2 August 2006 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 2 August 2006 BACKGROUND OF THE INVENTION Current practice in@}y@{g@gggdy@l
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 filOK P FRICOIFCEEGRBIFPSTNCRING IR IAVA TRIRS A RIPRBICAPPEN®YR-Set value is
needed which may not be manufacturable in high volume.

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.



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 | 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 MSAJgval 806
components only have a one week shelf life before moisture contamination would render the components
unreliable/unusable. Moisture can lamigati [ s the chip/die pad interface. U.S.
Patent No. 6,261,865 Bl to Akram ggﬁggé@rﬁ] Li@?:‘igr%gglimmuu%ﬁiackage using a lead-on-chip
lead frame and method of construction. 2 2 August 2006 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 asgeemblyrgaeerabsivcudesiadiiskehinog seaapdwhiRanda lgad frgme. U.S.

Patent No. 6,297,547 B | to Akram describes a multiple die package in which a first and second die are

mounted on @/{gastiiamadUike. PRt asm8 k. 8RE I Algdatalngm aiaheercribesiA Sthskedkintegrated
chip package and method of making same. U.S. Patent No. Re. 36,613 to Ball describes a multiple

stacked die denigg jfhshlenntains: uphie fasingdiesrand peanis slosedoldraneeasisskininby @ityidoop-profile
wire-

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 shelf
life before moisture contamination would render the components unreliable/unusable.

Moisture can cause delamination or voids, usually at the chip/die pad interface.

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.



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 connection technology and wire bonds and/or tape
automated bonding (TAB). U.S. Patent No. 6,087,718 to Cho describes a stacked-type gamiooaductor
chip package of a lead-on chip structure which is modified for stacking chips in the package. 3 2 August
2006 U.S. Patent No. 6,307,257 B | 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 Bl to Masuda describes a

semiconductor device angha Mg Qf magsacisinng he.same. JRR ALY 66 APMRFPRAMNE that

semiconductor chips stacked on each other with their backs opposite to each other and sealed with a
mold resin. 42 AHgUSLRRRG, GUMYIARY 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

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 B1 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-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 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.



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 inventiQramays0B006
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 lyifgdn g, 86¢q0f PkHS SPRCEE, ARAS AR AFELI|QIRAL RISt plane.

An outer package surrounds at least the inner die pad structtre and the inner tie bars. The outer die pad
structure beigg.gHRReERY NG RUIERTeRapad TERUIERACkagSHaYingouter 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 5 2 August
2006 lead fingers lie in a third plane, wherein at least one of the inner die pad structure first plane and
the outer die pad structurasscoagpiane ke30nsHeBrf teNraddingaciiterpastitasthicebpirneand
wherein a first chip is affixed to the inner die pad structure and a second chip is affixed to the outer die
pad structurand 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.



6 2 August 2006 BRIEF DESCRIPTION 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 schematicallillustrat®she 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§sd:i P ﬁg wﬁstacked dies/chips; Fig. 3 being a
plan view of a Fig. 1 dual in-line pac 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 withgi gy Stackeg) d&gﬁ!@hkpﬁ&{w &il%n PSR EIRRMNSY i friherrdual

in-line package without the stacked dies/chips. Fig. 8 schematically illustrates a cross-sectional view of

the single upraehhBAt §inéRiket eankediIBntighitiedrresariinyRNICIfaitle 9 RENEMBkGRIbe Y usiates a

cross-sectional view of the same size die/chip up & down-set fourth embodiment of the present invention.
7 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 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



2 August 2006 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 aaediroest 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 viey of the seventh embadiment without a ring and without, illustrating
sincked ciedis S TE ARG BRI e ) B S

dies/chips). §& ﬁié%iﬁ%?@@%ﬁ@%‘?@&%ﬁ? 1OV RIad b5 REE FREFRMRRIBIM Y

Characteristics Common to the First through Sixth Embodiments (Figs. 1 to11) The Inventors have
discovered thg fellgwingsemicoRdveinp RASKAGTRS RackAY A%SIacked dife/GhiPs seRsiTgai%s the
package has two die pads with differing elevations that consist of a window shape with an outer ring and
a center die pag URPOIA N dlieaarsridtiRg 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 (hegative 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 fiftia gsaboziioent
illustrated in Fig. 10); and e) up set (negative down set) of the inner die pad and down set of the outer
ring die pad (the sixth embodinﬁzﬁi' %u j @%FT li%%eﬂggﬁf#@‘gs and advantages of the
present invention include: the d ; ackages are made more
robust, i.e. there is less 9 2 August 2006 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 doublerglowpiggtieadirameneplodineniaare et seithdJar dif stackingiPigase see

the individual descriptions of the individual embodiments for additional benefits and advantages.
AlternativelypiprtheisayeniimRedinem and R31SHONEN dBsEigstick’ AREh1Hh HajIMePre IRVEe

discovered a semiconductor package for packaging stacked dies/chips that consists of discrete outer die
pads affixeddectheptigypars ardvangentar padisHpaatedrb¢rence 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 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.

Fig. 9 schematically illustrates a cross-sectional view of the same size

die/chip up & down-set fourth embodiment of the present invention.



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. 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 degigspuid@@cthere 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 argoutc? pSoCr}tlionq {,8 (ﬁ(teli' r&?%ggcé(acge 10%a[nd n_inner P%tion 20 within

atically 111uS 0SS-Scclional view € S € S17€
package 10. 10 2 August 6%6 nner/center die pa Is spaced ownwaréﬁ:y ((fown-se rom inner

portions 20 of leadl fingers 10,28tk Q&%&fﬁ@?&ﬁh@,ﬁé‘%@91(%&9&91&%33{‘&1?}8{%95&@9&%?'y from

about 200 to 500 p m. 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 packagmdituRngRuteidie PaisRdsctitbral iINuskadesirequatnaickage 10
using the structure of Fig. | (without showing the dies/chips 26, 30) while Fig. 3. illustrates a dual in-line

package 10 grirgithepstrukiwiesef Kighlembodiment 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).



(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 argu:gmngg%d to the
upper surface of finger Ieads 16 and to the upper surface of upper dle/chlp 30 by wire bonding. An
encapsulant materia slalfal ll?fld wires 34, 36,
inner/center die pad-] 0 R 2006 As shown
in Figs. | and 4, lower die/chip 26 is larger, i. e Wlder 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/chipi26.UsiRgie b ABRYS A e QuIRbINPsHigPRRBciIM AR YPRET fig/ehjp 30 using resin 32
are greatly reduced compared to conventional attachment interfaces. The benefits and advantages of the
first embodiment include: no die 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 thpapeaymage RppesED tiefefsiiownaskagnifaidre durigiseldebreflow

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

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



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. 5 to 7 As shown in Figs. 5 to
7, the second embodiment of the present invention is similar to the first embodiment Akigst P@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 (elation.(9.dhe jnner Borfions 1R0.015adl fingers Lioyandne hagkside dag el ihe jqwer
die/chip 1261s exposeg. f]the reference numerals Tor the second embodiment correspond té the

reference numMErs. Narbd & AINRHZORE G ARSHIRIRRR the HShagioediment pis ane-iyngled. e.g.

the inner/center die pad 12 of the first embodiment isthe inner/center die pad 112 of the second

embodimenyy&ie1) 1B9RHRPRL MR RRA I iSsARsedJowmwaldly (rwi-SeRITRM Pig.angl. partions 120
of lead fingers 116 as at 122 from preferably about 300 to 1000 Pm and more preferably from about 3 50

to 800 p m. Qdieiding diespastibhéd i9spaeed fpwawardih tdamn=sat) fipmatheipnar RAEERSs 3P of lead
fingers 116 as at 121 from preferably about 150 to 500 Pm and more preferably from about 150 to 300

pm. Lower dighchiadel6 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
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.

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 portion 20 within package 10.

10



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 i3 theamiopo@s 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,| it is not hat in.t cond e dlment e sulant
e sl BREAET i

material 140 does not surfound the Zlg o‘%alowero&v e/chi Ot\év)néts)e Org ﬁ)%r%: % and

thus exposesjhg hagkpie. A2p:0fdhe i@"‘f%rﬁ 186628 168 RIC) Ya%%%r@tﬁl%lﬁe%%i Pf heat

dissipation from package™110 to beneath prln CIrCUI board (not 13 2 August 2006 shown), & heat
conductive laygr, 180 R6 soie[RRSed 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
guad package 110 using the structure of Fig. 5 (without showing the dies/chips 126, 130) while Fig. 7.

illustrates, inter alia, a duabindinénpaiikagd 14Gsusingdheaslyuatuie @kl nithautishe wirgdhe
dies/chips 126, 130). It is noted that the die attachment interfaces for the inner/center die pad 112 to the
lower die/chipiZ8eadifiggasinclaSshodfan tig.duter ring die pad 114 to the upper

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 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 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.

11



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 shawnygsingodshermally
conductive material for thermal enhancement. Third Embodiment - Single Up-Set of the Outer Ring Die
Pad 214 With Heat Sink 250 As shown in Fig. 8, the third embodiment of the present invention is again
similar to the first embodiment (Figs. | to 4) except that in this leadframe design, only the 14 2 August

2006 outer ring die pad 24 i§,Up:6f i J€atigy 1@ ﬁ'&%v@?'lﬁé/@fﬁ%i%ﬁszﬁ%gith@. IGARLINgeBmkd, anda

heatspreader 250 is affixed to the backside 225. (The reference numeral$ for the third embodiment

correspond 9 the SeEeIRRLRIPUH RSFadM e %ggﬂgtiﬂ;ﬁ&ﬂlggaﬁ@hembodiment 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

leadframe design simpler/mantfactyiablie andqie.enablie isisrplessleadiianea clesnpingid yidg assembly
process, it is preferable to have die pad 212 in
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.

The benefits and advantages of the first embodiment include: no die 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 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

12



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. 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 p m. A heatspreader 250 is affixaa astmbackside
225 of lower die/chip 226 and the encapsulant material 240 does not surround the backside 251 of

heatSpreadet'ilge%‘%stcoriﬁ“t?o@?lﬁ%ﬁeprar%'f%%eﬁg&%e%‘?aYlif%%%%ﬁ%ﬁ%dp%%Z.rftaﬁ?oifn%%ﬁ%ﬁjEgra i r%%?iol xposed

increases the efficiency of heat dissipation from package y, an additional heat conductive

layer 242 may. ¢ INISHBOSEAREIVEEN G RARKSIER f2P AoV US/ShiPAdb iR Package 210 s
attached to the motherboard (not shown). 15 2 August 2006 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 heatspreaglger/aQdrhgidopir die/Ghippad&iisitharatixeddownngr/cadiar ¢ie Ragr212
using die attachment (D/A) resin 228 and upper die/chip 230 is affixed to outer ring die pad 214 using

D/A resin 23gorTiben,| Ryver leadfikiges 234 arecormeciedieftieippbsalstice abdhgear ieadactt6 and to
the upper surface of lower die/chip 226 by wire bonding. Then, upper lead wires 236 connected to the

upper surfagareftfitfe fieadddid a60 to 8he wpper

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 pm and more

preferably from about 150 to 300 um.

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 lower semiconductor chip 126. To improve the

efficiency of heat dissipation from package 110 to beneath printed circuit board (not

13



surface of upper die/chip 30 by wire bonding. Alternately, heatspreader 250 is affixed to the backside 225
of the 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 234,228GgiRneo@enter die
pad 212, outer ring die pad 214, etc. to complete package 2 10. 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 bondi aftern..lt is noted that
kb Bt sl m s O DR LS A L KT ol

and for the oyien{ing sHSRafl Fhk9:MeHRAGLFEA S HRUSLARDOAIP(GDIRIFRPYSING resin 232 are greatly

reduced compared to conventional attachment interfaces. The third embodiment is an extension of the
concepts of the second embodiment, and the further benefits and advantages of the third embodiment
include having an exposed heatspreader 250 to provide improved thermal performance as compared to

the second embodiment. FQugHyFmMBORigeNtowR- SISO ienéng RieviRRd A 18neeP emun-Set of
the Inner/Center Die Pad 312 Using Same Sized Lower and Upper Dies/Chips 326, 330

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.

Third Embodiment - Single Up-Set of the Outer Ring Die Pad 214 With Heat Sink 250

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
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As shown in Fig. 9, the fourth embodiment of the present invention is also similar to the first embodiment
(Figs. | 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/ching3R62639. (The
reference numerals for the fourth embodiment correspond to the reference numbers in the description in

the first embodiment plus. three-hundred, e.9..the inner/center die .pad f the first embodi tis the
imrericenor St Bl P SEANINSE & Sl RIS A Ra 28 P R Ret B

e fourt ment, etc.) Inner er die pa IS spaced dowhwardly

(down-set) from e I0eL.RQ"Y80S34% A1SAdHINGRIS L6 85 atrie 2 am A eGPl aBP HieL AR {0 800 Pm
and more preferably from about 200 to 500 pm. 17 2 August 2006 Outer ring die pad 314 is spaced

upwardly (URseRdHaeh tREHRASS RGNS BRlAtEachiinges HbRSAbdeH fom: RISy MAReH 100 to

800 Pm and more preferably from about 200 to 500 p m. In the fourth- embodiment, a two pass process is

used for the glig 3¢6. R3redlachMRNiaNENEe RORAING? bir sheAvee MISsANIR 328 BAfiNaTtiter

inner/center die pad 312 using die attachment (D/A) resin 328 and lower lead wires 334 are then
connected tqlithadppeosuitaceroblapddimgarsedlp 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
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 leadframe 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.

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 um and more preferably

from about 200 to 500 um.

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).
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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 3 10. As noted, the lower and upper dies/chips 326,830 foeGame
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 t rd|e on th eight differenc bet set and
up-set. So the separation 0 ff‘he gts reeraila eéi‘sfag)%lzg s&% ttacta% i‘llng%11 gé%de%gf?g i Z\;Yi sspé‘(lf) éf;acklng

advantages: /&) allows GRIRIAHPN ARG %&ﬂ"e%l%st'a leRagkass.pad (@1@4@\“5%1@%?0?@“0”‘ n

die combination as this configuration increases the maX|mu upper die size; helps designer to choose

the upper dig;withah IRREEASGHSBR: (OGRS de AY8USE 2ROR WIS Mejed sheddhe disatiacment

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 fIRBrURREM Shie/PhiPISRE USINBHIBSINBRARER SFERLLY edutetaarRateshtpaonyantonal

attachment interfaces. The fourth embodiment is an extension of the concepts of the third embodiment,
and the furthgie beaeditseandagdyasiagesohtdaipped mbigiremisngludel ®Robuter 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 connected to the upper surface of finger leads 16 and to the upper

surface of upper die/chip 30 by wire bonding.

Alternately, heatspreader 250 is affixed to the backside 225 of the 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
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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 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 achievesassepasation
between the dies/chips 326, 330 that is within high volume manufacturable limits. Fifth Embodiment -
UP-Set of tLﬁ ter [s)fﬁ Padﬁg;ﬁnd DownﬂS & Innerg{é:e ner D D|e P fioﬁa 2# atme Sized
Lower and Upper ]Bles/ hlpsg4£%s, 2 Altefnate 7 taclhment ot ower Lead Wires own in Fig.
10, the fifth emaediment of the present inventlon is also similar to the first embodiment (Flgs | 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 19 2 Augugt 2008 8B embadinentcerrsRRd 67 the retpenee sunkerseibiae
description in the first embodiment plus four-hundred, e.g. the inner/center die pad 12 of the first
embodimentisbhBridner/senteedipag bbicditthentiithdmbegimentiriadilaneibeniekaicipaddl? is
spaced downwardly (down-set) from the inner portions 420 of lead fingers 416 as at 422 from preferably
about 100 toh80Pan arporedrieeatspreader 250 to provide improved thermal performance as compared

to the second embodiment.

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 um.
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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 p m. As opposed to the fourth embodiment (Fig. 9), the lower lead wires 434 are
connected to the lower surface of lead fingers 416 and to the lower surface of lowendie/ehip2d@6 by wire
bonding. An encapsulant material 440 is then formed around the lower and upper die/chips 426, 430,

lead wires 434, 436, inner@g%[cl%r?trrgc}ié; gti;eaS% a4d1 1 Lgliléeér) rig&idliltf) ‘E%gﬂifﬁlﬁe%&?ﬁﬂ%%Ql?ﬁﬁﬁ(ﬁﬁge 4 10. Itis

noted that the die attachmen or the inner/center die p e lower 236 using

resin 428 a”?z(%f*]@aﬁlﬁfiléé@% flie, PP 485G MOPR), AIFLERIRAI0 KENGHFEIA ARgAbfaleslly reduced

compared to conventionalattachment Interfaces. 20 2 August 2006 The fitth embodiment has the same
further benefits,andRdv¥antagssoqfihe 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. Sixth Embodiment - Reverse Form Down-Set of the Outer Ring
Die Pad 514 and Up-Set o

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 difference between down-
set and up-set. So the separation of the die enables 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.
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the Inner/Center Die Pad 512 Using Same Sized Lower and Upper Dies/Chips 526, 530; Alternate
Attachment of Lower Lead Wires 534 As shown in Fig. 11, the sixth embodiment of the present invention
is also similar to the first embodiment (Figs. | 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 and2 thednsiexdoenter 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 embodigent, s the Juer/ GRNGL IR PAC AL ARl R S RIDRAIRE Me G4 TP Sixth

embodiment is most similar to the fifth embodiment (Fig. 10) except for the reverse form of attaching: (1)

the lower dig{clip $A0l0dR YIS EGEsINI e R dor (BHEGH f Hhe panesicensandigpad): and

the upper die/chip 530 to the up- set inner/center die pad 512 (instead of to the outer ring die pad). 21 2
August 20064;aaf certendit; Padip 1315 sRacrdipwarahsdursphf@btheitaaiRartionshe@nf lead

fingers 516 as at 521 from preferably about 100 to 800 Pm and more preferably from about 150 to 500 p
m. Outer ringneierprd, 514 is spaced downwardly (down-set) from the inner portions 520 of lead fingers
516 as at 522 from preferably about 100 to 800 Pm and more
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 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.

Fifth Embodiment - Up-Set of the Outer Ring Die Pad 414 and Down-Set of the

Inner/Center Die Pad 412 Using Same Sized Lower and Upper Dies/Chips 426, 430;

Alternate Attachment of Lower Lead Wires 434

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
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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 X4usio.006
complete package 5 10. It is noted that the die attachment interfaces for the inner/center die pad 512 to

the upper dig/ghin, 330, 415i0% reSin.o%5 47 Fof e RUIBL 1ing,die.pad St oy (e ausr digighip 26 using
resin 532 are greatIR/ reduced compgre to conventional attachment interfaces.plthe sixth embodiment

has the Sam@rﬁ%tﬁh%éﬂ‘?&%iésf&ﬂghﬂﬂ&?é&ag S @b hiefoub AL HH §BPHDEALS Ad GaiHAHSL2006

Seventh Embodiment - Up-Set of the Outer Non-Ring Die Pad 614 and Down-Set of the Inner/Center Die
Pad 612 As ghown-in-Eiles- &2 ghrsl3.dhgsereniheniadiment pf the present invention is also similar to

the first embodiment (Figs. | 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 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 um.

As opposed to the fourth embodiment (Fig. 9), the lower lead wires 434 are
connected to the lower surface of lead fingers 416 and to the lower surface 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.
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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.g. the
inner/center die pad 12 of the first embodiment is the inner/center die pad 612 of thesementrooo
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. 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 80, PRaNd, MG UG RRANTom Aboi 5010 20, QUIRL i€ 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 pry,@Rd kSRRl AR TTRE" ralkeyt 138 48RP0 AL 38 HHRH A0S AR SRV WLFIgS. 12

and 13, lower die/chip 626 is larger, i.e. wider and longer, than upper die/chip 630 to facilitate the wire

bonding pattgihiignaigekihatthendie: atiaghmartinien acesrios theahngricrniendicapadfiie de 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 reducké sompargtytereeenientional attachment interfaces.

Sixth Embodiment - Reverse Form Down-Set of the Outer Ring Die Pad 514 and Up-Set of

the Inner/Center Die Pad 512 Using Same Sized Lower and Upper Dies/Chips 526, 530;

Alternate Attachment of Lower Lead Wires 534

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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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 feadguiiex0662 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, upperfiiehin630,i5ixed (o e, guten ienads 1 aina, A 1e8in,82 and
upper lead wires 636 are then connec edto the upper surface ofi 'n% rTezg s616 and to the upper

surface of uppgr FR/GhiR A3 %xavg}gea?@a?iﬁgfgg%@%%éqw TRSUARAUR e HREMedALppnd the

lower and upper die/chips 626, 630, lead wire grounding lead wires 662, inner/center die pad
612, outer ringdig,pad 884 Sk [complete package 6 10. 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 24 2 August 2006 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 hecpaskagie highes apeyaipageapeed withdBsseswiiaderenss eiwass the
leads. While particular embodiments of the present invention have been illustrated and described, it is
not intendedpiartionit 1) inténtibfingxcepl@asdafivit foynihgrétdtatlingbout 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.

The sixth embodiment has the same further benefits and advantages of the

fourth and fifth embodiments.
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claims. 25 2 August 2006 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, the outer die pad
structure is ring shaped and surrounds the inner die pad structure; an outer package sug@undog at least
the inner die pad structure and the inner tie bars; the outer die pad structure being supported by outer tie
\t,ﬁfs t?hee?gt§r \%%&g(%gneb vmeqltou{_?r g/a%lls nd&%edr fl ﬁ extﬁndlpg(it%r%uh tlﬁeoout%r paglg ge outer
S 1 : )
and outer dﬁ@%ﬁ&gtﬂ{g@a@&l@ner port|ons of the lead flngers 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. 2. The leadframe design of claim 1, wherein

the first chip is affixed to thg iRAewHIaPadgs. 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.g. 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.

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 um 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 pm.
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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. 26 2 August 2006 4. 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 fingeniragfportioss. 5. The
leadframe design of claim 1, wherein the inner die pad structure is spaced from about 100 to 1000 pm
below the lead finger inner portions. 6. The leadframe design of claim 1, wherein the inner die pad
structure is spaced from about 200 to 500 pm below the lead finger inner portions. 7. The leadframe

design of claim 1, whereindhea0gr giepad %EL&%‘r?_’,i,s1?%?eﬂe?cﬂl§t%@%eisbﬁ'&‘é’r,ﬂl%.'%‘3151“91‘?& inner

portions; the outer die pad structure Is coplanar with the lead fingerinner portions; the first and second

chips and thg,jgad (mlelgﬂgaeaiggﬂigr@@@&@@ﬁy&er@&%ﬁg%h@ggrggﬂgﬁqes; 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 fingeednier periansidchhelaagimoe tesigniahetaismtds woegrgintiee outer
die pad structure is spaced a first
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 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 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
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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. 27 2
August 2006 9. The leadframe design of claim 1, 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 strugtuggsts2@p@ced from
about 3 50 to 800 p m below the lead finger inner portions. 10. The leadframe design of claim 1, wherein
the outer die structure is spaced from..abouyt.150 to 5 .below the lead finger inner portions and
the inner die o Rk gL R A A b o e, .

The leadirargedegign; of laim, L, wheiGiniHie Qiierdie RadRIEHEILT < 15 SPAGREL Ak e diflancenelow the

lead finger inner portions andthe inner die pad structure is spaced a second distance below the lead
finger inner d@ggﬂg@é; R distancs ReNgaalrEtathdbsdivridigtancgisthe 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 respectiw hipppatead wisesadfixedtodhthe ppaesufveatfine wesesndithipraand the
upper surfaces of the lead finger inner portions. 12. The leadframe design of claim 1, wherein the outer
die pad struciuielssifack dtadigtaimtended to limit the invention, except as defined by the following

claims.
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above the lead finger inner portions and the inner die pad structure is coplanar with the lead finger inner
portions. 28 2 August 2006 13. 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. 14. The leadframe design of claim
1, wherein the outer die pad structure is spaced from about 200 to 500 p m above thaigast fioger inner
portions. 15. 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 8fm§tructure is coplanar with the lead finger inner
portions; the first and second chips and the lead firrger mmrer portions each have respective upper
surfaces; thefirst ghip 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 copnegigdidR the;lsaddingssidpner 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. 16. The

leadframe design of ¢l bivhersifutheouieidiedadsirueture is spaced above the lead finger inner
portions and the inner die pad structure is spaced below the lead finger inner portions. 17. The leadframe

design of claim 1, wiheseis die padendigpadysipciureiospatatt Kpimedabaut HOhtm8dhpriiaiave the
lead finger inner portions and the inner die pad structure is
structure first plane and connected to the inner die pad by inner tie bars, the outer die pad
structure is ring shaped and surrounds the inner die pad structure;
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.

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.
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spaced from about 100 to 800 pm below the lead finger inner portions. 29 2 August 2006 18. 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 and the inner die pad structure is spaced from about 200 to 500 pm
below the lead finger inner portions. 19. The leadframe design of claim 1, wherein thezagdtge dimead
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 afixpgl i the HRPoE SUHAAIHE IRERDIP ARG Hf?:p&{dﬁH{I@é%?é Ridhrdgadfngerinner

portions; and the second chip connected to the lead finger inner portions by respéctive upper lead wires

affixed to the,LBREfIYERFE ARSI GNRNANABELPRR A facRaA! Ihedpaddnesh mageRertions.

20. The leadframe design of claim 1, wherein the outer die pad structure is spaced above the lead finger
inner portiongaedithRipagisle 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 t& tHaddaadfinger devigr pbelians hyviespective nppelidgad witeswafflixepiocthramppdosurface of
the second chip
100 to 1000 um below the lead finger inner portions.

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

200 to 500 um below the lead finger inner portions.

7. 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 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.

8. 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.
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and the upper surfaces of 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 30 2 August 2006 inner portions; the inner die pad structure, the first and
second chips and the lead finger inner portions each have respective upper and lowexsuidieRess 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 ipiand fhe URPgLsUTaEERAl he/radifinge 611?&%8;2!&195}%&9% %%#QE'&[ fllsin RBAfiructure

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

surface of thennneT @EoPah SHUGH ganeLth e MpRehALFBERRAL theulRd ifRGSHIONRHIRFHADR: 2¢- The

leadframe design of claim 1, wherein the inner die pad structure is spaced a distance above the lead

finger inner pRiHENS-GMchHRACIFEESIB O AT BEUGH tRe feaBIRRL A HiSNERoREIOW the lead finger inner
portions. 23. The leadframe design of claim 1, wherein the inner die pad structure is spaced 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. 24. The leadframe design of claim 1, wherein the
inner die pad Giriibtuteaidfrapacdesfponof claim 1, wherein the outer 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.

11. 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.
12. 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.
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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. 25. 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 31 2 August 2006 the lead finger inner portiopss.iesfiriosnd
second chips and the lead finger inner portions each have respective upper surfaces; the first chip

connected (q heylead gy Infer Roions, By reshecliveprerdead wirss allited (o the uapr rface of
the first chip and the upper surtaces of the lead finger inner portions; and the secon Ip connected to

the lead ﬁng%oﬁfﬁ%%@[%‘ﬁ1936158%?ﬁéiY@aéf}H‘f@elﬁlﬁﬂe‘P’rﬁgﬁiéﬁged to the lower surface of the second

chip and the lower structures of the lead finger inner portions. 26. The leadframe design of claim 1,
wherein the first and second chips are the same size. 27. The leadframe design of claim 1, wherein the
second chip is smaller than the first chip. 28. The leadframe design of claim 1, wherein a heat sink

structure is afjixqdqdherfiist iR 3 thgdtadvameidaniontel@ienphdwhateinea Hepi&iakipicture is

affixed to the first chip, and a heat conductive layer is affixed to the heat sink structure. 30. The
leadframe dasign 20@ kiS00 (MheseiR the Inaefitkeriatsthuaidis is positioned within an area encircled by

bond pads. 3 1. A leadframe design, comprising: an inner die pad structure lying in a first plane;
15. 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.

16. 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.
17. 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.
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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, the outer die pad structure is ring shaped and
surrounds the inner die pad structure; 32 2 August 2006 an outer package surrounding at least the inner
die pad structure and the inner tie bars; the outer die pad structure being supportec2bygutgriedars; the
outer package having outer walls; and lead fingers extending through the outer package outer walls; the

lead fingers igclﬂqin@a inner Qortion gten in into.thglouter cka Q{oxitmate the imaef and outer
. 1.3. € readframe desien Oi alrp herein  the oute leopgﬁ ruc %re 18 s%a(ie rom
die pad structures; the inner portions of the lead fingers lying In a third plane; wherein at least one of the

inner die padsiiiciye SsiP|ans, ok e ?éé‘&ﬁfﬂigepﬁﬂlé}rb&%ﬁs $R6aRd plageqte ariside.pfhg lead

finger inner portions third plane and wherein a first chip is affixed to the inner die pad structure and a

second chip JsRHirgdHP.HR L6 SR PENRILIR RRG reith e dnagidie 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. 32. The leadframe design of claim 31, 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. 33. The

leadframe designheflekaifind, datigredn ehennnew ligepathsbutitioeeipde stangulaisRpsbapsb 4. thée
leadframe design of claim 31, wherein the inner die pad structure is spaced from
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.

20. 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 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.

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
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about 100 to 1000 pm below the lead finger inner portions. 35. The leadframe design of claim 31, wherein
the inner die pad structure is spaced from about 200 to 500 p m below the lead finger inner portions. 33 2
August 2006 36. The leadframe design of claim 31, wherein the inner die pad structure is spaced a
distance below the lead finger inner portions; the outer die pad structure is coplanapwtiytive2dead finger
inner portions; the first and second chips and the lead finger inner portions each have respective upper

surtaces; the, frst shipseneetsdlo e lead ingerinner portions B JesReelvequier lead pies affied
to the upper Surtabe of the first ¢ Ip and the upper surfaces of the lea finggr inner portions; and the

second chip;cann6GIRd 004 Ipad HOgRE 0D ﬁgg&f HRAT NI SIPREUVE PR \8af YiFsSAllPRdHe the

t
upper surface of the second chip and'the upper structures of the lead finger inner portions. 37. The

leadirame d‘?éi@ﬁ%&ﬁﬁﬂe@%o‘ﬂﬂﬂs?ﬂ} hejanR ARG AN UFEIFROS P IR YpLhI ARRISRRECIrCled

by bond pads. 38. A leadframe design, comprising: an inner die pad structure lying in a first plane; an
outer die pagisfirdpiprlying Hﬁ&ﬁ@@ﬁ@&@@ﬁél@@%@&aﬁﬁé@fﬁbﬂﬁ%ﬂ@ﬂ%@i&&ﬁﬂc%@hﬁﬁ@&@&t plane

and connected to the inner die pad by inner tie bars, the outer die pad structure is ring shaped and
surrounds the ithage sliefipgel Sithiatyiaiiansobae rekagaipperasntingatdeastdhe inoapgie pathséructure

and the inner tie
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.

22. 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.

23. 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.

24. 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.

25. 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
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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; 34 2 August 2006 wherein at leastonesafitthegener die
pad structure first plane and the outer die pad structure second plane lie outside of the lead finger inner

portions thirthél n Elnd wherein a (irst ctﬂ%iﬁa fixed to thg1 icrhner dig1 Qﬁ\edlsléréjgure and a second chip is
[ W Ir

. ad 1inger 1mner portions; rs[ and,_secory 1pS_an 1NZEr 1nne, 10
affixed to the ouefer egpa(]“]nstrugture, ah erein the outer die pad structure |S%pacedrff St I(]:lslstance

below the leag inQGL ROSLRREIRRS.AOGHRS LRy GG PRY SUMEIMEGIR SRATSH %ﬁg&%ﬂe%@ﬂ%‘}é‘% below

the lead finger inner portions; the Second distance being greater than the first diStance.

leadirame desige,pEGIIM, 3BRIGIRRE RN isafhser Jﬁ’rFQ@eiBF%@ﬁBa&liﬁtﬁﬂﬁt%‘é-E‘%{dégn and

the second chip is affixed to the outer die pad structure by resin. 40. The leadframe design of claim 38,

wherein the inpgeeiepat BHCtiedsiiReapadaisnashanesédbndhaigadiiame Aesiap Rhalainkdas,
wherein the outer die pad structure is spaced from about 300 to 1000 pm below the lead finger inner

portions andi#heripogidiiepad FEueirdiscspadedfeonranalic O 1ea0dupfadetae thedaadipger inner
portions.

and the lower structures of the lead finger inner portions.

26. The leadframe design of claim 1, wherein the first and second chips are the same size.
27. The leadframe design of claim 1, wherein the second chip is smaller than the first chip.
28. The leadframe design of claim 1, wherein a heat sink structure is affixed to the first chip.

29. 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.

30. The leadframe design of claim 1, wherein the inner die pad structure is positioned within

an area encircled by bond pads.

31. 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, the outer die pad

structure is ring shaped and surrounds the inner die pad structure;
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42. The leadframe design of claim 38, 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 structure is spaced from about 150 to
300 pm below the lead finger inner portions. 43. The leadframe design of claim 38, wherein the outer die
pad structure is spaced a first distance below the lead finger inner portions and theJimgiugie@asl
structure is spaced a 35 2 August 2006 second distance below the lead finger inner portions; the second

distance being greater tQan thE first distance:; th? firs a{Hd seconcg chi nd. the Ie%d fin%ar inner portions
dan outer pac ? () su_rr%unglri .1€as € 1Inner lﬁgﬁ%s E?r]pcture.an the Yoner tbe
each have respective upper suriaces; the first chip connected to the lead finger inner portions by

respective lqyyer Igad wiregiafixedd R YRRg: %5§§%%@%W8u@é§&ﬁ%r§&n&é%éépg%kﬁgéfﬁ&%%é)f the

lead finger inner portions; and the second chip connected fo the lead finger inner portions by respective
upper lead wjigs 3ffied i@ the upper surface of the second chip and the upper surfaces of the lead finger
inner portions. 44. The leadframe design of claim 38, wherein the inner die pad structure is positioned

within an area encifglgd fiydeend Rasisingd Stivgadiirmeasigiieempisingwansiney dadoam sirycture
lying in a first plane; an outer die pad structure lying in a second plane spaced apart from the inner die

pad structurgditstipéane iane gnnesiad inthednner die pack PydRags pelianstditeauies dijipadestructure
is ring shaped and surrounds the inner die pad structure;

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.

32. The leadframe design of claim 31, 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.

33. The leadframe design of claim 31, wherein the inner die pad structure is rectangular in

shape.

34. The leadframe design of claim 31, wherein the inner die pad structure is spaced from

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

35. The leadframe design of claim 31, wherein the inner die pad structure is spaced from

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

33



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 portighstofitibe lead
fingers lying in a third plane; wherein at least one of the inner die pad structure first plane and the outer
die pad strucfyrer,s gorgﬁirglan I|e outsfl s of t Iea fln%e{ inner o(ﬁtlléans&hlrd {ane .and whgreln a first

chip 36 2August |s a ) the m%%enp e’pa esrf:rluctu?elgrrlldra secon d“ﬁlpulrsea .xBé to the outer

die pad Str“&f&iﬁ%c@%@l%‘(@%@'fé&ﬁ%ﬁ LEE Al PRARIUCHIS IR FRAC I A HIRIANCS %Y:ﬁa&?%z i@ag,inger

inner portions and the inner die pad structure is coplanar with the lead finger inner portions. 46. The

leadirame desigmiabdlaifct porRereimig:-firshain shatthipd AdhRIMORS SigRaHnSITHGHEROYAERSIN and

the second chip is affixed to the outer die pad structure by resin. 47. The leadframe design of claim 45,

wherein the ipRereigdadstpsit s imcestanotiar ihishopfed& Ihmicrdiiamefasign &frﬁlﬁl@"#
wherein the outer die pad structure is spaced from about 100 to 800 p m above the lead finger inner

portions. 49 rddpedeacilamse designiaisclammbovhrreippdiesatierdig Bad Sisuchiie isdppeahp@m about
200 to 500 p m above the lead finger inner portions.
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.

37. The leadframe design of claim 31, wherein the inner die pad structure is positioned

within an area encircled by bond pads.

38. 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, the outer die pad
structure 1s ring shaped and surrounds the inner die pad structure;

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;
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50. The leadframe design of claim 45, 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 affiugest@tbe upper
surface of the first chip and the upper surfaces of the lead finger inner portions; and the second chip

connected tqQ the lead finger inner.portions by respective upper lead wires affixed to the upper surface of
Wthel‘elll d[]]ea%? one o trlfe 1nnNer fdli%/gﬁe(%a s(,frﬁcture BPS? Piane.anc‘ietli%%lt T dleS?ago%pég(%feThe

the second chip and the upper surfaces of t nger inner portions. ugu

leadframe degsigh P ﬁ@éme“éﬂwfﬁ@@iEhéh%gi@%%%94%@9@&?8&@&%%‘?&&%%@ within an area encircled

by bond pads. 52. A leadframe design, comprising: an inner die pad structure lying in a first plane; an

outer die paq, FNGIUGRINGID & $#ERBE BFRne iRRacart paartdRm b adaneldinpadiSiusiiedirst plane

and connected to the inner die pad by inner tie bars, the outer die pad structure is ring shaped and
surrounds th@dniigécigeRRd SHHHEMLE A0 et RaGkatRSWIOPd N &luieaststhrdanefidiednashstructure
and the inner tie bars; the outer die pad structure being supported by outer tie bars; the outer package
having outeps@lisitanitidad firgaimexignding thidugh theouies packageuwerswplsedne eaentingers

distance below the lead finger inner portions; the second distance being greater than the first

distance.

39. The leadframe design of claim 38, 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.

40. The leadframe design of claim 38, wherein the inner die pad structure is rectangular in

shape.

41. The leadframe design of claim 38, 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.

42. The leadframe design of claim 38, wherein the outer 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.

43. The leadframe design of claim 38, 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
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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 ang aise2eusl chip is
affixed to the outer die pad structure, and wherein the first and second chips are the same size. 53. The
leadframe degiC%Q1 cpf cltaim Eg?hwh%gipet (=ﬁ1;ilrst chi altgxed E%the inner. die Ipad8 structure leresin and

IS .
the second Cshlp IS affixed to the outer die p rs%?ﬁ%tr e 1)91}%’smf.: ;o Lﬁiéstjgt%eo 6 54 The leadframe

design of claim p2. WRGIGIL INGINAST dify %Q'oﬁtciuc‘ﬁ%{@ Aﬁd%ﬁ@[&%ﬂ'ﬁd}é‘eﬁﬂﬁl@? panidiClRAdfiame design

of claim 52, wherein the outer die pad structure is spaced above the lead finger inner portions and the

inner die pa‘i’e%HétQWéedﬁp%?a&ﬁ%@&'?%éhﬁﬂ&a&ﬂ#%hﬂ&l@& RETIRNSe P fibider GRS HRSIg Of claim

52, wherein the outer die pad structure is spaced from about 100 to 800 pm above the lead finger inner

portions andEiINR Je QAR KIrvaHdECFHRRPES AR OO (o 800 RRthalgvaihe ﬂ%@fg@er inner
ro

portions. 57. The leadframe design of claim 52, wherein the outer die pad structure is space m about

200 to 500 pmirakeyetheelead filnger mner portions and the Jensiddiai padsisdaitre iheSpaaathfram about
200 to 500 pm below the lead finger inner portions.
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. The leadframe design of claim 38, wherein the inner die pad structure is positioned

within an area encircled by bond pads.

45. 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, the outer die pad
structure is ring shaped and surrounds the inner die pad structure;

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
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58. The leadframe design of claim 52, 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 t@ike20pper
surface of the first chip and the upper surfaces of the lead finger inner portions; and the second chip

connected tQ th?ffgg finger. inner ortign respegtive uc;())ggrclﬁfad.ww&sa |E<eqlt60 the upper surface of

b
the second cllsni% and the u%ﬁ)rér}eéu(} ades osil:tlﬁé ea m?;gF'lnner poprtllgnas.%s 2 %ugugtu%o “88 " The

leadframe degign, Qf clalinagyWDLEID IR JNSLAIGRAN, Y CHIG S PASIIROS dh VI 303 iR RpCIrcled

by bond pads. 60. A leadframe design, comprising: an inner die pad structure lying in a first plane; an

outer die paghiHR RITE HHEPE PANGSRAGE G RPILIRT naieReldif padnSLYSIHIB TSt plane

and connected to the inner die pad by inner tie bars, the outer die pad structure is ring shaped and
surrounds the inner die pad structure; 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 outengvatlss andfeac fikglis extendingihvasgintiie: qutercpaskageioedaowadlsatbe deagatingers

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

47. The leadframe design of claim 45, wherein the inner die pad structure is rectangular in

shape.

48. The leadframe design of claim 45, wherein the outer die pad structure is spaced from

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

49. The leadframe design of claim 45, wherein the outer die pad structure is spaced from

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

50. The leadframe design of claim 45, 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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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 ang aise2eusl 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 gonpecteddetae '&&?%H”QFQ%‘?%?%BQ&W ARSAAEAVELONEN Jeadures pilrAdq the

lower surface of the first chip and the lower surfaces of the lead finger inner portions; and the second

chip connectggiin thelead finagedasheriians by 40 2 August 2006 respective upper lead wires affixed
to the upper surface of the second chip and the upper surfaces of the lead finger inner portions. 61. The

leadframe design of claim 60, 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. 62. The leadframe design of claim 60,
wherein the fmex di/ipachsiesiiecisiipetangular in shape. 63. The leadframe design of claim 60,

wherein the inner die pad structure is positioned within an area encircled by bond pads.

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, the outer die pad
structure 1s ring shaped and surrounds the inner die pad structure;

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.

53. The leadframe design of claim 52, 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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64. 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, the outer die pad structure is ring shaped and surrounds the inner
die pad structure; an outer package surrounding at least the inner die pad structure;anddhe nooer tie
bars; the outer die pad structure being supported by outer tie bars; the outer package having outer walls;

and lead fingersyeending (1raugh the s package suier Walls s lead ngsrs neliding.an nner
portions extending info the outer |§ac age proximate the inner ancflo'ﬁ)er e pa s%ructuregs; {he'inner

portions of the. lead fingers lying in a third plane; 41 2 August 2006 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 finges. MpeRAARS anGne OLgHIR PRHSHUC S iRIRACEA A distanteiPelavethgviead finger

inner portions. 65. The leadframe design of claim 64, wherein the first chip is affixed to the inner die pad
structure by fiesipantiniie GeeepdehinsisriikethiethRequierdie padistpatudebliesia.lead finger

inner portions.

56. The leadframe design of claim 52, 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.

57. The leadframe design of claim 52, 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.

58. The leadframe design of claim 52, 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.
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66. The leadframe design of claim 64, wherein the inner die pad structure is rectangular in shape. 67.
The leadframe design of claim 64, wherein the inner die pad structure is spaced from about 100 to 800 m
above the lead finger inner portions, and the outer die pad structure is spaced from about 100 to 800 m
below the lead finger inner portions. 68. The leadframe design of claim 64, whereinzheuinrerdis pad
structure is spaced from about 100 to 500 m above the lead finger inner portions, and the outer die pad

structure is §3a§§‘d flrora]fabout 100 to I'§.0?m ow the.lea% finger inner g&)rt{'on% 69. The .Iteadfr me
. . € Iga ram% d?Sl&Il oI, claim , wherein €1 Cé 1eg Suructure .1S posi l%nﬁ
design of claim 64, wherein the first and second chips and the lead finger nner portions each have

respective uW?@ﬁr?Hﬁfﬁfe%séﬁ&?c@ﬁtb%rﬁ?ﬁélﬁqed to the lead finger inner portions by respective upper

lead wires affixed to the upper surface of the first chip 42 2 August 2006 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 portionsy. 70 1d:ReErieadiame, desigRQhelaim 64, wherein the first and second chips are the same
size. 71. The leadframe design of claim 64, wherein the inner die pad structure is positioned within an

area encircled by bainéhpadsic padAtlRatiramm dasigfrt@mpesing: 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, the outer die pad
structure 1s ring shaped and surrounds the inner die pad structure;
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 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
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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, the outer die pad structure is ring shaped and
surrounds the inner die pad structure; 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 thecasteopackage
having outer walls; and lead fingers extending through the outer package outer walls; the lead fingers

including an inner portions extending inte.the outer package proximate the inner,and opter. die pad
tractures, T T R e A R TR, e I R BE R s e

pad structurguff'fgé&l%@ﬁl@@gagﬁn%g}qmégﬁﬂg(ﬁ{gycture 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 43 2 August 2006 portions and the inner die pad structure is spaced below the lead finger

inner portionsi thaeinagrdiadassiustginheofirsharehs@eand:cigsianethelleachénggsianeprprtions
each have respective upper and lower surfaces; the first chip connected to the lead finger inner portions

by respectivetawerdleadasines @ffiseddonthenypperisusace bt hadisieghip and the wyppsisurfaces 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

62. The leadframe design of claim 60, wherein the inner die pad structure is rectangular in

shape.

63. The leadframe design of claim 60, wherein the inner die pad structure is positioned

within an area encircled by bond pads.

64. 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, the outer die pad
structure is ring shaped and surrounds the inner die pad structure;

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;
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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. 73. The leadframe design of claim

72, wherein the first chip is affixed to the inner die pad structure by resin and the secangushvis affixed to
the outer die pad structure by resin. 74. The leadframe design of claim 72, wherein the inner die pad

structure is re tanr%uI?liln shaep 5. Thel adfr me d SI p a|m 72 her in H1e sedcond {;hé) is
cast _f)eﬁ € 111 er I‘U.C 1I'S % and’ t ou €I dic d[I) Structur
smaller than'the first chlp Fame eS|gn o} alm /hérein the Inner die pad structure is

positioned vggtuﬂaagla{@mﬁigﬁf&%dopﬁqpm r?ﬂ&%r YJHJ\ISH& bRdRI{PPRING.AdSeRlrame ARSIOR: dpng o

comprising: providing an inner die pad structure lying in a first plane;” 44 2 August 2006 providi

outer die PaGLSIFHRIA @IV i SEEoRRl RiRn& fRAGRH ARASACER e InRSL g Pat SHGIWR et plane

and connected to the inner die pad by inner tie bars, the outer die pad structure is ring shaped and
surrounds th@ringledig@3chSHEUE SRR iEi N @R ARIPACKARB SHURUIN aRI e arR! IBriinngEdie pad

structure and the inner tie bars; the outer die pad structure being supported by outer tie bars; the outer
package havingopbetsioMalisidand outer die pad structure is spaced a distance below the lead finger inner

portions.

65. The leadframe design of claim 64, 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.

66. The leadframe design of claim 64, wherein the inner die pad structure is rectangular in

shape.

67. The leadframe design of claim 64, 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.

68. The leadframe design of claim 64, 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.

69. The leadframe design of claim 64, 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

42



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 fingex Ku&fspootens 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 gifHcture, 78. methpglof forming a leadfra me dea%eg1 m Cr(i)sﬁig%lgrco(\)ncrill ng.ani inner die

acCes € ead 1INger 1NNer porgons,; a
pad structurel}ymg ina ?Irstpane providing an outer eppa structur ylng in‘a second plane spaced

apart from the, 'I%Hﬁrfﬂige%%} SIHB%J 'B? e sepRated inthadlng dinpasRy lingLdigoars, the

outer die pad structures ring s ape an ounds the inner die pad structure; providing an outer

package surfpupdingatieastd it G it Rad SO RANA RS NG JiRHIALS; the outer die pad

structure being supported by outer tie bars; the outer package having outer walls; and 45 2 August 2006
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 tiye |ead feagatslyingignaothirs mlanswndierethatileasidne aidhainnge die padestructure first
plane and the outer die pad structure
71. The leadframe design of claim 64, wherein the inner die pad structure is positioned

within an area encircled by bond pads.

72. 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, the outer die pad
structure is ring shaped and surrounds the inner die pad structure;

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 above the lead finger inner
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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. 79. A method of forming a eadigasaecdssign,
comprising: providing an inner die pad structure lying in a first plane; providing an outer die pad structure

lying in a secorljtciioglsane st%aced apait fr%m the inner die gdalg&tructﬁjtarqe%s%lane and connecte[gl Jo the

. . and the 1nn 1€ structure 15 spac OW Nne T 1NNer 1r{10Nns .
inner die pac?%y inner tie bars, the otiter die pa strofciure 18 ring shaped and surrounds the inner die pad

structure; proyiding an QULEHPRARKAER FHUROMNANY AeAR NG INIRM dit RALSHHY S FRB LR Hner tie

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

and pfOVidinHa'@Pe@&B‘&%&%%ﬁ&%% HaRUOLL G QUtsl-PaSkaS, Qi MRlSINRqath fgersdheiuding an

inner portions extending into the outer package proximate the inner and outer die pad structures; the

inner portionsogfishe ﬂ)@ﬂ‘és@é%@ M@Qri[b@d@[fﬂ:@@ﬂ%&"ﬂﬁfﬁéﬂl@b&%ﬁ?ﬁﬁ@ &f dhefinpenhgiepaehstructure
first plane and the outer die pad structure second plane lie outside of the lead finger inner portions third

plane and whppeinsafiksischtiphds @ifixxbéo et cie; phd stosiwkaoohacesonstabir:a affpeed to the
outer die pad structure, and wherein the outer die pad structure is spaced a first distance below the lead
46 2 Augustig@@bportions 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.

73. The leadframe design of claim 72, 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.

74. The leadframe design of claim 72, wherein the inner die pad structure is rectangular in

shape.
75. The leadframe design of claim 72, wherein the second chip is smaller than the first chip.

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

within an area encircled by bond pads.

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

providing an inner die pad structure lying in a first plane;
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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. 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 pad2siuglisredust plane
and connected to the inner die pad by inner tie bars, the outer die pad structure is ring shaped and

surrounds the inner_die.pad structyerrea%rm%éiésgg?ﬁlr% (ﬁrrlg;}%kaaggc(s)garoml%ln aaciégegst Ehﬁmlpnn redle pad

.proviaing an o
structure and the |II13ner e %ars; 'Ehe oute structu eing suppor ed ) outeP Ie bars; the outer

package haying oyje %&@Hﬁh@&qepfﬂwﬂg%é%% RARLEX R HOgHroHan e RHIERRackaaR oyer walls;

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

outer die pad FMELIES HEMRSIRAUIANTRENG IS inasadyinguR PiidpliRAg.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 portiongihiidiRiane anervpaekab aditsurbiRg iﬁtqg&%?%@iﬁ’ﬁ%ﬂ'Bﬁ'@ﬁaﬂd'ﬁs%@!tﬁiéuﬁiﬁrﬁl@nd a
second chip is affixed to the outer die pad structure, and wherein the outer die pad structure is spaced a

distance abavediheéideBga{ingrr dorerqorjensanchihe engr dippattatmictuiteis wopananmitothe lead
finger inner portions. 8 1. A method of forming a leadframe design, comprising: providing an inner die
pad structuredykagdmaviiigtoplane;alds 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.

78. 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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;

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

45



2 August 2006 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, the outer die pad
structure is ring shaped and surrounds the inner die pad structure; providing an outer package
surrounding at least the inner die pad structure and the inner tie bars; the outer diexpadgsistizooe being
supported by outer tie bars; the outer package having outer walls; and providing lead fingers extending
through the outer packvaltge o%%{ivi@%lls the keag. fin ers irlllc{lﬂgin an innf(ar ortions e%jt%;nq]ijnglint the

1O 1 S extendin otler package ouler w €
outer package proxll)mate ﬂ%e Inner aﬁ outer diepa sl%igtjctures;%erl)nne portions of the eadﬁ Ingers

lying in a thirgl Bla0e, WRERS'AAHEAS ARGRT LR AN GiS RRASHIHGIHIR S RIGNG. AN INRRMIG die pad

structure secohd plane lie outside of the lead finger Tnner portions third plane and wherein a first chip is

affixed to the,infiedidig.RRGRUMSURARGE PEARIL cRiRdS AINRIIR Hfouel ditdadnstructure, and

wherein the first and second chips are the same size. 82. A method of forming a leadframe design,

comprising: \preMing RAINGR! SieHa6 RiFuRUpadWIREHR first planeaRiauidng-ariRYigd digipaskstructure
lying in a second plane spaced apart from the inner die pad structure first plane and connected to the

inner die paddayhangitiel asatsiae Bulerieid padstiuciuois singishapemantdsutiaunds the imgr die pad

structure; providing an outer package surrounding at least the inner die pad structure and the inner tie

bars; the outeraftexpadstiectunerbdicn gslippoctect byduteetimbatsptlie dtiterd 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.

79. 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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;

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, and wherein the outer die pad structure is spaced a first distance below the lead
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package having outer walls; and 48 2 August 2006 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 fagustr@igre
second plane lie outside of the lead finger inner portions third plane and wherein a first chip is affixed to

the inner die na%rsfﬁ‘ﬂg%wgrég%aﬁi?ﬁ@%’ GRIPR ﬁfJH(%{M&&Peei‘é’%t%rcgéeapsa%’%ﬁglé%t‘arﬁ SGaNngiein the
outer die pad structure IS spaced above the lead Inger inner portions and the inner die pad structure IS

spaced be'ol’&lﬁ‘%ﬁ%@ﬂiﬁﬂ&%dﬁﬂﬁl{s%{éiQ%nt@ﬁisﬁéﬁE?BQié GROdFiRg ARGINERaMInger 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 vgoea affbxesliterthisHpRes rRudRam O SecaRprREMRand the upper surfaces of the lead finger
inner portions. 83. A method of forming a leadframe design, comprising: providing an inner die pad

structure lying in a first/Rianeinnmdditlg pal atiestaie1pag siruetksieplyirg 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, the
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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;
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, 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.

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

providing an inner die pad structure lying in a first plane;
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outer die pad structure is ring shaped and surrounds the inner die pad structure; 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 49 2 August 2006
providing lead fingers extending through the outer package outer walls; the lead fingess gstding an inner
portions extending into the outer package proximate the inner and outer die pad structures; the inner
ortions of the lead fingers lying in a third e; wherein at least one.of the inner die structure first
Biane and the outeHTe B Al e B S G e R e

and wherein;a firshehin IS llixgd 104051 RRSRLAIS PRCFIH EIUi% FRELA &%?Mb?iﬁﬂérqw)@ﬂsfq}me outer

die pad structure, and wherein the inner die pad structure is spaced a distancé above the lead finger

inner porti0”&?&%@9&&%&&@&%@@%%&&% IsranaeRA AdigieNGR PeloPalnGiRad:inger inner portions.

84. A method of forming a leadframe design, comprising: providing an inner die pad structure lying in a

first plane; prOVidin?raﬂidM,?ﬁﬁ“&i?&dpﬁﬂkﬁ‘ébl reyoRadihg seRIRdRlanm SPaceshanafidto she drner die
pad structure first plane and connected to the inner die pad by inner tie bars, the outer die pad structure

is ring shapadrendisukeutn s thatiingicdigPathstruaiUseingravishvg < U iaitpackagersutreunding at least
the inner die pad structure and the

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 first and second chips are the same size.

82. 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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;

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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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 leaskgagoidbe inner die
pad structure first plane and the outer die pad structure second plane lie outside of the lead finger inner

portions third plane an\gchher ir%af.first ts:hi%gl USchQQ6 is, affixed to the inner ieécﬂ?d stricture

2 A
and a second chip 5 affixed t6 the otiter die pa(ljn gst{rfll?gtuuﬁe, and” Wﬁrerpeell% i gﬁlttg? die pS s%rbe&ure is

spaced abovg, e Igaql IRAeL INARE, RBFHORS NG JIREY dlieRad SHUCIULSIS:SRACE thRsIow: the lead

finger inner portions; the inner die pad structure, the first and second chips and the lead finger inner

portions eac, pYR ERPEFIMENPRRE ﬁﬁ%ﬂ%‘ﬂﬁfoﬂér&@‘%ﬁéiéﬁ@ﬁkﬁé&&h‘@@ﬂﬁ@ﬁ’iﬁﬁ jaihe lead finger inner

portions by respective lower lead wires affixed to the upper surface of the first chip and the upper

surfaces of th@adrad singestioneopPartionss e seeoacchir ereNsEIRdAQItHR lead ftnegadnaecreEtions by
respective upper lead wires affixed to the upper surface of the second chip and the upper surfaces of the

lead finger ineesppliarsli@odtthe: isheiediedaid & ik caonediad dhedead ingat infisk ppijions by
respective grounding lead wires affixed to the upper surface of the inner die pad structure and the upper
surfaces of theafaaddingehénim@er 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.

83. 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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;

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.

84. 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, the
outer die pad structure is ring shaped and surrounds the inner die pad structure;

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
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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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