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'Background of the Invention

Semiconductor devices packaged in plastic or resin

15 packages typically include portions of a lead frame. More
specifically, each device includes a plurality of leads electrically
coupled to a semiconductor die and a die support member on which
the die is mounted. Throughout the industry, the die support
member has many names. For the purposes of the present

20 invention, the die support plate will be referred to as a flag.

* Many existing flags of semiconductor devices are in the form of a
solid plate that is slightly larger in area that the semiconductor
die and made of the same material as remaining portions of the
lead frame, for instance, copper, a copper alloy, iron-nickel

- 25 alloys, clad materials, and the like.

A problem with conventional plate-type flags is poor
adhesion at an interface of the flag and the plastic package
material. As a result of this weak interface, the plastic package
material can easily separate from the flag leaving an air gap.

30 Such an air gap becomes problematic upon mounting the device to
a user substrate using conventional surface mounting techniques.
Surface mounting techniques involve elevated temperatures that
cause the air gap, which also may contain moisture, to expand.
Stress built up in the package as a result of the air and moisture

35 expansion is relieved by way of the formation of cracks in the
plastic package body. Cracks in a package body are a path for
contaminants to reach the semiconductor dte and therefore are a
significant reliability problem.



30 Such an air gap becomes probl ematic upon nmounting the device to a user
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as strong. Therefore, under certain stress conditions, there is a

10 tendency for delamination between the die and the flag to occur.

Such delamination raises reliability issues.

One solution, or at least improvement, to the package
cracking phenomenon and to the problem of delamination between
the flag and the die is the use of a window-frame flag. Rather

15 than using a solid plate, a flag is shaped like a window-frame or
ring having a central opening. Like the flag, the opening is square
or rectangular to match the shape of a semiconductor die. The

- semiconductor die is mounted onto the frame flag, covering the
_ opening. Ideally, the opening is as large as possible so that a

20 maximum area of a surface of the die is exposed by the opening.
Upon encapsulating the die and flag with a plastic package
material, the portion of the die exposed through the opening in the
flag is in contact with the plastic package material. The
conventional lead frame and packaging materials used in

25 semiconductor manufacturing are such that adhesion between a
semiconductor die surface and a plastic package material is
stronger than adhesion between a lead frame material and the
plastic package material. The use of a window-frame flag
reduces the possibility of forming an air gap in a package, and

30 hence of forming cracks, since the area of an interface between
the flag and package material is reduced in comparison to using a
plate-type flag.

Although use of window-frame flags aids in resolving the
problem of package cracking, the use of these flags leads to

35 another problem associated with semiconductor packaging. In
particular, a conventional window-frame flag creates an
unacceptable potential for void formation during the
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positioned between the upper and lower platens of mold tool 10 in

10 a conventional manner. Lead frame 18 has a plurality of leads 20
and a window-frame flag 22. Within window-frame flag 22 is an
opening 24. Positioned on flag 22 is a semiconductor die 26. Die
26 is typically attached to the flag using an adhesive material
(not illustrated), such as a silver-filled epoxy. The die is

15 electrically coupled to lead 20 by conventional wire bonds 28.

Using mold tool 10 during a transfer molding process to
form a package body requires introduction of a plastic molding
compound, such as a thermosetting epoxy resin, into cavity 16.
The resin may be introduced into the cavity either from the top of

20 the mold, the bottom of the mold, or from the side. Respectively,
these molding operations are known as top-gating, bottom-gating,
and side-gating. Regardiess of where the resin is introduced into
cavity 16, the resin must flow throughout the cavity in order to
completely encapsulate semiconductor die 26, wire bonds 28, flag

25 22, and inner portions of leads 20. However, the frame shape of
flag 22 impedes resin flow. FIG. 2 demonstrates, in an exploded
view, resin flow near a flag region of lead frame 18 in mold tool
10 of FIG. 1. As a resin material 29 is introduced into cavity 16,
the resin is diverted by die 26 and flag 22 so that a portion of the

30 resin flows above the die and a portion flows below the die. Upon
passing flag 22, the resin flowing below die 26 undergoes.a
boundary-layer separation, resulting in formation of a void or
lack of resin in a region 32. The boundary-layer separation is a
phenomenon associated with flow of a fluid perpendicular to a

35 flat or sharp object. A void formed in a package body is similar
to the delamination between a flag and a plastic package body in




probl em of package cracking, the use of these flags |eads to 35 another
‘probl-em associ ated with sem conduct or packaging. In particular, a
conventional w ndowfrane flag creates an unacceptable potential for void
formati on during the -3- encapsul ati on process. The voiding problemis
expl ained below in reference to FIGs. 1 agd 2. Illustrated in FIG 1 is a
cross-sectional view of a nold tool 10 having an upper platen 12 and a

| ower platen 14. Mold tools, 5 such as nold tool 10, are commonly used in
the industry to nold a resin or plastic package ql;‘(zg){ear ound .a sen conduct or
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resin begins to cure and harden before encapsulation is complete.
In using a slow-cure, low-viscosity mold compound, flow within a
mold tool cavity is less restricted since it hardens gradually.
10 However, a principal manufacturing goal of reducing cycle-time
favors the use of fast-cure molding compounds. Therefore,
another solution to the problem of void formation associated with
using window-frame flags is needed. |

15
' Summary of the Invention

The foregoing need is met, and other advantages are
achieved, with the present invention. In one form, a
20 semiconductor device includes a lead frame having a plurality of
leads and a flag. The flag has an opening extending therethrough,
an outer perimeter, and an inner perimeter defined by the opening.
The inner perimeter of the flag has a tapered edge. A
semiconductor die is positioned on the flag of the lead frame and
25 is electrically coupled to the plurality of leads. A resin package
body encapsulates the semiconductor die, the flag, the opening,
and inner portions of the leads. Another form of the invention
involves a method of making such a semiconductor device.
These and other features of the present invention, as well
30 as the invention's advantages, will be more clearly understood
from the following detailed description taken in conjunction with
the accompanying drawings. It is important to point out that the
illustrations may not necessarily be drawn to scale, and that
there may be other embodiments of the present invention that are
35 not specifically illustrated. |



Using nmold tool 10 during a transfer nolding process to form a package body
-requtr.es introduction of a plastic nolding conpound, such as a

t ker nosetting epoxy resin, into cavity 16. The resin may be introduced into
the cavity either fromthe top of 20 the nold, the bottom of the nold, or
fromthe side. Respectively, these nol ding operations are known as
top-gating, bottomgating, and side-gating. Regardl ess of where the resin
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FIG. 4 is an exploded cross-sectional view demonstrating
resin flow around the lead frame and semiconductor die of FIG. 3
during a molding operation.

FIG. 5 is a top view of a lead frame suitable for use in a

15 semiconductor device in accordance with the present invention.

FIG. 6 is a top view of another lead frame suitable for use in
a semiconductor device in accordance with the present invention.

FIGs. 7 and 8 illustrate other suitable shapes for an opening
in a flag of a lead frame, in accordance with the present

20 invention.

FIG. 9 illustrates a possible cross-sectional view of the
lead frame illustrated in FIG. 8, taken along the line 9-10, in
accordance with the present invention.

FIG. 10 illustrates another possible cross-sectional view of

25 the lead frame illustrated in FIG. 8, taken along the line 9-10, in
' accordance with the present invention. '

Detailed Description of a Preferred Embodiment
30
With the present invention, a window-frame flag can be
used in a semiconductor device with a smaller likelihood of void
formation as compared to existing window-frame devices. In
accordance with the present invention, a lead frame flag includes
35 a large opening that establishes a ring-like or frame-like flag,
hereinafter referred to as a window-frame flag. The flag has an
outer perimeter and has an inner perimeter that is defined by the



-4- that both can | ead to package cracking, and therefore both pose
‘reliabtlity concerns. One nethod of avoiding void formation near interior
edges of windowframe flags is to use a very slow curing, low 5 viscosity
resin nol ding conpound. During transfer nolding operation, a nold tool is
usual |y heated such that a thernosetting esin begins to cure and harden
before encapsulation is conplete. In using a slowcure, |owviscosity nold
compound, flow within a nold tool cavity is less restricted since it
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round or elliptic, thereby eliminating sharp corners and also
reducing the chances of void formation.
The features mentioned above and the advantages of the
10 present invention are more readily apparent with reference to the
remaining figures. FIG. 3 illustrates, in a cross-sectional view, a '
semiconductor device 30 in accordance with the present
invention. Device 30 includes portions of a lead frame 32, and
more specifically includes a plurality of leads 34 and a window-
15 frame flag 36. Attached to a top surface of flag 36 is a
semiconductor die 38. Die 38 is typically an integrated circuit
such as a microcontroller, microprocessor, memory, gate array, or
the like. Die 38 is electrically coupled to leads 34 by wire bonds
40, although any available coupling method may be used in
20 accordance with the present invention. For example, tape
automated bonding (TAB) is also suitable. A resin package body
42 encapsulates die 38, wire bonds 40, and portions of lead frame
32. :
Formed in flag 36 is an opening 44. Due to the presence of
25 opening 44 and cross-sectional nature of FIG. 3, flag 36 appears
to be discontinuous. However, as will become apparent in FIGs. 4-
7, a flag in a device of the present invention is preferably a
continuous ring. Opening 44 fixes the limits of an inner perimeter
of flag 36. The inner perimeter of flag 36 includes a tapered edge
30 46. Edge 46 is tapered outwardly from a top surface to a bottom
surface of flag 36. Edge 46 can be formed during lead frame
manufacturing using known technigues, including, but not limited
to, chemical etching and stamping, or combinations of known
techniques.
35 FIG. 4 demonstrates how tapered edge 46 reduces the
likelihood of voiding. FIG. 4 is an exploded cross-sectional view
of illustrating resin flow near a flag region of lead frame 32 in



sem conductor die is positioned on the flag of the lead frame and 25 is
"electrically coupled to the plurality of | eads. A resin package body
encapsul ates the sem conductor die, the flag, the opening, and inner
portions of the |eads. Another formof the invention involves a nethod of
maki ng such a sem conductor device. These7and other features of the present
I nvention, as well 30 as the invention's advantages, wll be nore clearly
understood fromthe followi ng detail ed description taken in conjunction
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that a voided region is less likely. Ideally, the degree of taper in
edge 46, denoted in FIG. 4 as ¢ , should closely match the
inflection, denoted as 0 of resin 29 as it passes tapered edge 46.
10 Angle 0 will vary depending on the design of mold tool 10 and the

design of lead frame 32 and die 38. In general, however, edge 46
should be outwardly tapered such that angle ¢ is at least 20°, and
more suitably ranges from between 30° and 80°, and is preferably
55° to 65°. The outward taper of edge 46 is such that opening 44

15 has a smaller perimeter at the top surface of flag 36 than at the
bottom surface of the flag.

FIGs. 5-8 are top views of various lead frame designs

suitable for use with a semiconductor device in accordance with
the present invention. FIG. 5 partially illustrates a lead frame 50.

20 Lead frame 50 includes a window-frame flag 52 having an opening
54. Exterior edges 55 of flag 52 together define an outer
perimeter of the flag, while interior edges 56 created by opening
54 define an inner perimeter of the flag. Flag 52 is held in lead
frame 50 by flag support members 58, also known as tie bars.

25 Support members are connected to rails (not illustrated) of the
lead frame. Lead frame 50 also includes a plurality of leads 59
that surround flag 52.

Opening 54 in flag 52 should be sufficiently large so that a

substantial portion of a semiconductor die surface (not

30 illustrated) is exposed through the opening in order to avoid the
previously described problems of package cracking and
delamination at an interface between the die and the flag.
Typically, the outer perimeter of flag 52 is bigger than a
perimeter of a semiconductor die (represented by outline 57),

35 whereas the inner perimeter of the flag is smaller. Upon
attaching a semiconductor die to flag 52, a portion of a surface of




-FIG.- 3 is a cross-sectional view of a sem conductor device 10 in
“accordance with the present invention. FIG 4 is an expl oded _
cross-sectional view denonstrating resin flow around the |lead frane and
sem conductor die of FIG 3 during a nolding operation. FIG 5 is a top
view of a lead franme suitable for use in-& 15 sem conductor device in
accordance with the present invention. FIG 6 is a top view of another |ead
frame suitable for use in a sem conductor device in accordance with the
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die surface exposed by a flag opening should be maximized. While
the specific area of an opening will depend upon the size of a flag
10 and the size of a semiconductor die to be attached to that flag, a
general rule is that an opening should expose at least 20% of a die
surface and preferably exposes at least 60% of a die surface.
Therefore, at least 20% of a die surface will be in contact with a
resin package body once the die is encapsulated. As stated
15 earlier, the adhesion of a resin packaging material to a die
surface is stronger than the adhesion of the resin to a lead frame.
Consequently, having 20% or more of a die surface in contact with
the packaging material will improve delamination problems.
_ Another method of referencing the size of an opening suitable for
20 use in the present invention is a comparison between the inner
" and outer perimeters of the flag, thus defining the opening size as
a function of the flag size. Preferably, the inner perimeter of the
flag is at least one-half the measure of the outer perimeter.
However, this relationship may vary depending on the shape of the
25 opening.
Opening 54 is illustrated in FIG. 5 as being square, like flag
52. However, the shape of an opening used in accordance with the
present invention is not restricted to a square. FIG. 6 illustrates
a lead frame 60 having a window-frame flag 62 supported by tie
30 bars 68. Although lead frame 60 also includes leads, the leads
are not illustrated for ease of illustration. An opening 64 formed
in flag 62 is circular, as opposed to the previously described
square opening. In accordance with the present invention, an
interior. edge 66 of flag 62 has a tapered edge, although the
35 tapered edge is not apparent in FIG. 6 since the figure is a top
view of lead frame 60. An advantage in using a circular opening
is a further reduction in the probability of voiding. While



-accordance with the present invention, a lead frame flag includes 35 a
‘l'argé opening that establishes a ring-like or frame-like flag, hereinafter
referred to as a windowframe flag. The flag has an outer perineter and has
an inner perinmeter that is defined by the -6- opening. The inner
perimeter of the flag has an edge that is9outwardly tapered fromthe top of
the flag to the bottom The tapered edge of the flag's inner perineter

cl osely matches the f|OM/Of a resin nol di ng conpound such that void
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36. Attacheduse in ta)ﬂeadrframe af alsgnmbncmctor device in accordance with
the present invention. In FIG. 7, a lead frame 70 is partially
illustrated. Those portions of the lead frame illustrated are a

10 window-frame flag 72, having an opening 74, and tie bars 78.
Flag 72 is rectangular rather than square. Flag shape is usually
determined by the shape of a semiconductor die. In other words,
square die usually are mounted on square flags while rectangular
die are mounted on rectangular flags. Opening 74 in flag 72 is

15 also rectangular. In lead frame 70, a rectangular opening in the
flag exposes a larger portion of a semiconductor die surface than
if a square opening was used. Exposing the largest possible
portion of a die surface through an opening in a flag helps to
prevent delamination of a package body. Similarly, a lead frame

20 80 partially illustrated in a top view. in FIG. 8 includes a flag 82
having an elliptical or oval-shaped opening 84. Flag 82 is
supported in lead frame 80 by tie bars 88. It is important to note
that both lead frames 70 and 80 also include leads; however, the
leads are left out of the figures for ease of illustration.

25 FIG. 9 is an exploded cross-sectional view illustrating a
possible configuration of lead frame 80 taken along the line 9-10
of FIG. 8. FIG. 9 illustrates another variation to the present
invention in which an interior edge of a flag is not completely
tapered. In FIG. 9, flag 82 includes an opening 84 that defines an

30 inner perimeter of the flag. However, the inner perimeter
includes two edges, a perpendicular edge 86 and a tapered edge
88. Some lead frame manufacturing techniques used to form
tapered edge 88, for example stamping, may form a consequential
perpendicular edge or may not be capable of forming one tapered .

35 edge between the top and bottom surfaces of the flag. On the
other hand, a perpendicular edge may be desired for another
reason. Preferably, perpendicular edge 86 is kept as small as

O
D




sem conductor die 38. Die 38 is typically an integrated circuit such as a
“m crocontroller, mcroprocessor, nenory, gate array, or the like. Die 38 is
el'ectrically coupled to | eads 34 by wire bonds 40, although any available
coupling method nmay be used in 20 accordance with the present invention.
For exanpl e, tape automated bondi ng (TAB)1g-s al so suitable. A resin package
body 42 encapsul ates die 38, wire bonds 40, and portions of |ead frame 32.
Formed in flag 36 is an opening 44. Due to the presence of 25 opening 44
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chem cal oo R ko i uBen e imeneiaiiR valyedy B o o8k 001 di ng.
FIG 4 is aneHfigticdsenings haviig | complaiety pérpendiculant édgesemiay fdlsa near
a flag regi Oréu?fficile%% fprrg\r;gni)’ 2v<'>iﬁ formation along interior edges of a flag.
FIG. 10 illustrates a perpendicular edge configuration as applied
10 to flag 82 and in accordance with the present invention. FIG. 10
is an exploded cross-sectional view of flag 82 taken along the
line 9-10 of FIG. 8. As illustrated in FIG. 10, flag 82 has
perpendicular, interior edges 86 but does not include a tapered
interior edge. A tapered edge may not be required if the shape of
15 opening 84 is such that the opening does not have sharp corners.
For example, round, oval, or elliptic openings do not have corners,
and therefore may not need to include an interior tapered edge in
order to sufficiently prevent voiding during encapsulation with a
resin molding compound. In order for a round, oval or elliptic
20 opening to adequately suppress voiding, it is anticipated that the
opening occupy at least 20% of the total flag area, and preferably
the opening will occupy at least 50% of the flag area.
The foregoing description and illustrations contained herein
demonstrate many of the advantages associated with the present
25 invention. The tapered edge of the flag follows the flow of a
resin molding compound so that boundary-layer separation of the
resin is minimal. Another advantage is that occurrence of
package cracking in a semiconductor device in accordance with
the present invention is reduced in comparison to many existing
30 resin encapsulated devices. The reduced package cracking is a
result of an increase in the interface area between the resin
molding compound and a semiconductor die surface. Another
reason semiconductor devices in accordance with the present
invention are less susceptible to package cracking is the fact that
35 an interior tapered edge replaces what would otherwise be a
sharp corner. Stress in a package body is concentrated most near
sharp corners. Eliminating interior sharp corners, either by
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per pendi cul

_ lonal nmold tool 10. As discussed earlier in reference to FIG 2,
-as resin 29 flows past conventional w ndowfrane flag having a

_ ar interior edge, boundary-layer separation occurs |eaving
region 32 void of resin. By enploying a tapered 5 edge, such as edge 46, on
the inner perinmeter of a windowfranme flag. resin flowwll better conform

to the interior flag edge such that a voided region is less likely.
e degree of taper in edge 46, denoted in FIG 4 as [err], should
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FIG Sad| lla ttriﬁhfsthéré%fﬂe%ﬁp'i@vxo@a iread frame 50

i ncl udes a mﬁndomffrane aV|n

accordance wuth e mventnon a sepmlcon%uctor device having a
tapered, window-frame flag, and method for making the same,
that fully meets the need and advantages set forth previously.
Although the invention has been described and illustrated with
reference to specific embodiments thereof, it is not intended that
the invention be limited to these illustrative embodiments. Those
skilled in the art will recognize that modifications and variations
can be made without departing from the spirit of the invention.
For example, the present invention is not limited to any particular
type of lead frame material, although the invention is most
application to metallic lead frames. Also, the invention in not

- limited to a specific type of semiconductor die or to a specific

20

30

method of coupling a semiconductor die to the lead frame.
Furthermore, configuration of leads outside a package body can be
any configuration known or used throughout the art, including
gull-wing, J-lead, and through-hole configurations. In addition,
the invention is not limited to using any specific shape for an
opening formed in the flag. While a flag of a lead frame used in
accordance with the present invention will have only one opening
formed therein, the size of the opening can vary in accordance
with the previous description. It is also important to note that a
lead frame used in accordance with the present invention need not
include tie bars as illustrated. Therefore, it is intended that this
invention encompass all such variations and modifications as fall
within the scope of the appended claims.



54. Exterior edges 55 of flag 52 together define an outer perineter of the
flag; while interior edges 56 created by opening 54 define an inner
perimeter of the flag. Flag 52 is held in lead frame 50 by flag support
menbers 58, also known as tie bars. 25 Support nenbers are connected to
rails (not illustrated) of the |lead frangjplead frame 50 al so-includes a
plurality of |leads 59 that surround flag 52. Opening 54 in flag 52 should
be sufficiently large so that a substantial portion of a sem conductor die
surface (not 30 illustrated) is exposed through the opening in order to
avoid the previously described problenscbﬂ”ﬁﬁckage cracki ng and

del am nation at an interface between the die and the flag. Typically, the

quter perineter of (Gt hdikieUets @0paihben AhgawidiTaponductor

die (represented By outline 35 ereas’the 1 fner périnmeter of the
flag is smaller. UpoR®penBghCARRIISYBE conductor die to flag 52, a portion

of a surface of -8- 4h ' hb! gsinghr ough the openi ng, wherein
the area gxposed will b% %(ﬁﬁ’a?ra@hé (% o g p g

Typically, the surface of th® a‘uga I ;ggégatgge@’e%&gh Egaeﬁ?!sﬁ%’@ét B8m or

non- inner portion and an outer portion; and
a flag (36) having a top surface, a bottom
surface, an outer perimeter, an opening {44)
10 extending through the flag, and an inner
perimeter defined by the opening, wherein
the inner perimeter has a tapered edge (46),
wherein the tapered edge is tapered in a
direction such that the opening is smaller at
15 the top surface than at the bottom surface;
a semiconductor die (38) positioned on the top surface
of the flag of the lead frame;
means (40) for electrically coupling the
semiconductor die to the plurality of leads; and
20 a resin package body (42) which encapsulates the
semiconductor die, the flag, the opening, and inner
portions of the plurality of leads.

2. A semiconductor device (30) having a die support member
25 with an opening comprising:
a plurality of leads (34);
a quadrilateral die support member (36) having a top
- surface, a bottom surface, and an outer perimeter;
an opening (44) extending from the top surface of the
30 die support member to the bottom surface, the
opening creating ‘an inner perimeter of the die _
support member wherein the inner perimeter has a
tapered edge (46), wherein the tapered edge is
tapered in a direction such that the opening is
35 smaller at the top surface than at the bottom
surface; -
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« € L M s x .




active surface, as represented in FIG 3. 5 In order to mnimze the
potential for delam nation at an interface between a |ead. tfane I n
package material, thereby reducing the likelihood of pa?ﬂlsgﬁe B l£c1:%i§;|e
area of a die surface exposed by a flag opening should bzﬂmﬂi [I ile
the specific area of an opening will depegpsl upon the siz and
the size of a sem conductor die to be attached to that flag, a general rule
is that an opening shoul d expose at |east 20% of a die surface and

preferably exposes at |east 60% of a die surface. Therefore, at |east 20%
of a die surface will b3 $emieendugton;dig @8)@@#@@&&9@%&990% acBe die

mter i al Lo a die surface Io o DD A o Oy e o Oy
e is_stronger an esi.qn 0 [ 0 a

| ead frame. Consequently, r{é%Y'Hg 285}6%?0%@0&: %agéﬁgg%r %&CtEl%i ﬂ?%t'ﬂ?éact

Wi :E Ejhef pacllfagl ng matterl alinnthe diepsopportehwembar;i on ]E)roblzgms. Anot heL

met hod of or ef erenci ng | use in the

present ifivention is a Egerﬁ;tgsfﬁém @t%ﬁ%r@éﬁrrﬁw@ﬁdqgﬁter perimeters of

the flag, thus defining thesepisonducios digsta thenplulitys ot deadsagngd ze.

Preferably, the inner pgridehepa %ge@eoéd q423 whiche@ticapitlarls gUi'ﬁons

dopend! ng on 't he. shape.of ”?&firtagﬂéw%ﬁt%g. "legels: rihes a6 s dppod, Fiarbhern
FIG 5 as being square, |ikgnd!#® semiconductor die and which fills the
10 . opening in the die support member so that the

resin package body is in contact with the surface

of the semiconductor die exposed by the opening.

3. A semiconductor device (30) having a die support member
15 with an opening comprising:

a plurality of leads (34);

a quadrilateral die support member (36) having a top
surface, a bottom surface, an outer perimeter, and
an area within the outer perimeter; '

20 one and only one opening (44) extending from the top
surface of the die support member to the bottom
surface, the opening being either round or elliptic
and creating an inner periméter of the die support
member, wherein the opening occupies at least

25 50% of the die support area and wherein the inner
perimeter has a tapered edge (46) extending from
the top surface of the die support member to the
bottom surface and tapered in a direction which
makes the opening smaller at the top surface than

30 at the bottom surface;

a semiconductor die (38) mounted to the top surface
of the die support member, the semiconductor die
having a surface which is exposed by the opening

, in the die support member;

35 - means (40) for electrically coupling the

semiconductor die to the plurality of leads; and

L




.52. However, the shape of an opening used in accordance with the present

‘invention is not restricted to a square. FIG 6 illustrates a |ead frame 60
having a wi ndowframe flag 62 supported by tie 30 bars 68. Al though |ead
frame 60 al so includes |eads, the |l eads are not illustrated for ease of

illustration. An opening 64 formed in flag.62 is circular, as opposed to
the previously described square opening. In accordance with the present
i nvention, an interior edge 66 of flag 62 has a tapered edge, although the

35 tapered edge is not apparent in FIG 6 sjnce.the figure is a top.view of
lead frame 60. An advaf 468N Pagkaeg Rogyr awm&%nﬁ’?g&?@'ﬁ?ﬁr?% jons

reggggt ihglnpi ? thF_ prob?bi i ,bg metw.@m.owe;ads, the dieosuppodt ymembrered

o elimnate voids re. i . ROotant | £.armn
voids in interior corners @%%“ﬁﬁgmﬁpgéfed*? Mh'ﬁ@kﬁﬁg g?lé osgfgénri“hg ’
circular, interior cornersimrtheetievisuppedt membercsefthvad e wesinoiding is

not a 5 ptoblem FIGs. 7 a@%cgghl?lu??g&a&giﬁtm{taayiwiﬂpggﬁggg%d&é ?@hgﬂﬁs for

use in atfead frane of a s X evice 1 n accor
present invention. |In FI G semigondugtar diec exposedphytihg ppening.

4. The semiconductor device of claim 1 or 2 wherein the
outer perimeter has a first measure and the inner
10 _perimeter has a second measure which is equal to at
| least one-half the first measure.

5. The semiconductor device of claim 1 or 2 wherein the
flag/die support member has only one opening formed
15 therethrough.

6. The semiconductor device of claim 1 or 2 wherein the
opening in the flag/die support member is either
rectangular or square.

20

7. The semiconductor device of claim 1, 2 or 3 wherein the
tapered edge of the inner perimeter of the flag/die
support member is tapered at an angle between
approximately 30°-80°as measured between a line

25 normal to the flag/die support member and the tapered
edge.

8. The semiconductor device of claim 1, 2, or 3 wherein the
resin package body is in contact with approximately 20%
30 or more of the surface of the semiconductor die.
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dllustrated. Those portions of the lead franme illustrated are a 10

‘W ndowfranme flag 72, having an opening 74, and tie bars 78. Flag 72 is
rectangul ar rather than square. Flag shape is usually determ ned by the
shape of a sem conductor die. In other words, square die usually are
mount ed on square flags while rectangul arjsdi e are nmounted on rectangul ar
flags. Opening 74 in flag 72 is 15 also rectangular. In lead frane 70, a
rectangul ar opening in the flag exposes a | arger portion of a sem conduct or
die surface than if a square opening was used. Exposing the |argest

possi ble portion of a die surface through an opening in a_fl to
prevent del ani SEMIGONDUGEOR REVICE. HAVING A FLAG WITH %E%R'S%O

‘partially illustrated in a top viewin FIG 8 includes a flag 82 having an
elliptical or oval-shaped opening 84. Flag 82 is supported in |lead franme 80
by tie baas 88. It is inportant to note that both | ead frames 70 and 80

al so incl

de | eads; however, t eads ar.e | ef. f the figures for ease
of illustration. 25 FICiRgshécgdoéfﬁﬁoggéc@%%gg-sectional Vi ew
illustrating a possible configuration of |lead franme 80 taken along the line

9-10 of FIG 8. FliSgdmiddrithidtal edevibet (B0) \Allizeti anléad tframe ¢32ht
invention in which an | nteri.or edﬁe of fIg& s 3@% %%gglgﬁﬁﬁ% 3( . In
FIG 9, flagh@ingda window-frame fladsi3Phat AllePPRENG, i r&%g ter
of the figg. createeran tihkeriomedgee(46ptvehichnis ddperedyo peefgrably to an
perpendi cul ar, 299% 8%na'ts DEtRRECE58MTd 65°. The tapered interior edge

reduces boundary-layer separation of a resin molding compound

during formation of a resin package body (42). Thus, voids in the

resin packaging material near the interior edge of the flag are

15 less likely to be formed.

FIG. 3 accompanies this abstract.



88. Sone | ead franme manufacturing techni ques used to formtapered edge 88,
for exanple stanping, may form a consequenti al- perpendi cul ar edge or may
not be capable of form ng one tapered 35 edge between the top and bottom
surfaces of the flag. On the other hand, a perpendi cul ar edge may be
desired for another reason. Preferably, perpendicular edge 86 is kept as

smal | as -10- possible to avoid the formation- of voids near the edge.
The edges of flag 82 will |essen the chan® of voiding near interior edges
of the flagli conpari son to conventional w ndowframe flag |ead franes,

porgion of the inner perimeter of the flag is 5
Dependi ng upon the di mensions involved, a round, oval, or

even t hough
per pendi cul ar.
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interior edge. A tapered edge may not be required if the shape of 15
opening 84 is such that the opening does not have sharp corners. For
exanpl e, round, oval, or elliptic openings do not have corners, and
therefore-may not need to include an interior tapered edge in order to
sufficiently prevent voiding during encapsulation with a resin nol ding
conpound. In order for a round, oval or elliptic 20 opening to adequately
suppress voiding, it is anticipated that2/e opening occupy at |east 20% of
the total flag area, and preferably the opening will occupy at |east 50% of

the flag area. The foregoing description and illustrations contained herein
denonstrate many-of the advantages associated with the present 25
i nvention. The tapered edge of the flag follows the flow of a resin

nmol di ng conﬁ@und\so t hat boundary-I|ayer separation of the resin is mninmal
Anot her advantage‘is that occurrence of package cracking in a sem conductor
device in accordance with the present invention is reduced in conparison to
many exi sting 30 fesTencapsSuated—aeviTeS: s TeguTerpackage Ty ackiddy
is aresult of afi i & easedU>the interface area bg W@’ t he resin\nol dl ng
conpound agg-a geni conduct g di pdetface—Arether—gasOr_seni conducy or.

devi ces in acomgapeE /A7) bresent imdtantion ardg | BEE ZHeLRpi 34
package crack,/ff aged-ed edge repl gffgA what

Is the fact tladZX I nterjon
woul d ot her pe a sharp corngr. ,ﬁaéss i n48#a kage body is cone at ed
nost nearg v  w— s %
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sharp corners. Elimnating interior sharp corners, either by t apering an
I nterior edge, optimzing shape of an opening in a flag, or both, reduces
stress in a package, thereby decreasing the likelihood of cracking the
package. As another benefit, the present invention also reduces the
probability of a delam nation 5 occurring between a die attach epoxy and a
|l ead frame flag by reducing the interface area between these two
conponents. Thus it is apparent that there has been provided, in accordance
with the invention, a sem conductor deviceaving a tapered, mnndOMFfrane
flag, and method for meking the sgme, 10 that full ggets the nged :

advant ages set forth previ usl L haugh NIl been descri bed
and illustrated with refe{engs ‘9f, it is not

i ntended that the invent \ enbodi nents.
ol Al NN \
3"‘-\- A

Those skilled in the art 4’¢d vari ati ons
15 can be made w t hout « ég For
€ ype o

exanpl e, the present §8 Fr——ed—0—
| ead frane materi al, aIt e rnvefx;t-i-t)ﬁ-i-s-ﬁast: on to matallic
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20 nmethod of coupling a sem conductor die to the |lead franme. Furthernore,
configuration of |eads outside a package body can be any configuration
known or used throughout the art, including gull-w ng, J-lead, and

t hrough- hol e configurations. In addition, the invention is not limted to
usi ng any specific shape for an 25 opening forned in the flag. Wile a
flag of a lead franme used in accordance with the present invention wll
have only one opening formed therein, the size of the opening can vary in
accordance with the previous description. 4% is also inportant pgte that
a lead frane used in accordance with the present invention ne not 30
include tie bars as illustr d. Therefore, it is inten that this

i nvention enconpass all such Faf®ons and nodi ficati as fall within

t he scope of the appended cl ai 1. A sem condug devi ce conpri si ng:
a lead frane conprising: 5 ity of |eads, each

| ead having an inner portion and gn outer pordZon; pnd a flag having a top
surface, a bottom surface, an outqr perineter n openi ng extendi ng t hrough
the flag, and an inner perineter defirled by the

78

FIG.7

9-10 84 9-70

88 i

FIG.8



10 openi ng, wherein the inner perinmeter has a
tapered edge, wherein the tapered edge is tapered in a direction such that
theé opening is smaller at the top surface than at the | ower surface; a

sem conductor die positioned on the top surface of the flag 15

of the lead franme; neans for electrically coupling the sem conductor die to
the plurality of |eads; and a resin pack ge body which encapsul ates the

sem conductor die, the flag, the opening, Bnd i nner portions of the 20
plurality of leads. 2. The sem conductor device of claim1l wherein the
flag has only one opening forned therethrough. 25 3. The

sem conduct or device of claim2 wherein the opening in the flag is either
rectangul ar or square. 4. The sem conductor device of claim2 wherein the
opening is either round or elliptic. 30 5. The sem conductor device of
claim2 wherein the tapered edge of the inner perimeter of the flag is
tapered at an angl e between appr asured between a |line
normal to the flag and the tapergd edge. 35.

F7G.9

F71G.710




6. . The sem conductor deV| ce of claim2 wherein the outer perineter of the

flag has SG I3 7. A semiconductor de g e~

conpri si |L3Z f‘gﬂ atg&%eda gyadri |l ateral die support ivesber having
a top su “53 SR ,l t Wwotlt ompwr face, and an outer perineter;
an openi ‘ng %a% §1J'rface of the die support menber to t he
bottom s - & fi n inner perineter of the die support
menber wheHehbstiagle |rﬁ’?ér'dpertf3nféalg§?i has aci ed edge, 10

wherein

he tapered edge is a red i ITection such that the opening is
smal | er @t DATE Ufpmmﬁlﬂ’di‘e Zat. t he bottom surface; a sem conductor die

nount ed tTOTHEe TOpg SUI’A%@BH&H&OQI&VQ&@@@]&{P m%)er t he sem conductor die
X

having a 15 ace which is exposed by the opening in the
di e support nenber; nean& k’%&%@%t@%ﬁ’f}g’coupl ing the sem conductor die

to the plurlmlity of |eads; and plurality of leads, each lead having an inner portion
and an outer portion; and
a flag having a top surface, a bottom surface, an outer
perimeter, an opening extending through the

flag, and an inner perimeter defined by the
10 opening, wherein the inner perimeter has a
tapered edge, wherein the tapered edge is tapered
in a direction such that the opening is smaller at
the top surface than at the lower surface;
a semiconductor die positioned on the top surface of the flag
15 ' of the lead frame;
means for electrically coupling the semiconductor die to the
plurality of leads; and
a resin package body which encapsulates the semiconductor
die, the flag, the opening, and inner portions of the
20 plurality of leads.

2. The semiconductor device of claim 1 wherein the flag has only
one opening formed therethrough.

25 3. The semiconductor device of claim 2 wherein the openmg in
the flag is either rectangular or square.

4. The semiconductor device of claim 2 wherein the opening is
either round or elliptic.

30
5. The semiconductor device of claim 2 wherein the tapered edge
of the inner perimeter of the flag is tapered at an angle between
approximately 30°-80°as measured between a line normal to the
flag and the tapered edge.
35

6. The semiconductor device of claim 2 wherein the outer
perimeter of the flag has a perpendicular edge.

This is the repidcement shéet
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a r.esi*n package body which encapsul ates portions of the 20

plurality of |eads, the die support nenber, and the sem conductor die and
which fills the opening in the die support nmenber so that the resin package
body is in contact with the surface of thejgem conductor die exposed by the
opening. 25 8. The sem conductor device of claim7 wherein the resin
package body is in contact with approximately 20% or nore of the surface of
t he sem conductor die. 30 9. The sem conductor device of claim?7
wherein the die support, nenber has only, one openjing forned therethrough.

10. The semi conduct/er dePerdcendugtar devicgirOmp¥singe opening is eit her
rectangul ar or square. 35a plurali of Riadgpnduct or device of claim9 wherein

e OBeTIng s el her 1o e i€ syppei e AV S TRE TR e
i nner perinmdter has a bottom surface, and an outer perimeter;
an opening extending from the top surface of the die
support member to the bottom surface, the opening
creating an inner perimeter of the die support member
| wherein the inner perimeter has a tapered edge,

10 wherein the tapered edge is tapered in a direction such
that the opening is smaller at the top surface than at the
bottom surface;

- a semiconductor die mounted to the top surface of the die
support member, the semiconductor die having a
, 15 surface which is exposed by the opening in the die
' support member;

means for electrically coupling the semiconductor die to the
plurality of leads; and

a resin package body which encapsulates portions of the

20 plurality of leads, the die support member, and the

semiconductor die and which fills the opening in the
die support member so that theé resin package body is in
contact with the surface of the semiconductor die
exposed by the opening.

8. The semiconductor device of claim 7 wherein the resin package
body is in contact with approximately 20% or more of the
surface of the semiconductor die.

30 9. The semiconductor device of claim 7 wherein the die support
member has only one opening formed therethrough.

10. The semiconductor device of claim 9 wherein the opening is
either rectangular or square.

11. The semiconductor device of claim 9 wherein the opening is
either round or elliptic. _ .
' This is the replacement sheet
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second nmeasure which is equal to at |east one-half the first 5

measure. 13. A semni conductor device conprising: a plurality of |eads; a
quadrilateral die support member having a top surface, a 10 _
bottom surface, an outer perineter, and apmjprea wthin the outer perineter;
one and only one opening extending fromthe top surface of the die support
menber to the bottom surface, the opening being either round or elliptic
and creating an 15 i nner perinmeter of the die support
menber, wherein the opening occupies at |east 50% of the die support area
and wherein the i nk&r e isptieon Ohdlemﬂerqfdd&mg&wtewmﬁh’gtbutemthe top

surface of the die sup?émfn atfﬁ.sgﬁfeaggfet ﬁglqn[&@ﬁ%ggi ina 20
di rection which nakes the qgpenin er at Qflilaé t surFace than af the

bottom surface; a seni¥SABAINERS é"’ tq ﬁbfﬁa@bogﬁ'rha&ftﬂl%ﬁr&the di e
support nmenber, the semeasareictor die haV| ng a surface which is exposed by
the opening in the die 25 support nenber; neans for

el ectrically coupli ng t he sem conductor die to the pl urali ty of |eads; and
A semiconductor device comprising:

a plurality of leads;
a quadrilateral die support member having a top surface, a
10 bottom surface, an outer perimeter, and an area within
the outer perimeter;
one and only one opening extending from the top surface of
the die support member to the bottom surface, the
opening being either round or elliptic and creating an
15 inner perimeter of the die support member, wherein
the opening occupies at least 50% of the die support
area and wherein the inner periméter has a tapered
edge extending from the top surface of the die support
member to the bottom surface and tapered in a
20 direction which makes the opening smaller at the top
surface than at the bottom surface;
a semiconductor die mounted to the top surface of the die
support member, the semiconductor die having a
surface which is exposed by the opening in the die
25 support member;
means for electrically coupling the semiconductor die to the
plurality of leads; and
a resin package body which encapsulates portions of the
plurality of leads, the die support member, and the
30 semiconductor die and which fills the opening in the
die support member so that the resin package body is in
contact with the surface of the semiconductor die
exposed by the opening.

35 14. The semiconductor device of claim 7 wherein the tapered edge
of the inner perimeter of the flag is tapered at an angle between

This is the repldosment sheet
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a rest’n package body which encapsul ates portions of the plurality of | eads,
the die support nenber, and the 30 sem conduct or die and
which fills the opening in the die support nmenber so that the resin package
body is in contact with the surface of thegaem conductor die exposed by the
openi ng. 35 14. The sem conductor device of claim?7 wherein the
tapered edge of the inner perineter of the flag is tapered at an angle

bet ween equal or gr Egg B{Em(' L laho Q}ﬁﬂ% ween a
line normal to the flaee.%ﬁa"%([:io% e tgper edéﬁogﬁfges{'?héa%eﬁngcon gc egf}eﬁg\ﬁ ce
of claim 13 wherein th meawmd@dgeﬂagan the tapesediedgei nner perineter of
the flag is tapered at an angl e between equal or greater than approxi mately

Lerr] as measured bif Wt Semlconductor device of claim F3 Wheréin the Tapered 6dgs
5 of the inner perimeter of the flag is tapered at an angle between
equal or greater than approximately 30°, as measured between a
line normal to the flag and the tapered edge.
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