire system by
minimizihg the undulating movement of the delicate leadframes, while greatly
improving the rate at which a leadframe can be processed, known as the
throughput of the system. These two features are extremely important
considerations for a trim and form system. Obviously, a system which can
produce higher throughput without compromising quality is highly desirable.
Currently, the highest throughput which can be achieved by the existing trim
and form system without compromising quality is approximately 120 units per
minute. The present invention, however, can achieve up to 220 units per
minute.

Several factors contributed to the slow down in the throughput in the
prior art designs which were overcome in the present invention. For ease of

understanding and to better explain the improved features and the structure of
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thé modules and its contribution to the overall system|shall be described

individually. _

FIGS. 2 and 3 illustrate the on-loader module. The basic function of the
on-loader module is to quickly and accurately load the leadframes from the
storage magazine fo the feeder rail. To load the leadframe onto the feeder
rail, the leadframe ‘is first lifted up near the level of the feeder rail by a lifter.
The pick and place apparatus lowers the suction pads until they make contact -
with. each of the semiconductor packages in the leadframe. The feeder rail is
opened., 'FIG. 2, to make room for the leadframe and the pick and place
apparatus raises the leadframe until it is above the feeder rail. The feeder rail
is then closed, FIG. 3, such that the outer edges of the leadframe is aligned |
properly in the feeder rail.

This on-loader design offers many advantages as compared to the
previous designs. The prior on-loaders had cumbersome désigns .which

required complex movement of the leadframe. The leadframe often had to

- rotate into position and waste valuable time. In contrast, the present off

loader does not require any rotating movement of the leadframe, and uses
only the minimum number of movements where the leadframe moves directly
from the magazine to the feeder rail. The simplicity in the transfer from the
magazine to the feeder rail greatly reduces possibility of damage to the
Ieadfréme. In addition, it reduces the on-loading time. This reduction in time
is important because the rate at which the leadframe is loaded onto the feeder
rail is a fabtor which can determine the throughput for the entire system.

After the leadframe is loaded onto the feeder rail, it is transferred to the
infeeder module via transfer belt and wheels, as generally illustrated in FIG. 1.
The function of the infeeder module is to index the leadframe such that the
position of the leadframe is perfectly synchronized with the rest of the system,

and especially, in relation to the press module. The main components of the
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infeeder module is the indexing wheel, or the indexer, and tILg_ﬁgnsms_Iha-——

indexer is servo-cam driven and it generally covers the range of 5 mm to 60
mm movement accordihg to a minimum leadframe length of 150 mm and a
maximum length of 280 mm, with minimum of four packages on the leadframe
in a single row. The indexer movement will 'be set automatically by the
parameters set for a particular product. The indexer preferably includes a
measuring system which is as s’imilaf as possible to the transport tongs of the
press module to control the actual movement according to the settings and
any adjustments which need to be made. The indexer rail can be easily
opened up when the tool is in home position for maintenance pi.lrposes, or for
removing or correcting the leadframe after a misfeed. All parts of the indexer
preferably should not scratch plastic devices or damage the molded or plated
strips and pilot pin holes of the leadframes. '

| After the leadframe is indexed, it is moved into the press module. FIG. 4
illustrates the press.mechanism for the press module. The present invention
employs two independently servo-driven cams, termed the "twin-cam” design,
to drive the lower and upper die both simultaneous and independently. This
dual movement is important as it facilitates the in-line process. |

In the previous trim and form systems, one of the dies, usually the

bottom, did not move. To propetly place the leadframe in position to trim or
form, fhe feeder rail had to move up and then lowered into the lower die. This
type of system has a number of disadvantages. First, the throughput is limited
because there is a limit to how fast the feeder rail can be moved up and down.
Second, the continual undulating movement creates potential for damage to
the delicate leadframe. And third, any misalignment of the leadframe may
result in severe damage to the leadframe and thg semiconductor package as
it may crash against a component of the pfessing mechanism such as a

sensor.
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But as illustrated in FIG. 5, the present invention encounters no such
danger as the feedér rail remains constant, and the sensor detects the moving
die, not the leadframe. In addition, the present design offers other
advantages. It is fully modular so that many pressing mechanism can be
added in series. The pressing mechahism employs a pair of tongs which
work in conjunction with the indexer to position the leadframe. Unlike the
prior art systems which use rollers to perform this function, the use of tongs
offers the advantage in that the greater surface area of the tongs puts less
stress on the siderail of the leadframe. The pressing mechanism is also easily
repaired and replaced because the components can be easily removed and
replaced, and there is ample working clearance. In addition, because of the
servo drive, the entire mechanism can be stopped in an instant when a

misalignment or other problems are detected so that damage to the leadframe

" and the tool can be avoided. Furthermore, dies of different applications, e.g. a

die for trimming or for forming, are interchangeable so that the press module
can be used as either a trimming tool or a forming tool. Hence, the present
system offers greater throughput with greater flexibility and reliability.

After the press module, the leadframe is transferred to the offloader so
that the leadframe can be stored in a magazine. The offloader of the present
system employs similar design as the on-loader and therefore, it can be 'made
to interchange with the on-loader if such a need arises.

FIGS. 6 illustrates the off-loader module. The basic function of the off-
loader module is to quickly and accurately unload the leadframes from feeder

rail to the storage magazines. To unload, the pick and place apparatus

‘lowers the suction pads until they make - contact with each of the

semiconductor packages in the leadframe. The feeder rail is opened to |
release the leadframe and the pick and place apparatus lowers the leadframe

into the storage magazine
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This off-loader design offers many advantages as cbmpared o the
previous designs. The prior off-loaders have cumbersome designs which
require complex movement of the leadframe. The leadframe often had to
rotate into position and wast_ed'valuable time. In contrast, the present off
loader does not require any rotating movement of the leadframe, and uses
only the minimum number of movements where the leadframe moves directly
from the feeder rail to the storage magézine. The simplicity in the transfer
from the feeder rail to the magazine greatly reduces possibility of damage to
the leadframe. In addition, it reduces the off-loading time. This reduction in
time is important because the rate at which the leadframe is loaded off the
feeder rail is an important factor which can determine the throughput for the

entire system.
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CLAIMS

I Claim:

1. A modularized in-line trim and form system comprising:

an on-loader module for loading a leadframe from a storage magazine

onto a feeder rail without rotating said leadframe;

an infeeder module for indexing and sensing said leadframe;
a press module for trimming and forming said leadframe, said press
module including a twin-cam press mechanism;

an off-loader module for off loading said leadframe from said feeder rail

to a off-loading storage magazine without rotating said leadframe; and

a micro-controller for controlling said system, said micro-controller
communicably and contrbllably coupled to each of said modules,

wherein said feeder rail is in-line during a trim and form process.

2. The system as recited in claim 1 wherein said twin-cam press
mechanism has independent servo drives.

3. A modular on-loader apparatus for a modularized tim and form
system with an in-line feeder rail, said apparatus comprising a storage

magazine, a pick and place apparatus with suction pads, and a means for

~ controllably opening and closing said feeder rail, whereby a leadframe is

loaded onto said feeder rail from said storage magazine by said pick and

‘place apparatus by placing said leadframe onto said feeder rail without

rotating said leadframe.

4. A modular off-loader apparatus for a modularized trim and form
system with an in-line feeder rail, said apparatus comprising a storage
magazine, a pick and place apparatué with suction pads, and a means for

controllably opening and closing said feeder rail, whereby a leadframe is
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loaded off said feeder rail by said pick and place apparatus by placing said
leadframe off said feeder rail and into said storage magazine without rotating
said leadframe. | '

5. A modular twin-cam pressing apparatus for a modularized trim and
form system with an in-line feeder rail, said apparatus comprising an upper
cam and a lower cam, said upper and lower cam independently driven by a
servo-drive, whereb_y said upper and lower éam can simultaneously and |
independently move up and dovin in a precise, controlled sequence.

6. A modular infeeder apparatus for indexing and sensing a leadframe
for a modularized trim and form system with an in-line feeder rail, said
infeeder apparatus comprising an indexer and a sensor, said indexer adapted
for precisely and controllably indexing said leadframe and said sensor

adapted for -sénsing a precise location of said leadframe.
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ABSTRACT i

MODULARIZED IN-LINE TRIM AND FORM SYSTEM

A modularized in-line trim and form system includes an on-loader module,
infeeder module, a press module, and an off-loader module. The press module
_ includes a twin-cam servo drive which moves simultaneously and independently to
facilitate high-throughput infline process. The on-loader and off-loader modules
include a pick and place apparatus with suction pads and storage magazine, where
the pick and place apparatus can load and unload a leadframe without excessive
rotating movements. The components of the present system are highly integratab.le

and replaceable for easy modification and repair.

FIG. 1



