LEADFRAME FOR DIE STACKING APPLICATIONS AND RELATED DIE STACKING CONCEPTS
FIELD OF THE INVENTION The present invention relates generally to electronic packaging and
specifically to leadframe designs having electrically isolating stacked dies and methods of forming same.
1 BACKGROUND OF THE INVENTION Current practice involves electrical isolation of the two stacked
dies from each other and the leadframe using an electrically insulating die attach material. However,
several problems exist when using current practice methods/ electrical isolation techniques such as:
potential for resin bleeding (contamination of the bond pad near the bottom encapsulant material layer)
and contamination of wire bond pads; potential for damage of the lead wires of the lower die during
wirebonding of the upper die and during subsequent handling; potential for a lower moisture sensitive
level (MSL) because of the larger die attachment interface areas for both the lower and upper dies; a
third element is required to create a Z-axis spacing between the two stacked dies by using either a film

or a silicon/ ceramic spacer; and a leadframe having a large die pad down-set
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value is needed which may not be manufacturable in high volume. The moisture sensitive level (MSL) is
an important factor to be considered during package design. The MSL determines how long an
assembler can keep the parts on the shelf* before they must be surface mounted on boards. MSL level 1
components are the most desirable and essentially would have an indefinite shelf life. MSL level 2
components have about a one year shelf life and MSL level 3 components only have a one week self life

before moisture 2 contamination Q4Rpp | unusable. Moisture can cause
delamination or voids, usually at ;’\?R £ 80 SU.S: i N 6,261,865 B1 to Akram
describes a multi-chip semiconductor package using a lead-on-chip lead frame and method of

construction. U.S. Patent No. 6,087,722 to Lee et at describes a multi-chip package that does not include
a die pad. U.S. Patent No. 6,118,176 to Tag et at describes a stacked chip assembly generally includes a

first chip, a second chip ad & RHdRFaRNEe Y O & 86H 1625 d50kaftoB 10{otAR P kBB Tiemultiple

die package in which a first and second die are mounted on a leadframe.
from each other and the leadframe using an electrically insulating die attach

material. However, several problems exist when wusing current practice
methods/electrical isolation techniques such as: potential for resin bleeding
(contamination of the bond pad near the bottom encapsulant material layer) and
contamination of wire bond pads; potential for damage of the lead wires of the
lower die during wirebonding of the upper die and during subsequent handling;
potential for a lower moisture sensitive level (MSL) because of the larger die
attachment interface areas for both the lower and upper dies; a third element is
required to create a Z-axis spacing between the two stacked dies by using either a
film or a silicon/ceramic spacer; and a leadframe having a large die pad down-set

value is needed which may not be manufacturable in high volume.

The moisture sensitive level (MSL) is an important factor to be
considered during package design. The MSL determines how long an assembler
can keep the parts "on the shelf" before they must be surface mounted on boards.
MSL level 1 components are the most desirable and essentially would have an
indefinite shelf life. MSL level 2 components have about a one year shelf life and

MSL level 3 components only have a one week self life before moisture



U.S. Patent No. 5,814,881 to Alagaratnam et at describes a stacked integrated chip package and method
of making same. U.S. Patent No. Re. 36,613 to Will describes a multiple stacked die device that contains
up to four dies and permits close-tolerance stacking by a low 3 loop-profile wire-bonding operation and a
thin adhesive layer between the stacked dies. U.S. Patent No. 6,080,264 to Ball describes an apparatus
and method for increasing integrated circuit density comprising utilizing chips with both direct (flip chip

type) chip to conductors connectign technology and wire hands and/{ or ,tape automagted.bonding (TAB).
0TS patent KO DS BT P e S U A R A AR e on

chip structure which is modified for stacking chips in the package. U.S. Patent No. 6,307,257 B1 to
Huang et at CR&EiHE LT NAHRBiNRIG R EIBUAL RS ff&'(ﬂ(af&'@ RAA W§1i8%Ke pad formed form

leadframe leads. U.S. Patent No. 6,337,521 B1 to Masuda describes a semiconductor device and a
method of manufacturing the same. The device comprising two semiconductor chips stacked on each
other with their backs opposite to each other

U.S. Patent No. 6,261,865 Bl to Akram describes a multi-chip

semiconductor package using a lead-on-chip lead frame and method of

construction.

U.S. Patent No. 6,087,722 to Lee et al. describes a multi-chip package

that does not include a die pad.

U.S. Patent No. 6,118,176 to Tao et al. describes a stacked chip

assembly generally includes a first chip, a second chip and a lead frame.

U.S. Patent No. 6,297,547 Bl to Akram describes a multiple die

package in which a first and second die are mounted on a leadframe.

U.S. Patent No. 5,814,881 to Alagaratnam et al. describes a stacked

integrated chip package and method of making same.

U.S. Patent No. Re. 36,613 to Ball describes a multiple stacked die

device that contains up to four dies and permits close-tolerance stacking by a low-



and sealed with a mold resin. 4 SUMMARY OF THE INVENTION Accordingly, it is an object of one or
more embodiments of the present invention to provide electrically isolated stacked die leadframe design
packages and methods of forming same. Additional objects of one or more embodiments of the present
invention is to provide electrically isolated stacked die leadframe design packages: (a) having higher
reliability; (b) providing more ways of die stacking such as one down-set, two down-sets and up-set

combination; aad () manyfactucapiity in el yelume and methads of fonning same, QU1er papcts wil
appear herelNafter. 1 has NOW Deen drscovered that tha above-ana o?heyo[uec Yot the present invention
may be accomplished in the following manner. Specifically, a leadframe design (and method of forming
the Ieadfram@'ﬂ%sign) is provided comprising: an inner die pad structure lying in a first plane; and an
outer die pad structure supported by outer tie bar and connected to the inner die pad by inner tie bars.
The outer die pad structure lying in a second plane spaced apart from the inner die pad structure first
plane. An outer package surrounds at least the inner

U.S. Patent No. 6,080,264 to Ball describes an apparatus and method

for increasing integrated circuit density comprising utilizing chips with both direct
(flip chip type) chip to conductors connection technology and wire bonds and/or

tape automated bonding (TAB).

U.S. Patent No. 6,087,718 to Cho describes a stacked-type
semiconductor chip package of a lead-on chip structure which is modified for

stacking chips in the package.

U.S. Patent No. 6,307,257 B1 to Huang et al. describes a dual-chip

integrated circuit (IC) package with a chip-die pad formed form leadframe leads.

U.S. Patent No. 6,337,521 B1 to Masuda describes a semiconductor
device and a method of manufacturing the same. The device comprising two
semiconductor chips stacked on each other with their backs opposite to each other

and sealed with a mold resin.



5 die pad structure and the inner tie bars. The outer die pad structure being supported by the outer tie
bars. The outer package having outer walls. Lead fingers extend through the outer package outer walls
and include respective inner portions extending into the outer package proximate the inner and outer die
pad structures. The inner portions of the lead fingers lie in a third plane, wherein at least one of the inner
die pad structure first plane and the outer die pad structure second plane lie outside of the lead finger
inner portions third plane and where'f'f\% hip jsaffixed tq the,in rie pad structure and a second
chip is affixed to the outer die pad structure. N-OF THE DRAWINGS The features
and advantages of the method of the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and portions and in which: Figs. 1 to 4
schematically illustrate the&iﬁ@ig'ﬂ‘&bh%& %P?Hﬁ%@ai%@rﬁbm@&M' [REBLRIBAIRIPESE being the

cross-sectional view of Fig. 4 atline 1 - 1; Fig. 2 being a plan view of a Fig. 1 quad package without the
invention to provide electrically isolated stacked die leadframe design packages

and methods of forming same.

Additional objects of one or more embodiments of the present
invention is to provide electrically isolated stacked die leadframe design packages:
(a) having higher reliability; (b) providing more ways of die stacking such as one
down-set, two down-sets and up-set combination; and (c) manufacturability in high

volume and methods of forming same.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
leadframe design (and method of forming the leadframe design) is provided
comprising: an inner die pad structure lying in a first plane; and an outer die pad
structure supported by outer tie bar and connected to the inner die pad by inner tie
bars. The outer die pad structure lying in a second plane spaced apart from the

inner die pad structure first plane. An outer package surrounds at least the inner



stacked dies/ chips; Fig. 3 being a plan view of a Fig. 1 dual in-line package without the stacked dies/
chips and Fig. 4 being a plan, partial cut-away view of a Fig. 1 quad package showing the stacked dies/
chips. Figs. 5 to 7 schematically illustrate the double down-set second embodiment of the present
invention with Fig. 6 being a plan view of a Fig. 5 quad package without the stacked dies/ chips and Fig.
7 being a plan view of a Fig. 5 dual in-line package without the stacked dies/ chips. Fig. 8 schematically
illustrates a cross-sectional view of the single up set heat sink third, embodiment of the present invention.
7'Fig.  scnaliiy MG 41 TR e e e e A T s o
embodiment of the present invention, Fig. 10 schematically illustrates a cross-sectional view of the same
size die/ ch@@,ﬁ’&%&Wé@@fﬁwgﬁmJ{@r?ﬁ'@%r@% GEVARIR QYUY WRTlTo-SRAYRARE Fig. 11
schematically illustrates a cross-sectional view of the same size die/ chip up & down-set sixth
embodiment&ang dfnppeb tie paierrgskegendten wahsraddaniumlestearestie IpneipNitieBs seventh

embodiment using a two pass process for the die attachment and wire bonding
extending into the outer package proximate the inner and outer die pad structures.

The inner portions of the lead fingers lie in a third plane, wherein at least one of the
inner die pad structure first plane and the outer die pad structure second plane lie
outside of the lead finger inner portions third plane and wherein a first chip is
affixed to the inner die pad structure and a second chip is affixed to the outer die

pad structure.



with an inner die pad lead finger attachment (grounding); Fig. 13 being a plan view of the seventh
embodiment without a ring and without illustrating stacked dies/ chips; Fig. 12 is a cross-sectional view of
Fig. 13 along line 12 - 12 (plus the stacked dies/ chips). 8 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT Characteristics Common to the First through Sixth Embodiments (Figs. 1
toll) The inventors have discovered the following semiconductor package for packaging stacked dies/

chips. Specifically, the packag%g@ @é%?ﬂ@%fl e%efﬁ% %{ﬁ/gglgm %gt consist of a window shape
with an outer ring and a center —ti T , tures, it is possible to have
various combinations of the die pads in relation to the lead fingers, including: a) only the inner die pad is

down set (the first embodiment illustrated in Figs. 1 to 4); b) die pad with double set down, i.e. the inner
die pad and the outer ring die pad are down set (the second embodiment illustrated in Figs. 5 to 7); ¢)

only the outer ring die padi8&ifFabieRgafahiENiees phithimeBrB litienPIIRIsRAIBYSIHRY 8);

will be more clearly understood from the following description taken in
conjunction with the accompanying drawings in which like reference numerals

designate similar or corresponding elements, regions and portions and in which:

Figs. 1 to 4 schematically illustrate the single down-set first
embodiment of the present invention with Fig. 1 being the cross-sectional view of
Fig. 4 at line 1 - 1; Fig. 2 being a plan view of a Fig. 1 quad package without the
stacked dies/chips; Fig. 3 being a plan view of a Fig. 1 dual in-line package without
the stacked dies/chips and Fig. 4 being a plan, partial cut-away view of a Fig. 1

guad package showing the stacked dies/chips.

Figs. 5 to 7 schematically illustrate the double down-set second
embodiment of the present invention with Fig. 6 being a plan view of a Fig. 5 quad
package without the stacked dies/chips and Fig. 7 being a plan view of a Fig. 5 dual

in-line package without the stacked dies/chips.

Fig. 8 schematically illustrates a cross-sectional view of the single up-

set heat sink third embodiment of the present invention.



d) up set (negative down set) of the outer ring die pad and down set of the inner die pad (the fourth
embodiment illustrated in Fig. 9, and the fifth embodiment illustrated in Fig. 10); and 9 e) up set (negative
down set) of the inner die pad and down set of the outer ring die pad (the sixth embodiment illustrated in
Fig. 11). The general benefits and advantages of the present invention include: the die attachment
interface area is reduced; the packages are made more robust, i.e. there is less stress created at the die
pads; there is lower stress in the die attachment interfaces; the packages are less sensitive to moisture
adsorption, i.e. the MSL level is improved; and the double down-set leadframe embodiments are well
suited for die stacking. Please see the individual descriptions of the individual embodiments for additional

benefits and advantages. M SA0ER AL sRIHTAEMB SERPRRECHRA A AR IRERANE 5126d 13, the

inventors have discovered a semiconductor package for packaging stacked dies/ chips that consists of
discrete outéH gty Rf@eMt thre fieusthcaeP @l e bHe SUppeMda§NiioBars. In this alternative,
the outer ring shaped die pad is not needed. It is noted that the inner die pad can be of any shape as
long as it is

Fig. 10 schematically illustrates a cross-sectional view of the same size
die/chip up & down-set fifth embodiment of the present invention using a mirror

image die.

Fig. 11 schematically illustrates a cross-sectional view of the same size

die/chip up & down-set sixth embodiment using a flipped die pad.

Figs. 12 and 13 schematically illustrates the up & down-set seventh
embodiment using a two pass process for the die attachment and wire bonding
with an inner die pad lead finger attachment (grounding); Fig. 13 being a plan view
of the seventh embodiment without a ring and without illustrating stacked
dies/chips; Fig. 12 is a cross-sectional view of Fig. 13 along line 12 - 12 (plus the

stacked dies/chips).



within the area of die encircled by the bond pads. 10 First Embodiment - Single Down-Set of the Inner/
Center Die Pad 12; Figs. 1 to 4 As shown in Figs. 1 to 4, the first embodiment of the present invention
illustrates a package 10 having a leadframe design where there is a single down-set of only the inner/
center die pad 12 in relation to the inner portions 20 of lead fingers 16. Lead fingers 16 include an outer
portion 18 exterior of package 10, and an inner portlon 20 W|th|n package 10. Inner/ center die pad 12 is

spaced downwardly, %% preferably about
100 to 1000 pm an O -D- ;{ substantially in

the same plane as the inner portions 20 of lead fingers 16 as shown in Fig. 1. As more clearly illustrated
in Figs. 2 and 3, inner/ center die pad 12 is generally a solid structure connected to ring-shaped outer

ring die pad 14 by i inner tie bars 15. Outer nng die pad 14 is positioned W|th|n package 10 using outer tie
bars 24. Fig @ MMAAeRSEICs &RMMOnIIed|is AH QR S ESplag4li 0541 to 11

The inventors have discovered the following semiconductor package
for packaging stacked dies/chips. Specifically, the package has two die pads with
differing elevations that consist of a window shape with an outer ring and a center

die pad supported by tie bars.

Using these features, it is possible to have various combinations of the

die pads in relation to the lead fingers, including:

a) only the inner die pad is down set (the first embodiment illustrated in
Figs. 1 to 4);

b) die pad with double set down, i.e. the inner die pad and the outer ring die
pad are down set (the second embodiment illustrated in Figs. 5 to 7);

c) only the outer ring die pad is up set (negative down set) (the third
embodiment illustrated in Fig. 8);

d) up set (negative down set) of the outer ring die pad and down set of the
inner die pad (the fourth embodiment illustrated in Fig. 9, and the fifth

embodiment illustrated in Fig. 10); and



showing the dies/ chips 26, 30) while Fig. 3. illustrates a dual in-line package 10 using the structure of Fig.
1 (without showing the dies/ chips 26, 30). Lower die/ chip 26 is affixed to inner/ center die pad 12 using
die attachment (D/ A) resin 28 and upper die/ chip 30 is affixed to outer ring die pad 14 using D/ A resin
32. Then, lower lead wires 34 are connected to the upper surface of inner portion 20 of lead fingers 16
and to the upper surface of lower die/ chip 26 by wire bonding. Then, upper lead wires 36 are connected

to the upper surface,of finger leads 16 and to the er. surface of upper dig/ chi 20 wire bonding. An
encapsuiant mator ) 18 0SB B e e o SR el R 5 S,

inner/ center die pad 12, outer ring die pad 14, etc. to complete package 10. As shown in Figs. 1 and 4,
lower die/ cHifj'9éH& BWH%'M%MBH@BR'khéﬁﬁfafﬁs%reréﬂcHa-so to facilitate the wire bonding
pattern. It is noted that the die attachment interfaces for the inner/ center die pad 12 to the lower die/ chip
26 using resin 28 and for the outer ring die pad 14 to the upper die/ chip 30 using resin 32 are greatly
reduced compared to conventional attachment interfaces. 12 The benefits and advantages of the first
embodiment include: no diEhe general benefits and advantages of the present invention include:

the die attachment interface area is reduced; the packages are made more robust,
i.e. there is less stress created at the die pads; there is lower stress in the die
attachment interfaces; the packages are less sensitive to moisture adsorption, i.e. the
MSL level is improved; and the double down-set leadframe embodiments are well
suited for die stacking. Please see the individual descriptions of the individual

embodiments for additional benefits and advantages.

Alternatively, in the seventh embodiment, and as shown in Figs. 12
and 13, the inventors have discovered a semiconductor package for packaging
stacked dies/chips that consists of discrete outer die pads affixed to the tie bars and
a center pad supported by tie bars. In this alternative, the outer ring shaped die pad

is not needed.

It is noted that the inner die pad can be of any shape as long as it is

within the area of die encircled by the bond pads.

10



attach resin bleeding issues for the bottom die; smaller die attachment interfaces for both dies which
reduces the sensitivity to moisture adsorption and improves the MSL of the package; and less sensitivity
to popcorning. Popcorning refers to package failure during solder reflow temperature excursion due to
steam pressure created from the moisture absorbed where the failure is usually at the material
interfaces which are the weak Ilnks Second Embodlment Double Down Set of Both the Inner/ Center
Die Pad 112
embodiment o ;
leadframe deS|gn both the |nner/ center die pad 112 and the outer ring die pad 114 are down-set in
relation to the inner portions 120 of lead fingers 116, and the backside 125 of the lower die/ chip 126 is
exposed. (The reference numerals for the second embodiment correspond to the reference numbers in
the description in the firstAsrBsAdAtIPRS bie-hlharbstemhpdimeat eleiite Parsqiid nzestig first
embodiment is the inner/ center die pad 112 of the second embodiment, etc.) 13 Inner/ center die pad
112 is spaceiti drivatesadbackogmiseiavong ihécddirampe diesigrl 20vef dche fingersiigdead ewnZ2 from
preferably about 300 to 1000

of only the inner/center die pad 12 in relation to the inner portions 20 of lead

fingers 16.

Lead fingers 16 include an outer portion 18 exterior of package 10,

and an inner portion 20 within package 10.

Inner/center die pad 12 is spaced downwardly (down-set) from inner
portions 20 of lead fingers 16 as at 22 from preferably about 100 to 1000 um and

more preferably from about 200 to 500 pum.

Outer ring die pad 14 is substantially in the same plane as the inner

portions 20 of lead fingers 16 as shown in Fig. 1.

As more clearly illustrated in Figs. 2 and 3, inner/center die pad 12 is
generally a solid structure connected to ring-shaped outer ring die pad 14 by inner
tie bars 15. Outer ring die pad 14 is positioned within package 10 using outer tie

bars 24. Fig. 2 illustrates a quad package 10 using the structure of Fig. 1 (without

11



pm and more preferably from about 350 to 800 pm. Outer ring die pad 114 is spaced downwardly
(down-set) from the inner portions 120 of lead fingers 116 as at 121 from preferably about 150 to 500 Pin
and more preferably from about 150 to 300 pm. Lower die/ chip 126 is affixed to inner/ center die pad 112
using die attachment (D/ A) resin 128 and upper die/ chip 130 is affixed to outer ring die pad 114 using
D/ A resin 132. Then, lower lead wires 134 are connected to the upper surface of the inner portion 120 of

the lead fingers 116 and to,the er surface of lower die/ chip. 126 by wire on%in . Then, upper lead
wires 136 &g el SO 28 AR B TR A S S R Rt e
upper surface of upper die/ chip 130 by wire bonding. An encapsulant material 140 is then formed around

the lower anHSYISpRIEREMGIHE £5619.3b(WiRaKe8awiNg Hae (issfdiRErYiEMad 112, outer ring die

pad 114, etc. to complete package 110. However, it is noted that in the second embodiment, encapsulant
material 140 does not surround the backside 125 of lower die/ chip 126 to complete package 110 and
thus exposes the backside 125 of the 14 lower semiconductor chip 126. To improve the efficiency of heat
dissipation from package l10Wes béeveehipprinted afifiewid bioard iaof ctian)] i eat dandsictiyeliayer

attachment (D/A) resin 28 and upper die/chip 30 is affixed to outer ring die pad 14
using D/ZA resin 32. Then, lower lead wires 34 are connected to the upper surface of
inner portion 20 of lead fingers 16 and to the upper surface of lower die/chip 26 by
wire bonding. Then, upper lead wires 36 are connected to the upper surface of

finger leads 16 and to the upper surface of upper die/chip 30 by wire bonding.

An encapsulant material 40 is then formed around the lower and
upper die/chips 26, 30, lead wires 34, 36, inner/center die pad 12, outer ring die

pad 14, etc. to complete package 10.

As shown in Figs. 1 and 4, lower die/chip 26 is larger, i.e. wider and

longer, than upper die/chip 30 to facilitate the wire bonding pattern.

It is noted that the die attachment interfaces for the inner/center die
pad 12 to the lower die/chip 26 using resin 28 and for the outer ring die pad 14 to
the upper die/chip 30 using resin 32 are greatly reduced compared to conventional

attachment interfaces.

12



142 may be interposed between the backside 125 of lower die/ chip 126 when package 110 is attached
to the motherboard (not shown). As shown in Fig. 5, lower die/ chip 126 is larger, i.e. wider and longer,
than upper die/ chip 130 to facilitate the wire bonding pattern. Fig. 6 illustrates, inter alia, a quad package
110 using the structure of Fig. 5 (without showing the dies/ chips 126, 130) while Fig. 7. illustrates, inter
alia, a dual in-line package 110 using the structure of Fig. 5 (without showing the dies/ chips 126, 130). It
is noted that the die attachment interfaces for the inner/ center die pad 112 to the lower die/ chip 126
using resin 128 and for the outer ring die pad 114 to the upper die/ chip 130 using resin 132 are greatly
reduced compared to conventional attachment interfaces, The second embodiment is an extension of the
concepts of the first embddim&NeIHS AnPraaNaPgrsHtd the HERemRBRYIBISRE 18SIR] B GHRiment
include having an exposed backside 125 of the lower die/ chip 126 which provides an option to connect it
to beneath pRiteel ERINIDIRRINhISEHRBVAT) theiRg HOt&HAINaUAE diti dtlashiasal fevtentagaaior
enhancement. 15 Third Embodiment - Single Up-Set of the Outer Ring Die Pad 214 With Heat Sink 250
both dies which reduces the sensitivity to moisture adsorption and improves the

MSL of the package; and less sensitivity to popcorning. Popcorning refers to
package failure during solder reflow temperature excursion due to steam pressure
created from the moisture absorbed where the failure is usually at the material

interfaces which are the weak links.

Second Embodiment - Double Down-Set of Both the Inner/Center Die Pad 112 and

the Outer Ring Die Pad 114; Figs.5to 7

As shown in Figs. 5 to 7, the second embodiment of the present
invention is similar to the first embodiment (Figs. 1 to 4) except that in this
leadframe design, both the inner/center die pad 112 and the outer ring die pad 114
are down-set in relation to the inner portions 120 of lead fingers 116, and the
backside 125 of the lower die/chip 126 is exposed. (The reference numerals for the
second embodiment correspond to the reference numbers in the description in the
first embodiment plus one-hundred, e.g. the inner/center die pad 12 of the first

embodiment is the inner/center die pad 112 of the second embodiment, etc.)

13



As shown in Fig. 8, the third embodiment of the present invention is again similar to the first embodiment
(Figs. 1 to 4) except that in this leadframe design, only the outer ring die pad 214 is up-set in relation to
the inner portions 220 of the lead fingers 216, and a heatspreader 250 is affixed to the backside 225.
(The reference numerals for the third embodiment correspond to the reference numbers in the
description in the first embodiment plus two -hundred, e.g. the inner/ center die pad 12 of the first

embodiment is the inner/ qenter ie Pad0212 g&tt_ﬂf third emgo&iiment ete. I(;Cper/ center die pad 212 is
a

substantially in the same p[}ﬂleer A& the rinn'(grpportlonzs'558 Thead H\ﬁrg];\évfasr g}%%shelt Efg);mS Rner/

center die pad 212 may be down-set if necessary. But to make the leadframe design_simpler/
manufacturafBeLRPTHUHO QhnlsRd Igﬁgﬁ%@%lﬁmﬂé%ﬁ% BEfeRARY prBeHL S0P (oot able to

have die pad 212 in the same plane as lead fingers 220. Note that for either case, the combined
thickness of iatinsl dROEM B efesasyeiiant abekit R0ERHAR bottom side of heat sink exposed. 16
Outer ring die pad 214 is spaced upwardly (up-set) from the inner portions 220 of lead fingers 216 as at
221 from preferably about 100 to 800 pm and more preferably from about 200 to 500 pm.

Outer ring die pad 114 is spaced downwardly (down-set) from the
inner portions 120 of lead fingers 116 as at 121 from preferably about 150 to 500 um

and more preferably from about 150 to 300 pum.

Lower die/chip 126 is affixed to inner/center die pad 112 using die
attachment (D/A) resin 128 and upper die/chip 130 is affixed to outer ring die pad
114 using D/A resin 132. Then, lower lead wires 134 are connected to the upper
surface of the inner portion 120 of the lead fingers 116 and to the upper surface of
lower die/chip 126 by wire bonding. Then, upper lead wires 136 are connected to
the upper surface of the inner portion of 120 of lead fingers 116 and to the upper

surface of upper die/chip 130 by wire bonding.

An encapsulant material 140 is then formed around the lower and
upper die/chips 126, 130, lead wires 134, 136, inner/center die pad 112, outer ring
die pad 114, etc. to complete package 110. However, it is noted that in the second
embodiment, encapsulant material 140 does not surround the backside 125 of lower

die/chip 126 to complete package 110 and thus exposes the backside 125 of the

14



A heatspreader 250 is affixed to the backside 225 of lower die/ chip 226 and the encapsulant material
240 does not surround the backside 251 of heatspreader 250 to complete package 210. Leaving the
backside 225 of heatspreader 250 exposed increases the efficiency of heat dissipation from package
210. Optionally, an additional heat conductive layer 242 may be interposed between the backside 225 of
lower die/ chip 226 when package 210 is attached to the motherboard (not shown). The heatspreader

250 can be Q(r)e-attached to the Ieadﬁamfzée.r heatspreact%r 2e L can be ?t#.?‘:'}e .to.Ie%dfras;ne ysing

adhesive tapev(\)/fe laZer Walded tt(c))rlé:a(')‘?rame berore u attach pr&eensc%s BErdre the Backeide 295 of the

lower die/ chip 226 is attached to the heatspreader 250. The lower die/ chip 226 is then_ affixed to inner/
center die p&*¥1396shhg ELSRSAHMRHANEA AMRUICE3ED MO SPOWVEIL AR 88NE UHREI Y Bluter ring

die pad 214 using D/ A resin 232. Then, lower lead wires 234 are connected to the upper surface of
finger leads ¥4% By idenhénigppesestirhetwetbiie diesksige2bbofwipsvesrdiedchiReA2bppeeRad wires
236 17 connected to the upper surface of finger leads 16 and to the upper surface of upper die/ chip 30
by wire bondbagkageeiriftéd\attasiveg reaider 2SN rhffiest (wotrehbatKside 225 of the

As shown in Fig. 5, lower die/chip 126 is larger, i.e. wider and longer,
than upper die/chip 130 to facilitate the wire bonding pattern. Fig. 6 illustrates,
inter alia, a quad package 110 using the structure of Fig. 5 (without showing the
dies/chips 126, 130) while Fig. 7. illustrates, inter alia, a dual in-line package 110

using the structure of Fig. 5 (without showing the dies/chips 126, 130).

It is noted that the die attachment interfaces for the inner/center die
pad 112 to the lower die/chip 126 using resin 128 and for the outer ring die pad 114
to the upper die/chip 130 using resin 132 are greatly reduced compared to

conventional attachment interfaces.

The second embodiment is an extension of the concepts of the first
embodiment, and the further benefits and advantages of the second embodiment
include having an exposed backside 125 of the lower die/chip 126 which provides
an option to connect it to beneath printed circuit board (not shown) using a

thermally conductive material for thermal enhancement.

15



lower die/ chip 226 last instead of first. For instance, heatspreader 250 can be integrated into the
package by dropping it into the cavity-up mold chase prior to molding process. An encapsulant material
240 is then formed around the lower and upper die/ chips 226, 230, lead wires 234, 236, inner/ center die
pad 212, outer ring die pad 214, etc. to complete package 210. As shown in Fig. 8, lower die/ chip 226 is
larger, i.e. wider and longer, than upper die/ chip 230 to facilitate the wire bonding pattern. It is noted that
the die attachment interfaces for the inner/ center die pad 212 to the lower die/ chip 226 using resin 228
and for the outer ring die pad 214 to the upper die/ chip 230 using resin 232 are greatly reduced
compared to_conventional attachment mterfaces 18 The thlrd embodlment is an extension of he
bodiment
include having an exposed heatspreader 250 to prowde |mproved thermal performance as compared to
the second eé®bodiment. Fourth Embodiment - Up-Set of the Outer Ring Die Pad 314 and Down-Set of
the Inner/ Center Die Pad 312 Using Same Sized Lower and Upper Dies/ Chips 326, 330

Concepts Of -'u Q..- —=‘! !e -!ﬂn:': aats l' . :- - - -~ 0 -------- n'a! . "-.' x 4 Ju- = u‘L--' 2lma

As shown in Fig. 8, the third embodiment of the present invention is
again similar to the first embodiment (Figs. 1 to 4) except that in this leadframe
design, only the outer ring die pad 214 is up-set in relation to the inner portions 220
of the lead fingers 216, and a heatspreader 250 is affixed to the backside 225. (The
reference numerals for the third embodiment correspond to the reference numbers
in the description in the first embodiment plus two-hundred, e.g. the inner/center
die pad 12 of the first embodiment is the inner/center die pad 212 of the third

embodiment, etc.)

Inner/center die pad 212 is substantially in the same plane as the
inner portions 220 of lead fingers 16 as shown in Fig. 8. Inner/center die pad 212
may be down-set if necessary. But to make the Ileadframe design
simpler/manufacturable, and to enable simpler leadframe clamping during
assembly process, it is preferable to have die pad 212 in the same plane as lead
fingers 220. Note that for either case, the combined thickness of bottom die and

heatspreader is critical to have the bottom side of heat sink exposed.
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As shown in Fig. 9, the fourth embodiment of the present invention is also similar to the first embodiment
(Figs. 1 to 4) except that in this leadframe design, the outer ring die pad 314 is up-set in relation to the
inner portions 320 of the lead fingers 316 and the inner/ center die pad 312 is down-set in relation to the
inner portions 320 of the lead fingers 316 using same sized lower and upper dies/ chips 326, 330. (The
reference numerals for the fourth embodiment correspond to the reference numbers in the description in

the first embodiment plus arigr- rrllunndr d, e'a%i %4irllglesr/§(eerger d\i/(\?a?afl 1 uof_ tgﬁlg%trﬁ'ﬂ?eoqimgpt is the
inner/ center die pad 312 0 Hhe foUth Embs Iment, etc[.)) et REREr di ppaa IS spacedlaownwardly
(down-set) from the inner portions 320 of lead fingers 316 as at 322 from preferably about 100 to 800 pm

and more preRITUBHF £ AusaH I $665AT. alo &L IEP Mg afe 1ahlyAROK SR By R R p-set)
from the inner portions 320 of lead fingers 316 as at 321 from preferably about 100 to 800 pm and more
preferably fromEgoRigfeGdly BooRomt BROfERPOdtAbodiment, a two pass process is used for the die
326, 330 attachments and wire bonding. First, lower die/ chip 326 is affixed to inner/ center die pad 312
using die attachment (D/ A) resin 328 and lower lead

A heatspreader 250 is affixed to the backside 225 of lower die/chip
226 and the encapsulant material 240 does not surround the backside 251 of
heatspreader 250 to complete package 210. Leaving the backside 225 of
heatspreader 250 exposed increases the efficiency of heat dissipation from package
210. Optionally, an additional heat conductive layer 242 may be interposed between
the backside 225 of lower die/chip 226 when package 210 is attached to the

motherboard (not shown).

The heatspreader 250 can be pre-attached to the leadframe
(i.e., heatspreader 250 can be attached to leadframe using adhesive tape or laser-
welded to leadframe before die attach process) before the backside 225 of the lower
die/chip 226 is attached to the heatspreader 250. The lower die/chip 226 is then
affixed to inner/center die pad 212 using die attachment (D/A) resin 228 and upper
die/chip 230 is affixed to outer ring die pad 214 using D/A resin 232. Then, lower
lead wires 234 are connected to the upper surface of finger leads 216 and to the

upper surface of lower die/chip 226 by wire bonding. Then, upper lead wires 236

17



wires 334 are then connected to the upper surface of lead fingers 316 and to the upper surface of lower
die/ chip 326 by wire bonding. Then, upper die/ chip 330 is affixed to outer ring die pad 314 using D/ A
resin 332 and upper lead wires 336 are then connected to the upper surface of lead fingers 316 and to
the upper surface of upper die/ chip 330 by wire bonding. An encapsulant material 340 is then firmed
around the lower and upper die/ chips 326, 330, lead wires 334, 336, inner/ center die pad 312, outer ring
die pad 314, etc. tao.camplete package 310. As noted, the lower and upper dies/ chips 326, 330 are the
e size. O SIRE B8 ARES Shrkle o B0 R e R R e o
or even slightly larger than the lower die 326, depending on the z height 20 difference between down-set
and up-set. SEAR IRV H BI02nables same size die stacking. Same size die 326, 330
stacking advantages: (a) allows combination of identical die into a single package and (b) allows more
freedom in die combination as this configuration increases the maximum upper die size; helps designer
to choose the upper die with an increased size range. It is noted that the die attachment interfaces for the
inner/ center die pad 312 Adtdraddelyr tiedtshipddd u2Ngiresiliizad sndifer teskricer A3G dit thed 314

lower die/chip 226 last instead of first. For instance, heatspreader 250 can be
integrated into the package by dropping it into the cavity-up mold chase prior to

molding process.

An encapsulant material 240 is then formed around the lower and
upper die/chips 226, 230, lead wires 234, 236, inner/center die pad 212, outer ring

die pad 214, etc. to complete package 210.

As shown in Fig. 8, lower die/chip 226 is larger, i.e. wider and longer,

than upper die/chip 230 to facilitate the wire bonding pattern.

It is noted that the die attachment interfaces for the inner/center die
pad 212 to the lower die/chip 226 using resin 228 and for the outer ring die pad 214
to the upper die/chip 230 using resin 232 are greatly reduced compared to

conventional attachment interfaces.
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to the upper die/ chip 330 using resin 332 are greatly reduced compared to conventional attachment
interfaces. The fourth embodiment is an extension of the concepts of the third embodiment, and the
further benefits and advantages of the third embodiment include: not requiring a spacer between the
lower and upper dies/ chips 326, 330 (Prior art that allow combination of same size die stacking do have
a spacer to create separation between them. This spacer is a'third element’ between the two die and
increases cost and numbef:ﬁ)éc BIOSESS %8%58)1 eanr{di ghgncg)r(rilgri]ré%io% P{ tkéecgﬁ\évn-tgegfofhth%égwer die/ chip
326 and the up-set of the upper die/ chip achieve a separaf?on betwean tHe dles} c%ips 99 , 330 that
is within high volume manufacturable limits. 21 Fifth Embodiment - Up-Set of the Outer Ring Die Pad 414
and Down-SETHIAIMfHerrRLAfRe 1EMR 0 RerE TSR E Al &HR0RE e e N ShEFHRAI TSNS 426,
430; Alternate Attachment of Lower Lead Wires 434 As shown in Fig. 10, the fifth embodiment of the
present inveltidHGS Y isienilan teiROsest drnBtsirAadeFid) 1te Hrexidpt tRHRIAVRG [EriTaghe
design, the outer ring die pad 414 is up-set in relation to the inner portions 420 of the lead fingers 416
and the innepecéteratieepscanpareldimtbetsecasidtmbodieent.

Fourth Embodiment - Up-Set of the Outer Ring Die Pad 314 and Down-Set of the

Inner/Center Die Pad 312 Using Same Sized Lower and Upper Dies/Chips 326, 330

As shown in Fig. 9, the fourth embodiment of the present invention is
also similar to the first embodiment (Figs. 1 to 4) except that in this leadframe
design, the outer ring die pad 314 is up-set in relation to the inner portions 320 of
the lead fingers 316 and the inner/center die pad 312 is down-set in relation to the
inner portions 320 of the lead fingers 316 using same sized lower and upper
dies/chips 326, 330. (The reference numerals for the fourth embodiment correspond
to the reference numbers in the description in the first embodiment plus three-
hundred, e.g. the inner/center die pad 12 of the first embodiment is the

inner/center die pad 312 of the fourth embodiment, etc.)

Inner/center die pad 312 is spaced downwardly (down-set) from the
inner portions 320 of lead fingers 316 as at 322 from preferably about 100 to 800 um

and more preferably from about 200 to 500 pm.
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inner portions 420 of the lead fingers 416 using same sized lower and upper dies/ chips 426, 430. (The
reference numerals for the fifth embodiment correspond to the reference numbers in the description in
the first embodiment plus four- hundred, e.g. the inner/ center die pad 12 of the first embodiment is the
inner/ center die pad 412 of the fifth embodiment, etc.) Inner/ center die pad 412 is spaced downwardly
(down-set) from the inner portions 420 of lead fingers 416 as at 422 from preferably about 100 to 800 pm
and more preferably from about 150 to 500 pm. Outer ring die pad 414 is spaced upwardly (up-set) from
the inner portions 420 of lead fingers 416 as at 421 from preferably about 100 to 800 pm and more
preferably from about 150 to 500 pm. 22 As opposed to the fourth embodiment (Fig. 9), the lower lead
wires 434 are connected QU 1BREr disaad (E’lll‘éda fiRAsd ARG RS (HETBRTETQIMARE BiNBlver die/
chip 426 by wire bonding. An encapsulant material 440 is then formed around the lower and upper die/

chips 426, 4B0ris wreohpdBidecileaster did fera prefiebMmpaié PiE)kinierdmplete

package 410. It is noted that the die attachment interfaces for the inner/ center die
more preferably from about 200 to 500 pum.

In the fourth embodiment, a two pass process is used for the die 326,
330 attachments and wire bonding. First, lower die/chip 326 is affixed to
inner/center die pad 312 using die attachment (D/A) resin 328 and lower lead
wires 334 are then connected to the upper surface of lead fingers 316 and to the
upper surface of lower die/chip 326 by wire bonding. Then, upper die/chip 330 is
affixed to outer ring die pad 314 using D/A resin 332 and upper lead wires 336 are
then connected to the upper surface of lead fingers 316 and to the upper surface of

upper die/chip 330 by wire bonding.

An encapsulant material 340 is then formed around the lower and
upper die/chips 326, 330, lead wires 334, 336, inner/center die pad 312, outer ring

die pad 314, etc. to complete package 310.

As noted, the lower and upper dies/chips 326, 330 are the same size.
Both die 326, 330 need not be the same size. But the upper die 330 can be of the

same size or even slightly larger than the lower die 326, depending on the z height
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pad 412 to the lower die/ chip 426 using resin 428 and for the outer ring die pad 414 to the upper die/
chip 430 using resin 432 are greatly reduced compared to conventional attachment interfaces. The fifth
embodiment has the same further benefits and advantages of the fourth embodiment with the further
additional benefit and advantage of having lower mechanical stress level in the smaller die attach
interface areas for both lower and upper die during assembly process. 23 Sixth Embodiment - Reverse

Form Down-g,ﬁ% of the 8 ter Rinﬁ Die Patd 51 andeP%;S t of the I@ner/cgetﬂter Diev%?r)q 512 Using Same

Sized Lower and Opper Dise CHRY 536" 830, Atehiars At SRRAHST SWEF I LEFUARES 53 Rs shown

in Fig. 11, the sixth embodiment of the present invention is also similar to the first embqdiment (Figs. 1 to
4) except thal#h tHE€1eSRTKRE de’iYR, HESUHE rifgtdiepdd H2AW o RN RPRSIatigh BHRY ner
portions 520 of the lead fingers 516 and the inner/ center die pad 512 is up-set in relation to the inner
portions 520cefthénatiamiagéaenticalslivyissenme sinale iIpadragiernshel) altayvehpers feeerdon(The
reference numerals for the sixth embodiment correspond to the reference numbers in the description in
the first embditiroemiphaifouashinigl cemfig grabie mirareasasdhdienaaintizrofuhpdirstie sizedirakas is the

designer to choose the upper die with an increased size range.

It is noted that the die attachment interfaces for the inner/center die
pad 312 to the lower die/chip 326 using resin 328 and for the outer ring die pad 314
to the upper die/chip 330 using resin 332 are greatly reduced compared to

conventional attachment interfaces.

The fourth embodiment is an extension of the concepts of the third
embodiment, and the further benefits and advantages of the third embodiment
include: not requiring a spacer between the lower and upper dies/chips 326, 330
(Prior at that allow combination of same size die stacking do have a spacer to
create separation between them. This spacer is a 'third element’ between the two die
and increases cost and number of process steps.) and the combination of the down-
set of the lower die/chip 326 and the up-set of the upper die/chip 330 achieve a
separation between the dies/chips 326, 330 that is within high volume

manufacturable limits.
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inner/ center die pad 512 of the sixth embodiment, etc.) The sixth embodiment is most similar to the fifth
embodiment (Fig. 10) except for the reverse form of attaching: (1) the lower die/ chip 526 to the down-
set outer ring die pad 514 (instead of the inner/ center die pad); and the upper die/ chip 530 to the up-set
inner/ center die pad 512 (instead of to the outer ring die pad). 24 Inner/ center die pad 512 is spaced
upwardly (up-set) from the inner portions 520 of lead fingers 516 as at 521 from preferably about 100 to

#“%anreEl Rglsil n{onlfgg flq?o Qtog f&t&m@? S “ngg%; 4&ada%¢;§8§§&%ele 99g;gn_etwa8fgg
pm

800 pm and
(down-set) f

complete package 510.

As shown in Fig. 10, the fifth embodiment of the present invention is
also similar to the first embodiment (Figs. 1 to 4) except that in this leadframe
design, the outer ring die pad 414 is up-set in relation to the inner portions 420 of
the lead fingers 416 and the inner/center die pad 412 is down-set in relation to the
inner portions 420 of the lead fingers 416 using same sized lower and upper
dies/chips 426, 430. (The reference numerals for the fifth embodiment correspond
to the reference numbers in the description in the first embodiment plus four-
hundred, e.g. the inner/center die pad 12 of the first embodiment is the

inner/center die pad 412 of the fifth embodiment, etc.)

Inner/center die pad 412 is spaced downwardly (down-set) from the
inner portions 420 of lead fingers 416 as at 422 from preferably about 100 to 800 um

and more preferably from about 150 to 500 pm.

Outer ring die pad 414 is spaced upwardly (up-set) from the inner
portions 420 of lead fingers 416 as at 421 from preferably about 100 to 800 um and

more preferably from about 150 to 500 pm.
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It is noted that the die attachment interfaces for the inner/ center die pad 512 to the upper die/ chip 530
using resin 528 and for the outer ring die pad 514 to the lower die/ chip 526 using resin 532 are greatly
reduced compared to conventional attachment interfaces. 25 The sixth embodiment has the same further
benefits and advantages of the fourth and fifth embodiments. Seventh Embodiment - Up-Set of the Outer
Non Ring Die Pad 614 and Down-Set of the Inner/ Center Die Pad 612 As shown in Figs. 12 and 13, the
seventh embodiment of the present invention is also similar to the first embodiment (Figs. 1 to 4) except
that in this leadframe design, the outer die pads 614 are not in the shape of an outer ring and the outer
die pads 614 are up-set in relation to the inner. portions 620 of the lead fingers 616 and the inner/ center

die pad 612 is down-set irf teI3RBRTBAHQ ifMefOHER SRR Bt (i9d FhdBRs 1Y [ 4RRg ARESsized

lower and upper dies/ chips 326, 330. (The reference numerals for the seventh embodiment correspond
to the referétideante®ansGiechéoddscipien ket Maddingristplossst HuHirdavey sur@saner/
center die pad 12 of the first embodiment is the inner/ center die pad 612 of the seventh embodiment,
etc.) of lower die/chip 426 by wire bonding.

An encapsulant material 440 is then formed around the lower and
upper die/chips 426, 430, lead wires 434, 436, inner/center die pad 412, outer ring

die pad 414, etc. to complete package 410.

It is noted that the die attachment interfaces for the inner/center die
pad 412 to the lower die/chip 426 using resin 428 and for the outer ring die pad 414
to the upper die/chip 430 using resin 432 are greatly reduced compared to

conventional attachment interfaces.

The fifth embodiment has the same further benefits and advantages of
the fourth embodiment with the further additional benefit and advantage of having
lower mechanical stress level in the smaller die attach interface areas for both lower

and upper die during assembly process.
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As noted, and as more clearly illustrated in Fig. 13, outer die pads 614 are separate die pads 614
interposed between respective outer tie bars 624 and inner tie bars 615. 26 Inner/ center die pad 612 is
spaced downwardly (down-set) from the inner portions 620 of lead fingers 616 as at 622 from preferably
about 100 to 800 pm and more preferably from about 150 to 500 pm. Outer die pads 614 are spaced
upwardly (up-set) from the inner portions 620 of lead fingers 616 as at 621 from preferably about 100 to

800 )im and A feoablg f{onhabout 1]"30 to 880 7 p | u{: 9%k 12 %1 JF%dogﬁr d|%( chip 626

I’eEpI’
Sixt m
is larger, i.e.widerand ; than upper-dré ST 10 gpa noted

that the die attachment mterfaces/for the |ner/ center d|e pad 612 to the Iower dle/ Chlp 626 using resin

die pad 612 using die attachment (D/ A) resin 628; lower Iead wires

As shown in Fig. 11, the sixth embodiment of the present invention is
also similar to the first embodiment (Figs. 1 to 4) except that in this leadframe
design, the outer ring die pad 514 is down-set in relation to the inner portions 520
of the lead fingers 516 and the inner/center die pad 512 is up-set in relation to the
inner portions 520 of the lead fingers 516 using same sized lower and upper
dies/chips 526, 530. (The reference numerals for the sixth embodiment correspond
to the reference numbers in the description in the first embodiment plus four-
hundred, e.g. the inner/center die pad 12 of the first embodiment is the

inner/center die pad 512 of the sixth embodiment, etc.)

The sixth embodiment is most similar to the fifth embodiment (Fig.
10) except for the reverse form of attaching: (1) the lower die/chip 526 to the down-
set outer ring die pad 514 (instead of the inner/center die pad); and the upper

die/chip 530 to the up-set inner/center die pad 512 (instead of to the outer ring die

pad).
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634 are then connected to the upper surface of inner portion 620 of lead fingers 616 and to the upper
surface of lower die/ chip 626 by wire bonding and grounding 27 lead wires 662 are connected from the
upper surface of lower die/ chip 626 to the upper surface of inner/ center die pad 612 by wire bonding.
Then, upper die/ chip 630 is affixed to the outer die pads 614 using D/ A resin 632 and upper lead wires
636 are then connected to the upper surface of finger leads 616 and to the upper surface of upper die/

chip 630 by wire bonding. An e ag]%ulant matgréall 640 _is then formed |arzund trél)eflrooweré\nd Upper die/
63t , pa f '

chips 626, 630, lead wires ggﬁr SFo%Iﬁcﬁr?g Iea%i irEs uri)rYH%rr?jéé 2 ,edﬂ er ring die

pad 614, etc. to complete package 610. The further benefits and advantages of the seventh embodiment
include: grodtfy %Bﬂﬂ#%oégnl?ﬁdﬂﬁmﬁoﬁﬁq}?é Rl B S PRI ¥HP O O L LA RN 38B 12 and

the ring-shaped outer ring die pad is replaced by discrete die pads 614 on the tie bars 615, 624 in that
‘ground bondiyeiFRSaERY YHEOBIRRALHI158rt8rPRANHE™ of the die in the package: higher operating speed
with lesser interference between the leads. While particular embodiments of the present invention have
been illustrated and described, it is not intended to limit the invention, except as defined

Outer ring die pad 514 is spaced downwardly (down-set) from the
inner portions 520 of lead fingers 516 as at 522 from preferably about 100 to 800 um

and more preferably from about 150 to 500 pm.

As in the fifth embodiment, the lower lead wires 534 are connected to
the lower surface of inner lead portion 520 of lead fingers 516 and to the lower

surface of lower die/chip 526 by wire bonding.

An encapsulant material 540 is then formed around the lower and
upper die/chips 526, 530, lead wires 534, 536, inner/center die pad 512, outer ring

die pad 514, etc. to complete package 510.

It is noted that the die attachment interfaces for the inner/center die
pad 512 to the upper die/chip 530 using resin 528 and for the outer ring die pad 514
to the lower die/chip 526 using resin 532 are greatly reduced compared to

conventional attachment interfaces.
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by the following claims. 28 CLAIMS We claim: 1. A leadframe design, comprising: an inner die pad
structure lying in a first plane; an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie bars; an outer package
surrounding at least the inner die pad structure and the inner tie bars; the outer die pad structure being
supported by outer tie bars; the outer package having outer walls; and lead fingers extending through the
outer package outer wallsyhe Ieag fhgers inclidng snduenparions eding oo e uter package
proximate the inner and outerdie pad structures; the ner portions of the léad fingerslying ida third
plane; wherein at least one of the inner die pad structure first plane and the outer die pad structure

second plan&fii8 festgE SNH LR E MR TARRFyortions third plane and wherein a first chip is affixed to

the inner die pad structure and a second chip is

Seventh Embodiment - Up-Set of the Outer Non-Ring Die Pad 614 and Down-Set of

the Inner/Center Die Pad 612

As shown in Figs. 12 and 13, the seventh embodiment of the present
invention is also similar to the first embodiment (Figs. 1 to 4) except that in this
leadframe design, the outer die pads 614 are not in the shape of an outer ring and
the outer die pads 614 are up-set in relation to the inner portions 620 of the lead
fingers 616 and the inner/center die pad 612 is down-set in relation to the inner
portions 320 of the lead fingers 316 using same sized lower and upper dies/chips
326, 330. (The reference numerals for the seventh embodiment correspond to the
reference numbers in the description in the first embodiment plus six-hundred, e.qg.
the inner/center die pad 12 of the first embodiment is the inner/center die pad 612

of the seventh embodiment, etc.)

As noted, and as more clearly illustrated in Fig. 13, outer die pads 614

are separate die pads 614 interposed between respective outer tie bars 624 and inner

tie bars 615.
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affixed to the outer die pad structure. 29 2. The leadframe design of claim 1, wherein the first chip is
affixed to the inner die pad structure by resin and the second chip is affixed to the outer die pad structure
by resin. 3. The leadframe design of claim 1, wherein the inner die pad structure is rectangular in shape.
4. The leadframe design of claim 1, wherein the outer die pad structure is ring shaped and surrounds the
inner die pad structure. 5. The leadframe design of claim 1, wherein the outer die pad structure comprises

distinct outer die pads. 6. The leadframe,desi laim 1, wherein the inner die pad structure, is spaced
2 distance below the lead MG At D0 Aid bl S G TR L 8 e e
finger inner portions. 7, The leadframe design of claim 1, wherein the inner die pad structure is spaced

from about 106'¢6 RBEHHH GRUQL erd ER9aret Srasa St Srner afer AR YAk UL P diBlaim 1,

wherein the inner die pad structure is spaced from about 200 to 500 )Im below the lead finger inner
portions. ~ and more preferably from about 150 to 500 pm.

Outer die pads 614 are spaced upwardly (up-set) from the inner
portions 620 of lead fingers 616 as at 621 from preferably about 100 to 800 um and

more preferably from about 150 to 800 pum.

As shown in Figs. 12 and 13, lower die/chip 626 is larger, i.e. wider

and longer, than upper die/chip 630 to facilitate the wire bonding pattern.

It is noted that the die attachment interfaces for the inner/center die
pad 612 to the lower die/chip 626 using resin 628 and for the outer die pads 614 to
the upper die/chip 630 using resin 632 are greatly reduced compared to

conventional attachment interfaces.

In the seventh embodiment, a two pass process is used for the die 626,
3630 attachments and wire bonding. First, lower die/chip 626 is affixed to
inner/center die pad 612 using die attachment (D/A) resin 628; lower lead wires
634 are then connected to the upper surface of inner portion 620 of lead fingers 616

and to the upper surface of lower die/chip 626 by wire bonding and grounding
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9. The leadframe design of claim 1, wherein the inner die pad structure is spaced a distance below the
lead finger inner portions; the outer die pad structure is coplanar with the lead finger inner portions; the
first and second chips and the lead finger inner portions each have respective upper surfaces; the first
chip connected to the lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and the second chip

connected tq the lead finger inner portion respective upper.lead wires affixed fo t surface of
the second R AT e ey o SR e e R R R e o
claim 1, wherein the outer die pad structure is spaced a first distance below the lead finger inner portions
and the innet BREpSH'IACR R dNBEEARRAIG L AERRY Bl MW HaAI ML ad iy AR PEAFRR; the
second distance being greater than the first distance. 11. The leadframe design of claim 1, wherein the
outer die pa@3rifcaffxesisigatiarl FrRT 10 (RSB0 0D AR 605 thEI8RNFhYBPRINAPOMIGSS and the
inner die 31 pad structure is spaced from about 350 to 800 pm below the lead finger inner portions. 12.
The leadfrarh@dtdesiginen ctaimectadhdeethehepnee sdidasadtfingard ¢adpfidédand to the upper

surface of upper die/chip 630 by wire bonding.

An encapsulant material 640 is then formed around the lower and
upper die/chips 626, 630, lead wires 634, 636, grounding lead wires 662,

inner/center die pad 612, outer ring die pad 614, etc. to complete package 610.

The further benefits and advantages of the seventh embodiment
include: ground bonding can be made from the lower die/chip 626 to the
inner/center die pad 612 and the ring-shaped outer ring die pad is replaced by
discrete die pads 614 on the tie bars 615, 624 in that 'ground bonding' increases the
electrical performance of the die in the package: higher operating speed with lesser

interference between the leads.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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from about 150 to 500 pm below the lead finger inner portions and the inner die pad structure is spaced
from about 150 to 300 pm below the lead finger inner portions. 13. The leadframe design of claim 1,
wherein the outer die pad structure is spaced a first distance below the lead finger inner portions and the
inner die pad structure is spaced a second distance below the lead finger inner portions; the second
distance being greater than the first distance; the first and second chips and the lead finger inner
portions each have respective upper surfaces; the first chip connected to the lead finger inner portions by
respective lower lead wires affixed to the upper surface of the first chip and the upper surfaces of the
lead finger inner portions; and the second chip coggzcieﬁ to the lead finger inner portions by respective
upper lead wires affixed to the upper surface of t chip and the upper surfaces of the lead
finger inner portions. 32 14. The leadframe design of claim 1, wherein the outer die pad structure is
spaced a d&f’&n@é'&ﬂiove the lead finger inner portions and the inner die pad structure is coplanar with
the lead finger inner portions. 15. The leadframe design of claim 1, wherein the outer die pad structure is

spaced from about 100 to 800 pm above the lead finger inner portions.
1. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie
bars;

an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is

affixed to the outer die pad structure.
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16. The leadframe design of claim 1, wherein the outer die pad structure is spaced from about 200 to 500
pm above the lead finger inner portions. 17. The leadframe design of claim 1, wherein the outer die pad
structure is spaced a distance above the lead finger inner portions and the inner die pad structure is
coplanar with the lead finger inner portions; the first and second chips and the lead finger inner portions
each have respective upper surfaces; the first chip connected to the lead finger inner portions by

respeciive loyigs lesd wires affixedjo dheiupRer Syaes afibe fstchinand;the ypner surfaccpof the
lead finger inner portions; and second chip’conriected 10 the léad finger inner portions by respective
upper lead wires affixed to the upper surface of the second chip and the upper surfaces of the lead

finger inner PAAGHLIEEDYFESIBAFAME SRR SR A TeR AT A O BIRE e BESLHIEHIR is

spaced above the lead finger inner portions and the inner die pad structure is spaced below the lead
finger inner POriesI8. 19. The leadframe design of claim 1, wherein the outer die pad structure is spaced
from about 100 to 800 pm above the lead finger inner portions and the inner die pad structure is spaced
from about 100 to 800 pm below the lead finger inner portions. 20. The leadframe design of claim 1,
wherein the outer die pad structure is spaced

3. The leadframe design of claim 1, wherein the inner die pad structure is

rectangular in shape.

4. The leadframe design of claim 1, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

5. The leadframe design of claim 1, wherein the outer die pad structure comprises

distinct outer die pads.
6. The leadframe design of claim 1, wherein the inner die pad structure is spaced a
distance below the lead finger inner portions and the outer die pad structure is

coplanar with the lead finger inner portions.

7. The leadframe design of claim 1, wherein the inner die pad structure is spaced

from about 100 to 1000 um below the lead finger inner portions.
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from about 200 to 500 pm above the lead finger inner portions and the inner die pad structure is spaced
from about 200 to 500 pm below the lead finger inner portions. 21. The leadframe design of claim 1,
wherein the outer die pad structure is spaced above the lead finger inner portions and the inner die pad
structure is spaced below the lead finger inner portions; the first and second chips and the lead finger
inner portions each have respective upper surfaces; the first chip connected to the lead finger inner

portions by respgtiue Jauier leadres affied fo (e aipper sutase ofidfie frst hip aaddhe wnper
surfaces of the Ieaol?lnger inher po%lons; and the second chip LoRnectel0 te eadefing r inner portions
by respective upper lead wires affixed to the upper surface of the secand chip and the upper surfaces of

the lead findEPMALCHSARTHE 300smmRIquys HAG IGACHHBRAT SR RRGRPIURMrein the outer die pad structure

is spaced above the lead finger inner portions and the inner die pad structure is spaced below the lead
finger inner portions; the first and second chips and the lead finger inner portions each have respective
upper and lower surfaces; the first chip connected to the lead finger inner portions by respective lower
lead wires aflixEdetdeadf tovner dsaidacefafl ahen firsvdrdpeim dhi énoored isupked strofttheel éadfavger anner
portions; and the second chip connected to the lead finger inner portions by respective upper lead
distance below the lead finger inner portions; the outer die pad structure is
coplanar with the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected
to the lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead

wires affixed to the upper surface of the second chip and the upper structures of the

lead finger inner portions.

10. The leadframe design of claim 1, wherein the outer die pad structure is spaced a
first distance below the lead finger inner portions and the inner die pad structure is
spaced a second distance below the lead finger inner portions; the second distance

being greater than the first distance.

11. The leadframe design of claim 1, wherein the outer die pad structure is spaced

from about 300 to 1000 um below the lead finger inner portions and the inner die
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wires affixed to the upper surface of the second chip and the upper surfaces of the lead finger inner
portions. 23. The leadframe design of claim 1, wherein the outer die pad structure is spaced above the
lead finger inner portions and the inner die pad structure is spaced below the lead finger inner portions;
the inner die pad structure, the first and second chips and the lead finger inner portions each have
respective upper and lower surfaces; the first chip connected to the lead finger inner portions by

respective lowey Igadcres atied p e Lpper sudacs ofdfe st AR And PG UpPer sifages of the
lead finger iRAer portions; the ¥E&5Rd CHIp connected to the eéldn}lnger inner por?lons respective
upper lead wires_affixed to the upper surface of the second chip and the upper surfaces of the lead finger
inner portion@?gﬁ%e inner die pad structure connected to the lead finger inner portions by respective
grounding lead wires 35 affixed to the upper surface of the inner die pad structure and the upper surfaces
of the lead finger inner portions. 24. The leadframe design of claim 1, wherein the inner die pad structure
is spaced a distance above the lead finger inner portions and the outer die pad structure is spaced a
distance beldw fhieeldeadfirgyaeideeigponimtain 5, Wieckeadfthmeutesigie gfastastnuctuieeiespaeedhner die
pad structure is spaced

from about 150 to 500 um below the lead finger inner portions and the inner die

pad structure is spaced from about 150 to 300 um below the lead finger inner

portions.

13. The leadframe design of claim 1, wherein the outer die pad structure is spaced a
first distance below the lead finger inner portions and the inner die pad structure is
spaced a second distance below the lead finger inner portions; the second distance
being greater than the first distance; the first and second chips and the lead finger
inner portions each have respective upper surfaces; the first chip connected to the
lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.
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from about 100 to 800 pm above the lead finger inner portions, and the outer die pad structure is spaced
from about 100 to 800 pm below the lead finger inner portions. 26. The leadframe design of claim 1,
wherein the inner die pad structure is spaced from about 100 to 500 pm above the lead finger inner
portions, and the outer die pad structure is spaced from about 100 to 500 pm below the lead finger inner
portions. 27. The le ad frame design of claim 1, wherein the inner die pad structure is spaced a distance

above the leag fRaci-Infier porians: Ins apter e pad Siiualurs I seaced 3 istance pelgw thp Jead
inger inner portions; the first and sécond chips and the lead finger mner portions eac vérespective
upper surfaces; the first chip 36 connected tg the lead finger inner portions by respective upper lead wires

affixed to the HEPEF SR GiareattHBHRS dRAGhL ARIRNS HRECLLetRE"ICHA RIGESTRME Sotfions; and

the second chip connected to the lead finger inner portions by respective lower lead wires affixed to the
lower surfaceoftl@naksvdgndnenipaghidnaer ipner BaUEANEs of the lead finger inner portions. 28. The
leadframe design of claim 1, wherein the first and second chips are the same size.

15. The leadframe design of claim 1, wherein the outer die pad structure is spaced

from about 100 to 800 um above the lead finger inner portions.

16. The leadframe design of claim 1, wherein the outer die pad structure is spaced

from about 200 to 500 um above the lead finger inner portions.

17. The leadframe design of claim 1, wherein the outer die pad structure is spaced a
distance above the lead finger inner portions and the inner die pad structure is
coplanar with the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected
to the lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.
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29. The leadframe design of claim 1, wherein the second chip is smaller than the first chip. 30. The
leadframe design of claim 1, wherein a heat sink structure is affixed to the first chip. 31. The leadframe
design of claim 1, wherein a heat sink structure is affixed to the first chip, and a heat conductive layer is
affixed to the heat sink structure. 32. A leadframe design, comprising: an inner die pad structure lying in a
first plane; 37 an outer die pad structure lying in a second plane spaced apart from the inner die pad
structure first plane and connected.to the inner die pad by inner tie bars; an.oyter package surrounding at
east the mibaid B e RathaT S L YETEr i B B SR R e by
outer tie bars; the oquter package having outer walls: and_ lead fingers extending through the outer
package outBPYAtGHeAd I IR hPRIGIRE SANATBR JoRRS Y S RAM TR G BatSA R R e

proximate the inner and outer die pad structures; the inner portions of the lead fingers lying in a third
plane; the lead finger inner portions.

19. The leadframe design of claim 1, wherein the outer die pad structure is spaced
from about 100 to 800 um above the lead finger inner portions and the inner die pad

structure is spaced from about 100 to 800 um below the lead finger inner portions.

20. The leadframe design of claim 1, wherein the outer die pad structure is spaced
from about 200 to 500 um above the lead finger inner portions and the inner die pad

structure is spaced from about 200 to 500 um below the lead finger inner portions.

21. The leadframe design of claim 1, wherein the outer die pad structure is spaced
above the lead finger inner portions and the inner die pad structure is spaced below
the lead finger inner portions; the first and second chips and the lead finger inner
portions each have respective upper surfaces; the first chip connected to the lead
finger inner portions by respective lower lead wires affixed to the upper surface of
the first chip and the upper surfaces of the lead finger inner portions; and the
second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.



wherein at least one of the inner die pad structure first plane and the outer die pad structure second
plane lie outside of the lead finger inner portions third plane and wherein a first chip is affixed to the inner
die pad structure and a second chip is affixed to the outer die pad structure, and wherein the inner die
pad structure is spaced a distance below the lead finger inner portions and the outer die pad structure is
coplanar with the lead finger inner portions. 33. The leadframe design of claim 32, wherein the first chip is
affixed to the inner die pad structure by resin and the second chip is affixed to the outer die pad structure
by resin. 38 34. The leadframe design of claim 32, wherein the inner die pad structure is rectangular in
shape. 35. The leadframe design of claim 32, wherein the outer die pad structure is ring shaped and

surrounds thefinha? (A FEANG G 98 i B dadREHRIARG AWREIIm PRE JIFHRHTEHS SRESFdie pad

structure comprises distinct outer die pads. 37. The leadframe design of claim 32, wherein the inner die
pad structur@i¥paiaedererfiRERIUNTEO RO TOVTSHNh ISR IERITRM B HFEF p i GBAsCEDEtRW

leadframe design of claim 32, wherein the inner die pad structure is spaced
the lead finger inner portions; the first and second chips and the lead finger inner

portions each have respective upper and lower surfaces; the first chip connected to
the lead finger inner portions by respective lower lead wires affixed to the lower
surface of the first chip and the lower surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.

23. The leadframe design of claim 1, wherein the outer die pad structure is spaced
above the lead finger inner portions and the inner die pad structure is spaced below
the lead finger inner portions; the inner die pad structure, the first and second chips
and the lead finger inner portions each have respective upper and lower surfaces;
the first chip connected to the lead finger inner portions by respective lower lead
wires affixed to the upper surface of the first chip and the upper surfaces of the lead
finger inner portions; the second chip connected to the lead finger inner portions by
respective upper lead wires affixed to the upper surface of the second chip and the
upper surfaces of the lead finger inner portions; and the inner die pad structure

connected to the lead finger inner portions by respective grounding lead wires

35



from about 200 to 500 pm below the lead finger inner portions. 39. The leadframe design of claim 32,
wherein the inner die pad structure is spaced a distance below the lead finger inner portions; the outer
die pad structure is coplanar with the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected to the lead finger inner
portions by respective lower lead wires affixed to the upper surface of the first chip and the upper

surfaces of thg:lead finger er Rertionsi and. 30 e seand ehip sopneciedilo inglead fiadet jer
portions by respective uppePPea WIFSS BHfixed 10 the upper surface ot the secorpoocﬁip and the upper
structures of the lead finger inner portions. 40. A leadframe design, comprising: an inner die pad
structure lyirg§S2Ar8NGEMENGS BAEIONE pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie bars; an outer package
surrounding at least the inner die pad structure and the inner tie bars; the outer die pad structure being
supported by outer tie bars; the outer package having outer walls; and

24. The leadframe design of claim 1, wherein the inner die pad structure is spaced a

distance above the lead finger inner portions and the outer die pad structure is

spaced a distance below the lead finger inner portions.

25. The leadframe design of claim 1, wherein the inner die pad structure is spaced
from about 100 to 800 um above the lead finger inner portions, and the outer die
pad structure is spaced from about 100 to 800 um below the lead finger inner

portions.

26. The leadframe design of claim 1, wherein the inner die pad structure is spaced
from about 100 to 500 um above the lead finger inner portions, and the outer die

pad structure is spaced from about 100 to 500 um below the lead finger inner

portions.

27. The leadframe design of claim 1, wherein the inner die pad structure is spaced a
distance above the lead finger inner portions; the outer die pad structure is spaced a
distance below the lead finger inner portions; the first and second chips and the

lead finger inner portions each have respective upper surfaces; the first chip
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lead fingers extending through the outer package outer walls; the lead fingers including an inner portions
extending into the outer package proximate the inner and outer die pad structures; the inner portions of
the lead fingers lying in a third plane; wherein at least one of the inner die pad structure first plane and
the outer die pad structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is affixed to the outer die

pad structure, and whde{giﬂqteh?eggt]er die Pad structure i% spaced a first dist nce below the le (iiofinger

inner portioncsbgrrllg%ee inner dié padrlﬁ)egtrrlljr&?ﬂl%alrs 'ggasce% aes?eec%lr}/oeéllg AHce Delow tRé 1ead inger inner

portions; the second distance being greater than the first distance. 41. The leadframe design of claim 40,
wherein the St CRREISSYFRSE & 40 iHE ChiR Sad HRGcHRRES, SHEdRTeh AT kResIEashH TR, I8xed to the

outer die pad structure by resin. 42. The leadframe design of claim 40, wherein the inner die pad
structure is reetraieslapitsiapeseranthehéadtriineciedida dhelaligadofingrirdimngie BAEOAR Pid
structure is ring shaped and surrounds the inner die pad structure.

respective lower lead wires affixed to the lower surface of the second chip and the

lower structures of the lead finger inner portions.

28. The leadframe design of claim 1, wherein the first and second chips are the same

size.

29. The leadframe design of claim 1, wherein the second chip is smaller than the

first chip.

30. The leadframe design of claim 1, wherein a heat sink structure is affixed to the

first chip.

31. The leadframe design of claim 1, wherein a heat sink structure is affixed to the

first chip, and a heat conductive layer is affixed to the heat sink structure.

32. A leadframe design, comprising:

an inner die pad structure lying in a first plane;
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44. The leadframe design of claim 40, wherein the outer die pad structure comprises distinct outer die
pads. 45. The leadframe design of claim 40, wherein the outer die pad structure is spaced from about
300 to 1000 pm below the lead finger inner portions and the inner die pad structure is spaced from about
350 to 800 pm below the lead finger inner portions. 41 46. The leadframe design of claim 40, wherein the
outer die pad structure is spaced from about 150 to 500 pm below the lead finger inner portions and the

inner die pad struct%r% {ftesf%‘feed 1(fir m aggt%tr%qo itr? BPnO grgeggrllc%yv tpaenlggd Jicré%er inr}ﬁrf r%?ﬁti ns. 47. The
leadframe design of I 0, ereinrthe outer |e%ad Srcre i8 Sspaced a irSPgistance below the
lead finger inner portions and the inner die pad structure is spaced a second distance below the lead

finger inner poRESieIRAd SUBRTFWIR I PIRIS LR SRMALT ThiO g atahcle kR HMeEdiond chips

and the lead finger inner portions each have respective upper surfaces; the first chip connected to the
lead finger iM#P;portions by respective lower lead wires affixed to the upper surface of the first chip and
the upper surfaces of the lead finger inner portions; and the second chip connected to the lead finger
inner portions by rezpeantites papkageasrrounding at least the inner die pad structure and the

inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the inner die pad structure is
spaced a distance below the lead finger inner portions and the outer die pad

structure is coplanar with the lead finger inner portions.
33. The leadframe design of claim 32, wherein the first chip is affixed to the inner

die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.
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wires affixed to the upper surface of the second chip and the upper surfaces of the lead finger inner
portions. 48. A leadframe design, comprising: an inner die pad structure lying in a first plane; an outer die
pad structure lying in a second plane spaced apart from the inner die pad structure first plane and
connected to the inner die pad by inner tie bars; 42 an outer package surrounding at least the inner die
pad structure and the inner tie bars; the outer die pad structure being supported by outer tie bars; the

outer packagg haying ouler walls and ea ingers extending ihranon the ouer pagkage Quier yals: the
ead fingersincludihg an infher portions extehding into the outer package proximate the " ner and outer
die pad structures; the inner portions of the lead fingers lying in a third plane; wherein at least one of the
inner die padCHRRAHR%iFBHIARE and the outer die pad structure second plane lie outside of the lead
finger inner portions third plane and wherein a first chip is affixed to the inner die pad structure and a

second chip is affixed to the outer die pad structure, and wherein the outer die pad structure is

35. The leadframe design of claim 32, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

36. The leadframe design of claim 32, wherein the outer die pad structure comprises

distinct outer die pads.

37. The leadframe design of claim 32, wherein the inner die pad structure is spaced

from about 100 to 1000 um below the lead finger inner portions.

38. The leadframe design of claim 32, wherein the inner die pad structure is spaced

from about 200 to 500 um below the lead finger inner portions.

39. The leadframe design of claim 32, wherein the inner die pad structure is spaced
a distance below the lead finger inner portions; the outer die pad structure is
coplanar with the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected
to the lead finger inner portions by respective lower lead wires affixed to the upper

surface of the first chip and the upper surfaces of the lead finger inner portions; and
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spaced a distance above the lead finger inner portions and the inner die pad structure is coplanar with

the lead finger inner portions. 49. The leadframe design of claim 48, wherein the first chip is affixed to the
inner die pad structure by resin and the second chip is affixed to the outer die pad structure by resin. 50.
The leadframe design of claim 48, wherein the inner die pad structure is rectangular in shape. 43 51. The
leadframe design of claim 48, wherein the outer die pad structure is ring shaped and surrounds the inner

die pad stru%ure. 52. gEg.leadframdie%etsoqueof clgipn48 wherein the outer die g?aagl structure lc%rgprises

distinct outer d;?es%%o L 53IRKRNEEGF M des%an of & %Hr}{ée,rvﬂnoer%?mh St |('3V8é1(5)gt%c ureis

spaced from about 100 to 800 )Im above the lead finger inner portions. 54. The leadframe desjgn of claim
48, wherein ESAEEE SA4NGHRREESEIERC Al HBFFSPRHCHH 353 AR P BBLYE WSEHESPlikg®r inner

portions. 55. The leadframe design of claim 48, wherein the outer die pad structure is spaced a distance
above the leledHitRGanHINGAPAGEHSRNd the inner die pad structure is coplanar with the lead finger inner
portions; the first and second chips and the lead

40. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie
bars;

an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is

spaced a first distance below the lead finger inner portions and the inner die pad

40



finger inner portions each have respective upper surfaces; the first chip connected to the lead finger inner
portions by respective lower lead wires affixed to the upper surface of the first chip and the upper
surfaces of the lead finger inner portions; and the second chip connected to the lead finger inner portions
by respective upper lead wires affixed to the upper surface of the second chip and the upper surfaces of
the lead finger inner portions. 44 56. A leadframe design, comprising: an inner die pad structure lying in a

first plane; antoutter die pad structure | inginasecong Ianetsga\ce aH:)art from the inner di_etP]ad

. _Structure is s ace%‘ a §e(%§n distance &%JW he léad nnger inner 0||'(t|ons e .
structure flrs?pane and connected 10 the inner die” pad by Inner tié" bars;"an outer p%c age surrounding at
least the inner die pad structure and the inner tie bars; the outer die pad structure being supported by

outer tie barSSHREIIAPSR YR SRRAl biRaPWaRdIrshdRIdA%ngers extending through the outer

package outer walls; the lead fingers including an inner portions extending into the outer package
proximate the inner and outer die pad structures; the inner portions of the lead fingers lying in a third
plane;

41. The leadframe design of claim 40, wherein the first chip is affixed to the inner

die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.

42. The leadframe design of claim 40, wherein the inner die pad structure is

rectangular in shape.

43. The leadframe design of claim 40, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

44. The leadframe design of claim 40, wherein the outer die pad structure comprises

distinct outer die pads.

45. The leadframe design of claim 40, wherein the outer die pad structure is spaced
from about 300 to 1000 um below the lead finger inner portions and the inner die
pad structure is spaced from about 350 to 800 um below the lead finger inner

portions.
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wherein at least one of the inner die pad structure first plane and the outer die pad structure second
plane lie outside of the lead finger inner portions third plane and wherein a first chip is affixed to the inner
die pad structure and a second chip is affixed to the outer die pad structure, and wherein the first and
second chips are the same size. 57. The leadframe design of claim 56, wherein the first chip is affixed to
the inner die pad structure by resin and the second chip is affixed to the outer die pad structure by resin.

45 58. The | délr me design of claim 56, wherein th innercﬁge ag structure,is, rectangular in shape. 59.
The leadirari de g ST LT, Secanark et 20, Shulel] 18 Baler e et S S SRS e
inner die pad structure. 60. The leadframe desiﬁn of claim 56, wherein the outer die pad structure

comprises di$ARREAREF 4RO ARG 1 Re iRats et BigAESF 1aRh BRI U SRAHEG IREIEKiESad

structure is spaced above the lead finger inner portions and the inner die pad structure is spaced below
the lead fingBR¢thrséiUsbrTeniS. spagesk feanfrahfutidsigntof 208ird M6 balrerethenleashtEingry padetructure is
spaced

portions.

47. The leadframe design of claim 40, wherein the outer die pad structure is spaced
a first distance below the lead finger inner portions and the inner die pad structure
is spaced a second distance below the lead finger inner portions; the second
distance being greater than the first distance; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected
to the lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.

48. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie

bars;
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from about 100 to 800 pm above the lead finger inner portions and the inner die pad structure is spaced
from about 100 to 800 pm below the lead finger inner portions. 63. The leadframe design of claim 56,
wherein the outer die pad structure is spaced from about 200 to 500)1m above the lead finger inner
portions and the inner die pad structure is spaced from about 200 to 500)1m below the lead finger inner
portions. 46 64. The leadframe design of claim 56, wherein the outer die pad structure is spaced above

the lead finger inner,ortipns an i innendie pad sirjclure s spacedfelon, Ui lead fndey fpper
portions; the first and second chips’and the Tead thger inner portions each have respective upper

surfaces; the first chip connected to the lead finger inner portions by respective lower lead wires affixed
to the upper "SNFAdEPaTe ISt TR arllE (RED SHUCLUFRLENG: $HERAULEGHhBY: REY P5fERS: Hifd the

second chip connected to the lead finger inner portions by respective upper lead wires affixed to the
upper surfaceUdefriackagnhaipepdteravalserldfaces of the lead finger inner portions. 65. A
leadframe design, comprising: an inner die pad structure lying in a first plane; an outer die pad structure
lying in a second plead sagetsapsieidimothdriough dieepaditsrupackaist plder aradlsothecteabto the
inner die pad by inner tie
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is

spaced a distance above the lead finger inner portions and the inner die pad

structure is coplanar with the lead finger inner portions.

49. The leadframe design of claim 48, wherein the first chip is affixed to the inner
die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.

50. The leadframe design of claim 48, wherein the inner die pad structure is

rectangular in shape.



bars; an outer package surrounding at least the inner die pad structure and the inner tie bars; the outer
die pad structure being supported by outer tie bars; the outer package having outer walls; and lead
fingers extending through the outer package outer walls; the lead fingers including an inner portions
extending into the outer package proximate the 47 inner and outer die pad structures; the inner portions
of the lead fingers lying in a third plane; wherein at least one of the inner die pad structure first plane and

the outer die_pad., structure second.plane lie outside of the. lead finger inper portions third plane and
whorein a 2L RS e T S e S R e e
pad structure, and wherein the outer die pad structure is spaced above the lead finger inner portions and

the inner diesbéﬁ%‘?rfi}eguséjf§°§'|9§t§et(§‘%érl‘6\ﬁrtﬁéﬁ9§5‘ iy Rer portions: the first and second chips and

the lead finger inner portions each have respective upper and lower surfaces; the first chip connected to
the lead finger inner portions by respective lower lead wires affixed to the lower surface of the first chip
and the lower surfaces of the lead finger inner portions; and the second chip connected to the lead finger
inner portions2by he leadframe design of claim 48, wherein the outer die pad structure comprises

distinct outer die pads.

53. The leadframe design of claim 48, wherein the outer die pad structure is spaced

from about 100 to 800 um above the lead finger inner portions.

54. The leadframe design of claim 48, wherein the outer die pad structure is spaced

from about 200 to 500 um above the lead finger inner portions.

55. The leadframe design of claim 48, wherein the outer die pad structure is spaced
a distance above the lead finger inner portions and the inner die pad structure is
coplanar with the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper surfaces; the first chip connected
to the lead finger inner portions by respective lower lead wires affixed to the upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and
the second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.



respective upper lead wires affixed to the upper surface of the second chip and the upper surfaces of the
lead finger inner portions. 66. The leadframe design of claim 65, wherein the first chip is affixed to the
inner die pad structure by resin and the second chip is affixed to the outer die pad structure by resin. 67.
The leadframe design of claim 65, wherein the inner die pad structure is rectangular in shape. 48 68. The
leadframe design of claim 65, wherein the outer die pad structure is ring shaped and surrounds the inner
die pad structure. 69. The leadframe design of claim 65, wherein the outer die pad structure comprises

distinct oute;?g_i%%gaﬂa%huéﬁg%a@&g§ﬁi§Hggomprising: an inner die pad structure lying in a first

plane; an outer die pad' s e yihg'in a second plane spaced apart from the inner die pad structure
first plane and connected to the inner diecﬁp d Bﬁ inner tiﬁ bar?' an outer package surrounding at least the

inner die pad structtPed A HE m%tﬁg H?g BBt rétp%é'}?fucture being supported by outer tie

bars; the an outer die pad structure lying in a second plane spaced apart from the

inner die pad structure first plane and connected to the inner die pad by inner tie
bars;

an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the first and second chips are the

same size.

57. The leadframe design of claim 56, wherein the first chip is affixed to the inner
die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.



outer package having outer walls; and lead fingers extending through the outer package outer walls; the
lead fingers including an inner portions extending into the outer package proximate the inner and outer
die pad structures; the inner portions of the lead fingers lying in a third plane; wherein at least one of the
inner die pad structure first plane and the outer die pad structure second plane lie outside of the lead
finger inner portions third plane and wherein a first chip is affixed to the inner die pad structure and a
second chip is 49 affixed to the outer die pad structure, and wherein the inner die pad structure is spaced
a distance above the lead finger inner portions and the outer die pad structure is spaced a distance
below the lead finger inner portions. 71. The leadframe design of claim 70, wherein the first chip is affixed

to the inner e P8 JEALHA6y FesIE R tFRUBCaRd VIR TRIAMREd I ile UGt e PHACWUEicliire by

resin. 72. The leadframe design of claim 70, wherein the inner die pad structure is rectangular in shape.
73. The leadffsBGIESIHINEEBRM 70, wherein the outer die pad structure is ring shaped and surrounds
the inner die pad structure.

59. The leadframe design of claim 56, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

60. The leadframe design of claim 56, wherein the outer die pad structure comprises

distinct outer die pads.

61. The leadframe design of claim 56, wherein the outer die pad structure is spaced
above the lead finger inner portions and the inner die pad structure is spaced below

the lead finger inner portions.

62. The leadframe design of claim 56, wherein the outer die pad structure is spaced
from about 100 to 800 um above the lead finger inner portions and the inner die pad

structure is spaced from about 100 to 800 um below the lead finger inner portions.

63. The leadframe design of claim 56, wherein the outer die pad structure is spaced
from about 200 to 500 um above the lead finger inner portions and the inner die pad

structure is spaced from about 200 to 500 um below the lead finger inner portions.
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74. The leadframe design of claim 70, wherein the outer die pad structure comprises distinct outer die
pads. 75. The leadframe design of claim 70, wherein the inner die pad structure is spaced from about
100 to 800 pin above the lead finger inner portions, and the outer die pad structure is spaced from about
100 to 800 pin below the lead finger inner portions. 50 76. The leadframe design of claim 70, wherein the
inner die pad structure is spaced from about 100 to 500 pm above the lead finger inner portions, and the
outer die pad structure is spaced from about 100 to 500 pm below the lead finger inner portions. 77. The
leadframe design of claim 70, wherein the first and second chips and the lead finger inner portions each
have respective_upper surfaces; the first chip connected to the lead finger inner portions by respective

upper lead Wifed Hﬁil@@f@%qm? AR RRER DS R TRE S RA L SHECEL B RPRESS finger

inner portions; and the second chip connected to the lead finger inner portions by respective lower lead
wires affixecPRPiRetiosvierd irarr onfee BEEBABSHIS M8 IaeTdhie PSFLRIIWEs 6T thenaserfpRlenner

portions. 78. The leadframe design of claim 70, wherein the first and second chips are the
the lead finger inner portions; the first and second chips and the lead finger inner

portions each have respective upper surfaces; the first chip connected to the lead
finger inner portions by respective lower lead wires affixed to the upper surface of
the first chip and the upper surfaces of the lead finger inner portions; and the
second chip connected to the lead finger inner portions by respective upper lead
wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger inner portions.

65. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie
bars;

an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead

fingers including an inner portions extending into the outer package proximate the

47



same size. 79. A leadframe design, comprising: an inner die pad structure lying in a first plane; an outer
die pad structure lying in a second plane spaced apart from the inner die pad structure first plane and
connected to the inner die pad by inner tie bars; 51 an outer package surrounding at least the inner die
pad structure and the inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and lead fingers extending through the outer package outer walls; the

lead fingers.including an inn ré)og(i:?nt?e&endinﬁ]into the outﬁr a e %%irpate th(?a/inner and outer
I t

, c
die pad struépur}%rs?ﬁle hher p(')rt NS of the 1639 neg'erggef{/iﬁgrinoa I p‘?ane; whitein at 16adt She of the

inner die pad structure first plane and the outer die pad structure second plane lie outside of the lead
finger inner ﬁﬁﬁ%matﬂ?ﬁd plane and wherein a first chip is affixed to the inner die pad structure and a
second chip is affixed to the outer die pad structure, and wherein the outer die pad structure is spaced
above the lewdfiFRjerahirash iR AS Hidinnre A Rl shistHétdistlane and the outer die pad

structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced above the lead finger inner portions and the inner die pad structure is
spaced below the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper and lower surfaces; the first chip
connected to the lead finger inner portions by respective lower lead wires affixed to
the lower surface of the first chip and the lower surfaces of the lead finger inner
portions; and the second chip connected to the lead finger inner portions by
respective upper lead wires affixed to the upper surface of the second chip and the

upper surfaces of the lead finger inner portions.

66. The leadframe design of claim 65, wherein the first chip is affixed to the inner
die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.

67. The leadframe design of claim 65, wherein the inner die pad structure is

rectangular in shape.



spaced below the lead finger inner portions; the inner die pad structure, the first and second chips and
the lead finger inner portions each have respective upper and lower surfaces; the first chip connected to
the lead finger inner portions by respective lower lead wires affixed to the upper surface of the first chip
and the upper surfaces of the lead finger inner portions; the second chip connected to the lead finger
inner portions by respective upper lead wires affixed to the upper surface of the second chip and the
upper surfaces of the lead finger inner portions; and the inner die pad structure connected to the lead
finger inner portions by 52 respective grounding lead wires affixed to the upper surface of the inner die
pad structure and theﬁ%g’%)er surfaces of the lead finger inner portions. 80, The leadframe design of claim

79, wherein 8% fiftg leR0 T a9 hefitRiMfe pAD iRk e QY TRSIaRRthSELEEHE thifaffixed to

the outer die pad structure by resin. 81. The leadframe design of claim 79, wherein the inner die pad
structure is retiRegAadiswHapadstheiBnea e RRISEEIgEUBEClaim 79, wherein the outer die pad
structure is ring shaped and surrounds the inner die pad structure. 83. The leadframe design of claim 79,
wherein the outer die pad structure comprises

69. The leadframe design of claim 65, wherein the outer die pad structure comprises

distinct outer die pads.

70. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie
bars;

an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the
outer package having outer walls; and

lead fingers extending through the outer package outer walls; the lead
fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and

wherein a first chip is affixed to the inner die pad structure and a second chip is
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distinct outer die pads. 84. The leadframe design of claim 79, wherein the second chip is smaller than the
first chip. 85. The leadframe design of claim 1, wherein the inner die pad structure is positioned within an
area encircled by bond pads. 53 86. The leadframe design of claim 32, wherein the inner die pad
structure is positioned within an area encircled by bond pads. 87. The leadframe design of claim 40,
wherein the inner die pad structure is positioned within an area encircled by bond pads. 88. The

leadframe degjgn qf .claim 48, wherein the inner die pad structure is positioned within an area encircled by
bond pads. 91 HE I9aaRhedlcy b8P caf k& ALY ARLelT heinnct e et eUetiR fed witnin

an area encircled by bond pads. 90. The leadframe design of claim 65, wherein the inner die pad
structure is pHAERHY MUERNSH aPOY @ Abifcleahy KSR AaRET JOHHIRNR A a e dudigh BtiBRA 70,

wherein the inner die pad structure is positioned within an area encircled by bond pads. 92. The
leadframe déYigAtBTeIIAPFCE R EHSIANRE hehRwdiedaadsiinegirénger portions.

71. The leadframe design of claim 70, wherein the first chip is affixed to the inner
die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.

72. The leadframe design of claim 70, wherein the inner die pad structure is

rectangular in shape.

73. The leadframe design of claim 70, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

74. The leadframe design of claim 70, wherein the outer die pad structure comprises

distinct outer die pads.

75. The leadframe design of claim 70, wherein the inner die pad structure is spaced
from about 100 to 800 um above the lead finger inner portions, and the outer die
pad structure is spaced from about 100 to 800 pum below the lead finger inner

portions.
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positioned within an area encircled by bond pads. 54 93. A method of forming a leadframe design,
comprising: providing an inner die pad structure lying in a first plane; providing an outer die pad structure
lying in a second plane spaced apart from the inner die pad structure first plane and connected to the
inner die pad by inner tie bars; providing an outer package surrounding at least the inner die pad
structure and the inner tie bars; the outer die pad structure being supported by outer tie bars; the outer
package having outer walls; and providing lead fingers extending through the outer package outer walls;
the lead fingers including an inner portions extending into the outer package proximate the inner and
outer die pad structures: the inner portlons of the lead fingers lying in a third plane; wherein at least one
of the inner dfe PR SARTADS deHuheTrla'the/ 8uY}éP%f%'6éBeéﬂUEﬁH'ées%%ﬁH HRIHESS S0RSER of the
lead finger inner portions third plane and wherein a first chip is affixed to the inner die pad structure and a
second chip fieoraraaiiol itk teUpeP diepakosteudiarieagufingeie inbgoPRItiRING anehtifmdeledign,
comprising:

pad structure is spaced from about 100 to 500 um below the lead finger inner

portions.

77. The leadframe design of claim 70, wherein the first and second chips and the
lead finger inner portions each have respective upper surfaces; the first chip
connected to the lead finger inner portions by respective upper lead wires affixed to
the upper surface of the first chip and the upper surfaces of the lead finger inner
portions; and the second chip connected to the lead finger inner portions by
respective lower lead wires affixed to the lower surface of the second chip and the

lower structures of the lead finger inner portions.

78. The leadframe design of claim 70, wherein the first and second chips are the

same size.

79. A leadframe design, comprising:

an inner die pad structure lying in a first plane;

an outer die pad structure lying in a second plane spaced apart from the
inner die pad structure first plane and connected to the inner die pad by inner tie

bars;
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providing an inner die pad structure lying in a first plane; 55 providing an outer die pad structure lying in a
second plane spaced apart from the inner die pad structure first plane and connected to the inner die pad
by inner tie bars; providing an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the outer package having
outer walls; and providing lead fingers extending through the outer package outer walls; the lead fingers

including an inner portionts exte ding into the %Lllter gtafkasi%;‘:)roximate the innet{ and outeréii gad
e [ hir

structures; the inne?rbgr%oeﬁspo & garﬁﬁggrsp ng i & third brl]gr?é;%%e?g% %rije%{lsjtr%r?é]of hé inner die

pad structure first plane and the outer die pad structure second plane lie outside of the lead finger inner
portions third/BISh&ISRAWHEIRIAUS-HIENRAE SIUEHS BRINARMRROTSH SYLRHIRL AR doRd chip is

affixed to the outer die pad structure, and wherein the inner die pad structure is spaced a distance below
the lead fing@HtAhBRpREEIRMHIDIAE GLMeRHR dad structure is coplanar with the lead finger inner
portions. 95. A method of forming a leadframe design, comprising:

lead fingers extending through the outer package outer walls; the lead

fingers including an inner portions extending into the outer package proximate the
inner and outer die pad structures; the inner portions of the lead fingers lying in a
third plane;

wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced above the lead finger inner portions and the inner die pad structure is
spaced below the lead finger inner portions; the inner die pad structure, the first
and second chips and the lead finger inner portions each have respective upper and
lower surfaces; the first chip connected to the lead finger inner portions by
respective lower lead wires affixed to the upper surface of the first chip and the
upper surfaces of the lead finger inner portions; the second chip connected to the
lead finger inner portions by respective upper lead wires affixed to the upper
surface of the second chip and the upper surfaces of the lead finger inner portions;

and the inner die pad structure connected to the lead finger inner portions by
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providing an inner die pad structure lying in a first plane; providing an outer die pad structure lying in a
second plane spaced apart from the inner die pad structure first plane and connected to the inner die pad
by inner tie bars; 56 providing an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the outer package having
outer walls; and providing lead fingers extending through the outer package outer walls; the lead fingers

including an janerRORoNs SIBALRG RGN oL AREkaRe PIoIPalS e inngrand auigrdie pad
structures; tHERRer porqlons Ste eadvl\'fngers ying in- a irdDBIane; Whereln allenst one ofthe inner die
pad structure first plane and the outer die pad structure second plane lie outside of the lead finger inner

portions third BHEE &N AAS LRREFirdtrEAts S OLHEad IHOFMEINGERIEQRicture and a second chip is

affixed to the outer die pad structure, and wherein the outer die pad structure is spaced a first distance
below the lead finger inner portions and the inner die pad structure is spaced a second distance below
the lead finger inner portions; the second distance being greater than the first distance.

80. The leadframe design of claim 79, wherein the first chip is affixed to the inner

die pad structure by resin and the second chip is affixed to the outer die pad

structure by resin.

81. The leadframe design of claim 79, wherein the inner die pad structure is

rectangular in shape.

82. The leadframe design of claim 79, wherein the outer die pad structure is ring

shaped and surrounds the inner die pad structure.

83. The leadframe design of claim 79, wherein the outer die pad structure comprises

distinct outer die pads.

84. The leadframe design of claim 79, wherein the second chip is smaller than the

first chip.

85. The leadframe design of claim 1, wherein the inner die pad structure is

positioned within an area encircled by bond pads.
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96. A method of forming a leadframe design, comprising: providing an inner die pad structure lying in a
first plane; providing an outer die pad structure lying in a second plane spaced apart from the inner die
pad structure first plane and connected to the inner die pad by inner tie bars; 57 providing an outer
package surrounding at least the inner die pad structure and the inner tie bars; the outer die pad
structure being supported by outer tie bars; the outer package having outer walls; and providing lead
fingers extending through the outer package outer walls; the lead fingers including an inner portions
extending into the outer package proximate the inner and outer die pad structures; the inner portions of
the lead fingers lying in a third plane; wherein at least one of the inner die pad structure first plane and

the outer die’Bad T&rERHE YBELHE PN LlicChIfS ddor HEMEHY ARGl AR B ridics HINFBERe'Sind

wherein a first chip is affixed to the inner die pad structure and a second chip is affixed to the outer die
pad structur®oatidonpereitthie suaseairnsliglealniiens Bpdsed a distance above the lead finger inner
portions and the inner die pad structure is coplanar with the lead finger inner portions.

87. The leadframe design of claim 40, wherein the inner die pad structure is

positioned within an area encircled by bond pads.

88. The leadframe design of claim 48, wherein the inner die pad structure is

positioned within an area encircled by bond pads.

89. The leadframe design of claim 56, wherein the inner die pad structure is

positioned within an area encircled by bond pads.

90. The leadframe design of claim 65, wherein the inner die pad structure is

positioned within an area encircled by bond pads.

91. The leadframe design of claim 70, wherein the inner die pad structure is

positioned within an area encircled by bond pads.

92. The leadframe design of claim 79, wherein the inner die pad structure is

positioned within an area encircled by bond pads.



97. A method of forming a leadframe design, comprising: providing an inner die pad structure lying in a
first plane; providing an outer die pad structure lying in a second plane spaced apart from the inner die
pad structure first plane and connected to the inner die pad by inner tie bars; providing an outer package
surrounding at least the inner die pad structure and the inner tie bars; the outer die pad structure being
supported by outer tie bars; the outer package having outer walls; and 58 providing lead fingers
extending through the outer package outer walls; the lead fingers including an inner portions extending

into the outeéfaﬁlﬁggﬁﬁ))éimgﬁ%i ﬁ %‘ﬁ%fﬂgn%ué%ﬁﬁ %%%t%% res; the inner portions of the lead

fingers lyingin a't ane; where east one inner die pad structure first plane and the outer
die pad structure second Iolane lie outﬂde ofﬁhe lead fin(g/er inneraig_ortior?s third plane and wherein a first

chip is affixed to th@m?(éq Gid ?J%('P&?ﬂ (@A HUGHER éﬂf-b'[%a #iXeR'®'the outer die pad structure,

and wherein the first and second chips are the same size. 98. A method of forming a leadframe design,
comprising: providing an outer die pad structure lying in a second plane spaced apart

from the inner die pad structure first plane and connected to the inner die pad by
inner tie bars;

providing an outer package surrounding at least the inner die pad structure
and the inner tie bars; the outer die pad structure being supported by outer tie bars;
the outer package having outer walls; and

providing lead fingers extending through the outer package outer walls; the
lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is

affixed to the outer die pad structure.

94. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;
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providing an inner die pad structure lying in a first plane; providing an outer die pad structure lying in a
second plane spaced apart from the inner die pad structure first plane and connected to the inner die pad
by inner tie bars; providing an outer package surrounding at least the inner die pad structure and the
inner tie bars; the outer die pad structure being supported by outer tie bars; the outer package having
outer walls; and providing lead fingers extending through the outer package outer walls; the lead fingers

including an inner portl\c/)n extendin 'naté)thea%fﬂ?rr&?‘:ka%e' roximate the inner and outer die pad

structures; the innePE)oorllo'ﬁlgo%Qh%uleeé I!i%é)ers Fylng ' a mrcgp'ar?efc’ nw%é)reairr]lea%ﬁ)eaactg o2t the inner

die pad structure first plane and the outer die pad structure second plane lie outside of the lead finger
inner portion YA ANAAABE A SRRY STH UL i stio L& A th SRRNRRECHR PalBRGEdre BAE B¥%econd

chip is affixed to the outer die pad structure, and wherein the outer die pad structure is spaced above the
lead finger ilABEPBRIBAS and the inner die pad structure is spaced below the lead finger inner portions;
the first and second chips and the lead finger inner portions each have respective upper and lower
surfaces; the first cphipviding an outer package surrounding at least the inner die pad structure

and the inner tie bars; the outer die pad structure being supported by outer tie bars;
the outer package having outer walls; and

providing lead fingers extending through the outer package outer walls; the
lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the inner die pad structure is
spaced a distance below the lead finger inner portions and the outer die pad

structure is coplanar with the lead finger inner portions.

95. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by

inner tie bars;
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connected to the lead finger inner portions by respective lower lead wires affixed to the lower surface of
the first chip and the lower surfaces of the lead finger inner portions; and the second chip connected to
the lead finger inner portions by respective upper lead wires affixed to the upper surface of the second
chip and the upper surfaces of the lead finger inner portions. 99. A method of forming a leadframe
design, comprising: providing an inner die pad structure lying in a first plane; providing an outer die pad

structure lying in a second plane spaced apart from the ipner_di fructure first plane and connected
o the inner che pacd Ly 1B 0 S ohauRalg anrbor DG R R TRE e e

structure and the inner tie bars; the outer die pad structure being supported by outer tie bars; the outer
package haARg SutdPRELeRT A QLR 18 AR SHR1StEERfIMG TH RRFHHQ‘%(Q)S%%&&Q@%MH

walls; the lead fingers including an inner portions extending into the outer package proximate the inner
and outer diéhs=RLeRAGKRgHBRHABrqIBRTONSIET ®Rdead fingers lying in a third plane; wherein at least
one of the inner die pad structure first plane and the outer die pad

providing lead fingers extending through the outer package outer walls; the

lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;

wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced a first distance below the lead finger inner portions and the inner die pad
structure is spaced a second distance below the lead finger inner portions; the

second distance being greater than the first distance.

96. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by

inner tie bars;
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structure second plane lie outside of the lead finger inner portions third plane and wherein a first chip is
affixed to the inner die pad structure and a second chip is affixed to the outer die pad structure, and
wherein the inner die pad structure is spaced a distance above the lead finger inner portions and the
outer die pad structure is spaced a distance below the lead finger inner portions. 100. A method of
forming a leadframe design, comprising: providing an inner die pad structure lying in a first plane;

providing an outer die Qé%gi. structure L:yrln in a second pl%lqg sggfed ﬁlart. from the |g8e§tpllj%@arlg structure

. r ng,an.out E%cka surrounai east.the inner die )
first plane and coniac 0KE iRheF dhs paogBy Inet e b%rs; providing an-outer package surrounding

at least the inner die_pad structure and the inner tie bars; the outer die pad structure being supported by
outer tie bar@ S HEEHAEERE HAGRY TSI SRAL, SEHF BB R EHE RAGEF: U RINEh R A®Tgh the
outer package outer walls; the lead fingers including an inner portions extending into the outer package
proximate 61R@IHAEPasKPEatBAIBDAH ST MR 8®e inner portions of the lead fingers lying in a third
plane; wherein at least one of the inner die pad structure first plane and the outer die pad

providing lead fingers extending through the outer package outer walls; the

lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;

wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced a distance above the lead finger inner portions and the inner die pad

structure is coplanar with the lead finger inner portions.

97. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by
inner tie bars;

providing an outer package surrounding at least the inner die pad structure
and the inner tie bars; the outer die pad structure being supported by outer tie bars;

the outer package having outer walls; and
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structure second plane lie outside of the lead finger inner portions third plane and wherein a first chip is
affixed to the inner die pad structure and a second chip is affixed to the outer die pad structure, and
wherein the outer die pad structure is spaced above the lead finger inner portions and the inner die pad
structure is spaced below the lead finger inner portions; the inner die pad structure, the first and second
chips and the lead finger inner portions each have respective upper and lower surfaces; the first chip

connected to the Ieagoﬁ/rll Fnrl ner ortlons l?f qSHeCttrYr%lljo r Ie%gj,é/énrres E}If'xgd t%pt\a/v%ﬂge{ surface of
the first chip and thB upper%ur aces NOFRE1e80HNger tinet por ions; th he secgndmhlp dEhnectEd to the

lead finger inner portions_by respective upper lead wires affixed, to the upper surface of the second chip
and the upp&?adh HAGEESINHEMAE ARYRPSE R BORR RS BANHETRHEL A AP WHAE R BSHRER d to the

lead finger inner portions by respective grounding lead wires affixed to the upper surface of the inner die
pad structur@eangleanshey il edefsHel teacesirderi Mty pRtiens.cd 2he lead fingers lying in

a third plane;

wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the first and second chips are the

same size.

98. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by
inner tie bars;

providing an outer package surrounding at least the inner die pad structure
and the inner tie bars; the outer die pad structure being supported by outer tie bars;
the outer package having outer walls; and

providing lead fingers extending through the outer package outer walls; the
lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in

a third plane;
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wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced above the lead finger inner portions and the inner die pad structure is
spaced below the lead finger inner portions; the first and second chips and the lead
finger inner portions each have respective upper and lower surfaces; the first chip
connected to the lead finger inner portions by respective lower lead wires affixed to
the lower surface of the first chip and the lower surfaces of the lead finger inner
portions; and the second chip connected to the lead finger inner portions by
respective upper lead wires affixed to the upper surface of the second chip and the

upper surfaces of the lead finger inner portions.

99. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by
inner tie bars;

providing an outer package surrounding at least the inner die pad structure
and the inner tie bars; the outer die pad structure being supported by outer tie bars;

the outer package having outer walls; and
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providing lead fingers extending through the outer package outer walls; the
lead fingers including an inner portions extending into the outer package proximate
the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;
wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the inner die pad structure is
spaced a distance above the lead finger inner portions and the outer die pad

structure is spaced a distance below the lead finger inner portions.

100. A method of forming a leadframe design, comprising:

providing an inner die pad structure lying in a first plane;

providing an outer die pad structure lying in a second plane spaced apart
from the inner die pad structure first plane and connected to the inner die pad by
inner tie bars;

providing an outer package surrounding at least the inner die pad structure
and the inner tie bars; the outer die pad structure being supported by outer tie bars;
the outer package having outer walls; and

providing lead fingers extending through the outer package outer walls; the

lead fingers including an inner portions extending into the outer package proximate
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the inner and outer die pad structures; the inner portions of the lead fingers lying in
a third plane;

wherein at least one of the inner die pad structure first plane and the outer die pad
structure second plane lie outside of the lead finger inner portions third plane and
wherein a first chip is affixed to the inner die pad structure and a second chip is
affixed to the outer die pad structure, and wherein the outer die pad structure is
spaced above the lead finger inner portions and the inner die pad structure is
spaced below the lead finger inner portions; the inner die pad structure, the first
and second chips and the lead finger inner portions each have respective upper and
lower surfaces; the first chip connected to the lead finger inner portions by
respective lower lead wires affixed to the upper surface of the first chip and the
upper surfaces of the lead finger inner portions; the second chip connected to the
lead finger inner portions by respective upper lead wires affixed to the upper
surface of the second chip and the upper surfaces of the lead finger inner portions;
and the inner die pad structure connected to the lead finger inner portions by
respective grounding lead wires affixed to the upper surface of the inner die pad

structure and the upper surfaces of the lead finger inner portions.
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