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(57) Abstract: A leadframe for a semiconductor package and a semiconductor package manufactured from such a leadframe includ-

ing a plurality of connection leads supported in a frame. A die mounting plate is centrally located in the leadframe and is supported

& by a plurality of support leads with each support lead electrically connected to the die mounting pad and extending in a direction
& outwardly therefrom towards the frame. BEach support lead is formed with a connection pad portion and a down set link portion.
Each connection pad portion is spaced from the die mounting plate and is designed for connection to a conductive bonding ground
wire from a semiconductor device mounted on the die mounting plate. Each down set link portion is electrically connected to the die
mounting pad and is arranged to support the die mounting pad in a spaced arrangement from the connection leads. The connection
pad portion and the down set link portion overlap, in the direction of extension of the support lead.
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LEADFRAME AND SEMICONDUCTOR PACKAGE

Field of the Invention

This invention relates to a leadframe used for electrical connection to a
semiconductor device and to a semiconductor package incorporating such a
leadframe. More specificaily, the present invention relates to a leadframe and
semiconductor package with improved ground wire bonding between a
semiconductor device and the leadframe.

Background of the Invention

Semiconductor packages incorporating leadframes are well known and widely used
in the electronics industry for housing, mounting and interconnecting semiconductor
devices. Well known types of semiconductor devices are connected to a leadframe
and then encapsulated in a protective package envelope for a wide variety of
applications. The semiconductor devices are generally integrated circuits (ICs)
formed on a die or chip cut from a semiconductor wafer.

Currently known leadframes 2, 22, 42 are shown in Figure 1A to 1C respectively.
Each of the leadframes 2, 22, 42 includes a plurality of electrically conducting leads
4 that are held together temporarily during package manufacture in a planar
arrangement about a central opening 6. They are held together by expendable dam
bars 8 which form a frame supporting the leads 4. A die mounting pad 10 is
supported within the central opening 6 by tie bars 12 (which provide a mechanical
connection only and are used only when the package is being manufactured) and
fused leads 14 (which provide a mechanical and electrical connection). The leads 4
extend from a first end which joins to the dam bars 8 to an enlarged opposite inner
end 20 adjacent the central opening 6 and spaced from the die mounting pad 10.
The tie bars 12 and fused leads 14 that support the die mounting pad 10 are angled
downwardly (as shown in Figure 2), which is known as down setting, so that the die
mounting-pad 10 is vertically displaced below the plane of the leads 4.
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A semiconductor device, such as an IC die 16 is attached to the die mounting pad 10
during the process of semiconductor package manufacture. The semiconductor
device 16 is aftached to the die mounting pad 10 by any one of the attachment
methods known in the field, for example by solder, adhesive or double sided
adhesive tape.

After the semiconductor device 16 is attached to the die mounting pad 10, wire
bonding pads 18 on top of the semiconductor device 16 are electrically connected to
corresponding ones of the inner ends 20 of the leads 4. Fine conductive bonding
wire 24 is used to make the electrical connection so as to connect power, ground
and signals between the semiconductor device 16 and the leads 4.

Some of the wire bonding pads 18 serve a ground bonding function and so have to
be grounded by connection either directly to the die mounting pad 10, so-called

down bonding, or to a fused lead 14 electrically connected to the die mounting pad
10.

When wire bonding is complete, the bonded semiconductor device and leadframe
assembly is encapsulated in a protective package envelope made of a mold
compound 26, as shown in Figure 2 for the leadframe 42 of Figure 1C. The
protective envelope may be made of any mold compound common in the field, for
example, high density epoxy resin. The molding process can be any suitable
molding process that is common in the field, such as transfer molding. After the
assembly is encapsulated, the dam bars 8 and tie bars 12 are cut away.

In the arrangement in Figure 1C, ground wires 28 extend from those wire bonding
pads 18 on the semiconductor device 16 which serve a grounding function, directly
to the die mounting pad 10. The interface between the mold compound 26 and the

die mounting pad 10 is susceptible to delamination over time, which can cause the
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electrical connection between the ground wires 28 and the die mounting pad 10 to
weaken or break. Delamination can be prevented by using selective silver plating on
the die mounting pad 10, but the ability to selectively plate in this way is limited by
the capability of leadframe suppliers in plating technology. Also, selective plating in
this way customises the leadframe too much. Delamination can also be prevented
by using an adhesion promoter, but this increases the cost of producing the
semiconductor package due to added processing of the leadframe.

in order to overcome the problem of delamination weakening the ground wire
connection, it is also known to bond the ground wires 28 directly onto the horizontal
portion of the fused leads 14, as is shown in Figures 1A and 1B. In Figures 1A and
1B, each fused lead 14 has a bonding region 14a co-planar with the leads 4 and a
downset region 30 angled down from the plane of the leads 4. This can cause
instability during wire bonding due to bonding near the downset or angled down
region 30 of the fused leads 14.

Figure 1D shows the pair of fused leads 14 at the top of Figure 1A in more detail.
Each fused lead 14 has two regions, a bonding region 14a, on a leve! with the leads
4 and a downset or angled down region 30. In the embodiment shown in Figures 1A
and 1D, the bonding region 14a is of increased surface area so as to provide a large
enough area to which to bond the ground wires 28 in a stable manner. However, by
increasing the size of the bonding region 14a of the fused leads 14, the overall
length of the fused leads 14 is increased, leading to a wider central opening 6, which
restricts the size of the die mounting pad 10 and so limits the size of the semi-
conductor device 16 which can be used in a semiconductor package incorporating
the leadframe 2 of Figure 1A.

The bonding region 14a in Figure 1B has not been enlarged as in the Figure 1A
embodiment. This has the advantage that a larger semiconductor device 16 can be

used in a semiconductor package incorporating the leadframe 22 of Figure 1B.
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However, the bonding region 14a may not be large enough for a reliable bond
between the groundwires 28 and the bonding region 14a.

Accordingly there is a requirement for a design of leadframe which enables good
bonding for the groundwires without limiting the size of a semiconductor device

which can be mounted on the leadframe.

Summary of the Invention

The invention includes a semiconductor package and leadframe for a semiconductor
package, comprising a connection lead supporting frame; a die mounting plate
located inside the frame; a plurality of connection leads extending inwardly from the
frame and terminating adjacent to the die mounting plate but separated therefrom;
and a support lead electrically connected to the die mounting plate and extending in
a direction outwardly therefrom towards the frame; wherein the support lead
comprises a connection pad portion and a down set link portion which overlap in the
direction of extension of the support lead.

The invention includes a semiconductor package of the type comprising a package
body; a die mounting plate to which is fixed a semiconductor device, both mounted
within the package body; a plurality of metal leads having inner ends embedded
within the package body and terminating adjacent the die mounting plate and
separated therefrom and having outer ends extending out of the package body; a
support lead having an inner end embedded within the package body and electrically
connected to the die mounting plate and extending in a direction outwardly
therefrom; and a plurality of bonding wires for electrically connecting the
semiconductor device to the leads; wherein the support lead includes a connection
pad portion and a down set link portion which overlap in the direction of extension of
the support lead.
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The invention includes a leadframe for a semiconductor package including a plurality
of connection means for electrically connecting to a semiconductor device,
comprising frame means for supporting the connection means; die mounting means
for supporting a semiconductor device; the connection means extending inwardly
from the frame means and separated from the die mounting means; and a support
means electrically connected to the die mounting means and extending in a direction
outwardly therefrom; wherein the support means includes a connection pad means
for electrical connection to a conductive bonding ground wire and a down set means
for spacing the die mounting means from the connection means, and the connection
pad means and the down set means overlap in the direction of extension of the
support lead.

The invention includes a semiconductor package of the type, comprising
semiconductor means; a die mounting means for supporting the semiconductor
means, a package means for encapsulating the die mounting means and the
package means; a plurality of connection means partially embedded within the
package body and spaced from the die mounting means and the semiconductor
means; a support means partially embedded within the package for supporting the
die mounting means, electrically connected to the die mounting means and
extending in a direction outwardly from the die mounting means; and a plurality of
bonding wires for electrically connecting the semiconductor means to the connection
means and support means; wherein the support means includes a connection pad
means for electrical connection to a conductive bonding ground wire and a down set
means for spacing the die mounting means from the connection means, and the
connection pad means and the down set means overlap in the direction of extension
of the support lead.

In the leadframes and semiconductor packages defined above the connection leads

may lie in a plane with the down set link portion of the support lead angled away
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from the plane so that the die mounting plate is supported by the support lead
spaced apart from, and preferably co-planar with the plane.

The down set link portion may be connected to the die mounting plate. The
connection pad portion may be spaced from the die mounting plate so that it is
suitable for electrical connection to a semiconductor device supported by the die
mounting plate by a conductive bonding ground wire. In order to achieve this the
connection pad portion may be formed with a flat surface.

The leadframe or semiconductor packages defined above may comprise a plurality
of support leads, spaced around the die mounting plate so as to support the die
mounting plate.

The support lead may branch to form a first branch portion forming the connection
pad portion, which connection pad portion is spaced from the die mounting plate and
a second branch portion forming the down set portion, which down set portion is
connected to the die mounting plate. In addition the support lead may branch to
form a third branch portion for forming a lead portion, which lead portion extends
outwardly towards the frame.

In some configurations the support lead may comprise a bridge portion extending
laterally to the direction of extension for connecting the downset portion, which
downset portion is connected to the die mounting plate, to at least two connection
pad portions, which connecting pad portions are spaced from the die mounting plate.
In other configurations the support lead may comprise a bridge portion extending
laterally to the direction of extension for connecting the downset portion, which
downset portion is connected to the die mounting plate, to at least one connection
pad portion, with each connection pad portion spaced from the die mounting plate,
and to at least one lead portion, with each lead portion extending outwardly towards
the frame.
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The connecting leads may be provided with enlarged inner ends adjacent to the die
mounting plate with a flat bonding surface area suitable for bonding to a bonding
wire wherein the connection pad portions may be provided with a flat bonding
surface area of a similar size to the bonding surface area of the connecting leads.
Furthermore, the connection pad portions may be formed with a similar or
substantially the same shape as the shape of an enlarged inner end of a connecting
lead.

A leadframe as defined above may be provided as a strip comprising a plurality of
identical leadframe units attached end to end. A leadframe as defined above may be

provided as a matrix comprising a plurality of identical leadframe units attached to
each other in a matrix formation.

Features described in relation to one aspect of the invention may also be applicable

to other aspects of the invention.
Brief Description of the Drawings

Known arrangements have already been described with reference to Figures 1 and 2

of the accompanying drawings, of which:

Figures 1Ato 1C  show plan views of prior art leadframes with semiconductor
devices attached to them and bonding wires extending between
the leadframe and device, with Figure 1D showing an enlarged
portion of Figure 1A; and

Figure 2 shows a cross-sectional view of a semiconductor package
incorporating the leadframe of Figure 1C with the cross section
taken at line AA of Figure 1C.
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Preferred features of the invention will now be described, for the sake of illustration

only, with reference to Figures 3 to 6 of the accompanying drawings, of which:

Figure 3A shows a plan view of a leadframe according to the present
invention with a semiconductor device attached to it and
bonding wires extending between the leadframe and device;

Figure 3B shows a cross-sectional view of a semiconductor package
according to the present invention incorporating the leadframe of
Figure 3A with cross-section taken at line BB of Figure 3A,

Figures 4A and 4B show enlarged portions of Figure 3A labelled X and Y

respectively;

Figure 5 shows a cross-sectional view taken at lines CC of Figure 4A;
and

Figure 6 shows part of a strip of a plurality of identical leadframes of the

type shown in Figure 3A attached end to end.

Detailed Description of the Preferred Embodiments

Various embodiments of the invention will be described. The descriptions are
intended to be illustrative, not limitative. Thus, it will be apparent to one skilled in the
art that certain modifications may be made to the invention as described without
departing from the scope of the claims set out below.

A leadframe 62 according to the present invention is shown in Figure 3A, with the
enlarged portions of Figure 3A labelled X and Y shown in Figures 4A and 4B
respectively. The leadframe 62 includes a plurality of connection leads in the form of
electrically conducting leads 4 that are held together temporarily during package
manufacture in a planar arrangement about a central opening 6. They are held
together by expendable dam bars 8 which form a frame enclosing the leads 4. A die
mounting pad 10 is supported within the central opening 6 by tie bars 12, which
provide mechanical connection only and one or more support leads in the form of
fused leads 14, 15, which provide both electrical and mechanical connection. The
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leads 4 extend from a first end which joins to the dam bars 8 to an enlarged opposite
inner end 20 spaced from the die mounting pad by the central opening 6. The fused
leads 14, 15 and tie bars 12 that support the die mounting pad 10 are angled
downwardly (as shown in Figures 3B and 5), which is known as down setting, so that
the die mounting pad 10 is vertically displaced co-planar with and below the plane of
the leads 4.

The connecting leads 4 are provided with enlarged inner ends 20 adjacent to but
spaced from the die mounting plate 10. The inner ends 20 are shaped to have an
upper surface with a flat bonding surface area large enough for stable bonding to a
bonding wire. The connection pad portions 14a, 15a are also provided with a flat
bonding surface area of a similar size to the bonding surface area of the connecting
leads 20, so as to enable stable bonding of a bonding ground wire to the connection
pad portions. For example, the connection pad portions 14a, 15a are formed with a
flat bonding surface area at least half, preferably at least two thirds of the bonding
surface area of the connecting leads 20. The connecting pad portions 14a, 15a have
a rectangular shape, which is similar to the rectangular shape of the enlarged inner
ends 20 of the connection leads 4.

A semiconductor device, such as an IC die 16 is attached to the die mounting pad 10
during the process of semiconductor package manufacture. The semiconductor
device 16 is attached to the die mounting pad 10 by any one of the attachment
methods known in the field, for example by solder, adhesive 64 or double sided
adhesive tape.

After the semiconductor device 16 is attached to the die mounting pad 10, wire
bonding pads 18 on top of the semiconductor device 16 are electrically connected to
corresponding ones of the inner ends 20 of the leads 4. Fine conductive bonding
wire 24 is used to make the electrical connection so as to connect power, ground
and signals between the semiconductor device 16 and the leads 4.
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In the arrangement of Figure 3A, the problem of groundwire bonding that is
discussed above is overcome by branching the fused leads 14, 15 into at least one
connection pad 14a, 15a co-planar with the inner ends 20 of the leads 4 and a down
setting link 14b, 15b which is angled down from the level of the leads 4 so as to
connect with the die mounting pad 10. The fused lead branches such that a portion
of each connection pad 14a, 15a overlaps with the respective downsetting link 14b,
15b in the direction of extension of the fused leads 14, 15 from the dam bar 8 to the
die mounting pad 10. By separating the fused lead into a connection pad portion
and a down set portion and by arranging them side by side (with respect to the
direction of extension of the fused lead between the die mounting pad 10 and the
frame 8) the connection pad 14a can be made large enough for a groundwire 28 to
reliably bond to without the size of the die mounting pad 10 being limited.

In Figure 3A the die mounting pad 10 is supported at its short edges in the central
opening 6 by two tie bars 12. The die mounting pad 10 is supported at its long
edges in the central opening 6, at one of its long edges by fused lead 14 and at its
opposite long edge by fused lead 15. Tie bars 12 are simply used to support the
mounting pad 10 in relation to the dam bar 8 while the package is being
manufactured; they are not required for electrical connection. Fused leads 14, 15
also support the mounting pad 10 in relation to the dam bar 8, but they are also used
as electrical connections i.e. one of the bonding pads 18 on the IC package will need
to be connected to each fused lead 14, 15. Tie bars 12 and fused leads 14, 15 each
span the central opening 6.

With reference to Figures 3A, 3B, 4A and 5, the fused lead 14, made up of portions
14a, 14b, 14c, 14d is branched to form two connection pads 14a, one arranged to
each side of a down setting link 14b. Each of the connection pads 14a, Has an
associated lead portion 14c extending to the dam bar 8. Figure 5 shows a cross
section of the portion of the leadframe 62 shown in Figure 4A taken at lines CC. It
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can be seen that the connection pad 14a of the fused lead 14, overlaps by a
distance d with the down setting link 14b in the direction of extension (shown by
arrow 66) of the fused lead 14 between the dam bar 8 and the die mounting pad 10.
Two branches 14d connect the down setting link 14b with respective connection
pads 14a.

The branches 14d form a bridge portion of the support lead. The bridge portion 14d
extends laterally to the direction of extension 66 of the fused lead 14 and connects
the downset portion 14b, which downset portion is connected to the die mounting
pad 10, to two connection pad portions 14a which are each spaced from the die
mounting pad 10. In addition, the bridge portion 14b connects to two lead portions
14c which extend outwardly towards the dam bars 8 of the frame.

With reference to Figures 3A, 3B and 4B, the fused lead 15, made up of portions
15a, 15b, 15¢, 15d is branched to form a connection pad 15a, located to one side of
a down setting link 15b. The connection pad 15a, has an associated lead 15c
extending to the dam bar 8. Figure 3B shows a cross section of the portion of the
leadframe 62 shown in Figure 3A taken at lines BB. It can be seen that the
connection pad 15a of the fused lead 15, overlaps by a distance e with the down
setting link 15b in the direction of extension (shown by arrow 66) of the fused lead 15
between the dam bar 8 and the die mounting pad 10. A branch 15d connects the
down setting link 15b with the connection pad 15a.

The fused lead 15 branches to form a first branch portion forming the connection pad
portion 15a and a second branch portion forming the down set portion 15b. The
connection pad portion 15a is spaced from the die mounting pad 10 and the down
set portion 15b is connected to the die mounting pad. In addition the fused lead 15
includes a third branch portion which forms a lead portion 15¢ and the lead portion
15¢ extends outwardly towards the dam bars 8 of the frame.
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When wire bonding is complete, the bonded semiconductor device 16 and leadframe
62 assembly is encapsulated in a protective envelope made of a mold compound 26,
as shown in Figure 3B. The protective envelope may be made of any mold
compound common in the field, for example, high density epoxy resin. The molding
process can be any suitable molding process that is common in the field, such as
transfer molding. After the assembly is encapsulated, the dam bars 8 and tie bars
12 are cut away. The wire bonding pads 18 on top of the semiconductor device 16
that serve a grounding function are electrically connected, by ground wires 28 to
connection pads 14a, 15a of respective fused leads 14, 15. In Figure 3B the down
setting link portions 14b, 15b of the fused leads 14, 15 and the associated lead
portion 15¢ of the fused lead 15, which are embedded in the mold compound 26 are
shown in dotted lines.

Figure 6 shows how a strip may be formed from a plurality of identical leadframes of
the type shown in Figure 3A, by attaching them end to end. It may also be possible
to form a matrix from a plurality of identical leadframes of the type shown in Figure
3A, by attaching them side to side and end to end in a grid or matrix formation.
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Claims

1. A leadframe for a semiconductor package, comprising:

a connection lead supporting frame;

a die mounting plate located inside the frame;

a plurality of connection leads extending inwardly from the frame and
terminating adjacent to the die mounting plate but separated therefrom; and

a support lead electrically connected to the die mounting plate and extending
in a direction outwardly therefrom towards the frame;
wherein the support lead comprises a connection pad portion and a down set link
portion which overlap in the direction of extension of the support lead.

2. A leadframe according to claim 1 wherein the connection leads lie in a plane
and the down set link portion of the support lead is angled away from the plane and
the die mounting plate is supported by the support lead spaced apart from the plane.

3. A leadframe according to claim 1 or claim 2 wherein the down set link portion
is connected to the die mounting plate.

4. A leadframe according to any one of the preceding claims wherein the
connection pad portion is spaced from the die mounting plate.

5. A leadframe according to any one of the preceding claims comprising a
plurality of support leads.

6. A leadframe according to any one of the preceding claims wherein the

connection pad portion is suitable for bonding to a conductive bonding ground wire.

7. A leadframe according to any one of the preceding claims wherein the support
lead branches to form a first branch portion forming the connection pad portion
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spaced from the die mounting plate and a second branch portion forming the down
set portion connected to the die mounting plate.

8. A leadframe according to claim 7 wherein the support lead branches to form a
third branch portion for forming a fead portion which extends outwardly towards the
frame.

9. A leadframe according to any one of the preceding claims wherein the support
lead comprises a bridge portion extending laterally to the direction of extension for
connecting the downset portion, which downset portion is connected to the die
mounting plate, to at least one connection pad portion, with each connection pad
portion spaced from the die mounting plate.

10. Aleadframe according to claim 9 wherein the downset portion is connected to
at least one lead portion, with each lead portion extending outwardly towards the
frame.

11.  Aleadframe strip comprising a plurality of identical leadframe units according
to any one of the preceding claims, attached end to end.

12.  Aleadframe matrix comprising a plurality of identical leadframe units

according to any one of the preceding claims, attached io each other in a matrix
formation.

13. A semiconductor package manufactured from a leadframe according to any
one of claims 1 to 10.

14. A semiconductor package, comprising:
a package body;
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a die mounting plate to which is fixed a semiconductor device, both mounted
within the package body;

a plurality of metal leads having inner ends embedded within the package
body and terminating adjacent the die mounting plate but separated therefrom and
outer ends extending out of the package body;

a support lead having an inner end embedded within the package body and
electrically connected to the die mounting plate and extending in a direction
outwardly therefrom; and

a plurality of bonding wires for electrically connecting the semiconductor
device to the leads;
wherein the support lead includes a connection pad portion and a down set link
portion which overlap in the direction of extension of the support lead.

15. A semiconductor package according to claim 14 wherein the connection leads
lie in a plane and the down set link portion of the support lead is angled away from
the plane and the die mounting plate is supported by the support lead spaced apart
from the plane.

16. A semiconductor package according to claim 14 or claim 15 wherein the down
set link portion is connected to the die mounting plate.

17. A semiconductor package according to any one of claims 14 to 16 wherein
the connection pad portion is spaced from the die mounting plate.

18. A semiconductor package according to any one of claims 14 to 17 wherein
the connection pad portion is suitable for bonding to a conductive bonding ground
wire electrically connected to the semiconductor device.

19. A semiconductor package according to any one of claims 14 to 18 comprising
a plurality of support leads.
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20. A semiconductor package according to any one of claims 14 to 19 wherein
the support lead branches to form a first branch portion forming the connection pad
portion spaced from the die mounting plate and a second branch portion forming the
down set portion connected to the die mounting plate.

21. A semiconductor package according to claim 20 wherein the support lead
branches to form a third branch portion forming a lead portion which extends
outwardly towards the frame.

22. A semiconductor package according to any one of claims 14 to 21 wherein
the support lead comprises a bridge portion extending laterally to the direction of
extension for connecting the downset portion, which downset portion is connected to
the die mounting plate, to at least two connection pad portions which are spaced
from the die mounting plate.

23. A semiconductor package according to any one of claims 14 to 21 wherein
the support lead comprises a bridge portion extending laterally to the direction of
extension for connecting the downset portion, which downset portion is connected to
the die mounting plate, to at least one connection pad portion, with each connection
pad portion spaced from the die mounting plate, and to at least one lead portion, with
each lead portion extends outwardly towards the frame.

24.  Aleadframe for a semiconductor package including a plurality of connection
means for electrically connecting to a semiconductor device, comprising:

frame means for supporting the connection means;

die mounting means for supporting a semiconductor device;

the connection means extending inwardly from the frame means and
separated from the die mounting means; and
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a support means electrically connected to the die mounting means and
extending in a direction outwardly therefrom;
wherein the support means includes a connection pad means for electrical
connection to a conductive bonding ground wire and a down set means for spacing
the die mounting means from the connection means, and the connection pad means
and the down set means overlap in the direction of extension of the support lead.

25. A semiconductor package, comprising:

semiconductor means;

a die mounting means for supporting the semiconductor means,

a package means for encapsulating the die mounting means and the package
means;

a plurality of connection means partially embedded within the package body
and spaced from the die mounting means and the semiconductor means;

a support means partially embedded within the package for supporting the die
mounting means, electrically connected to the die mounting means and extending in
a direction outwardly from the die mounting means; and

a plurality of bonding wires for electrically connecting the semiconductor
means to the connection means and support means;
wherein the support means includes a connection pad means for electrical
connection to a conductive bonding ground wire and a down set means for spacing
the die mounting means from the connection means, and the connection pad means

and the down set means overlap in the direction of extension of the support lead.
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