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TECHNICAL FIELD OF THE INVENTION

This invention relates to integrated circuits, and more particularly
relates to a lead frame having slots for use while molding an integrated
circuit and its associated electrical leads into a finished product.

BACK F THE INVENTION

Various techniques have previously been used to package integrated
circuits using transfer molding equipment and procedures. Also, various
lead frame designs have been used with integrated circuits, such as the flip
chip design, the small outline J-lead (SOJ) packaging, and the lead-on-chip
(LOC) packaging. These techniques include attaching an integrated circuit
to a lead frame and wire bonds connecting the integrated circuit to
conductive leads on the lead frame. The integrated circuit and lead frame
are then placed into a mold and resin or thermoplastic molding compound
injected into the mold cavity. Electrical components of the integrated circuit
including portions of the conductive leads are encapsulated in resin or
molding compound. The encapsulated package is cured, deflashed and
external conductive leads prepared (trimmed, formed, coated, etc.) as
required for the specific integrated circuit design. The finished product is an
integrated circuit which has been encapsulated in a plastic body with
electrically conductive leads extending from the plastic body. The objective of
the molding process is to obtain plastic encapsulation which totally
surrounds the integrated circuit and associated components with no void
spaces or defects in the encapsulation.

Sheet Has Been Replaced

o i




" This invention relates to integrated circuits, and nore particularly
(elates to a |l ead frame having slots for use while nolding an integrated
circuit and its associated electrical leads into a finished product.
BACKGROUND OF THE | NVENTI ON Vari ous techni ques have previously been
used to package integrated circuits using transfer nolding equi pnment and
procedures. Al so, various |lead frane designs have been used with integrated
circuits, such as the flip chip design, the small outline J-lead (SQJ)
packagi ng, and the | ead-on-chip (LOC) packagi ng. These techni ques i ncl ude
attaching an integrated circuit to a lead frane and wire bonds connecting
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the finished integrated circuit package. Incomplete filling of the mold cavity
with resin or void spaces within the encapsulation will result in a defective
product.

Conventional transfer molding techniques use a mold with two
sections or halves that are secured to opposite sides of the integrated circuit
and its associated lead frame. The mold halves are securely clamped
together (sandwiched) about the integrated circuit and lead frame.
Conventional molds have an opening (mold flow gate) in either the top half of
the mold or the bottom half of the mold for injection of the molding
compound. A portion of the mold opposite the injection point (flow gate)
usually has one or more small air vents to allow air and other gases to escape
from the mold cavity as the resin is injected. The pressure drop which occurs
at the mold flow gate and resin flow therethrough frequently cause erosion
and wear at the injection opening in the mold. Erosion of the injection
opening (bottom gate or top gate) limits the useful life of the mold.

The small openings used for air vents in conventional molds frequently
become plugged. Plugging of the air vents will either reduce the life of the
mold or require increased maintenance to open any plugged air vents. As
integrated circuits are reduced in size (become thinner), more air or other
gases must be displaced from the cavity of existing molds which increases the
opportunity for plugging. Designing new molds for each new change in
dimensions of an integrated circuit is very expensive and time consuming.

A need has arisen for a lead frame with slots to improve resin fluid
flow during the molding process, to provide uniform encapsulation of an
integrated circuit package and to improve the useful life of the mold.
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external conductive | eads prepared (trimred, fornmed, coated, etc.) as
required for the specific integrated circuit design. The finished product
is an integrated circuit which has been encapsulated in a plastic body with
electrically conductive | eads extending fromthe plastic body. The

obj ective of the nolding process is to obtain plastic encapsul ati on which
totally surrounds the integrated circuit and associ ated conponents with no
voi d spaces or defects in the encapsul ation.

S Y OF THE ION

In accordance with the present invention, disadvantages and problems
associated with previous transfer molding techniques for integrated circuit
packages have been substantially reduced or eliminated by using the present
packaging invention. An integrated circuit and its associated lead frame are
positioned within a mold cavity. Molding compound is injected into the mold
cavity to encapsulate the integrated circuit and portions of the conductive
leads extending therefrom to form an encapsulated package.

In accordance with one aspect of the invention, a lead frame with an
integrated circuit attached thereto is positioned between two halves of a
mold. The lead frame supports the integrated circuit and its associated
components within the mold cavity. One opening or slot within the lead
frame allows resin or molding compound to be injected into the mold cavity,
and a second opening or slot allows air and excess resin to escape from the
mold cavity. The first opening is positioned opposite from the second opening
in the lead frame.

The present invention has significant technical advaniages in that a
lead frame is provided for integrated circuits which includes a mold gate or
resin flow slot which results in constant flow of resin into the mold cavity
during the encapsulation process. The mold gate in the lead frame provides
increased service life for the mold. Any erosion or wear during the molding
process occurs at the mold gate on the lead frame rather than at an opening
in the mold (top gate or bottom gate).

The present invention has another significant technical advantage in
that a lead frame is provided for integrated circuits which includes an air
vent or slot in the lead frame to allow any air, other gases or excess resin in
the mold cavity to escape. The air vent slot in the lead frame allows
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VWil e prior nolding techniques have worked satisfactorily in packagi ng many
I ntegrated circuits, the advent of nore conplex and snaller scale
integrated circuit designs has increased the inportance of obtaining

pl asti c encapsul ati on without any void spaces, air pockets, or other

defects in the finished integrated circuit package. |Inconmplete filling of
the nold cavity with resin or void spaces within the encapsul ation wl|
result in a defective product. Conventi onal transfer nolding

techni ques use a nold with two sections or halves that are secured to
opposite sides of the integrated circuit and its associated |ead franme. The
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In accordance with another aspect of the invention, a dummy cavity is
provided in the mold to allow air, other gases and excess resin to escape from
the mold cavity during encapsulation of the integrated circuit and portions of
conductive electrical leads extending from the integrated circuit.

A significant technical advantage of the present invention is that the
dummy cavity provides a reservoir for excess molding compound injected into
the mold cavity. Proper filling of the dummy cavity with excess molding
compound provides an indication that the mold cavity was itself been
properly filled during the injection phase of the molding process.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and the
advantages thereof, reference is now made to the following description taken
in conjunction with the accompanying drawings, in which:

FIGURE 1 is an isometric drawing of a lead frame incorporating
the present invention;

FIGURE 2 is a drawing in section showing the lead frame of
FIGURE 1 with an integrated circuit attached thereto and disposed
within a mold cavity;

FIGURE 3 is an isometric drawing showing the lead frame and
encapsulated integrated circuit after being removed from the mold of
FIGURE 2; and

FIGURE 4 is an isometric drawing in section taken along lines
4-4 of FIGURE 3.

DETAILED DESCRIPTION OF THE INVENTION
4
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usually has one or nore small air vents to allow air and other gases to
escape fromthe nold cavity as the resin is injected. The pressure drop

whi ch occurs at the nold flow gate and resin flow therethrough frequently
cause erosion and wear at the injection opening in the nold. Erosion of the

injection opening (bottomgate or top gate) limts the useful life of the
nol d. The smal | openings used for air vents in conventional nolds
frequently becone plugged. Plugging of the air vents will either reduce the

life of the nold or require increased mai ntenance to open any plugged air
vents. As integrated circuits are reduced in size (becone thinner), nore
air or other gases nust be displ aced fromthe cavity of exi sting nol ds

whi ch increases the oppor nity fo | uggi {;ew nol s for each
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Referring to FIGURE 1, lead frame 10 of the present invention
comprises metal sheet which may be formed from various metal alloys, such
as full hard temper CDA alloy 151 having an approximate thickness of .008
inches and may be spot plated with gold, silver or other metals. Lead frame
10 has a plurality of cut-outs stamped therein to define the electrical lead
configuration for the desired integrated circuit. Specifically, the lead
configuration comprises a pair of power buses 12 and 14 with elongated
parallel conductive leads suitable for receiving electrical power. A first group
of conductive leads 16 is exposed generally normal to power bus 12 with
leads 16 being arranged in a side by side relationship. A second group of
conductive leads 18 is disposed generally normal to power bus 14 with leads
18 arranged in a side by side relationship. Different numbers of conductive
leads 16 and 18 may be provided in lead frame 10 as required depending
upon the design of the specific integrated circuit which will be attached
thereto.

Conductive leads 16 and 18 are used to provide input and output
signals to integrated circuit 32. Cutouts in lead frame 10 also define-a first
group of lead extensions 20 and a second group of lead extensions 22.
Support bars 24 and 26 respectively are provided in lead frame 10 to serve as
a transition between leads 16 and lead extensions 20 and leads 18 and lead
extensions 22. Following encapsulation of the integrated circuit, support
bars 24 and 26 are cut away or trimmed along with lead extensions 28 and
30 during the final assembly of the encapsulated package. Support bars 28
and 30 are also provided on opposite ends of lead frame 10 to provide
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L nventi on,

SUMVARY CF' THE I NVENTI ON I n accordance with the present
di sadvant ages and probl ens associated with previous transfer

nol di ng techniques for integrated circuit

additional support for the encapsulated package which surrounds leads 16,
18 and integrated circuit 32.

An important aspect of the present invention is the provision of slot or
opening 40 in lead frame 10 at the end having support bar 28. Slot or
opening 40 in lead frame 10 has the general configuration of a rectangle with
sides 41, 42 and 43. As will be discussed later in more detail, slot 40
functions as a flow gate to control the flow of resin or molding compound into
mold cavity 66.

Another important aspect of the invention is the provision of slot or
opening 50 in lead frame 10 opposite from slot 40. Slot 50 has the general
configuration of a rectangle with sides 51, 52 and 53. Slot 50 functions as a
vent to allow air or other gases to escape from mold cavity 66. Also, slot 50
allows any excess resin within mold cavity 66 to escape to dummy cavity 70
which will be described later in more detail. The cross-sectional flow area of
slot 50 is preferably larger than the cross-sectional flow area of slot 40.

As best shown in FIGURE 2, lead frame 10 and attached integrated
circuit 32 are disposed within mold 60 in preparation for encapsulation with
a suitable resin or thermoplastic molding compound. Novolac epoxy
compound has been found to be a satisfactory resin for use in encapsulating
integrated circuits. Mold 60 comprises an upper mold half 62 and a lower
mold half 64 with a mold chase 63 and 65 formed respectfully in each half of
mold 60. Mold chase 63 and mold chase 65 cooperate to define mold cavity 66
when mold halves or sections 62 and 64 are clamped together. Integrated
circuit 32 and portions of lead frame 10 with conductive lead 16 and 18 are
positioned with mold cavity 66. Lead frame 10 defines the part line for mold
60 when the encapsulation process has been completed.

Lower mold half 64 has an opening 68 in one end which is positioned
to communicate with slot 40. Opening 68 has the general configuration of a
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packages have been substantially reduced or elimnated by using the present
packagi ng invention. An integrated circuit and its associated |ead frame
are positioned within a nold cavity. Ml ding conpound is injected into the
nold cavity to encapsul ate the integrated circuit and portions of the
conductive | eads extending therefromto forman encapsul ated package.

I n accordance with one aspect of the invention, a lead frame with an
integrated circuit attached thereto is positioned between two hal ves of a
nol d. The lead frane supports the integrated circuit and its associ ated
conponents within the nold cavity. One opening or slot within the | ead
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sandwiched between upper half 62 and lower half 64, slot 40 provides an
opening or flow gate for the injection of molding compound into cavity 66. As
resin is injected into cavity 66, any air or other gases trapped therein can exit
through slot 50.

Since lead frame 10 is removed from mold 60 after completion of the
encapsulation process, slot 40 is not subject to erosion and wear from
repeated use. Therefore, each time a new lead frame 10 and integrated
circuit 32 are placed within mold 60, a new slot 40 with consistent, uniform
dimensions is used to control the flow of molding compound into cavity 66.
Lead frame 10 with slot 40 insures consistent molding compound flow into
cavity 66 during repeated encapsulation of integrated circuits.

Another important feature of the present invention is the provision of
dummy cavity 70 in lower mold half 64. Dummy cavity 70 is positioned with
respect to lead frame 10 and air vent or slot 50 to receive air and any excess
molding compound exiting from cavity 66. If desired, the resin injecting
system (not shown) may be designed to inject a small amount of excess
molding compound into cavity 66. This planned amount of excess molding
compound is then trapped in dummy cavity 70 and provides a good indication
that cavity 66 has been properly filled. If dummy cavity 70 does not contain
the desired amount of excess molding compound, it is an indication that
cavity 66 was also not filled with the required amount of molding compound.

As best shown in FIGURE 2, dummy cavity 70 has the cross-section of
a trapezoid. The volume of dummy cavity 70 is substantially less than the
volume of mold cavity 66.
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resin flow slot which results in constant flow of resin into the nold
cavity during the encapsulation process. The nold gate in the lead frane
provi des increased service life for the nold. Any erosion or wear during

t he nol di ng process occurs at the nold gate on the lead frane rather than
at an opening in the nold (top gate or bottom gate). The present

I nvention has another significant technical advantage in that a |lead frane
is provided for integrated circuits which includes an air vent or slot in
the lead frame to allow any air, other gases or excess resin in the nold
cavity to escape. The air vent slot in the |lead frame allows

Lead frame 10 and integrated circuit 32 are preferably positioned
within mold 60 and cavity 66 as shown in FIGURE 2. This arrangement
provides a flow path for resin from opening 68 of lower mold half 64 through
slot 40 into cavity 66 exiting via slot 50 into dummy cavity 70. A small gap
72 may be provided in lower mold half 64 to allow air to escape from dummy
cavity 70 as excess molding compound fills dummy cavity 70.

Thermoplastic resin or molding compound is heated to a desired
temperature which will liquify the molding compound to allow injection at a
preselected pressure and temperature into cavity 66. The injection pressure
and temperature vary with the type of molding compound and with the
characteristics of the integrated circuit and its associated components. After
the injection process has been completed and the resin compound allowed to
solidify, mold halves 62 and 64 are opened and lead frame 10 with
encapsulated integrated circuit 32 as shown in FIGURE 3 is removed. The
molding compound has now solidified to produce encapsulation or plastic
body 74 which surrounds integrated circuit 32 and portions of conductive
leads 16 and 18. External conductive leads 20 and 22 extend from
encapsulation 74. At a later stage in the process, supporting bars 24 and 26
will be trimmed from plastic body 74.

The benefits and technical advantages of the present invention are
best shown in FIGURE 4. When the resin compound hardens, the resulting
encapsulation 74 matches the internal configuration of opening 68, mold
cavity 66 and dummy cavity 70. Any excess resin 76 which might have
blocked the air vents in prior mold designs is removed with lead frame 10.
This excess resin has the general configuration of dummy cavity 70. In the
same manner, resin in the flow gate portion of mold 60 is removed with lead
frame 40 and has the configuration of opening 68 and flow gate 40. This
material is designated 46 in FIGURE 4. An important improvement of the
present invention is the removal of excess molding compound 76 and 46 with
lead frame 10. Therefore, maintenance requirements for lower mold half 64
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"4 satisfactory use of a nold cavity with integrated circuits of varying
sizes (thickness) and inproves the service |life of the nold while reducing
mai Nt enance requirenents. I n accordance with another aspect of the

i nvention, a dummy cavity is provided in the nold to allow air, other gases
and excess resin to escape fromthe nold cavity during encapsulation of the
Integrated circuit and portions of conductive electrical |eads extending
fromthe integrated circuit. A significant technical advantage of
the present invention is that the dunmy cavity provides a reservoir for
excess nol ding conpound injected into the nold cavity. Proper filling of
the dummyregaygdificantly Pedined amd thegeffective life of mold 60 is substantially

increased.

Those skilled in the art will readily note that the configuration of slot
40, opening 68, slot 50 and dummy cavity 70 may be varied to meet specific
operating requirements of the injection molding system. For certain types of
molding compounds, opening 68 and dummy cavity 70 may have the general
cross-section of a cone or funnel. Both slots or openings 40 and 50 may be
formed with alternative configurations including but not limited to a square,
semi-circle or portion of an ellipse. The present invention allows modifying
slots 40 and 50 for optimum flow of molding compound into cavity 66.

The present invention is not limited to use with only lead frame 10
having power buses 12 and 14. Many lead frames use a die pad or bar pad to
mount an integrated circuit on the lead frame. Slot 40 (flow gate) and slot 50
(air vent) may be used with a wide variety of lead frame designs.

Although the present invention has been described in detail, it should
be understood that various changes, substitutions and alterations can be
made herein without departing from the spirit and the scope of the invention
as defined by the following claims.
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conpound provides an indication that the nold cavity was itself been

BrEQperI y filled during the injection phase of the nolding process. BRIEF
SCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the

present invention and the advantages thereof, reference is now nmade to the

f-ol | om ng description taken in conjunction with the acconpanyi ng draw ngs,

I n whi ch: FIGURE 1 is—an isongtfic drawi ng of a |ead frame

I ncor porating the present i )Y { 945 Been Replaced Tt FIGURE 2 is a

drawing in section shovmngthelea FIGURE 1 with an
integrated circuit attached theret M\B within a nold
cavity; FIGURE 3 is a w ng showi ng the | ead
frame an%—“—' encapsul ated i ntegrat ed circuit after being renmoved from
the nold of - FIGURE 2; and FIGURE 4 is an isonetric
drawi ng {n secti onAtigk® frz2he fér 4 Metegrated electrical circuit comprising:
a plurality of elongated conductive leads extending in side
by side relationship for attachment with the integrated circuit;

and

an opening through the lead frame after the lead frame
and attached integrated circuit have been positioned in a mold
cavity.

2. The lead frame of Claim 1, wherein the opening is for injecting
molding compound through the lead frame and comprises a first slot
through one portion of the lead frame.

3. The lead frame of Claim 2, wherein the first slot through the
lead frame comprises a rectangular opening in a portion of the lead
frame.

4. The lead frame of any preceding claim, further comprising an

opening for air to escape from the mold cavity during injection of resin
into the cavity.

5. The lead frame of Claim 4, wherein the opening for air to escape
comprises a second slot through a portion of the lead frame opposite
from the first slot.

6. The lead frame of Claim 5, wherein the second slot has a larger
cross-sectional flow area as compared to the cross-sectional flow area of
the first slot.

7. The lead frame of any of claims 4 to 6, wherein the opening for
air to escape from the mold cavity further comprises a slot in one
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. 4-4 of FIGURE 3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The preferred enbodi nent of the present invention and its advantages

iis Sheet Has Been ReplacedTh

portion of the lead frame to allow fluid communication from the mold

cavity into a dummy cavity.

8. The lead frame of claim 1, wherein the opening comprises an
opening for air to escape through the lead frame when the lead frame
and attached integrated circuit have been positioned in a mold cavity.

9. A method for encapsulating an integrated electrical circuit
within a plastic body comprising:

attaching the integrated circuit to a lead frame with
electrical conductive leads such that electrical signals may be
provided to and received from the integrated circuit;

placing the integrated circuit between two sections of a
mold with the integrated circuit and portions of the conductive
leads disposed within a cavity in the mold,;

aligning a first slot in the lead frame with an opening
through a portion of the mold; and

injecting molding compound through the opening in the
mold and the first slot in the lead frame into the mold cavity for
encapsulation of the integrated circuit and the portions of the
conductive lead, disposed therein.

10. The method of Claim 9, further comprising the step of providing
a second slot in the lead frame opposite from the first slot whereby air,

other gases or excess molding compound may escape from the cavity.

11. The method of Claim 10, further comprising the step of placing
the second slot adjacent to a dummy cavity in the mold.

12. The method of Claim 11, further comprising the step of injecting
molding compound through the first slot in the lead frame and into the
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are best understood by referring to FIGURES 1-4 of the draw ngs, |ike
nuneral s being used for |ike and corresponding parts of the various

dr awi ngs. Referring to FIGURE 1, lead frane 10 of the present

i nvention conprises netal sheet which may be fornmed from various netal

al l oys, such as full hard tenper CDA alloy 151 having an approxi mate

t hi ckness of .008 inches and nay be spot plated with gold, silver or other
netals. Lead frame 10 has a plurality of cut-outs stanped therein to define
the electrical |lead configuration for the desired integrated circuit.
Specifically, the |ead configuration conpri ses a pai r of power buses 12 and
14 with el ongate. par | el ctive Iead r i

electrical pof@ g s‘POldeBH%T f{c%%n'ifﬁﬁ *}gﬁ %l%l Ssé’cgégos\sﬂéﬂﬁagner ally
normal to pomatldzasip;b?tmﬂlwhilladaﬁmdmmWranged in a side by side

rel ati onship. A second group of conductive |eads 18 is di sposed general ly
normal to power bus 14 with |eads 18 arranged in a sid si de

rel ati ondBip. Diff dhermethodhetep ofClaimdde fistaer 6%3”?81% atepasé be
provided in lead frame jfeihg ahdi ceSiciRPITItNY mold after the molding

compound has formed a plastic body which encapsulates the

integrated circuit and portions of the conductive leads; and
removing the lead frame withi the plastic body and any

excess molding compound in the dummy cavity attached to the

lead frame.
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upon the design of the specific integrated circuit which will be attached
t hereto. Conductive |leads 16 and 18 are used to provide input and
output signals to integrated circuit 32. Cutouts in lead frane 10 al so
define a first group of |ead extensions 20 and a second group of | ead
extensions 22. Support bars 24 and 26 respectively are provided in | ead
frame 10 to serve as a transition between | eads 16 and | ead extensions 20
and | eads 18 and | ead extensions 22. Foll ow ng encapsul ati on of the
integrated circuit, support bars 24 and 26 are cut away or trimred al ong
with | ead exten5|ons 28 and 30 durlng t he final assenbly of the

encapsul at e, RATKE

opposite
ends of | ead

ABSTRACT OF THE DISCLOSURE

A lead frame (10) is connected to an integrated circuit (32) by
adhesives. The lead frame (10) includes a mold gate (40) to provide for
constant flow of resin (72) into the mold cavity (66) during encapsulation of
the integrated circuit (32). The lead frame (10) also has an air vent (50) to
direct air and any excess resin (74) from the mold cavity (66) to a dummy
cavity (70).

Figure 1.
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" addi tional suppoft for the encapsul ated package whi ch surrounds | eads 16,

18 and integrated circuit 32.

TR 6/EPrt ant aspect of the present

sinvention is the provision of slot or1oBFq@ng 40 in lead frame 10 at the
end havi ng support bar 28. Slot or opening 40 in |lead frame 10 has the

general configuration of a rectangle with sides 41, 42 and 43. As w ||
di scussed later in nore detail,

#he flow of resin or nol di ng conmpound into nold cavity 66.
I mportant aspect of the invention is the provision of slot or

be
slot 40 functions as a flow gate to control
Anot her
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opening 50 in lead frame 10 opposite fromslot 40. Slot 50 has the general
configuration of a rectangle with Siq?§1§66952 and 53. Slot 50 functions as
:a vent to allow air or other gases to.es e fromnold cavity 66. Al so,
slot 50 allows any excess resin mﬁthi@ ﬁgﬁg cavity 66 to escape to dunmy

cavity 70 which will be described |later in nore detail. The cross-sectional
flow area of slot 50 is preferably |arger than the cross-sectional flow
7area of slot 40. As best shown in FIGURE 2, |lead franme 10 and

attached integrated circuit 32 are disposed within nmold 60 in preparation
for encapsulation with a suitable resin or thernoplagtic nolding conpound.
Novol ac epoxy conpound has been found to be a sat%sfactory resin for use in
encapsul ating integrated circuits. Mld 60 conpri8es an upper nold half 62
and a lower nold half 64 with a nold ch and 65 fornmed respectfully in
each half of nold 60. Ml d chase 63 3

nol d cavity 66 nol
| nt egr at ed circﬁ???EZ a

line for nold

areg cl anped toget her.
i Ny c®ggductive | ead 16
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60 when the encapsul ati on process has been conpl et ed. Lower nold

"~ -half 64 has an opening 68 in one end which is positioned to communicate

with sl ot 40. Opening 68 has the general configuration of a _
7 frustum Opening 68 functions as a funnel to direct the flow of nolding
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TECHNICAL FIELD OF THE INVENTION

This invention relates to integrated circuits, and more particularly
relates to a lead frame having slots for use while molding an integrated
circuit and its associated electrical leads into a finished product.

~

BACKGRQOUND OF THE INVENTION

Various techniques have previously been used to package integrated
circuits using transfer molding equipment and procedures. Also, various
lead frame designs have been used with integrated circuits, such as the flip
chip design, the small outline J-lead (SOJ) packaging, and the lead-on-chip
(LOC) packaging. These techniques include attaching an integrated circuit
to a lead frame and wire bonds connecting the integrated circuit to
conductive leads on the lead frame. The integrated circuit and lead frame
are then placed into a mold and resin or thermoplastic molding compound
injected into the mold cavity. Electrical components of the integrated circuit
including portions of the conductive leads are encapsulated in resin or
molding compound. The encapsulated package is cured, deflashed and
external conductive leads prepared (trimmed, formed, coated, etc.) as
required for the specific integrated circuit design. The finished product is an
integrated circuit which has been encapsulated in a plastic body with
electrically conductive leads extending from the plastic body. The objective of
the molding process is to obtain plastic encapsulation which totally
surrounds the integrated circuit and associated components with no void
spaces or defects in the encapsulation.

This is the replacement sheet§ *

pate: 30 SEP 1936 |




conpound from an exterior source (not shown) to slot 40. The configuration
of opening 68 cooperates with slot 40 to produce a constant flow rate as
resin or nolding conmpound is injected into cavity 66. Wien lead frame 10 is
sandwi ched between upper half 62 and |l ower half 64, slot 40 provi des an
opening or flow gate for the injectiomof nolding conpound into cavity 66.
As resin is injected into cavity 66, any air or other gases trapped therein

can exit through slot 50. Since lead frane 10 is renoved fromnold
60 after conpl etion of the encapsul ati on process, slot 40 is not subject to
erosi on and we S OhSwve € ALK an%a%sp&%ﬁ d;f ranme
10 and i ntegrat e%% g q‘Face h‘é§ Ih|Kem) new slg)f‘ }10 W th
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i nvent i onthe finfished integratedafircuit package. Incomplete filling of the mold cavity
with resin or void spaces within the encapsulation will result in a defective
product.

Conventional transfer molding techniques use a mold with two
sections or halves that are secured to opposite sides of the integrated circuit
and its associated lead frame. The mold halves are securely clamped
together (sandwiched) about the integrated circuit and lead frame.
Conventional molds have an opening (mold flow gate) in either the top half of
the mold or the bottom half of the mold for injection of the molding
compound. A portion of the mold opposite the injection point (flow gate)
usually has one or more small air vents to allow air and other gases to escape
from the mold cavity as the resin is injected. The pressure drop which occurs
at the mold flow gate and resin flow therethrough frequently cause erosion
and wear at the injection opening in the mold. Erosion of the injection
opening (bottom gate or top gate) limits the useful life of the mold.

The small openings used for air vents in conventional molds frequently
become plugged. Plugging of the air vents will either reduce the life of the
mold or require increased maintenance to open any plugged air vents. As
integrated circuits are reduced in size (become thinner), more air or other
gases must be displaced from the cavity of existing molds which increases the
opportunity for plugging. Designing new molds for each new change in
dimensions of an integrated circuit is very expensive and time consuming.

A need has arisen for a lead frame with slots to improve resin fluid
flow during the molding process, to provide uniform encapsulation of an
integrated circuit package and to improve the useful life of the mold.
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dummy cavity 70 in lower nold half 64. Dummy cavity 70 is positioned with -
respect to lead frame 10 and air vent or slot 50 to receive air and any
excess nol di ng conpound exiting fromcavity 66. If desired, the resin

i njecting system (not shown) may be designed to inject a small amount of
excess nol ding conmpound into cavity 66. 3This planned anount of excess
nmol di ng conpound is then trapped in dummy cavity 70 and provi des a good

i ndication that cavity 66 has been properly filled. If dunmy cavity 70 does
not contain the desired ampbunt of excess nol ding conpound, it is an

i ndi cation that cavity 66 was also not filled wth the required anmount of
ol di ng conmpound. As_best shown in FI GURE 2, dummy cavity 70 has the
cr oss- secRY MM e ANVENTION| une of durmmy cavity 70 is

substantial ly Iess than the vol ume of nold cavity 66.

2

In accordance with the present invention, disadvantages and problems
associated with previous transfer molding techniques for integrated circuit
packages have been substantially reduced or eliminated by using the present
packaging invention. An integrated circuit and its associated lead frame are
positioned within a mold cavity. Molding compound is injected into the mold
cavity to encapsulate the integrated circuit and portions of the conductive
leads extending therefrom to form an encapsulated package.

In accordance with one aspect of the invention, a lead frame with an
integrated circuit attached thereto is positioned between two halves of a
mold. The lead frame supports the integrated circuit and its associated
components within the mold cavity. One opening or slot within the lead
frame allows resin or molding compound to be injected into the mold cavity,
and a second opening or slot allows air and excess resin to escape from the

mold cavity. The first opening is positioned opposite from the second opening
in the lead frame.

The present invention has significant technical advantages in that a
lead frame is provided for integrated circuits which includes a mold gate or
resin flow slot which results in constant flow of resin into the mold cavity
during the encapsulation process. The mold gate in the lead frame provides
increased service life for the mold. Any erosion or wear during the molding

process occurs at the mold gate on the lead frame rather than at an opening
in the mold (top gate or bottom gate).

The present invention has another significant technical advantage in
that a lead- frame is provided for integrated circuits which includes an air
vent or slot in the lead frame to allow any air, other gases or excess resin in
the mold cavity to escaps. The air vent slot in the lead frame allows

. e o LB :"‘T
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8 Lead frame 10 and integrated circuit 32 are preferably
positioned within nold 60 and cavity 66 as shown in FIGURE 2. This
arrangenent provides a flow path for resin fromopening 68 of |ower nold
hal f 64 through slot 40 into cavity 66 exiting via slot 50 into dunmy
cavity 70. A small gap 72 may be provided in lower nold half 64 to all ow
air to escape fromdumry cavity 70 as excess nol di ng conpound fills dumy
cavity 70. Thernopl astic resin or nolding conpound is heated to a
desired tenperature which will liquify the nolding conmpound to all ow

i nj ecti ogatadfadtory use of a mold cavity with integrated circuits of varying sizes
(thickness) and improves the service life of the mold while reducing
maintenance requirements.

In accordance with another aspect of the invention, a dummy cavity is
provided in the mold to allow air, other gases and excess resin to escape from
the mold cavity during encapsulation of the integrated circuit and portions of
conductive electrical leads extending from the integrated circuit.

A significant technical advantage of the present invention is that the
dummy cavity provides a reservoir for excess molding compound injected into
the mold cavity. Proper filling of the dummy cavity with excess molding
compound provides an indication that the mold cavity was itself been
properly filled during the injection phase of the molding process.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and the
advantages thereof, reference is now made to the following description taken
in conjunction with the accompanying drawings, in which:

FIGURE 1 is an isometric drawing of a lead frame incorporating
the present invention;
FIGURE 2 is a drawing in section showing the lead frame of

FIGURE 1 with an integrated circuit attached thereto and disposed

within a mold cavity;

FIGURE 3 is an isometric drawing showing the lead frame and
encapsulated integrated circuit after being removed from the mold of

FIGURE 2; and

FIGURE 4 is an isometric drawing in section taken along lines
4-4 of FIGURE 3.

DETAILED DESCRIPTION OF THE INVENTION
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presel ected pressure and tenperature into cavity 66. The injection pressure
and tenperature vary with the type of nolding conpound and with the
characteristics of the integrated circuit and its associ ated conponents.
After the injection process has been conpleted and the resin conpound
allowed to solidify, nold halves 62 ands64 are opened and | ead frame 10
with encapsul ated integrated circuit 32 as shown in FIGJURE 3 is renoved.
The nol di ng conpound has now solidified to produce encapsul ation or plastic
body 74 which surrounds integrated circuit 32 and portions of conductive

| eads 16 and 18. External conductive |eads 20 and 22 extend from

encapsul ation{4. AL a lLater sta L0, the process...su r.fi bars 24 and
26 wi |l be triri?ﬁélfe%%ﬁ‘:“ﬁ@&%e%&;%@m&ngmw "é“g@ﬁé#% ?@v E¥%chni cal
advant agese dfest hengerstentt bynveferiiog tr FICHIREShdwh of nthiel durEings, \illeer t he
resin co S eel,e i | S L nt er nal
confi gur g@%%g%é‘a%%g i %E@SF&WS'*H& Cd;gil Sé&?g%ig{r}gﬁéﬁ:h#éscﬁ ?@@765}1%%% excess

resin 76dwawingssi ght have bl ocked the air vents in prior nold designs is
renoved with | ead frane 10.

Referring to FIGURE 1, lead frame 10 of the présent invention
comprises metal sheet which may be formed from various metal alloys, such
as full hard temper CDA alloy 151 having an approximate thickness of .008
inches and may be spot plated with gold, silver or other metals. Lead frame
10 has a plurality of cut-outs stamped therein to define the electrical lead
configuration for the desired integrated circuit. Specifically, the lead
configuration comprises a pair of power buses 12 and 14 with elongated
parallel conductive leads suitable for receiving electrical power. A first group
of conductive leads 16 is exposed generally normal to power bus 12 with
leads 16 being arranged in a side by side relationship. A second group of
conductive leads 18 is disposed generally normal to power bus 14 with leads
18 arranged in a side by side relationship. Different numbers of conductive
leads 16 and 18 may be provided in lead frame 10 as required depending

upon the design of the specific integrated circuit which will be attached
thereto.

Conductive leads 16 and 18 are used to provide input and output
signals to integrated circuit 32. Cutouts in lead frame 10 also define a first
group of lead extensions 20 and a second group of lead extensions 22.
Support bars 24 and 26 respectively are provided in lead frame 10 to serve as
a transition between leads 16 and lead extensions 20 and leads 18 and lead
extensions 22. Following encapsulation of the integrated circuit, support
bars 24 and 26 are cut away or trimmed along with lead extensions 28 and
30 during the final assembly of the encapsulated package. Support bars 28
and 30 are also provided on opposite ends of lead frame 10 to provide
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Thi s excess resin has the general configuration of dummy cavity 70. In the
same nmenner, resin in the flow gate portion of nold 60 is renoved wth |ead
frame 40 and has the configuration of opening 68 and flow gate 40. This
material is designated 46 in FIGURE 4. An inportant inprovenent of the
present invention is the renoval of excéss nolding conpound 76 and 46 with
| ead frame 10. Therefore, maintenance requirenents for lower nold half 64

additional support for the encapsulated package which surrounds leads 16,
18 and integrated circuit 32.

An important aspect of the present invention is the provision of slot or
opening 40 in lead frame 10 at the end having support bar 28. Slot or
opening 40 in lead frame 10 has the general configuration of a rectangle with
sides 41, 42 and 43. As will be discussed later in more detail, slot 40
functions as a flow gate to control the flow of resin or molding compound into
mold cavity 66.

Another important aspect of the invention is the provision of slot or
opening 50 in lead frame 10 opposite from slot 40. Slot 50 has the general
configuration of a rectangle with sides 51, 52 and 53. Slot 50 functions as a
vent to allow air or other gases to escape from mold cavity 66. Also, slot 50
allows any excess resin within mold cavity 66 to escape to dummy cavity 70
which will be described later in more detail. The cross-sectional flow area of
slot 50 is preferably larger than the cross-sectional flow area of slot 40.

As best shown in FIGURE 2, lead frame 10 and attached integrated
circuit 32 are disposed within mold 60 in preparation for encapsulation with
a suitable resin or thermoplastic molding compound. Novolac epoxy
compound has been found to be a satisfactory resin for use in encapsulating
integrated circuits. Mold 60 compﬁses an upper mold half 62 and a lower
mold half 64 with a mold chase 63 and 65 formed respectfully in each half of
mold 60. Mold chase 63 and mold chase 65 cooperate to define mold cavity 66
when mold halves or sections 62 and 64 are clamped together. Integrated
circuit 32 and portions of lead frame 10 with conductive lead 16 and 18 are
positioned with mold cavity 66. Lead frame 10 defines the part line for mold
60 when the encapsulation process has been completed.

Lower mold half 64 has an opening 68 in one end which is positioned
to communicate with slot 40. Opening 68 has the general configuration of a
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are significantly reduced and the effective life of nold 60 is _
substantially increased. Those skilled in the art will readily note
that the configuration of slot 40, opening 68, slot 50 and dummy cavity 70
may be varied to neet specific operating requirenents of the injection
nol di ng system For certain types of nolLdi ng conpounds, opening 68 and
dummy cavity 70 may have the general croOss-section of a cone or funnel.
Both slots or openings 40 and 50 nay be formed with alternative
configurations including but not limted to a square, sem-circle or

ortion ofruafu®l | igYsehingh6s 88 I93VE dinal ab! @vect it Fvwgs ($$n 40 and
EO for opt iurrumfl w of ng{)l dﬁg‘g cgﬁrrsp(?@nﬁ Into ?’gv(iﬁ%c6 %fﬁle -Ipl)éesent

6.
i nvent i onCqEPABRA Trom: 2Ry exEErIRLSQyree %BW} showny te sfaa{éﬂloTha\ﬂon@gmﬁn buses
12 and 14of dfreningetBicdopiatestdithaslel €0 Beprodudiod chastahe VAL Adtedd Faligor at ed

circuit o L 1Sl at.40 (f.] pw gate) nd“ﬁlot 50, (;ai r vent,) may

be used vm&f %@%@%"%@% l%fm?eé"g%‘{ flP&"ré’gH’é i@ﬁs. en lead (ﬁ'ame fd 12"
sandwiched between upper half 62 and lower half 64, slot 40 provides an
opening or flow gate for the injection of molding compound into cavity 66. As

resin is injected into cavity 66, any air or other gases trapped therein can exit
through slot 50.

Since lead frame 10 is removed from mold 60 after completion of the
encapsulation process, slot 40 is not subject to erosion and wear from
repeated use. Therefore, each time a new lead frame 10 and integrated
circuit 32 are placed within mold 60, a new slot 40 with consistent, uniform
dimensions is used to control the flow of molding compound into cavity 66.
Lead frame 10 with slot 40 insures consistent molding compound flow into
cavity 66 during repeated encapsulation of integrated circuits.

Another important feature of the present invention is the provision of
dummy cavity 70 in lower mold half 64. Dummy cavity 70 is positioned with
respect to lead frame 10 and air vent or slot 50 to receive air and any excess
molding compound exiting from cavity 66. If desired, the resin injecting
system (not shown) may be designed to inject a small amount of excess
molding compound into cavity 66. This planned amount of excess molding
compound is then trapped in dummy cavity 70 and provides a good indication
that cavity 66 has been properly filled. If dummy cavity 70 does not contain
the desired amount of excess molding compound, it is an indication that
cavity 66 was also not filled with the required amount of molding compound.

As best shown in FIGURE 2, dummy cavity 70 has the cross-section of

a trapezoid. The volume of dummy cavity 70 is substantially less than the
volume of mold cavity 66.
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Al though the present invention has been described in detail, it should be
under st ood that various changes, substitutions and alterations can be nade

herein without departing fromthe spirit and the scope of the invention as
defined by the follow ng clains.

10 CLAI VE: 8

Lead frame 10 and integrated circuit 32 ére preferably positioned
within mold 60 and cavity 66 as shown in FIGURE 2. This arrangement
provides a flow path for resin from opening 68 of lower mold half 64 through
slot 40 into cavity 66 exiting via slot 50 into dummy cavity 70. A small gap
72 may be provided in lower mold half 64 to allow air to escape from dummy
cavity 70 as excess molding compound fills dummy cavity 70.

Thermoplastic resin or molding compound is heated to a desired
temperature which will liquify the molding compound to allow injection at a
preselected pressure and temperature into cavity 66. The injection pressure
and temperature vary with the type of molding compound and with the
characteristics of the integrated circuit and its associated components. After
the injection process has been completed and the resin compound allowed to
solidify, mold halves 62 and 64 are opened and lead frame 10 with
encapsulated integrated circuit 32 as shown in FIGURE 3 is removed. The
molding compound has now solidified to produce encapsulation or plastic
body 74 which surrounds integrated circuit 32 and portions of conductive
leads 16 and 18. External conductive leads 20 and 22 extend from
encapsulation 74. At a later stage in the process, supporting bars 24 and 26
will be trimmed from plastic body 74.

The benefits and technical advantages of the present invention are
best shown in FIGURE 4. When the resin compound hardens, the resulting
encapsulation 74 matches the internal configuration of opening 68, mold
cavity 66 and dummy cavity 70. Any excess resin 76 which might have
blocked the air vents in prior mold designs is removed with lead frame 10.
This excess resin has the general configuration of dummy cavity 70. In the
same manner, resin in the flow gate portion of olold 60 is removed with lead
frame 40 and has the configuration of opening 68 and flow gate 40. This
material is designated 46 in FIGURE 4. An important improvement of the
present invention is the removal of excess molding compound 76 and 46 with
lead frame 10. Therefore, maintenance requirements for lower mold half 64
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1. ) A lead frane for an integrated electrical circuit conprising:

a plurality of elongated conductive | eads extending in side by
side relationship for attachnent with the integrated circuit;

and an opening through the | ead frame after the |ead
frame and attached integrated circuit have been positioned in a
nol d . cavity. 2. The lead frame of daim1l1, wherein
the opening is for injecting nol di ng conpound t hrough the | ead frane
and conprises a first slot t hrough one portion of-the |ead frame. 3.
The | ead dreasignificaiithy medncehemel the fefiettive tlifel oft mokd difyks shbstantially ead
frame Conﬁgkéhééd? rectangul ar opening in a portion of the |ead franme.

Those skilled in the art will readily note that the configuration of slot
40, opening 68, slot 50 and dummy cavity 70 may be varied to meet specific
operating requirements of the injection molding system. For certain types of
molding compounds, opening 68 and dummy cavity 70 may have the general
cross-section of a cone or funnel. Both slots or openings 40 and 50 may be
formed with alternative configurations including but not limited to a square,
semi-circle or portion of an ellipse. The present invention allows modifying
slots 40 and 50 for optimum flow of molding compound into cavity 66.

The present invention is not limited to use with only lead frame 10
having power buses 12 and 14. Many lead frames use a die pad or bar pad to
mount an integrated circuit on the lead frame. Slot 40 (flow gate) and slot 50
(air vent) may be used with a wide variety of lead frame designs.

Although the present invention has been described in detail, it should
be understood that various changes, substitutions and alterations can be
made herein without départing from the spirit and the scope of the invention
as defined by the following claims.
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4. ) The | ead frame of any preceding claim further conprising an
opening for air to escape fromthe nold cavity during injection of resin

into the cavity. 5. The lead frane of Claim4, wherein the
opening for air to escape conprises a second slot through a portion
of the lead franme opposite fromtgt%first slot. 6. The | ead
frame of daimb5, wherein the second sl has a | arger

cross-sectional flow area as conpared to the cross-sectional flow area of
the first slot. 7. The |l ead franme of any of clains 4 to 6,
wher ei n t R&.AJIMEi ng f or air to escape fromthe nold cavity further

conprises a slot in one
1. A lead frame for an integrated electrical circuit comprising:

a plurality of elongated conductive leads extending in side
by side relationship for attachment with the integrated circuit;
and

an opening through the lead frame after the lead frame
and attached integrated circuit have been positioned in a mold
cavity.

2. The lead frame of Claim 1, wherein the opening is for injecting
molding compound through the lead frame and comprises a first slot
through one portion of the lead frame.

3. The lead frame of Claim 2, wherein the first slot through the
lead frame comprises a rectangular opening in a portion of the lead
frame. |

4, The lead frame of any preceding claim, further comprising an

opening for air to escape from the mold cavity during injection of resin
into the cavity.

5. - The lead frame of Claim 4, wherein the opening for air to escape

comprises a second slot through a portlon of the lead frame opposite
from the first slot.

6. . The lead frame of Claim 5, wherein the second slot has a larger

cross-sectional flow area as compared to the cross-sectional flow area of
the first slot.

7. The lead frame of any of claims 4 to 6, wherein the opening for
air to escape from the mold cavity further comprises a slot in one
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portibn of the lead franme to allow fluid comunication fromthe nold

cavity into a dummy cavity. 8. The lead frame of claim1, wherein
t he openi ng conprises an opening for air to escape through the | ead
frame when the | ead franme and attached integrated circuit have been
positioned in a nold cavity. 9. 11 A nethod for encapsul ating an

I ntegrated electrical circuit within a plastic body conpri sing:

portion of the lead frame to allow fluid communication from the mold
cavity into a dummy cavity.

8. The lead frame of claim 1, wherein the opening comprises an
opening for air to escape through the lead frame when the lead frame
and attached integrated circuit have been positioned in a mold cavity.

9. A method for encapsulating an integrated electrical circuit
within a plastic body comprising:

attaching the integrated circuit to a lead frame with
electrical conductive leads such that electrical signals may be
provided to and received from the integrated circuit;

placing the integrated circuit between two sections of a
mold with the integrated circuit and portions of the conductive
leads disposed within a cavity in the mold;

aligning a first slot in the lead frame with an opening
through a portion of the mold; and

injecting molding compound through the opening in the
mold and the first slot in the lead frame into the mold cavity for
encapsulation of the integrated circuit and the portions of the
conductive lead: disposed therein. .

10. The method of Claim 9, further comprising the step of providing
a second slot in the lead frame opposite from the first slot whereby air,
other gases or excess molding compound may escape from the cavity.

11. i The method of Claim 10, further comprising the step of placing
the second slot adjacent to a dummy cavity in the mold.

12. . The method of Claim 11, further comprising the step of injecting
molding compound through the first slot in the lead frame and into the
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attaching the integrated circuit to a lead frame with

el ectrical conductive |eads such that electrical signals may be

provided to and received fromthe integrated circuit;

placing the integrated circuit between two sections of a nol d
with the integrated circuit and portionsiof the conductive

| eads di sposed within a cavity in the nold; aligning a
first slot in the lead frame with an opening t hrough a portion
of the nold; and i njecting nol ding conpound t hrough the
opening in the ., v in the mol&'%qna&%ésh sq{xrfﬁ}w %MWtﬁ@@eéoﬁﬁd sjbf 34, I nto
the nold cavity ki I nt egrate circuit
and the porti oas legstipasrtially filled the dumm@ﬂtye | eads di sposed t herein.

10. The method of G aim9, further conprising the step of providing

ther gasds or exceThermeihith St 1 foBbescommsiing sbe R AL T
opening the sections of the mold after the molding
compound has formed a plastic body which encapsulates the
integrated circuit and portions of the conductive leads; and
removing the lead frame with the plastic body and any
excess molding compound in the dummy cavity attached to the
lead frame. '

R YA

. o
This is the reptacement shieet



11. ' The nethod of C aim 10, further conprising the step of placing

t he second slot adjacent to a dummy cavity in the nold. 12. The
met hod of Claim 11, further conprising the step of injecting nol di ng
conpound through the first slot in the lead frane and into the
12 13
EAD F H SL ' DIN:
D RAGE

ABSTRACT OF THE DISCLOSURE

A lead frame (10) is connected to an integrated circuit (32) by
adhesives. The lead frame (10) includes a mold gate (40) to provide for
constant flow of resin (72) into the mold cavity (66) during encapsulation of
the integrated circuit (32). The lead frame (10) also has an air vent (50) to

direct air and any excess resin (74) from the mold cavity (66) to a dummy
cavity (70). '

Figure 1.
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cavity in the nold until

Claim 12, further conprising the steps of:
sections of the nold after the nolding

pl asti c body which encapsul ates the
portions of the conductive |eads; and
frame with the .plastic body and any

the dummy cavity attached to the '

1 of 2

13.

excess resin flow through the second slot has
at Jeast partially filled the dumy cavity.

The met hod step of
openi ng t he
conpound has forned a
integrated circuit and
renovi ng the | ead
excess nol di ng conmpound in

| ead frame.

—

68&
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