STACKED DI E I N DI E BGA PACKAGE FIELD OF THE | NVENTI ON Thi s invention
generally relates to assenbling and packaging multiple sem conductor dies,
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wol dsiface 22 of the bottom die 12, each of the dies being wire bonded 24 to the substrate 16. FIG. 2

illustrates a prior art stack die package 10a in which the first (bottom) die 12a is mounted to a
substrate 16a in a flip chip attachment, and the second (top) die 18a is surface mounted to the
inactive surface of the first die 12a by means of an adhesive element 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package 10b in which the first bottom
25  die 12b is mounted to a substrate 16b by an adhesive element 14b, a second (middle) die 18b is
mounted on the active surface 22b of the bottom die 12b by a second adhesive element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on thé active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked die assemblies in which the bottom die is a flip chip, there is a limit on the
30  minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 um bump height were to be ground to a total thickness of 150 pm to 200 pm, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the bumps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the



hi gh occurrence of broken wafers due to the stress induced on the wafers
fromthe bunps. Furthernore, even if the wafer does not crack, the die
strength will drop significantly due to the presence of "dinples"” on the
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i s mounted on the second d
along the perimeter of the die that provides an opening for the bonding element extending from the

bond pads of the bottom die, thus eliminating the need for a spacer between the two dies to achieve
20  sufficient clearance for the bonding element. A second bonding element connects the bond pads on
the active surface of the second die to terminal pads on the substrate. Adhesive elements are
typically disposed between the two dies and the bottom die and the substrate.
In another embodiment, the stacked die assembly, comprises a first (bottom) die disposed on
a substrate, typically through a flip chip attachment, and having a recess formed in the upper
25  (inactive) surface. A second die is at least partially disposed within the recess of the first die. A
bonding element connects bond pads on the active surface of the second die to terminal pads on the
substrate. An adhesive element can be disposed within the recess to attach the two dies. In a further
embodiment of this assembly, a third die is mounted on the second die. The third die has a bottom
surface with a recessed edge along the perimeter of the die that provides an opening for the bonding
30 element extending from the bond pads of the second die, thus eliminating the need for a spacer

between the two dies for clearance of the bonding element. A second bonding element connects the



surface with a recessed edge along the perineter of the die that provides an
opening for the bonding 30 el enent extending fromthe bond pads of the
second die, thus elimnating the need for a spacer between the two dies for
cl earance of the bonding element. A second bonding el enment connects the 2
bond pads on the active surface of the third die to term nal pads on the
substrate. An adhesive elenent can be used to attach the second and third
dies. In a further enbodi nent, the stacked die assenbly, conprises a first
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die, and a bonding element connects bonding pads on the second die. An adhesive element can be

disposed within the recess to attach the two dies.
In another aspect, the invention provides a semiconductor package. In various embodiments,
20  the package comprises a stacked die assembly according to the invention, at least partially
encapsulated. The package can further include external contacts disposed on the second surface of
the substrate for attaching the package as a component to an external electrical apparatus or device.
In another aspect, the invention provides methods of fabricating the foregoing stacked die
assemblies and semiconductor packages.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the following

accompanying drawings, which are for illustrative purposes only. Throughout the following views,
the reference numerals will be used in the drawings, and the same reference numerals will be used
30 throughout the several views and in the description to indicate same or like parts.
FIGS. 1-3 depict cross-sectional, side elevational views of prior art embodiments of stacked

die packages.



BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the invention are
descri bed below with reference to the follow ng acconpanying draw ngs,
which are for illustrative purposes only. Throughout the follow ng views,
the reference nunerals will be used in the drawi ngs, and the sane reference
nunerals will be used 30 throughout the several views and in the
description to indicate sane or |like parts. FIGS. 1-3 depict
cross-sectional, side elevational views of prior art enbodi nents of stacked
di e packages. 3 FIG 4 is a cross-sectional, side elevational view of an
embodi ment of FKG.stia@lasebsdieetiqrat kidgelevational dievgof an etheodimentfiacstacked die fBckage
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of FIG Padel WiE afulliiplg diopRa bf&Intheebna net hod of invention. FIG 14 is
a top, perspective view of the first (bottom die of the package of FIG

12, ¥how ng tREGrIcs asTossrsaetipniah sids olgyatignal viqy efsmottwr gpiodisnensohy stacked die
Cross-se atc'kgékac r%ir%etoe[kgyn%m&al views of sequential steps in the nounting
of the €es. &) 'S a cross-sectional, side elevational view of another

enbodi ment of FEGSt1Bckeilldirste spprkAgerocssngstes inatht fdricatiansf the stabltedie 18- 19
il lustrate sequential processing steps in the fabrication of _a Hor_t i on of
the 20 skaskegePidilE-J3chacgeding tommembodimgrtcafadnethod of inventipso dilfmA¢ ivg tog,
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15 thedie. FIGS. 13 and 15-16 are cross-sectional, side elevational views of sequential steps in the
mounting of the dies.
FIG. 17 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 18-19 illustrate sequential processing steps in the fabrication of a portion of the
20  stacked die package of FIG. 17, according to an embodiment of a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom) die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG. 25 is a cross-sectional, side elevational view of another embodiment of a stacked die
30 package according to the invention.
FIGS. 26-29 illustrate sequential processing steps in the fabrication of the stacked die

package of FIG. 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,



FIG 20 is a cross-sectional, side elevational view of another enbodi nent of
a stacked die package according to the invention. FIGS. 21-24 illustrate
sequential processing steps in the fabrication of the stacked di e 25 package
of FIG 20, according to an enbodi nent of a nmethod of invention. FIG 22 is
a bottom perspective view of the first (botton) die of the package of FIG
20, showing the recess fornmed in the bottomsurface of the die. FIGS. 21
and 23-24 are cross-sectional, side elevational views of sequential steps
in the mounting of the dies. FIG 25 is a cross-sectional, side elevational
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dies by elimnating nee nount1 ng a nven
15  desirably low package profile, allows the use of thicker dies in the stack assembly to reduce the

number of cracked dies, eliminate the need for a spacer between dies to provide clearance for bond
wires extending from an underlying die, and reduces the number of passes required for
manufacturing multiple stacked dies by eliminating the need for mounting a spacer. The invention
further offers more reliable adhesion bleed out control, and the benefits increase as more dies are

20  stacked. The method of the invention can be utilized to fabricate an assembly comprising additional
stacked die layers to those of the illustrated embodiments using the described concepts herein.

In each of the described embodiments, prior to mounting the individual dies of a stacked
assembly, the backside (inactive surface) of a die (wafer) can be backgrinded or otherwise processed
to a desired thickness, flatness value and texture using conventional methods in the art.

25 Referring to FIG. 4, a first embodiment of a multiple chip die assembly package 40
according to the invention is depicted in a cross-sectional, side elevational view. The package 40
comprises a first (bottom) die 42 mounted to a support substrate 44, and a second (top) die 46
mounted on the bottom die 42. Bond pads 48a, 48b on the first and second dies 42, 44 are wire
bonded 50a, 50b, respectively, to terminal pads 52a, 52b on the support substrate 44. Substrate 44

30 further includes external contacts 54, for example, in the form of conductive solder balls, to connect
the die package 40 to an external electrical apparatus (not shown). As best seen in FIG. 5, a portion

or thickness 60 (shown in phantom) along the perimeter 56 of the second (inactive) surface 58 of the



further offers nore reliable adhesion bleed out control, and the benefits
increase as nore dies are 20 stacked. The nethod of the invention can be
utilized to fabricate an assenbly conprising additional stacked die |ayers
to those of the illustrated enbodi nents using the described concepts herein.
In each of the described enbodi nents, prior to nmounting the individual dies
of a stacked assenbly, the backside (inactive surface) of a die (wafer) can
be backgrinded or otherw se processed to a desired thickness, flatness
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techniques in the art, for example, a chemical wet etch or dry etch, laser ablation, or other
mechanical means of reducing the bottom surface 58 of the top die 46 to a predetermined depth.

20 Referring now to FIGS. 7-9, the first (bottom) die 42 is mounted on a first surface 68 of the
support substrate 44. The bottom die 42 comprises a first (active) surface 70 with a plurality of bond
pads 48a along the periphery thereof, and a second (bottom) surface 72. As shown in FIG. 7, the
bottom surface 72 of the bottom die 42 is aligned with and facing the first surface 68 of the support
substrate 44 prior to assembly.

25 The support substrate 44 can comprise an electrically insulating polymer material such as a
resin reinforced with glass fibers, for example, bismaleimide triazine (BT) resin, epoxy resins such
as FR-4 or FR-5 laminates, ceramics, and polyimide resins; a metal leadframe (e.g., Alloy42 or
copper); a flexible polyimide film (e.g., KAPTON from DuPont, Wilmington, Delaware, or UPILEX
from Ube Industries, Ltd., Japan); among other substrates. A representative thickness of the

30  substrate is about 50 pm to about 500 pm. As shown in FIG. 8, the support substrate 44 can be in
the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74



15 die 46 such that when the die 46 is subsequently nmounted onto the first
(bottom die 42, the recessed edge 62 provides an opening with sufficient
cl earance for the bond wires 50a extending fromthe bottomdie 42 to the
support substrate 44. The recessed edge 62 can be formed using known
techniques in the art, for exanple, a chemcal wet etch or dry etch, |aser
abl ation, or other nechanical neans of reducing the bottom surface 58 of
the top die 46 to a predeterm ned depth. 20 Referring nowto FIGS. 7-9, the
first (bottom) die 42 is nounted on a first surface 68 of the support
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t her et o, Pags 4 oL derbou iF BaelbEpy POUriE0 56 tedpmiptl et R B

3?; t gg]c gggg,gég stihate, %@%blesvp%fe%ﬁdﬂ@ (@HoRG) bABY 4Rt duRIInAEd BorsiiE ked
("TAB"). For example, ball bonds (not shown) can be thermosonically bonded to the bond pads 48a,

and the bond wires 50a extended and bonded to the terminal pads 52a on the support substrate 44. In
20  other embodiments, TAB bonding and ultrasonic bonding, as known in the art, can be used to
connect the bond pads 48 and the terminal pads 52.
Referring to FIGS. 10-11, the second (top) die 46 is then mounted onto the first (active)
surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,
25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with
a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from
the bottom die 42 to the support substrate 44.
30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive
element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

element 64. The first (bottom) die 42 and/or the second (top) die 46 can be provided in a pre-taped



Many suitabl e adhesive application nethods for liquid or.gel adhesive
application are known in the art, such as screen printing, roller
applicator, spray, and transfer. Simlarly, an adhesive tape may be applied
froma di spenser and severed froma roll of tape, or applied froma transfer
(carrier) film 15 Referring to FIG 9, with the first (bottom die 42
nmounted on the substrate 44, the bond pads 48a of the first (bottom die 42
are then electrically connected to the term nal pads 52a on the support
substrate 44, for exanple, by wire bonding (as shown) or by tape autonated
bondi ng farinTwigh jn adhesivetepemitiechddahéretoonrian §dhssive lelement 6@parblee afpdiedbs aitfiecat | y
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48b al ongsskmBlyoEs.i phery thereof, 25 and a second (inactive) surface 58. As
shown in FIG 10, the second surface 58 of the second _(toe% die 46 is
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thereto, or an adhesive elenent 66 can be applied to either or both dies

duri ng mBuhthedpdigidualpackeges4f cpn bpyingnlatednt o the first (botton) die. As
h in FIG : '
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by TAB bondi ng, resulthg in the wire-b nd@d stacked die assenbly 78. The
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encapsul gl pthe support substrate 44 for electrical connection of the encased die package 40 as a
component to an external electrical apparatus (not shown). Examples of such electric apparatus
include a PCB or other external circuitry (not shown) such as a motherboard of a computer, program

20  logic controller (PLC), a testing apparatus, among others. The support substrate 44 typically
includes a variety of conductive through-holes or vias 86 that extend through the cross-section of the
substrate and establish routing of the conductive elements through the substrate 44, and further
include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted.

25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individual die packages 40, for example, by cutting or shearing.

Another embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 12. The package 40' comprises a first
(bottom) die 42' mounted to a support substrate 44' in a flip chip attachment, and a second (top) die

30 46'mounted in a recess 88' formed in the first (upper) surface 72' of the bottom die 42'. Bond pads

48b' on the second (top) die 46' are wire bonded to terminal pads 52b' on the support substrate 44'.

The substrate further includes external contacts 54' (e.g. solder balls) for connection of the die



material 82, typically a thernoset resin, the assenbly 78 can be

encapsul ated using known techniques in the art, for exanple, screen
printing, glob-top, pot nolding, and transfer nolding, 10 resulting in the
encapsul at ed stacked di e package 40 depicted in FIG 4. In one enbodi nent, a
nunber of die assenblies 78 can be placed in a |lower nold plate or half of
an open nulti-cavity nold, one assenbly within each cavity, and foll ow ng
encapsul ation, the nold plates are separated and the individual packages 40
can be singulated. In the enbodinent illustrated in FIG 4, external
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I nvention is depict ectional, side el eva |onal VIeWI
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to term nal pads 52b" on the support substrate 44". he substrate further
i ncl Lidessuppbesnbdtratodvt @it packdge 40©. (§IGSoﬁ-dlla)r bal I s) for connection of the die

0 ackage 40 s B SRRERT sk 0B hHR B OB SR g
46" to bgokdasdid 4@ QistshewR @t £1088- siacﬁoﬁl& FIG.N3S and i @tb?rwrs@ectmwvv WPIG! 14.
package hei ght 67 An adhesi ve el enent 66’ can be ilized to attach the
second (Thgjecess 88'i is sized and configured to receive the second die 46' therein in a subsequent step. The
recess 88' can be formed in any suitable shape, such as square, rectangular, oval, and circular. The
20  recess 88' can be formed to a predetermined depth and width to accommodate the placement of the
second die therein using known methods in the art, for example, patterning and utilizing a chemical
wet etch or dry etch, laser ablation, or other mechanical means of removing the second (inactive)
surface 72' of the die. Dry etchers are commercially available, for example, from SECON, having an
etch rate of 25 pm/min. for an 8-inch wafer. The recess can be formed at the wafer level, the die
25 level (i.e., singulated die), or on a strip level after the die 42' is mounted on the substrate (e.g., strip).
The bottom die 42' can be mounted on the support substrate 44' by conventional flip chip
methodology. As shown in FIG. 13, the active surface 70' of the bottom die 42' is aligned with and
facing the first (upper) surface 68' of the support substrate 44 prior to assembly. Traces and
electrical connections (not shown) on the first surface 68' of the support substrate 44' are configured
30 to correspond to the configuration of bond pads and the conductive bumps 90' of the bottom die 42'.

The conductive bumps 90' in the form of solder bumps can be reflowed to physically and electrically

bond with the traces or other conductive elements on the first (upper) surface 68' of the support



die 46' onto the bottomdie 42'. 5 FIGS. 13-16 illustrate an enbodi nent of a
process flow and nethod for form ng the stacked die package 40" of FIG 12.
FIGS. 13 and 15 depict sinplified cross-sectional views of the nmounting and
bonding of the first (bottom) die 42" in a flip chip attachnent to the
Substrate 44'. As shown, the first die 42' conprises a first (active)
surface 70 and a second (inactive) surface 72'. The active surface 70" of
10 the first die 42" includes a pl urality of bond pads wi th conductive bunps

90" nount ed thereon, are_arran n a predeterm ned confjguration.
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As depicted in FIG. 16, the bond pads 48b' of the second (top) die 46' are then electrically

20  connected to the terminal pads 52b' on the support substrate 44', for example, by wire bonding (as
shown) or by TAB bonding.

The wire bonded stacked die assembly 78' can then be partially or fully encapsulated with a
dielectric encapsulation material 82' using known methods in the art to form the encapsulated
stacked die package 40' shown in FIG. 12.

25 External contacts 54' (e.g., conductive solder balls can then be mounted on the second
(bottom) surface 84' of the support substrate 44' for connecting the die package 40' to a motherboard
or other electrical apparatus (not shown).

Where applicable, a panel substrate comprising a plurality of dies (e.g., FIG. 8, panel 74) can
then be singulated into individual die packages 40'.

30 A further embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 17. The die package 40" incorporates

features of the die packages 40, 40' depicted in FIGS. 4 and 12.

10



9 substrate 44', or cured in the case of conductive pol yner bunps, although
ot her nethods such as thermal conpression can al so be used. Term nal pads
52b' on the first surface 68 of the support substrate 44' are exposed

al ong the periphery. Referring to FIGS. 15-16, the second (top) die 46" is
then mounted in the recess 88 of the 5 bottomdie 42'. The second (top)
die 46' conprises a first (active) surface 80" with a plurality of bond
pads 48b' al ong the periphery thereof, and a second (botton) surface 58'. As
~shown in FIG 15, the second (bottom surface 58 of the second (top) die
46' is alignedsllustratgddthe patkage #h'ecomprises 8 88’ (bottomhdic $2¢ modntsd ohtmaesuport of

the bottomdie 42! ior.to, assenpl The co op), di.e 46' .can be
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conventional mnmethods known in the art. As depicted in FIG 16, the bond pads

48b' 1f  istpartidlygaaroyedis)pravide 4eecessed edpeh eogreyife an pyeninDo ¥ danaffiegnt o t he
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78" can {Hesabsatd 44" ttlsle}imdsatinglthyneddaps sagérsttwbdntha twél ik @61,194C. The recess
encapsul ation material 82' using known nethods in the art to formthe
encapsul 83'¢@ thebeftqre diet2e allawr thigeseaond @HAdS) dig 461" o ba mseryel (urted)ribgreinodihgct s
54' e. I Ql | "
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Where applicable, a panel substrate conprising a plurality of dies (e.g.,
FIG 8, peltran d1;e44g2"cgpd the third (top) die 94" to the secon«? (middle) die 46"

The stacked die package 40" of FIG. 17 can be fabricated utilizing the process steps
described above in fabricating packages 40, 40'.

Prior to mounting, the recesses 88", 62" can be formed in the first (bottom) die 42" and the

20  third (top) die 94", respectively.

A recess 88" can be formed in the second (inactive) surface 72" of the bottom die 42”, as
described with respect to die 42' (package 40) and as depicted in FIGS. 13-14. The recess 88" is
sized and configured to receive the second (middle) die 46" therein in a subsequent step, and can be
suitably shaped to correspond with the shape of the second die.

25 A recessed edge 62" along the perimeter 56" of the second (inactive) surface 58" of the third
(top) die 94” can be formed as described previously for the second die 46 of package 40 and as
depicted in FIGS. 4-6. A portion 60" of the third (top) die 94" is removed along the second
(bottom) surface 58" to provide a recessed edge 62".

Similar to the mounting of the first die 42' on the substrate 44' shown in FIGS. 13 and 15,

30 the first (bottom) die 42" is mounted on a support substrate 44" using flip chip technology, with the

terminal pads 52a", 52b" on the surface of the support substrate 44" exposed along the periphery.

11



then be singulated into individual die packages 40'. 30 A further enbodi nent
of a nultiple chip die assenbly package according to the invention is
depicted in a cross-sectional, side elevational viewin FIG 17. The die
package 40" incorporates features of the die packages 40, 40' depicted in
FIGS. 4 and 12. 10 As illustrated, the package 40" conprises a first
(bottom die 42" nounted onto a support substrate 44" in a flip chip
attachnment, and a second (mddle) die 46" at | east partially recei ved
within a recess 88" in %@e hottom die 42" S|n1Iar tQ thg di e packag

(FIG 12). Théh ‘b%‘@R’éé; le) die 6 e her ipntedds the rersss §8( oy bartemalie %naaﬁted
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to provide an openi 63" sufficient clearance of the bond wires 50b"
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46", 94". The recess in the bottomdie 42" allows” the second (md 2’% 5
di e 46" 52b"mm ﬁmsmnoackubsstwd: &4 farleanmple, b are boadimgor by HAB bmdaig, ;resaBihg ina

advant ageousl y cambi n achi | ower overall package hei ght 67" 15
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to the second (md die 46". The stac di e package 4 can
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third (top) die 94" is aligned with and facing the first (active) surface 80" of the second (middle) die
46" prior to assembly.
The third (top) die 100" can be attached to the second die 46" by means of an adhesive
20 element 98", for example, a tape or die attach adhesive, as described hereinabove with respect to
adhesive element 64. The dies 46", 100" can be provided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63°”
with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44".
Referring to FIG. 19, the bond pads 48c" of the third (top) die 94" are then electrically
connected to the terminal pads 52c" on the support substrate 44", for example, by wire bonding or
TAB bonding,
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"
30 depicted in FIG. 17. External contacts 54" in the form of conductive solder balls (or other suitable

conductive material or form) are mounted on the second (bottom) surface 84" of the support
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25 A recessed edge 62" along the perinmeter 56" of the second (inactive)
surface 58" of the third (top) die 94" can be forned as descri bed
previously for the second die 46 of package 40 and as depicted in FIGS.

4-6. A portion 60" of the third (top) die 94" is renoved al ong the second
(bottom surface 58" to provide a recessed edge 62". Simlar to the nounting
of the first die 42' on the substrate 44" shown in FIGS. 13 and 15, 30 the
first (bottom) die 42" is nounted on a support substrate 44" using flip chip
technolog% with the term nal pads 52a", 52b" on the surface of the support

subst r at @ibaate 44 hisguavide slegiricakcopaestionea fhe dig paciage 4 toran qleatrcal appatatas

I's then egh | e ] . L8 4"y o |cted in
Fras 15 RER) TindBatddl FGRESR il h bl 8BRSt Rohiitia) aiBBadBl O 25,17 1
first (acti vRgferringtaddG3Q0, anattitr ambediaredt ¢hwinutiiple chip dacssén®ly phtiagbot t om
surface 58" of the second die . 46" is nounted onto the recess surface 92" of

t he bot t2ssPing t9the myeptiomis dgpicted in asessvectionglyriide elsvalipnal Wgwh The packaggd0oy

die-att ' L ibed. w ' hes| dycnlThe
R i e st e
t he surfmoented oritlidimttoar diedat'h AdiiHsstated] theg skedidi diaté'd is lafget nesipni.kaggreatdne

bond pads. 48b" of the second djie 46" are then electrically connected to the
Cor i hal WiskBIGw) Sier 16160 g e b patiosn A6 eI n ). oo pelecABal oAShey opheirst and

bondi ng r : i i : i i 1" I% &1 kb
shown i n&ﬁ?@ld%égz I'-2e41r‘6€ei I‘dl;lllg ﬁvélreﬁ%)\&/ivh%doﬂ%l Ggm?Bf t Twﬂcﬁaltnt5 ﬁﬁdg S?zti op d?)gl tbglﬁ&d@ g}nt t hen
be nountadswate ¥, which fiathef thadietes pxtdiral ddiitacts $d'!' ar cannedthiee dio patkagg 40T té e

second di.e 46 on the bgttom di.e 42 own in FIGS. 10-11. The third (top) die
oa" W nileciriedl ABPATaNE SIPRAD theHe ﬂégyplgtaﬂﬁa eesgabmgwnﬁﬁ%@ps%téﬁﬁac‘véf -6,26" to

formth : ' | N S SFeRd | Gyeak | (t.ap)
die 94" e%(ﬁo{r%gﬁ ilﬂgglg%él‘oéxﬂ?ﬁ,@ge?s lg?:qtei%‘e) surggggd gg%fdl\}gmﬂ?h%areﬁ&%%ﬁ érgwg%(abond
pads 48crecessehedge? "pler syffietent ¢dlberameffor thadhond sees Htla"s mohaied ofi6le wdeHying
recessed edge 62" shown in FIG 18, the secgnd surface 96" of e . third
(Fop) —di RO died2s) (S FBANTaReeah L0 SEiokg med i Mersepalid Godym ke 45 S of gy
the secopgdidnidde) afl R siZ88 fortebQVink An 28RQR! Yeme? 0l Nk edeif k@ Bcufd the HOFom ARN
be attached to the second die 46" by nmeans of an adhesive 20 elenent 98",

f or Examil"eto the segpertoubsirate 44't.aChe mdemsSearares 42" (@82t cdrpbinh éo aschaasalewer ¢verall

L?ZPS ;E) e%aockag h%g?lilt\éﬁ'"gjaﬁ@g Irllat%l?aép é& Etydeili%ﬁneﬁg'g’ thél' (r)xged f%? A s;?e?celplgect)\\alziegneﬁlle it(?p- gnd
bottom dies, and mounting the adhesive element 104™ as an insert into the recess 102" in the bottom
die 42" rather than as a distinct layer between the bottom die 42" and the substrate 44"™'. In addition,
the recess 102" contains a die-attach adhesive therein and limits the amount of adhesive (epoxy)

20  bleed onto bond fingers and/or other components on the substrate adjacent to the die edge.

FIGS. 21-24 illustrate an embodiment of a method and process flow for forming the stacked
die package of FIG. 20.

Prior to mounting, the recesses 102", 62" can be formed in the first (bottom) die 42"" and the
second (top) die 46", respectively.

25 As shown in FIG. 21, and in a bottom perspective view in FIG. 22, a recess 102" is formed
in the second (bottom) surface 72" of the first (bottom) die 42"'. The recess 102" is sized and
configured to receive an adhesive member 104" therein for attachment of the die 42" to the
substrate 44"™'. The recess 102" can be formed in any suitable shape, such as square, rectangular,
oval, and circular. The recess 102" can be formed using known methods in the art, for example,

30 patterning and utilizing a chemical wet etch or dry etch, mechanical drilling or punching, and laser
ablation of the second surface 72" of the die 42". The recess 102" can be formed at the wafer level

or the die level (i.e., singulated die).
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98" can be applied to either or both dies during nounting of the third die
94" onto the second die 46". The recessed edge 62" of the third (top) die
94" has a height (h") to provide an opening 63"' wth sufficient clearance
for the bond wires 50b" extending fromthe second die 46" to the support 25
substrate 44". Referring to FIG 19, the bond pads 48c" of the third (top)
die 94" are then electrically connected to the term nal pads 52c" on the
support substrate 44", for exanple, by wire bonding or TAB bonding The die
assenbly 78" can be art|aII or fuIIy encapsulated resulting in the die
package 40" éGe%Féﬁq‘g deg 62n g the perimgierptyapt %ﬁ?%ﬂél@ﬂﬁqu)ﬁu&fﬁ‘é% rohths

conduct | 46oR@l] s0akh 2l BE SAIGs B BDY GrevHAAUEE INSAIFRSHL 8 (AL o e

nount ed on econ otto SUI’ ace e support 1

to provi depieteé ot FIGS) 4- Bommrtlbmnf thie didus"tiseerpacddagieh ﬁ&t Wlﬁbnahe sdoend ﬂieaml"' is
apparatus (not shown Therea ter, amlti-die panel can be singulated into
i ndi vi dufhenanauniedquigythe firgitie A rhe resessedsedend”: LoV iir a8 ﬁﬁeatlgr% fesfsufficient

mul tipl e ehifc 6%9?&‘?&"@5 ¥s P(?aﬁ'kéﬂ&dn%ﬁ&h%é‘ﬁrfh&et&@' tb’il\{@%rhﬁﬁl s85ph G} aek

in a cross-sectiona evatio VI ew. ackage conprises a
first (beigporjsubsteatel24™. nounted to a support substrate 44"' . and a second

) o O o L g S i ol AP
than t heyhath,q %gﬁf‘%&%ﬁ‘ﬁ (Ef)%’r acg gd oPﬁ‘stuﬂﬁog'b }s)ubsﬂ‘glle 44 1idr & (f]gsps)éaﬂa 5t and

second di es 42" ed 50a" to te s 52a"’
52b"" on the Fhpfestidie @j'bstaltad:}mdctd‘the, support butfstrateHdi bmhardeff aexﬂlmswalelement

S0 R B bR alepent Lt e K e b s sorey wepee] 08 wophetscar 2"
portion 9{ 586ANGic (42"l d/¥EdntS g{cff ﬁ&@%gﬁer) s%?ac%%??'?)g%bgtf’ﬁp)mdhﬁd ?lg%ned

i's removed rovide a fecessed ear ance
t he bondwmhrthsrdéﬁ&m lozmdheeﬁemedttﬂmemnd?hc laghasiye ebatér iD4l' eaml@thprisé anadhésyveor

recess 102"' is also etched.in the gecond (batto surface 72"’ the .
bot tom aed asere, SedaertcliGenthays Sltementy aneatn o o egree Ty The first di
therein ug agedf ﬁletstlﬁstﬁ% 40mesH Be grovitidd in BBretﬁﬁechb?ﬂof)lt arﬁétth%ﬁ'i/@a%m%ﬂt 104"1hH8

recess features 62" ' conbine to achieve a | ower overall package
hei ghf 6b¢ ap}ﬂ[ﬂd to |ﬂ'63 qtmafakag%eltt@f or both ¢he fishdie 3 Y and thesmbsirdte #4'Y depeg the

Derveen Lk A1, TROHL P AR TRYS S, RSNSE 6L R 201 0
dIStInCt5h@y§ﬁﬂﬁﬂﬁM@@@ofmgSaﬂﬁggnhgbﬁmﬂai and the substrate 44"'. In
addition, Referring to FIGS. 23-24, the second (top) die 46" is then mounted onto the first (bottom)
die 42" to form the stacked die assembly 78". As shown in FIG. 23, the second surface 58" of the
20  second (top) die 46" is aligned with and facing the first (active) surface 70" of the first (bottom) die
42" prior to assembly. The second (top) die 46" can be attached to the first die by means of an
adhesive element 66", for example, with a tape or die attach adhesive, as described with respect to
the adhesive element 64 (die package 40). Either or both of the first and second dies 42", 46" can
be provided in a pre-taped form or the adhesive element 66™ can applied to either or both dies during
25  the mounting step.

As depicted in FIG. 24, the bond pads 48b™ of the second (top) die 46" can then be
electrically connected to the terminal pads 52b™ on the substrate 44™. The recessed edge 62" of the
second (top) die 46" has a height (h') sufficient to provide an opening 63" for adequate clearance
of the bonding wires 50a"" extending from the second die 46" to the substrate 44"

30 The wire-bonded stacked die assembly 78" can be partially or fully encapsulated with an

encapsulant material 82" using known techniques in the art to form the encapsulated stacked die

package 40" as depicted in FIG. 20. Thereafter, external contacts 54" can be mounted on the
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the recess 102"' contains a die-attach adhesive therein and limts the
anount of adhesive (epoxy) 20 bleed onto bond fingers and/or other

conponents on the substrate adjacent to the die edge. FIGS. 21-24 illustrate
an enbodi ment of a nmethod and process flow for form ng the stacked die
package of FIG 20. Prior to nounting, the recesses 102"', 62"' can be

formed in the first (botton) die 42"' and the second (top) die 46"',
respectively. 25 As shown in FIG 21, and in a bottom perspective view in

FIG 22, a recess 102"' is " aormed in the second (bottom surface 72"' of
the firSecquidbptienn) én@caim OfﬁWesupa%ré&b%tz 44" for elestaigal sranectign of therdieipackage
receive ' f‘)‘ﬁlﬂ g&ﬁ‘&ﬁr ar or attachnment of the die 42"' to
t he sub@?rtggg%? 1 e re%@ hist(gs{ﬁfgg/n be formed in any suitable shape,
such as squarSinguleiéaofainaltiple die phnel @n stripi daa thearbe peformed fgrotide individnal ke
formed usi ng known nethods in the art, for exanple, 30 patterning and
utilizi er‘Cléag@ﬁé% cal wet etch or dry etch mechani cal drilling or punching,
and lsaser f % e mok . cess
102"' can beb¢ 8tFIﬁe ’wa ergﬁez%dq&g?t(tgfﬁm@ lgfe \}:ﬂ{h@(asds%mbiyél&a at ed

die). lfhcéorﬂﬁrgetssbdlrwdxgﬁnﬁiﬁ depiaaltemrig al diessprectioral, gideSefcVatioal vivav. SEloopetkage 40"
(i nactive) s_urfaﬁe 58"' %t , _second (Atgp) die 46"' can be forned as,
descri be@IPIIses st {Patiom 4#%4% é’b‘?’rﬂlt?ﬂilé P chucatiagiument o a gepnost wistrate #4'Gs

4-6. A I, . nh v i e

46"" i spaol e&r)\glrzrg%ﬁ%gﬁl glﬁdtpp ﬂtféhdéé flﬁ}oglt %Hmﬁﬁéﬁ)eceged@gaagg%n&b Snthe
provi desseasndo(pey)idig46'3 are wire benddd Sd]béhto ﬁmmehpaals 62b’ Ufontthesdp@m:t substente HD'Y"

ext endi fro thef st _die 42" to the term nal ) support
Subsifr atixamal seW eupdon B¢ seqand Getomborks ?96%6 SubstRig A for g

the fi r "nn

Surt ace Pﬁfﬂ%‘*ﬂ%g TRORVT Y I S AL il PRE IR BT A il ?*E@fsr%?%d

42"" i s (hbttampadfice SBHéofsthpptrmnd stoppdie 468" $4Emoted tnmmdmirwessal@ﬁé%foveecemng
el ement 104"' . The adhesive ele W can he applied to th

e Tone hpRotomrid 42 Tuaaae Thg seceesatire, LK hep mevhPvier 8yl bhgRE R En
ont o t hegf kinmé Hﬁ)cﬁk% & 40WHyaRRtiS8the MRkt dib g BUBHih Aeoviflyin g%@é’orﬂ'dlgfi@d' with

the recess 102" e recei ved hereln The adhesive elemrent 104"' can

conpiSi se an aEl(é&Mﬁew glektrage an apbodiagntieSzmiethed ahé paicasstitore fori forming shxestacked

adhesi ved.el enent gé‘y(;pigkage 40). The first die 44"' and/or the substrate
lﬁga%aéen a pre-taped form or an adhesive el ement 104"' can

44"' can
Prior to mounting, the recess 108"" can be formed in the second (bottom) surface 58"" of the

second (top) die 46"", as shown in FIG. 25 and in a bottom perspective view in FIG. 26. The recess
108"" can be formed at the wafer level or the die level. The recess 108"" is sized and configured to

20  receive the bottom die 42"" therein, and can be formed in any suitable shape, such as square,
rectangular, oval, and circular using known techniques in the art.

As depicted in FIG. 27, the first (active) surface 70"" of the first (bottom) die 42"" is aligned
with and facing the first (upper) surface 68"" of the support substrate 44"" prior to assembly. The
active surface 70"" of the first die 42"" includes a plurality of bond pads with conductive bumps

25  90"" mounted thereon, which are arranged in a predetermined configuration. The bottom die 42""
can be mounted on the support substrate 44"" according to conventional flip chip techniques,
resulting in the structure shown in FIG. 28.

The second (top) die 46"" is then mounted onto the first (bottom) die 42"" to form the

stacked die assembly 78"". As shown in FIG. 28, the second surface 58"" of the second (top) die
30  46""is aligned with and facing the second surface 72"" of the first (bottom) die 42"" prior to
assembly. The first (bottom) die 42"" is received at least partially in the recess 108"" and can be

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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15 be applied to the surface of either or both the first die 42"' and the
substrate 44"' during the attachnent step. The first die 42"' is attached to
the substrate 44"' such that the term nal pads 52a"', 52b"' on the surface
of the substrate are exposed. Referring to FIGS. 23-24, the second (top) die
46""' is then mounted onto the first (bottom die 42" to formthe stacked
di e assenbly 78"". As showmn in FIG 23, the second surface 58"' of the 20
second (top) die 46"" is aligned with and facing the first (active) surface

70" of the first ottom "' prjor to assenbly. The second (tap) d|e
46"" cafufibasA 12Re ﬂe@e@aaﬁlh@%ﬁ?we fs éﬁsenbgﬂ Wish FEPER e adhFues JEmENEHAl 66"

for exang r " @A t
[ xRl fancf e S Bolloh 0 hAERCBAIRS ¥er, A dan L pRRAI fEnpest
and secdomn,dirdlse adhesiye éﬁi’ﬁentéxﬁ‘ " che applizditd enthéaror hothrdies dypag thenmuoting step.
adhesive el e t 66 t her. or bot die in 25 the
mount i ng ste? n&é‘bfi&e%&pﬁef??répagﬂ%l?ﬂé’fﬂ&ﬁ?" 812 9(';”" agmfn cond
(topy d'e?ecﬁffballa%?{ﬁ;éc%ﬁo%teﬁhﬁﬁfédd@%bi)'y' g@eﬁssﬁqtewﬁ he terminal pads

52b on t ate 44" ecessed edge 62" of the second (top) die
46"' has a hdlagtwl of hill gncapn‘uﬂatmne)ftthet die psseuibtie 78 cap bapefotizid usingrkmquuat e
clearance, of the_ bondi Lres 50 extendi ng, from.t 0 46"' to
e supdesmiues i the g0 1t i eacaponiated Topireedl o vas FGr 957 et poacts
par tial lyynop,df @i Ye fRGARE YhhELD (boiBm g%ﬁ&‘f@d%%"'ﬂ&?f m@%ﬁ&%@é 4482 to faeﬁfte&g
knovvn techniques in the art to formthe éncapsul ated stacked die package
40"' as edimtmqaﬂ echneptidt o the Oomﬁ@rmnedkmckageﬂﬂé'f madn exterhal clestricd! Appasatud@ot
m)u%ed n t 14 second (bottom) surface 84"' of the support substrate
8WB tr| cal connection of the die package 40"' to an external
eI ectrical aHH&Qﬁiu‘deﬁe%&k%@Qdﬂa muﬁlﬂ&&h'e%hél’%e of a8 siBd Wﬁh?eféfe%c@ﬁ‘)’}%helom in
strip can then be perforned to provide individual die packages 4
Ref er ri iJQ.8) Farthe &Pparatedfhyr 4 sisgulendrochmgie.of a nultiple chip die assenbl y
package according to the invention, is depicted in a cross-sectional, side
el evational view The package 40"" conprises a first (botton) die 42""

mounted in a flip chip attagymidrative £xa { tnd WShiie & 44" ", and a |arger

si zed, second (top) die 46"%MMM die 42"". Bond

padd548b" " oA chmparseoei thy paskygedesignshown ieFifisr 2 (ytom degl witb ghe pQCbageedqsigmal

pads 52b}’ i,i@ iﬁpport substrate 44"". 10 External contacts 54"" are
B‘HWPH‘é t

nount ed d (botton) surface of the substrate 44"" for

FIG.2 FI1G. 12
Bottom die, thickness 6 mils 6 mils
Second die, thickness 6 mils 6 mils
Bond line, thickness 1 mil 1 mil
Slot (recess) depth - 4 mils
Overall total thickness of the 13 mils 9 mils
stacked dies

By utilizing a package design according to the invention, a lower package height can be
20  achieved using thicker dies. In addition, thicker dies can be utilized to help reduce the number of
cracked dies that occur during the assembly process.
In compliance with the statute, the invention has been described in language more or less
specific as to structural and methodical features. It is to be understood, however, that the invention

is not limited to the specific features shown and described, since the means herein disclosed
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connecting the package 40"" to an external electrical apparatus (not shown).
A portion of the second (bottom surface 58"" of the second (top) die 46""
is renoved to provide a.recess 108"" for receiving the bottomdie 42""
therein. The recess feature 108"" hel ps achieve a | ower overall package

hei ght 67"" for the package 40"" by nesting the first die 42"" within the
overlying second die 46"". 15 FIGS. 26-29 illustrate an enbodi nent of a

nmet hod and process flow for form ng the stacked die package of FIG 25

Prior to nountin recess 108"" can, be forped _in the second (botto
surface Wpﬂsspr%ﬁéed ER3 REPYHipg fhednyeniiga into gdtect ok lpvﬁnﬁpmls Merefate, phalraed in

bottom p gggq t . he
waf er | e%lr ofrg ﬂt)]ﬁ[gs %Jilggﬁhgeae@ng'lwﬁgﬁ} teh-(gg)?o e?ggcﬁé Olfé}%p e :grcnosn? ﬁg)gr g%yt to 20
recei ve inteeproetitio acabrdand@ Withtthe dedtrine afndjucatentre f or ned | n any suitable
shape, such as square, rectangular, oval, and circul ar using known
techniques in the art. As depicted in FIG 27, the first (active) surface
70"" of the first (bottom die 42"" is aligned wth and facing the first
(upper) surface 68"" of the support substrate 44"" prior to assenbly. The

active surface 70"" of the first die 42"" includes a plurality of bond pads
w th conductive bunps 25 90"" nounted thereon, which are arranged in a
predet erm ned configuration. The bottomdie 42"" can be nmounted on the
support substrate 44according to conventional flip chip techniques,
resulting in the structure shown in FIG 28. The second (top) die 46"" is

then nounted onto the first (bottom die 42"" to formthe stacked die
assenbly 78"". As shown in FIG 28, the second surface 58"" of the second
(top) die 30 46"" is aligned with and facing the second surface 72"" of the
first (bottom) die 42"" prior to assenbly. The first (bottom die 42"" is
received at least partially in the recess 108"" and can be attached to the
recess surface 106"" of the second die 46"" by neans of an adhesive el enent

66"" 15 such as a tape or die attach adhesive as described with respect to
t he adhesive elenment 64 (die package 40). Either or both of the first and
second dies 42"", 46"" can be provided in a pre-taped form or the adhesive

el enent 66"" can applied to either or both dies during the nounting step.
Referring to FIG 29, the bond pads 48b"" of the second (top) die 46"" can
then be 5 electrically connected to the term nal pads 52b"" on the
substrate 44"". Partial or full encapsulation of the die assenbly 78"" can
be perforned usi ng known
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techniques in the art to formthe encapsul ated package 40"" shown in FIG

25. External contacts 54"" can then be nounted on the second (bottom
surface 84"" of the substrate 44"" to facilitate electrical connection of -
t he conponent di e package 40"" to an external electrical apparatus (not 10
shown). Individual die packages of a nultiple die panel (e.g., as shown wth
reference to panel 74 in FIG 8) can be separated by a singulation

techni que. Conparative Exanple 1 and Exanple 2 15 A conparison of the
package dsﬁm@%mﬂ:ig 2 (prior art) with the package design shown in

FIG 12. = Bottom die, thickness 6 mls 6 mls Second die,

t hi ckness 16 m Iasst&tked Hig asBaitlly, Icomgrisibgti ckness 1 mi|l 1 m| Slot (recess)
depth --- 4 mils Overall total thickness of the 13 mls 9 mls stacked

di es By utilizRhigashtpasemigendyetor diss sitapdanRFUPHrain® 3 arked pengementyths
package hegj 1 kgt hi i itd,QA, thicker
di es can Elé%ﬁeﬁ?’glgggp gagiéf{%mrfg%ggéﬂ? ﬁ%ﬂlﬁ%a?rggdrgqg%a%d??gg{)(rg’gﬁgigélédo? ﬂat occur
during theudssenbly process. In conpliance with the statute, the invention

has been descrihed in | anguage.nore. or. | es ecifi to structural and
met hodi cal fea?%'?%g.‘e ‘i“ﬂf‘ﬂrg' fiyst %h'ﬁfa%er‘&VB’&},"“ﬁ59@%)8?*‘?6@8&@0?%5@??{%nti on s
not |im t egdifi sithRebtretheftiret shffadeWrese sibawie, andbsliRisey diRehts Sdrneginghike NBans
herein di sclosed 16 conprise preferred forns of putting the invention into

ef fect. Trhend padsie therderiminal pads qir the substrptgiandd in  any of its forns or

nmodi fications w.hi r f | at: REARtiately
Mnterproted | nidcenddie B Rg's RERE, o kS FRRRRCARE RIERRERIE AR S
CLAI MED | Surfdce haviag dokdpaddilecateslghertsdny thecsooqmidissifagg: situated on the first surface of

the first die and comprising a non-beveled recessed edge portion along the perimeter of the

die with the bond pads on the first die positioned within the recessed edge portion; the
non-beveled recessed edge portion having a height sufficient for clearance of the bonding

elements extending from the bond pads of the first die.

2. A stacked die assembly, comprising:

at least two semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second
surface;

a first die comprising an active surface having bond pads located thereon, an opposing
inactive surface situated on the first surface of the substrate, and bonding elements connecting
the bond pads of the first die to the terminal pads on the substrate; and

a second die comprising an active surface, an opposing inactive surface, and a
perimeter; the active surface having bond pads located thereon; the inactive surface situated
on the active surface of the first die and having a non-beveled recessed edge along the
perimeter of the die providing an opening over the bond pads of the first die, the opening

sufficient for passage of the bonding elements therethrough.
3. A stacked die assembly, comprising:

at least two semiconductor dies situated on a substrate in a stacked arrangement; the

substrate comprising a surface having terminal pads located thereon;
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at |l east two sem conductor dies situated on a substrate in a stacked
arrangenent; the substrate conprising a first surface having term nal pads
| ocat ed thereon, and a second surface; a first die conprising a first
surface having bond pads | ocated thereon, a second surface situated on the
first surface of the substrate, and bonding el ements connecting the bond
pads to the term nal pads on the substrate; and a second die conprising a
first surface, a second surface and a perineter; the first surface having
bond pads Iocatte%t her eon;. e sec?nd surface, sit ateg on the first surface

of the first & ﬁ&OEBHﬁngl surfacs hayag P%HWpé Cd T2 58P on al ong

the peri ngfrfate afua{e%n the Qurdcé Bf ﬁleeumae Qﬂdﬁn&ﬂ?%ﬁﬂleﬁtsr&hn&hﬁg BRYohd oned
within the recessed edge portion; the non- bevelfed recessed edge portion

having a passghthedirstidicioghe tefminabpada pathesubstrataendondi ng el ements ext endi ng

at least two sorashiaelBptipgh il sty A RbASEER S AREE TR LpefifllE o' "0

at | east two sem con

ar r angenetit firdtRarface hasing dord pmmsda&idnlgpramf 'tlrest:ccmdrshﬁ‘a@ ditawted gn tterfirstnal pads
| ocated t hereon, and sec surface; [ die conpris an active
surface h%faﬁ% O%ﬁgrﬁ&sﬂnﬂ ¥inga t@‘ﬁlé’}ﬁé%‘i’?mo ?f{ %B‘ﬂﬁ)@f’ r‘?ﬁ”mFtﬁaB# t?‘g diedfr f ace
situated grvides thfbé{'el@d‘feEé’s@@d &fge Wit tReBSd AHSof BB GrR ARt Ste® WINRthS

connecting the b pads of first die to the term nal pads on the
subst r at erecesﬁdi edgsetb@ rdeshcd edﬂ@rhawlnsuawgff@wnabctlghtefosdﬁarra@@ of #he kopgdingi ng

i nactive erﬂggxt{:rﬂd’%ﬁom%éb%t 30391% cftlve surface havi ng bond pads

| ocat ed t hE''€0N actirve's ace Si on the active surface of the
first die and having a non-bevel ed recessed edge along the perineter of the
di e providing an openi.ng ove the bond pads of the first die, the opening
sufficienf forAgHE ie gysemp - ORI el ement s therethrough. 3. A stacked

di e assenbly, £oMRf e Rhicotbudt&adits ditRted 6L SRRHHELRL sALRS attahp@h&R: (RO a
substrate in a stacked arrangenent; the substrate conprising a surface

havi ng t esubsinatt coraprisinge suréage haienetmmnmlapads fdcated thtireonconpri sing a first
surface havi nY, P af Qle%é‘%ﬁrmﬁg gtf‘?sq s1de L gg borfd a%g ?orcgted thereon, an opposing

second side situated on the surface of the substrate, and bonding elements connecting the
bond pads of the first die to the terminal pads on the substrate; and

a second die comprising a first side, an opposing second side, and a perimeter; the first
side having bond pads located thereon; the second side situated on the first side of the first die
and comprising a non-beveled recessed edge along the perimeter of the die with the bond pads
of the first die situated within the non-beveled recessed edge of the second die, the recessed
edge having a height sufficient for passage of the bonding elements from the bond pads of the
first die therethrough.

5. The die assembly of Claim 4, further comprising: bonding elements connecting the

bond pads of the second die to the terminal pads on the substrate.
6. The die assembly of Claim 4, further comprising: at least one of an adhesive element

situated between the first die and the substrate, and an adhesive element situated between the

second die and the first die.

19



surface situated on the surface of the substrate, and bonding el enents
connecting the bond pads of the first die to the termnal pads on the
substrate; and a second die conprising a first surface, an opposing second
surface, and a perineter; the first surface having bond pads | ocated

t hereon; the second surface situated on the first surface of the first die
and having a thickness renoved along the perineter of the die to provide a
non- bevel ed recessed edge with the bond pads of the first die situated

W t hin th ssed edge; the r havi sufficient height for
cl ear ance of tﬂ?ee ‘fi%ﬁﬁ?'ﬁ‘gg’ °§|(ﬂ Ei’«?f&"éW& ﬁgesfvrgo:lﬁr%{'gc%%ﬁr&seﬁagle attael% he first
die. 4. Ag@lesicked die assenbly, conprising: at |east two sem conductor dies

situated on a substrate in a stacked arrangenent; the substrate conprising
a surface having term nal pads |ocated thereon; a first die conprising a

first sidg haVTﬁ'Egdlp?%ggBWtCLﬁ% GhetdiE e Alne 5% PRRGS rls%gﬁ%}fé adh&fe,

situated on the sur e substrate, bondi ng elenents connecti ng
the bond pads of the first die to the ternlnal pads on the substrate; and a
second di in ir posi i de

perlneters t he ?ﬁ&gﬁge?PB fﬁé@ g‘ﬁﬁﬁﬂ" 533“?@2% P%@éé@ﬁbf%ﬁggi 2d&d side

si tuated wnhﬁg@mgfmgﬁﬂﬁ“ﬂgt@é the first die and conpr|5|ng a non-bevel ed
recessed edge along the perineter of the die with the bond pads of the

first die S|tuated mnthln t he non-bevel ed recessed edge of the second die,

the r eces cﬁ fnﬂgr d&f @hgﬂtwf&ﬁﬁlh‘é' H&m%@fenl%ﬂﬁéo%ﬁﬁﬁ% SH&Q dgndi ng

el enent s romt rst her et The di e
assenbl y of C|a|n14 further conpri si ng: bondi ng elenents connecting the

bond pads d d he sub . Th
e aboenbly of RAEARERODL Q<R b ouiegn LemgndRE Sedat e Ao Bl vo

el ement S|tuated between the first die and the substrate, and an adhesi ve
el enent situated between the second die and the first die. 19 7. The die

assenbly & O Bhawie assamblyeaiClained.ardiveain the subssisterpompsispsya watsrial sglegted fionc h
adhesi ve. tg Uécoﬂgﬁe@so%%mlaﬂrelﬁide%%ﬁ@ Rsin MR F Flins NG rAHRE Shi foSRIFEN

conpr i ses
resins.

13.  The die assembly of Claim 4, wherein the substrate comprises a metal leadframe.
14.  The die assembly of Claim 4, being at least partially encapsulated.

15. A stacked die assembly, comprising:

a plurality of semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second
surface;

a first comprising a first surface situated on the first surface of the substrate, and a
second surface having a recess formed therein; and

a second die at least partially situated within the recess of the first die such that an
overall thickness of the first and second dies within the die assembly is less than the
thicknesses of the first and second dies combined, the second die comprising a first surface

having bond pads located thereon, an opposing second surface situated on the first die within
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9. The die assenbly of Caim4, wherein the second die has at | east one of a
|l ength and a w dth greater than the first die. 10. The die assenbly of
Claim 4, wherein the bonding el ement conprises a TAB tape. 11. The die
assenbly of Claim4, wherein the bonding el enment conprises a wire bond. 12.
The die assenbly of Caim4, wherein the substrate conprises a materi al
selected from the group consisting of bismaleimde triazine resin, epoxy
resins, ceramcs, and polyimde resins. 13. The die assenbly of Caim 4,

wherein the substrate conprises a netal |eadfrane 14. e di.e assenbly of
Qo m 4, B mipssand b ErmP pgBuikar PR See fckopd diaf s 5D |
conpri si N@adstonthé Esirity; #Hd sem conductor dies situated on a substrate in a
stacked arrangenent; the substrate comprising a first_ surface havin

termnal pads P&uttdieicomprisiema figshenrface @B ORBOsIng fepedesurface. iapd @ PEFREET: Meng a
first Surfﬁ?ﬁ@urﬂc@ﬁ%iﬁgb&gﬂ ;%eﬂi@ l(;éaﬁﬁrthé?wnﬁ Qrﬁﬁth@gectonﬂesﬁﬁgﬁﬁtsft@z{t@d orfh€ izt second
surface having a recess torned therein; and a second die at |east partially
si tuat ed winfdve of theasecond eldesandf cotripeising asion-deeeledlichbessdrbtdga along vher peirimetdni ckness

of the first and secqnd dies within the die.ass ly is.1gss than the
t hi ckness& eﬁgygﬁémf‘%%'fle%ﬁeﬁe%% § p(ﬁ?végesélﬂﬁi'e gg‘?a%ﬁ%sf%@(g%an%fl% conpri si ng
a first sylchrAg exi%ﬂéﬁh%@robpﬂhgb@ﬁ&ﬁad's@ﬁﬂk%él:ohbmeeon, an opposi ng second
surface situated on the first die within 20 the recess, and bondi ng el enents

connecting the bond pads of the second die to the termnal pads on the

substrat e;;cand LE @ di ising .a first surface, an opposing second
16! Aastécﬁlkcf gle%s%{xﬁg);m?fln?g{l

surface, and a perineter, ur f ace havi ng bond pads | ocated

t hereon; and t helwaitpnflsemicdmaetosdieusituattdon atsnbstfate igta stwbed acangemhenththe second
di e and conprising a .non-bevel ed recessed ed al t he perineter whereby
the non- beUSHaR PEPESERA NEdGErrare SOV AELTain PR ARBSIPan A p3FOMie bondi ng
el ements gxtgedi ng fromthe bond pads of the second die. 16. A stacked die
assenbly, conprising: a plurality of sem conductor dies situated on a
substrate in aafﬁﬁémmmmg&r@rﬁpgfaqe}f@tumed on the first surface of the substrate in a

flip chip attachment, and a second surface having a recess; and

a second die at least partially disposed in the recess of the first die such that an overall
thickness of the first and second dies within the die assembly is less than the thicknesses of
the first and second dies combined, the second die comprising a first surface having bond
pads located thereon, an opposing second surface situated on the first die within the recess,
and bonding elements connecting the bond pads of the second die to the terminal pads on the
substrate; and

a third die comprising a first surface, an opposing second surface, and a perimeter; the
first surface having bond pads located thereon; and the second surface situated on the first
surface of the second die and comprising a non-beveled recessed edge along the perimeter;
whereby the non-beveled recessed edge provides sufficient clearance for the bonding

elements extending from the bond pads of the second die.

17.  The die assembly of Claim 16, wherein the recess in the first die is substantially

square or rectangular shaped.

18.  The die assembly of Claim 16, wherein the recess in the first die is substantially oval

or circular shaped.
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substrate conprising a first surface having term nal pads |ocated thereon,
and a second surface; a first die conprising a first surface situated on
the first surface of the substrate in a flip chip attachnment, and a second
surface having a recess; and a second die at |east partially disposed in the
recess of the first die such that an overall thickness of the first and
second dies within the die assenbly is less than the thicknesses of the
first and second di es conbined, the second die conprising a first surface
havi ng bond pads |ocated thereon, an opposing second surface situated on
the first die wthin the recess, and bonding elenents connecting the bond
pads of the setgdledisembly dftTaiheI6)i ireHer PaSrisiy: tivRding ehsiehat @nneunielg ehet hi r d
die conprising a first surface, an opposing second surface, and a perineter;
the firsbonsinedgeithe dhyidhie e tesminal pass ob dif R¥F%SN; and the second surface
situated on the first surface of the second die and conprising a

non- bevel ed recessed edge al ong the perineter; whereby the non-bevel ed
recessed 20ge Pheodie dessmblyf dfi@aient6, firtwr eoroprising: 4t eastomedif ay adlelsiymeletrent

G i m 16, SURERLEReER N THRCLE of e R G vt pn AP B o A B o o1

rect angul g ssdoapaed and8he thitg di.e assenbly of C aim 16, wherein the recess in
the first die is substantially oval or circular shaped. 21 19. The die
assenbly of Claim 16, further conprising: bonding el enments connecting the

bond pads F; g’rﬁeé?ig 5§nggi}ﬁ(%t{@aihrl;f6,%remil{]@lk RAFe ﬂ{)keéth‘@as§&{%§;f L3 dpth A a The

di e asse alm urt conprising: at ast one of arm adhesive

el enent  widthigteedr that Weescdrldalié.i r st di e and the second die, and an adhesive
el enment situated between the second die and the third die. 21. The die
assenbly of Caim 16, wherein the third die has at |east one of a |length and

a wdth gseat ke dibagekbB sTENSRM16lib8ing dleast Partidilpemapaiiby. of C aim 16,
being at |east partially encapsul ated. 23. A stacked die assenbly,

conpri si ng:
23. A stacked die assembly, comprising:

at least two semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second
surface;

a first die comprising a first surface having bond pads located thereon, and an
opposing second surface having a recess formed therein and attached to the substrate by an
adhesive element situated within the recess such that the adhesive element does not contribute
to an overall height of the die assembly, and bonding elements connecting the bond pads of
the first die to the terminal pads on the substrate; and

a second die comprising a first surface, an opposing second surface, and a perimeter;
the first surface having bond pads located thereon; the second surface situated on the first
surface of the first die and comprising a non-beveled recessed edge along the perimeter which

provides sufficient clearance for the bonding elements extending from the first die.

24.  The die assembly of Claim 23, wherein the adhesive element situated within the recess

comprises one of a die attach adhesive, and a tape adhesive.
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at |l east two sem conductor dies situated on a substrate in a stacked
arrangenent; the substrate conprising a first surface having term nal pads
| ocat ed thereon, and a second surface; a first die conprising a first
surface having bond pads | ocated thereon, and an opposing second surface
having a recess forned therein and attached to the substrate by an adhesive
el ement situated within the recess such that the adhesive el enent does not
contribute to an overall height of the die assenbly, and bonding el enents
connecti ng .t he bond pads,of he first die to the ter al. ds an.the
substrate%sandTﬁeg5ﬁgﬁ@aﬂY8f€%HBQ§S”H@”&OFPPnggﬁFFg%é?mﬁ%vﬁggggﬁﬁgu%%%ond
surface, aBdflvean perfirsledi€and tht B&ohd Rt surface havi ng bond pads | ocated

t hereon; the second surface situated on the first surface of the first die
and conprising a non-bevel ed recessed edge al ong the perineter which

provi des ffigqi hat j | endinR&t t he
P rat e T o e R R e

si t uat ed wiohthpadstotfi¢hersecasldlie toathptermaml pade oo thessubistataat t ach adhesi ve, and a

t ape adhesive. 22 25. The die assenbly of Caim23, further conprising: a
second adhesive elenent situated between the first die and the second die.
26. The di2g. asgagldleyas®mbl) af O1adn 23 f Whdrbif theCe 8 d dit hgs at BN @ f & ll @iFeidng
connecting the bond pads of the second die to the term nal pads on the
subst r at e.2 Voidth grepterdhan the fisstiiey of O ai m 23, wherein the second die has at

| east one of a length and a width greater than the first die. 28, The die
assenbly of Claim23, being at |east partially encapsul ated. 29. A

sem conduc@Bor dihe dipaaskemgidy o£Olmoni23] bejng dt deadti partzdlyembdpgulafedCl ai m 1, furt her
conpri sing bonding el ements connecting the bond pads of the second die to
the termnal pads on the substrate, and being at |east partially

encapsul at®ed. 30semibshdiackaig pasfagé c@inﬁ.’ﬁ-i&ﬂg tHeWid A8EMBIQIHPIOI£iNIQ furkhet er nal
contacts | ocated on the second surface of the substrate, 31. The package of

Cl ai m 30, °pmEFiging bendingslemeniaronnsefingche bendrisds kthy second diettp the tgmmigepads
conduct i V& 8RO WstrdlE, a8 BEUE bPleadt phiriGlly ERIBNrated.

30.  The package of Claim 29, further comprising: external contacts located on the second

surface of the substrate.

31.  The package of Claim 30, wherein the external contacts comprise a conductive solder,

conductive epoxy, or conductor-filled epoxy.

32.  The package of Claim 30, wherein the external contacts are in the form of balls,

columns, pins, or a combination thereof.
33. A semiconductor die package, comprising the die assembly of Claim 15, further

comprising bonding elements connecting the bond pads of the third die to the terminal pads

on the substrate, and being at least partially encapsulated.
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32. The package of Caim 30, wherein the external contacts are in the form
of balls, colums, pins, or a conbination thereof. 33. A sem conductor die
package, conprising the die assenbly of Claim 15, further conprising
bondi ng el ements connecting the bond pads of the third die to the term nal
pads on the substrate, and being at |east partially encapsul ated. 23 34. A
stacked di e assenbly, conprising: at |east two sem conductor dies situated
on a substrate in a stacked arrangenent; the substrate conprising a first

surface hgying,term nal pads,|ocated thereon, and a second surface; a first
di e conpr?gingAé$¥F%£%e§§?F§9%cﬂﬁ@?ﬂ@}bond pads | ocated thereon, a second

surface situat gldefbtid@niitdnductdtidibasitiaell ohhgubitisd inatseackehstrddgadempthel enent s
connecting the bond pads to the term nal pads on the substrate; and a
second di SuksHABCPEPHNR2 fiFst surfacs having }erralr@geaﬂsdm@tﬁdf%é?m andi2 8e8Bd i neter ;
the first g, $4eface having bond pads |ocated thereon; the second surface
situated on the first surface of the first die and conprising a non-bevel ed
recessed edge alfimtdietdoeppieingadirstrsuficetfagingibendvpads locakesl theraoh, padenndn t he

first die sitione ithin the recess dge;, t he non-bevel ed .recessed
bage. havi ATae bRl ot AT shifee B RS REn A% nin el Mt GRe bR <

ext endi ng bbhidpads kethd @ditehindd pads ddfthé fidsiraté;sinddi €; nmeans for nounting the first
die on the substrate; neans for_nmounting the second die gn the first die;

and means for @8¥ABe fierfgmprising grtistsuidaceot sacprd surtase, and @ PeBMERE ettt nal pads
on the s HQ%%IE 2_5\2{1% g@hd JJ&@ IGtaRd @@ré’onotheg:él‘)'gﬁ"st%ace%ﬁe{rtgd On IH3GirRHAL NG mBans

conprises a adhesive, a tape adhesive, or a conbination thereof.
36. The atedir die afd @nairising4, novteveled rachsed edgeabdngribe perangerod it dis gdtha wi re

TR W TR R W T Y T
connect i ngdgdavingafeiny sifficieaifof¥le &b of eonting @lenMRAdx@dnd g from the bond
pads of the first die;
means for mounting the first die on the substrate;
means for mounting the second die on the first die; and
means for connecting the bond pads of the first die to the terminal pads on the

substrate.

35.  The assembly of Claim 34, wherein the mounting means comprises a die-attach

adhesive, a tape adhesive, or a combination thereof.
36.  The assembly of Claim 34, wherein the connecting means comprises a wire bond.
37.  The assembly of Claim 34, wherein the connecting means comprises a TAB tape.

38.  The assembly of Claim 34, further comprising means for connecting the assembly to

an external electrical apparatus.
39.  The assembly of Claim 38, wherein the assembly connecting means comprises a

conductive solder, conductive epoxy, or conductor-filled epoxy, attached to the second

surface of the substrate.
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39. The assenbly of C aim 38, wherein the assenbly connecting neans
conprises a conductive sol der, conductive epoxy, or conductor-filled epoxy,
attached to the second surface of the substrate. 24 40. The assenbly of
Claim 38, wherein the assenbly connecting neans are in the formof balls,
columms, pins, or a conbination thereof, attached to the second surface of
the substrate. 41. The assenbly of Caim 34, being at |east partially
encapsul ated to forma di e package. 42. A stacked di e assenbly, conprising:
a plurality of sem conductor dies situated on a substrate in a stacked
arrangenment; the substrate conprising a first surface having term nal pads

| ocat ed t her eoMhe &9€mblyHECHiIh 385 Whérdihahe assémblgtcothe2ting® Meanssdre ih the formsdf
surface situated on the first .surface qof the substrate, %pd % se%ond
surface ha¥isnePlamps PEssoraarination tharept afiaghed t thessernd;suriage oldhetubsEale | al |y
situated within the recess of the first die such that an overall thickness
of the first and second dies within the die assenbly is |less than the

t hi cknessdsé. of Thhassémblytof &ilaimside beivg ali least patidllynendapsutatedste dommia diewadkigpr i si ng
a first surface having bond pads |ocated thereon, an opposing second
surface situated on the first die within the recess; and a third die

conprisingza f jArsedckedidit asembR) cOmpesindlg second surface, and a perineter; the
first surface having bond pads | ocated thereon; and the second surface
situated on t haPphugliy of semisqnducter dieatuated oR@ sHpsraten asksked arangement; the

non- bevel : I 1 ; | the first
Gi'e ontherelBERORpHER TR Ao anp RERTE) fids LRIt G AR RN ce of the
first di esurfageans for nounting the third die on the second die; and neans
for connecting t.he bond pads t he. second,and third dies to the term nal
bads. on' ¢ he  StEY AEameRRERadys et sione B s PrcluiTAubifat fThnr

di e provi g&sné tirfdce heihg & kRaEsAOHRed thékint ARl connecti ng neans extendi ng from
t he bond pads of the second die to the substrate. The assenbly of O aim

42, wherein theseobhdierngleasagialy sitpaded Vithip the recesy ﬁg&%ﬁ digst dig such that an
overall thickness of the first and second dies within the die assembly is less than the
thicknesses of the first and second dies combined, the second die comprising a first surface
having bond pads located thereon, an opposing second surface situated on the first die within
the recess; and

a third die comprising a first surface, an opposing second surface, and a perimeter; the
first surface having bond pads located thereon; and the second surface situated on the first
surface of the second die and comprising a non-beveled recessed edge along the perimeter;

means for mounting the first die on the substrate;

means for mounting the second die in the recess of the first die;

means for mounting the third die on the second die; and

means for connecting the bond pads of the second and third dies to the terminal pads
on the substrate;

whereby the non-beveled recessed edge of the third die provides sufficient clearance

for the connecting means extending from the bond pads of the second die to the substrate.

43.  The assembly of Claim 42, wherein the mounting means of the first die comprises a

flip chip attachment.
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flip chip attachnment. 25 44. The assenbly of C aim 42, further conprising
means for connecting the assenbly to an external electrical apparatus. 45.
The assenbly of Claima42, being at |east partially encapsulated to forma

di e package. 46. An apparatus, conprising: an electrical apparatus; and the
di e package of Caim41l in electrical comunication with the electrical
apparatus. 47. The apparatus of C aim 46, wherein the electrical apparatus
is selected fromthe group consisting of a PCB, notherboard, program/l ogic

|1 ' 1 48, . i 8L ng.
cl oot ri cal® appara rOSARC Bt g Bk CpuplsRRRERT HF sorRRiy Bk Mem:f

comruni cadr &xeridltelectrieel fpeetusi cal apparatus. 49. An apparatus, conprising:
an electrical apparatus; and the die package of Claim45 in electrical
communi cation with the electrical apparatus. 50. A panel substrate,

conpri si ngs mul Tﬁenis&n%lﬁaf‘?ﬁgmb] l?e?nga‘&%%rgﬁaﬁgalltycéngp%mea to Pobm £4iPBRtKage.

substrate, conprising I ple di e asse les’according to Caim15.~ 52. A
stacked di e assenbly, conprising: at |east two sem conductor dies situated
on a substrate,in a stacked.arrangenent; the substrate conprising a first
surface h ingA?g?R?f%‘éﬁ’C%’BBrém?%cat ed thereon, and a second surface; a first
di e situated ofn didrridal hsparsies; bdce of the substrate, and conprising first and
second surfaces, bond pads |l ocated on the first surface, and bondi ng

el enent s i nt ertbedisaackagy of klaimyd ip elsetaisal sammunicatiap Wi‘tﬁéllle Heddcal pppraie. o
second die conprising first and second surfaces, a perineter, bond pads

| ocated on the first surface, and the second surface situated on the first
sur face o#7.t heTle apparatiisef Caial 46¢cwhpreinghagjecirical apfrastas sdelected Sroarthedpupal ong

the peri rrg(;[nglrstir(ljéc oft ahFCIg,I rﬁé)thlértggarg,o }g]rgglrz)lranqggig rc]:ortltpoqler, and testing apparatus.

48.  An apparatus, comprising:
an electrical apparatus; and

the die package of Claim 41 in electrical communication with the electrical apparatus.

49.  An apparatus, comprising:
an electrical apparatus; and

the die package of Claim 45 in electrical communication with the electrical apparatus.
50. A panel substrate, comprising multiple die assemblies according to Claim 1.
51. A panel substrate, comprising multiple die assemblies according to Claim 15.

52. A stacked die assembly, comprising:

at least two semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second
surface;

a first die situated on the first surface of the substrate, and comprising first and second
surfaces, bond pads located on the first surface, and bonding elements interconnecting the

bond pads and the terminal pads; and
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first die positioned wthin the non-bevel ed recessed edge; the non-bevel ed
recessed edge having a height sufficient for clearance of the bonding

el enents interconnecting the bond pads of the first die and the term nal
pads on the substrate. 53. A stacked die assenbly, conprising: a first die
situated on a substrate, a second die situated on the first die in a stacked
arrangenent, and bondi ng el enents interconnecting bond pads | ocated on the
first die to termnal pads |ocated on the substrate, the bonding el enents
situated within a non-bevel.ed .recessed ed al ong. a_peti er of the second
di e, the non beuaPRLTF SEEuShe B e E o ind, f R B RE PORE P 1 Reush 3R, °F v

cl ear ancetmeffiritharfhengidWe edcdn@ Birface Suatelinem tHe frstsuéizb by theffiréidié, and3, furt her

conpri sing: bonding el enents connecting bond, pads.|ocated on,the second die
to tern nSPMPEAS HRON-bryeledsegepsed gdgesajon %Perﬂ@&a%%féhﬁﬁs?' e bend:pais e e yr t her

conpri si Nt @i RERBRMRiti5h B Yn-BeQERE ?ééeé%@% g(%%?,sﬁhgfnaﬁ-%ewle& Reeskdd &lge di ©

bet ween the substrate, the second die, or 6. The die assenbky of

C ai m 53, hatieg 2heightseffcémnt fd cliiamnbeof the borsting elementp interconmnefirig the bend paidsit h
greater than the first die.. 57 The die assenbly of C aim53, wherein the
substrateog@ﬁtyﬁgggnét?%%ﬂ??ﬁ“%@sO%gps?ﬁ%a%ie assenbly of O aim53, being at
| east partially encapsul ated. 59. The die assenbly of C aim53, wherein the
first die_is attached to the substrate by an adhesive el enent situated
within a Pécesd stacked e asssmbPas@mpfisitdie di e such that the adhesive el ement

does not contrj B Gietsﬂ\lll\ﬁgd Y &S sgat?,eai GabnPdic a8l & B fifiTRleYin adtackYy The die

assenbly of Calm 53 ereint Irst die conprises first and second
sur f aces, atrimgementpard btindirigesilengents inteadopdecting bbied pasls dovdtedonftbe Brst dindo t he fi r st

f i Si . .61, T di | f ,Cl.al.m60,, wh i
T TN e T P e
di e assenidc¥ssed eddealldngtiberitfetir F thededdnd dik, eHethohSestledl %c@ﬂed’%dé&?@rﬁdﬁe recess

of the first die. 63. A panel substrate, conprising nultiple die assenblies
accor di nghedngy heightsgfficient for clearance of the bonding elements.

54.  The die assembly of Claim 53, further comprising: bonding elements connecting bond

pads located on the second die to terminal pads on the substrate.

55.  The die assembly of Claim 53, further comprising: an adhesive element located on a

surface of the first die between the substrate, the second die, or both.

56.  The die assembly of Claim 53, wherein the second die has at least one of a length or a

width greater than the first die.

57.  The die assembly of Claim 53, wherein the substrate comprises a leadframe.

58.  The die assembly of Claim 53, being at least partially encapsulated.

59.  The die assembly of Claim 53, wherein the first die is attached to the substrate by an

adhesive element situated within a recess within a surface of the die such that the adhesive

element does not contribute to an overall height of the die assembly.
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64. An apparatus, conprising: an electrical apparatus; and the die assenbly
of Caimb53 in electrical comunication with the electrical apparatus. 65.
A stacked die assenbly, conprising: a first die situated on a substrate and
a second die situated on the first die in a stacked arrangenent, the second
di e having a non-bevel ed recessed edge along a perinmeter with a height
sufficient for clearance of bonding el enents extending frombond pads on the
first die to terminal pads on the substrate. 66. A panel substrate,

conprising, nultiple die ass | i ccar di tp Claimé65. 67. An apparatus,
conpri si n%.o' antrhgg'c‘?tars?eé‘m?y 3@%@?‘3?3@7 eéﬂﬂﬂte&g“dﬁ%c%{g%résﬁﬁgw S?Jiﬁcgilqn 65 in
el ectri calsu@UeEuRd &ebnddie Bkihp sititfeddretié kdc6ad surfd®aha thesfirsPshirface comprising

a recess.

61.  The die assembly of Claim 60, wherein an adhesive element is situated within the

recess of the first die.

62.  The die assembly of Claim 60, wherein a third die is situated within the recess of the

first die.
63. A panel substrate, comprising multiple die assemblies according to Claim 53.

64.  An apparatus, comprising:
an electrical apparatus; and
the die assembly of Claim 53 in electrical communication with the electrical

apparatus.

65. A stacked die assembly, comprising:

a first die situated on a substrate and a second die situated on the first die in a stacked
arrangement, the second die having a non-beveled recessed edge along a perimeter with a
height sufficient for clearance of bonding elements extending from bond pads on the first die

to terminal pads on the substrate.
66. A panel substrate, comprising multiple die assemblies according to Claim 65.
67.  An apparatus, comprising:

an electrical apparatus; and

the die assembly of Claim 65 in electrical communication with the electrical

apparatus.
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