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SEMICONDUCTOR PACKAGE AND METHOD

RELATED U.S. APPLICATIONS

[0001] This application claims priority to the co-pending provisional patent application,
Serial Number 61/296,471, entitled “Semiconductor Packages Including Die and L-Shaper
Lead and Method of Manufacturing,” with filing date January 19, 2010, as well as the co-
pending non-provisional patent application, Serial Number 12/730,230, entitled
“Semiconductor Packages Including Die and L-Shaper Lead and Method of Manufacture,”
with filing date March 24, 2010, and assigned to the assignee of the present invention, which

are both herein incorporated by reference in their entirety.

BACKGROUND

[0001] A number of semiconductor die include terminals on opposite sides of the

die. For example, vertical power MOSFETs, whether of the planar or trench-gated variety,
typically have source and gate terminal on the front side of the die and a drain terminal on the
back side of the die. However, for compact, easy and economical manufacturing of devices
including such semiconductors die, it is advantageous for the die to be packaged such that all
the terminals are on the same side of the package.

[0002] A conventional package including a die that is interposed flip-chip style,
between an upper and lower lead frame is shown in Figure 1. One or more lower leads 110,
115, from a lower lead frame (not shown), are electrically coupled to terminals on the bottom
surface of the die 130. The upper lead 135, from an upper lead frame (not shown), includes a
center portion electrically coupled to a top side of the die 130 and opposite edges, that are
bent downward around the die in a ‘v’ shape or cup shape, electrically coupled to a plurality
of respective lower leads 120, 125. The terminals of the die 130 are electrically coupled to
the lead 110, 115, 135 by means of solder layers. The die 130 and portions of upper and
lower lead 110-125, 130 are then encapsulated. The bent down edges of the upper lead 135
contact multiple lower leads 120, 125, so that all of the external package contacts are

coplanar allowing the package to be surface mounted on a printed circuit board.
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SUMMARY

[0003]  Broadly, this writing discloses semiconductor packages including die and
L-shape leans and method of manufacturing.

[0004]  The present technology may best be understood by referring to the
following description and accompanying drawings that are used to illustrate embodiment of
the present technology. In one embodiment, a semiconductor package includes a die, a
plurality of lower leads and one or more upper leads. The one or more of the lower leads are
electrically coupled to a die contact on a first side of the die. The one or more upper leads
have an L-shape and are each electrically coupled to a respective die contact on a second side
of the die and respective other lower leads so that package contacts are on a first side of the
semiconductor package.

[0005] In another implementation, a method of packaging a semiconductor
includes electrically coupling one or more contacts on a first surface of each of a plurality of
die to a respective one of a plurality of leads of a lower lead frame. The opposite edges of
each corresponding set of leads of an upper lead frame are bent and then the leads of the
upper lead frame are electrically coupled between respective contacts on a second surface of
each respective die and another respective one of the plurality of leads of the lower lead
frame. The bent opposite edges of each corresponding set of leads of the upper lead frame
support the upper lead frame before encapsulation, for achieving a desired position of the
plurality of die between the leads of the upper and lower lead frames in the packaged
semiconductor. After the encapsulated die are separated, the upper leads have an L-shape
and electrically couple die contacts on upper side of the die to leads on the lower side of the

die so that the package contacts are on the same side of the semiconductor package.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Embodiments of the present technology are illustrated by way of example

and not by way of limitation, in the figures of the accompanying drawings and in which like
reference numerals refer to similar elements and in which:

Figure 1 shows a side view of semiconductor package including a die that is
interposed flip-chip style, between an upper and lower lead frame, according to the
conventional art.

Figures 2A and 2B show a plane view of an exemplary upper and lower lead frame, in

accordance with one embodiment of the present technology.
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Figures 3A.and 3B show a top and side view of coupling a plurality of die to the
lower lead frame, in accordance with one embodiment of the present technology.

Figure 4A and 4B show a top and side view of coupling the upper lead frame to the
lower lead frame and the plurality of die, in accordance with one embodiment of the present
technology.

Figure 5 shows a side view of an exemplary packaged semiconductor device, in
accordance with one embodiment of the present technology.

Figure 6 shows a flow diagram of a method of manufacturing a packaged

semiconductor device, in accordance with one embodiment of the present technology.

DETAILED DESCRIPTION

[0007] Reference will now be made in detail to the embodiments of the present

technology, examples of which are illustrated in the accompanying drawings. While the
present technology will be described in conjunction with these embodiments, it will be
understood that they are not intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives, modifications and equivalents, which
may be included within the scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the present technology, numerous
specific details are set forth in order to provide a thorough understanding of the present
technology. However, it is understood that the present technology may be practiced without
these specific details. In other instances, well-known methods, procedures, components, and
circuits have not been described in detail as not to unnecessarily obscure aspects of the
present technology.

[0008] Embodiments of the present technology are directed toward a flip-chip style
semiconductor package including a die, one or more lower leads and one or more upper ‘L’
shaped leads, and a method of manufacturing.

[0009] Referring now to Figures 2A and 2B, a plane view of an exemplary upper
and lower lead frame, in accordance with one embodiment of the present technology, is
shown. The lower lead frame includes one or more leads 210-220, for each of a plurality of
die, coupled by one or more tie bars 225. The upper lead frame also includes one or more
leads 230 coupled by one or more tie bars 235. In one implementation, the lower lead frame
may include a source lead, a gate lead and a lower portion of a drain lead for each die, and the
upper lead frame may include an upper portion of a drain lead for each die. Each set of a

source lead, gate lead and lower portion of a drain lead in the lower lead frame is typically
3
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referred to as a panel. Similarly, each upper portion of the drain lead in the upper lead frame
is typically referred to as a panel. The lead frame normally includes a large array of panels.
In one implementation, the upper and lower lead frames may be made formed from a sheet of
copper alloy 194 that is approximately 0.006 to 0.012 inches thick. The pattern of the leads
and tie bars may be formed by etching, punching, stamping and/or the like.

[0010] In one implementation, the lower lead frame may be partially etched to
form a plurality of raised mesas on the source and/or gate leads. The etching process may
also be used to form cavities in the lower portion of the drain leads. The mesas and cavities
may be formed by etching the copper alloy of the lower lead frame with a chemical solution
to a thickness of approximately one half of its original thickness. Alternatively, the mesas
and cavities may be formed by progressive stamping. Different patterns of raised mesas may
be formed on the lower lead frame. In one implementation, the upper lead frame may be
partially etched to form one or more grooves (not shown) on the lower surface. The groves
may improve the compliance of the upper lead with the semiconductor die during thermal
cycles. In one implementation, the groves may be formed as one or more parallel and/or
perpendicular grooves. However, it should be noted that forming too many grooves in the
upper leads may increase the risk of dies cracking during the molding process, because the
flat central portion of the upper lead protects the die from differential forces that might crack
the die during molding.

[0011]  Referring now to Figures 3A and 3B, a top and side view of coupling a
plurality of die to the lower lead frame, in accordance with one embodiment of the present
technology, is shown. The semiconductor packaging technique will be further described
herein with reference to Figure 6, which shows a method of manufacturing a packaged
semiconductor device. In one implementation, the die may be a vertical trench MOSFET
with a drain terminal on the top surface of the die and a source and gate terminal on the lower
surface of the die. One or more leads 210-22 of the lower lead frame are electrically coupled
to respective terminals on the die 130 by a conductor such as a solder layer, at 610. In one
implementation, the leads are coupled to the terminal of the die by a solder reflow process
after solder paste is applied to the source and gate leads. In one implementation, the solder
layer extends from the top surfaces of mesas on the source and gate leads to respective
contacts on the die. The solder layer may also be applied to the lower portion of the drain
lead at the same time as it is applied to the source and gate leads and may flow into the
groove in the lower portion of the drain lead when the solder layer is reflowed to coupled the

source and gate leads to the respective terminals of the die.
4
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[0012]  Referring now to Figures 4A and 4B, a top and side view of coupling the
upper lead frame to the lower lead frame and the plurality of die, in accordance with one
embodiment of the present technology, is shown. Before coupling, one or more edges of the
leads of the upper lead frame are bent to form ‘L’ shaped leads for contact one or more leads
of the lower lead frame, at 620. In one implementation, the opposite edges of each pair of
leads, coupled together by the second set of tie bars, in the upper lead frame are bent to form
‘L’ shaped upper portions of drain leads.

[0013] At 630, each lead of the upper lead frame is electrically coupled to
respective terminals on a set of die by a conductor such as a solder layer. In addition, the
bent edges of the leads are coupled to respective leads on the lower lead frame. In one
implementation, the edges of the upper portion of the drain leads are electrically coupled to
respective lower portions of the drain leads of the lower lead frame. In one implementation,
the upper portion of the drain leads are coupled to corresponding terminals of the die and the
lower portion of the drain leads by a solder reflow process after solder paste is applied to the
terminals of the die and the lower portion of the drain leads of the lower lead frame.

[0014]  In one implementation, the relative thickness of the solder layer coupling
the upper lead frame to the die and the thickness of the solder layer coupling the lower lead
frame to the die are set such that the resulting package is able to undergo numerous thermal
cycles without fracture or cracks in either solder layer. Generally, the upper solder layer is
thinner than the lower solder layer because the upper solder layer has a wider area of contact
between the leads of the upper lead frame and the die. The relative proportions between the
thickness of the upper solder layer and the lower solder layer may be achieved by a double-
reflow process. In accordance with this process, drops of a solder past are first applied to the
lower lead frame, typically on the tops of the mesas. The die are then placed onto the solder
paste drops, and the solder past is reflowed. After the solder that connects the die with the
lower lead frames has been reflowed, solder past drops are applied to the top side of the die.
At the same time, solder paste may also be placed on the portions of the lower lead frames
that will be coupled to the bent portions of the leads of the upper lead frame. The upper lead
frame is placed into position overb the die, resting on the solder paste drops on the backside of
the die and then a second reflow process is performed. As the solder past reflows, the die are
lifted from the lower lead frame to a position intermediate between the upper lead frame and
the lower lead frame. This lifting of the die occurs as a result of the surface tension of the
solder. By regulating the amount of solder paste that is applied to the lower lead frame and

the upper lead frame, respectively, the desired position of the die may be further achieved.
5
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Typically, the ratio of the thickness between the upper solder layer and the lower solder layer
is in the range of 1:1.5 to 1:4. For example, in one implementation, the upper solder layer
may be 1.1 mils thick and the lower solder layer may be 2.8 mils thick.

[0015]  The assembly including the lower lead frame, plurality of die, and upper
lead frame, after solder is applied, is then be encapsulated, at 640. In one implementation,
the assembly is placed in a mold that is then filled with a molding compound, such as Nitto
8000CH4. In one implementation, the upper surface of the panels from the upper lead frame
may be left exposed by the encapsulant to maximize head transfer from the package.

[0016] The encapsulated panels of the upper lead frame, die and lower lead frame
are then separated by severing the tie bars of the lower and upper lead frames, at 650. The
upper lead of each packaged die has a substantially ‘L’ shape. In one implementation, the die
are separate by cutting through the encapsulant and tie bars of the upper and lower lead frame
between the die to form the packaged semiconductor device.

[0017]  Referring now to Figure 5, an exemplary packaged semiconductor device,
in accordance with one embodiment of the present technology, is shown. After singulation,
each package semiconductor includes a die 130 electrically coupled to one or more of a
plurality of lower leads 215, 220, an ‘L’ shaped upper lead 230 electrically coupled between
the die 130 and another one of the plurality of lower leads 210, an encapsulant 510. The
upper lead is coupled to a lower lead on one side and is not coupled to another lower lead on
the other side of the die. Therefore, the semiconductor device, in accordance with
embodiments of the present technology, have a smaller package size 520 as compared to
similar semiconductor packages according to the conventional art. It is also to be
appreciated, different sawing arrangements may be utilized to produce different paired
packages with different lead layouts (e.g., pin outs).

[0018]  The resulting package advantageously provides excellent electrical and
thermal conductivity between the terminals on the top and bottom sides of the die and the
upper and lower lead frames respectively. The contacts from the terminals on the top and
bottom side of the die are advantageously located in a single plane of the package for surface
mounting on a printed circuit board or other flat surface. The package can advantageously be
made thin and compact and is able to withstand numerous thermal cycles without solder or
die cracking. Embodiments of the present technology advantageously support the upper lead
without the need for an additional lower lead in each package. All elements, parts and steps

described herein are preferably included. It is to be understood that any of these elements,
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parts and steps may be replaced by other elements, parts and steps or deleted all together as
will be obvious to those skilled in the art.

[0019] The foregoing descriptions of specific embodiments of the present
technology have been presented for purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the precise forms disclosed, and
obviously many modifications and variations are possible in light of the above teaching. The
embodiments were chosen and described in order to best explain the principles of the present
technology and its practical application, to thereby enable others skilled in the art to best
utilize the present technology and various embodiments with various modifications as are
suited to the particular use contemplated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents.

[0020] Broadly, this writing discloses semiconductors packaged by
electrically coupling a plurality of die to an upper and lower lead frame. The
opposite edges of each corresponding set of leads in the upper lead frame are
bent. The leads in the upper lead frame are electrically coupled between
respective contacts on respective die and respective lower portion of the leads in
the lower lead frame. The bent opposite edges of each corresponding set of leads
of the upper lead frame support the upper lead frame before encapsulation, for
achieving a desired position of the plurality of die between the leads of the upper
and lower lead frames in the packaged semiconductor. After the encapsulated
die are separated, the upper leads have an L-shape and electrically couple die
contacts on upper side of the die to leads on the lower side of the die so that the

package contacts are on the same side of the semiconductor package.

CONCEPTS
This writing has disclosed at least the following concepts.
Concept 1. A semiconductor package comprising:
a die;
a first lower lead electrically coupled to a die contact on a first side of the die; and
an upper lead, having an L-shape, electrically coupled to a die contact on a second
side of the die and a second lower lead so that package contacts are on a first side of the

semiconductor package.
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Concept 2. The semiconductor packaged of Concept 1, further comprising an
encapsulant encapsulating the die, the upper lead, a portion of the first lower lead and a
portion of the second lower lead.

Concept 3. The semiconductor package of Concept 1, wherein the first lower lead
includes one or more mesas.

Concept 4. The semiconductor package of Concept 1, wherein the second lower lead
includes a cavity for electrically coupling to the upper lead.

Concept 5. The semiconductor package of Concept 1, wherein the upper lead
includes one or more groves proximate electrical coupling of the upper lead to the die contact
on the second side of the die.

Concept 6. The semiconductor package of Concept 1, wherein:

the first lower lead is electrically coupled to a gate of the die;

the upper lead is electrically coupled to a drain of the die;

the second lower lead is electrically coupled to the drain of the die through the upper
lead; and

a third lower lead is electrically coupled to a source of the die.

Concept 7. A method of packaging a semiconductor comprising:

electrically coupling a contact on a first surface of each of a plurality of die to a
respective first one of a plurality of leads of a lower lead frame, wherein the plurality of leads
of the lower lead frame are coupled together by one or more tie bars;

bending opposite edges of each corresponding set of leads of an upper lead frame,
wherein the leads of the upper lead frame are coupled together by one or more tie bars; and

electrically coupling the leads of the upper lead frame between respective contacts on
a second surface of each respective die and a respective second one of the plurality of leads
of the lower lead frame, wherein the bent opposite edges of each corresponding set of leads
of the upper lead frame support the upper lead frame at a desired position with respect to the
plurality of die and the lower lead frame.

Concept 8. The method according to Concept 7, further comprising:

encapsulating the plurality of die, at least a portion the upper lead frame and a portion
of the lower lead frame after the lower lead frame and upper lead frames have been
electrically coupled to the plurality of die; and

singulating the die into packaged semiconductors after encapsulation.

Concept 9. The method according to Claim 8, wherein singulating the die comprises

cutting through the encapsulant, the tie bars coupling the leads of the lower lead frame, and
8
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the tie bars coupling the leads of the upper lead frame to separate the plurality of die into the
packaged semiconductors.

Concept 10. The method according to Concept 7, wherein:

electrically coupling the contacts on the first surface of each of the plurality of die to
the respective first one of the plurality of leads of the lower lead frame comprises reflowing
solder applied between the first surface of each of the plurality of dies and the respective first
one of the plurality of leads of the lower lead frame; and

electrically coupling the leads of the upper lead frame between respective contacts on
the second surface of each respective die and the respective second one of the plurality of
leads of the lower lead frame comprises reflowing solder applied between the leads of the
upper lead frame and the second surface of each respective die and the respective second one
of the plurality of leads of the lower lead frame.

Concept 11. The method according to Concept 10, wherein a ratio of a thickness of
the solder coupling the upper lead frame to the die and the thickness of the solder layer
coupling the lower lead frame to the die is regulated to provide a desired position the plurality
of die between the lower lead frame and upper lead frame.

Concept 12. The method according to Concept 7, wherein the upper lead frame is
bent into an L-shape.

Concept 13. The method according to Concept 7, wherein:

each of the first one of the plurality of lower leads of the lower lead frame is
electrically coupled to a respective gate of the plurality of die;

each of the upper lead of the upper lead frame is electrically coupled to a respective
drain of the plurality of die;

each of the second lower lead of the lower lead frame is electrically coupled to the
respective drain of the plurality of die through the respective upper lead; and

each of a third lower lead of the lower lead frame is electrically coupled to a
respective source of the plurality of die.

Concept 14. The method according to Concept 7, wherein the upper leads of the
upper lead frame are not coupled to another lower lead of the lower lead frame.

Concept 15. A method of packaging a semiconductor comprising:

electrically coupling a contact on a first surface of each of a plurality of die to a
respective first one of a plurality of leads of a lower lead frame, wherein the plurality of leads
of the lower lead frame are coupled together by one or more tie bars;

forming oppositely disposed sets of L-shaped leads in an upper lead frame, wherein
9
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the L-shaped leads of the upper lead frame are coupled together by one or more tie bars; and

electrically coupling the L-shaped leads of the upper lead frame between respective
contacts on a second surface of each respective die and a respective second one of the
plurality of leads of the lower lead frame.

Concept 16. The method according to Concept 15, wherein the oppositely disposed
sets of L-shaped leads of the upper lead frame support the upper lead frame at a desired
position with respect to the plurality of die and the lower lead frame without another lower
lead of the lower lead frame for each die.

Concept 17. The method according to Concept 15, further comprising:

encapsulating the plurality of die, at least a portion the upper lead frame and a portion
of the lower lead frame after the lower lead frame and upper lead frames have been
electrically coupled to the plurality of die; and

cutting through the encapsulant, the tie bars coupling the leads of the lower lead
frame, and the tier bars coupling the leads of the upper lead frame to separate the plurality of
die into packaged semiconductors.

Concept 18. The method according to Concept 17, further comprising cutting through
the encapsulant, the tie bars coupling the leads of the lower lead frame, and the tier bars
coupling the leads of the upper lead frame in multiple patterns to produce multiple different
lead layouts.

Concept 19. The method according to Concept 15, wherein:

electrically coupling the contacts on the first surface of each of the plurality of die to
the respective first one of the plurality of leads of the lower lead frame comprises reflowing
solder applied between the first surface of each of the plurality of dies and the respective first
one of the plurality of leads of the lower lead frame; and

electrically coupling the leads of the upper lead frame between respective contacts on
the second surface of each respective die and the respective second one of the plurality of
leads of the lower lead frame comprises reflowing solder applied between the leads of the
upper lead frame and the second surface of each respective die and the respective second one
of the plurality of leads of the lower lead frame.

Concept 20. The method according to Concept 19, wherein a ratio of a thickness of the
solder coupling the upper lead frame to the die and the thickness of the solder layer coupling
the lower lead frame to the die is regulated to provide a desired position the plurality of die

between the lower lead frame and upper lead frame.

10
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CLAIMS
What is claimed is:

1. A semiconductor package comprising:

a die;

a first lower lead electrically coupled to a die contact on a first side of the die; and

an upper lead, having an L-shape, electrically coupled to a die contact on a second
side of the die and a second lower lead so that package contacts are on a first side of the
semiconductor package.

2. The semiconductor packaged of Claim 1, further comprising an encapsulant
encapsulating the die, the upper lead, a portion of the first lower lead and a portion of the
second lower lead.

3. The semiconductor package of Claim 1, wherein the first lower lead includes one
Or more mesas.

4. The semiconductor package of Claim 1, wherein the second lower lead includes a
cavity for electrically coupling to the upper lead.

5. The semiconductor package of Claim 1, wherein the upper lead includes one or
more groves proximate electrical coupling of the upper lead to the die contact on the second
side of the die.

6. The semiconductor package of Claim 1, wherein:

the first lower lead is electrically coupled to a gate of the die;

the upper lead is electrically coupled to a drain of the die;

the second lower lead is electrically coupled to the drain of the die through the upper
lead; and

a third lower lead is electrically coupled to a source of the die.

7. A method of packaging a semiconductor comprising:

electrically coupling a contact on a first surface of each of a plurality of die to a
respective first one of a plurality of leads of a lower lead frame, wherein the plurality of leads
of the lower lead frame are coupled together by one or more tie bars;

bending opposite edges of each corresponding set of leads of an upper lead frame,
wherein the leads of the upper lead frame are coupled together by one or more tie bars; and

electrically coupling the leads of the upper lead frame between respective contacts on
a second surface of each respective die and a respective second one of the plurality of leads

of the lower lead frame, wherein the bent opposite edges of each corresponding set of leads

11



WO 2011/090574 PCT/US2010/059326

of the upper lead frame support the upper lead frame at a desired position with respect to the
plurality of die and the lower lead frame.

8. The method according to Claim 7, further comprising:

encapsulating the plurality of die, at least a portion the upper lead frame and a portion
of the lower lead frame after the lower lead frame and upper lead frames have been
electrically coupled to the plurality of die; and

singulating the die into packaged semiconductors after encapsulation.

9. The method according to Claim 8, wherein singulating the die comprises cutting
through the encapsulant, the tie bars coupling the leads of the lower lead frame, and the tie
bars coupling the leads of the upper lead frame to separate the plurality of die into the
packaged semiconductors.

10. The method according to Claim 7, wherein:

electrically coupling the contacts on the first surface of each of the plurality of die to
the respective first one of the plurality of leads of the lower lead frame comprises reflowing
solder applied between the first surface of each of the plurality of dies and the respective first
one of the plurality of leads of the lower lead frame; and

electrically coupling the leads of the upper lead frame between respective contacts on
the second surface of each respective die and the respective second one of the plurality of
leads of the lower lead frame comprises reflowing solder applied between the leads of the
upper lead frame and the second surface of each respective die and the respective second one
of the plurality of leads of the lower lead frame.

11. The method according to Claim 10, wherein a ratio of a thickness of the solder
coupling the upper lead frame to the die and the thickness of the solder layer coupling the
lower lead frame to the die is regulated to provide a desired position the plurality of die
between the lower lead frame and upper lead frame.

12. The method according to Claim 7, wherein the upper lead frame is bent into an L-
shape.

13. The method according to Claim 7, wherein:

each of the first one of the plurality of lower leads of the lower lead frame is
electrically coupled to a respective gate of the plurality of die;

each of the upper lead of the upper lead frame is electrically coupled to a respective
drain of the plurality of die;

each of the second lower lead of the lower lead frame is electrically coupled to the

respective drain of the plurality of die through the respective upper lead; and
12
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each of a third lower lead of the lower lead frame is electrically coupled to a
respective source of the plurality of die.

14. The method according to Claim 7, wherein the upper leads of the upper lead
frame are not coupled to another lower lead of the lower lead frame.

15. A method of packaging a semiconductor comprising:

electrically coupling a contact on a first surface of each of a plurality of die to a
respective first one of a plurality of leads of a lower lead frame, wherein the plurality of leads
of the lower lead frame are coupled together by one or more tie bars;

forming oppositely disposed sets of L-shaped leads in an upper lead frame, wherein
the L-shaped leads of the upper lead frame are coupled together by one or more tie bars; and

electrically coupling the L-shaped leads of the upper lead frame between respective
contacts on a second surface of each respective die and a respective second one of the
plurality of leads of the lower lead frame.

16. The method according to Claim 15, wherein the oppositely disposed sets of L-
shaped leads of the upper lead frame support the upper lead frame at a desired position with
respect to the plurality of die and the lower lead frame without another lower lead of the
lower lead frame for each die.

17. The method according to Claim 15, further comprising:

encapsulating the plurality of die, at least a portion the upper lead frame and a portion
of the lower lead frame after the lower lead frame and upper lead frames have been
electrically coupled to the plurality of die; and

cutting through the encapsulant, the tie bars coupling the leads of the lower lead
frame, and the tier bars coupling the leads of the upper lead frame to separate the plurality of
die into packaged semiconductors.

18. The method according to Claim 17, further comprising cutting through the
encapsulant, the tie bars coupling the leads of the lower lead frame, and the tier bars coupling
the leads of the upper lead frame in multiple patterns to produce multiple different lead
layouts.

19. The method according to Claim 15, wherein:

electrically coupling the contacts on the first surface of each of the plurality of die to
the respective first one of the plurality of leads of the lower lead frame comprises reflowing
solder applied between the first surface of each of the plurality of dies and the respective first
one of the plurality of leads of the lower lead frame; and

electrically coupling the leads of the upper lead frame between respective contacts on
13
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the second surface of each respective die and the respective second one of the plurality of
leads of the lower lead frame comprises reflowing solder applied between the leads of the
upper lead frame and the second surface of each respective die and the respective second one
of the plurality of leads of the lower lead frame.

20. The method according to Claim 19, wherein a ratio of a thickness of the solder
coupling the upper lead frame to the die and the thickness of the solder layer coupling the
lower lead frame to the die is regulated to provide a desired position the plurality of die

between the lower lead frame and upper lead frame.
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