STACKED DIE IN DIE BGA PACKAGE FIELD OF THE INVENTION This invention generally
relates to assembling and packaging multiple semiconductor dies, 5and more particularly to a stacked
multiple die device and methods for fabricating the device. BACKGROUND OF THE INVENTION
Miniaturization of wireless produS&TAGIHKER BIF.IN DRBRGe ARAGKAEK computers such as personal
digital assistants (PDA), has driven the increased demand for smaller component footprints, 10 which
in turn increases the popularity of multjchj g Most multi-chip packages involve
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handling andpth required special bonding techniques poses many challenges to the assembly process.
FIGS. 1-3 depict conventional ways of packaging a multi-chip stacked die package. As shown in FIG. 1,
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15 Thin die handling and the required special bonding techniques poses many challenges to the

assembly process. FIGS. 1-3 depict conventional ways of packaging a multi-chip stacked die
package. As shown in FIG. 1, one prior art package-10 includes two conventional stacked dies, the
first (bottom) die 12 being surface mounted by means of an adhesive element 14 to a substrate 16,
and a smaller second (top) die 18 being mounted by a second adhesive element 20 onto the active

20  surface 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



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 pm
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 presence of
"dimples" on the backside of the wafer. Such dimples are typical defects observed on bump wafers that
are ground too thin or an inappropriate backgrinding tape is used in the process. In addition, as
depicted inyfdfencs ¥fittiimplépteotamkpaclliege afiRasRIfEOCIsdCAIIFE SR AN Erail OBt iR BACe
for the wire loop height between the second (middle) die 18b and the 5third (top), die 28b. This results
in a higher ARk SEFR Rt 267 RERRELOQITRARA MdRIPPHBER G e iRdipR ERss Wisg i fhe BrRSTRent.
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these and other deficiencies, improvements in stacked die modules are desirable. L0SUMMARY OF
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density, and method of fabricating die packages of the assemblies. In one aspect, the invention
provides atbgRdderdsiebéreaniremente dhibaendisstramelatsdnieladeigher possibviy ebraprkeddiesirst
(bottom) dig,gispasesk Qi ate, a bonding element connecting bond pads on an active surface of
the bottom die to terminal pads on the substrate, and a second die mounted on the bottom die. The
second die has a Botiem aithsze antiotheedelsicadey dmamovementomsadeddicannduss aps deriablan
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
10 SUMMARY OF THE INVENTION

The present invention provides semiconductor devices and stacked die assemblies, methods
of fabricating the devices and assemblies for increasing semiconductor device density, and method
of fabricating die packages of the assemblies.

In one aspect, the invention provides a stacked die assembly. In one embodiment, the

15  stacked die assembly, comprises a first (bottom) die disposed on a substrate, a bonding element
connecting bond pads on an active surface of the bottom die to terminal paids on the substrate, and a
second die mounted on the bottom die. The second die has a bottom surface with a recessed edge
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



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
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15  on a substrate, typically through a flip chip attachment, and a second die having a recess formed in

the bottom (inactive) surface. The first die is at least partially disposed in the recess of the second
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.



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 purppeea enierbBsaaiionHtRritotievanendpviswBe € termoaaumer alsivileRaidspiiadhe
drawings, and the same reference numerals will be used 30 throughout the several views and In the
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10 FIG. 12 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.

FIGS. 13-16 illustrate sequential processing steps in the fabrication of the stacked die
package of FIG. 12, according to an embodiment of a method of invention. FIG. 14 is a top,
perspective view of the first (bottom) die of the package of FIG. 12, showing the recess formed in

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,



package according to the invention. FIGS.. 13-16 illustrate- sequential processing steps in the
fabrication of the stacked die package of FIG. 12, according to an embodiment of a method of
invention. FIG. 14 is a top, perspective view of the first (bottom) die of the package of FIG. 12, showing
the recess formed in 15the die. 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,
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in the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
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the package of FIG. 25, showing the recess formed in the
processing steps for use in fabricating semiconductor devices in accordance with the present

invention. It should be readily apparent that the processing steps are only a portion of the entire

10  fabrication process.

The terms "top" and "bottom", and "upper" and "lower" are used herein for convenience and
illustrative purposes only, and are not meant to limit the description of the invention inasmuch as the
referenced item can be exchanged in position.

The invention advantageously reduces the overall height of stacked die packages, achieves a

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



bottom surface of the die. FIGS. 27-29 are cross-sectional, side elevational views of sequential steps in
the mounting of the dies. SDETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The
invention will be described generally with reference to the drawings for the purpose of illustrating
embodiments only and not for purposes of limiting the same. The figures illustrate processing steps for
use in fabricating semiconductor devices in accordance with the present invention. It should be readily
apparent that the processing steps are only a portion of the entire 10fabrication process. The terms
"top" and "bottom", and "upper" and "lower" are used herein for convenience and ilinctrative purposes

only, and a4l @I diEbEnrthedeseipliord i MEidion isasiyebessedalpRisenaag iemssan be
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assembly, the backside (inactive surface) of a die (wafer) can be backgrinded or otherwise processed
to a desiretiRithmBetiomtied2 value and texture using conventional methods in the art. 25Referring to
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depicted in a cross-sectional, side elevational view. The package 40

10  die package 40 of FIG. 4.

Prior to mounting, a portion or thickness of the second (inactive) surface 58 of the second
(top) die 46 can be removed to form the recessed edge 62. As shown in FIGS. 5-6, a portion 60
(shown in phantom in FIG. 5) of the surface 58 has been removed along the perimeter 56 of the die.
Known methods in the art can be used to selectively remove a portion 60 along the perimeter of the

15  die 46 such that when the die 46 is subsequently mounted onto the first (bottom) die 42, the recessed
edge 62 provides an opening with sufficient clearance for the bond wires 50a extending from the
bottom die 42 to the support substrate 44. The recessed edge 62 can be formed using known
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



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
second (top) die 46 is removed (e.g, etched) to provide a recess (recessed edge) 62. The recessed
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predetermined depth. 20Referring now to FIG 9, the first (bottom) die 42 is mounted on a first
surface 68\paycsuitable adhesive application methods for liquid or gel adhesive application are known in the

art, such as screen printing, roller applicator, spray, and transfer. Similarly, an adhesive tape may be
applied from a dispenser and severed from a roll of tape, or applied from a transfer (carrier) film.

15 Referring to FIG. 9, with the first (bottom) die 42 mounted on the substrate 44, the bond
pads 48a of the first (bottom) die 42 are then electrically connected to the terminal pads 52a on the
support substrate 44, for example, by wire bonding (as shown) or by tape automated bonding
("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



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. 25The 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 fggmwiieanaaisisios. thid adanR)iReRN 0 Pihaldseist alem it 6P rasasiappa dhickaass of the
30 substrate is about 50 gm to about 500 p.m. As shown in FIG. 8, the support substrate 44 can be in

the form of29%udies ApHRs MRPBHRSME AR HRPYdisapiostio it Grtesn) difereby the panel 74

can be singulated AlpgiR¥ATAIFIY. QULHRE BErREATIUBBIOThEBeBSRATRIP G & Gre berirak¢idieal]
packages. Referring to FIG. 7, the bottom die 42 can be attached to the su%p')ort substrate 44)6y

use of an AAMESKEdte thederainelradsiA2bion e sHERPE AR RS AhoiEEHIP IR StiRPendiAgea?2 of
the 5 bpttogh slign4r (aSiEIHRdRRARHILO Hhe firsh BbtaARS REINeHBURRRE wHBBHEd dtalRedarbesive

element 64 can comprise any suitable adhesive material known in the art, including contact adhesives,
thermoplas%%edﬂh’é(s'@es and thermosetting adhesives, for example, a die-attach epoxy or equivalent, or

a double-sided, mifi- | a¥e QA RIRPAVGIARERYERAIFOP AR ANIGRAGHAT BRIR e eI adhsSIve-

The bottom die 42 and/or the sugﬁort substrate 44 can be provided in a pre- 10 taped form with an
adhesive tapeigritd Hetyniertina Shamearshseiin Rieassembly cEhese b phieapisl aledaistikrn v the

bottom die é%@g&ﬂbugqm} ﬁi%t%ii'ﬁﬁiﬁlé%&@émrfﬁhﬂg?g%%& piacsriAe BAG RS ARYRable

adhesive application methods for liquid or gel adhesive application are known in the art, such as Sscreen

printid§, roneywipgidatbe epransulradsipaired dvnaekRgetdamicrbinBEondy eoagsielptionsnd,

dispenser g severerian Avilksofdans vebprelisd aha L e e arisn B RRRIGUINEINEIC: o
with the first (bottom) die 42 mounted on the substrate 44, the bond pads 48a of the first (bottom) die

42 are thermslbipe Ryseatii tréhip ek eaviinandodiowing snnepsulobon, ibaieddenlmtesoresenasied by
wire bonding (a8 ShANhi XJ@%‘%@H@O&K&‘?‘?@SQ&WAE&("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 Betheanhedinspb ilsssaiedtia FAG, external contacts 54, typically in the form of

15  conductive solder balls (or other suitable conductive material such as conductive epoxies or
conductor-filled epoxies), columns, pins, and the like, are mounted on the second (bottom) surface
84 of the 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



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 diepdé€kigzsid@thwvitlocanipeiggiit (o) 40 extexticdbedetnivah gy aaticr (avtfiitiewhylcHianceesf $i3eih dne

ires 50 tending frgm the bottom die 42 to th t trate 44. 30Th d (top).die 46
be atache PR ottt Be 4D Ly R OB Aoraed B U (e P B, YA gt s e
die-attach hahersiverall padergedeigiihaEferanathisiac bReneactemanttitilireditstatbrtione) @idd (top)

and/or the (iecgé)d égtop dig 46 c%%b%,provided in a pre-taped form with an adhesive tape attached
thereto, orgf AGIFEERE'S GHeR é n be applied to either or both dies during mounting of the second

(top) e onto the FIGSbrslad)]tistrate aASBbodimintdEa ploddie HencanadcseAHa dbioratag ek (¢aiRkeie
46 are then electrically pnﬁﬁﬁéed o the terminal pads 52b on the support substrate 44, for example, by
wire bondifdlf BREKagHMN° ‘ifldstrated example, or by TAB bonding, resulting in the wire-bonded

stacked die asserpi(yS/43 andl 1® digiasspiphiied 3roas Retiadialigws bithentrpsaaied boidamg of the
dielectric epcapsulation material 82, t)ég}ii%?ﬁli%/ﬂa thermoset resin, the assem%{ﬂy 78 can be encaﬁsulated

using knowi teBatigmedif thea, ehoeptde AR aIS A Yo W&r&#@%&&iﬁé sfer
molding, 1Qu@peiiicaififigRACPsHIAIadsasEs A Ra g ve) depictetdin THe adtile oiface 70" of
embodiment, a number of die assemblies 78 can be placed in a lower mold plate or half of an open .

multiXhvitha St ife*2ssmgss dptirebte tbend Patiriorerdpetiva pumatio, B Rtetdhamery dich
separated gRchim fdivich 'l dRekatasHEbaABIRE I URQDndutE € Bikesiveny plasipi@inpista fletal

external contacts 54, typically in the form of i i

or alloy such as copper, silver or gold, or a conductive polymer material, and can be formed by
known methods in the art, for example, electroplating, metal stud bumping by wire bonders, and
stenciling. The support substrate 44' can be in a form as described, for example, with respect to the

15  support substrate 44 (die package 40) (FIGS. 6-11).

Prior to mounting, a recess 88’ can be formed in the second (inactive) surface 72' of the first

(bottom) die 42', as shown in cross-section in FIG. 13, and in a top perspective view in FIG. 14.
The recess 88' 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



15conductive solder balls (or other suitable conductive material such as conductive epoxies or
conductor-filled epoxies), columns, pins, and the like, are mounted on the second (bottom) surface 84
of the 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 20logic 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 reutitptef4die anded fivéhe lerse nf tnchiegivd pe iulst bahaphd akhoughitbde inaktteds|eathically

conductive,metal lines or traces a ds formed on the second (botto urface 84,on which the
extornal ool BOIRE MIAD S QR A 0 BCRlocE L6 PR RATERF o AN
(e.g. panek¥stfate 48) aitbexyaned akonpehsipatifdiad into individual die packages 40, for example, by
cutting or shearinge. Anm%@@fgﬂ;ﬁn@?t of a mzltiﬁf ch%%,die assemblliy ackgge accoggir%}% o the
invention is depic eéelﬂjgg:% -sectional; aéeé?%%% 8 fi{ﬁe ﬁ‘?&‘l@ﬂ%‘.’ i lﬁlat e{ﬁ%eﬁ?) ompifses
a first {bottesnpaidié2 2noTidsddsnd Guppdié sehsirapeisks’ dtfisfl{activi) stidabasdiyianad pleptandftop)

die 30 46' mounted in a recess 88' formed in the first (upper) sutface 72' of the pottom die 42'. Bond
s A3t BhERISTITET U P A WRETE0EA TBNM P A8Y B ane R SO dlnstrate

44'. The sulIebatls, ihgRecdnalisrmeytairfateo8tagthb4etond o) didadsk fdi gpaneatiom@Fibrgihe

package 40' as a component to, an external electyical apparatus (not shown). The recess 88' in the
bottom dierﬁ%sﬁlﬁg/vg‘t §%?96}5108W§?ﬁed%% fg't %848%&?1@@5%0%&?‘? W' thus achieving a lower

overall package Npighiebond\op)dasie el mentfdaian te bhlead di attaph theaneedad 4iiRkHie 46'
onto the bottom die 42'. 5FIGS. 13-16 illustrate an embodiment of a process flow and method for

formiHb th&lementopyid Bga gﬁ%‘@(ﬂwmﬁqu be applied within the recess 88' to the recess surface 92"
of the bottom die 42', and/or to the second surface 58' of the top die 46' (as shown). The adhesive

_ element 66' can comprise any suitable adhesive material known in the art, for example, a tape
adhesive or die attach adhesive, as described with respect to adhesive element 64'. The adhesive
element 66' can have a thickness such that it functions as a spacer to control the degree of insertion

15 of the second die 46' into the recess 88'. The first and/or second dies 42', 46' can be provided in a
pre-taped form with an adhesive tape attached thereto, or an adhesive element 66' can be applied to
either or both dies during fabrication of the stacked die package 40'. The adhesive element 66' can
be applied by conventional methods known in the art.

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.
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FIGS. 13 and 15 depict simplified cross-sectional views of the mounting and bonding of the first
(bottom) die 42" in a flip chip attachment to the substrate 44'. As shown, the first die 42' comprises a
first (active) surface 70" and a second (inactive) surface 72'. The active surface 70" of 10 the first die 42'
includes a plurality of bond pads with conductive bumps 90' mounted thereon, which are arranged in a
predetermined configuration. The conductive bumps 90' typically comprise a metal or alloy such as
copper, silver or gold, or a contluittive polymer material, and can be formed by known methods in the

- art, for example, electroplating, metal stud bumping by wire bonders, and stenciling. The support

substrate 44' can ke ;iMuateren, A« 1eRKHABE A0 s rEHIBIE: WHSP (BRIRRET RS IRSURRAS LS KGR

(die package 40) (FIG§. 6-11). Prior to mounting, a recess 88' can be formed in the second (inactive)

surface 7258pHasifd(BbadHp dip attachanenb pRd s ereends@rifkiierliado at laad nadiadly preripedtive

view in FIGyiltin tRJELes 88 1R érshantt aonfigriast i Eﬁ&%ﬁé?ﬁ&fg%c%"{[ﬁi@' .ﬁ)ﬁh?@?d@ﬁge 40"
S

subsequent step. The recess 88' can be formed in any suitable shape, such as I%gyare, rectangular,

oval, and ditether compntssadbiy storHadionpwated andhsdiig (Artivg)dustece 84 vakithesecond
aCCOWOd@ﬁ?dHI Hlﬁ%n,eﬁﬁﬁfam% %%M&E@@QWQ*W@W fﬁ'ﬁi@@@ﬁ“l%ﬁé@ ghtefesesmple.

patterning and utilizing a chemical wet etch or dg{ etch, laser ablation, or other mechanical means of

removing thaiddloshie(tacid shathiddtrp) ia19d tree wigediendsd Wrécepimal drdatytivalbsble, for
example, flamefleBNo ARG SFLRIEHHAROLLO RIVOH 24 AR AHBCIhYAHRE kG TACRIRAANNE (c.g.,

formed at the wafer level, the die 25level (i.e., singulated die), or on a strip level after the die 42' is

mounted ofrider hablsiriae qengectimgp he diemaskagedif’ die ucomannsativ ahrlecticaharnappust(Babstrate

|ipochin msﬁggﬁkgl AR EHEWE é@&lﬁ-@ﬁ&h&%ﬁﬁ&%@%ﬂ%&Qkﬂj@&@%@gbﬁie
n heTirs

44' by con\gﬂgggi?{al ?
42'is aligned with and facing t t (upper) surface 68' of the support substrate 44' prior to assembly.

Traced andsep@diﬂualr@mmm‘qmes_mm% efgeffrat wﬁméd@gtrb@méiggﬁéﬁrﬁoslﬁbﬁi@cQM' are
configured éQa}Qn%%‘ﬁHQBQﬂ@ \%]?eg%ﬂg WEatePRlRR0 B RRCS.a0ddhe &Pﬁfé%%%ﬁ&&ﬂi@&%odi%%ﬁto

bottom die 42°. The conductive bumps 90" in the form of solder bumps can be reflowed to physically

and electrithgiyubstatoft "tﬁbwﬁwwm@mmm@emmmmm igsrde).Ataceheseetsthe
support SUBSIEAIE 44,08 fHRA v m%%ZﬁeOJeEBHQT%Hg(%%PAY QyHPs, Alauab s Bgihodgsuch

as thermal compression can also be used. Termina 2W on the first surface 68' of the support

substrate 4cese fexpoee62al0HY gy pdagdaasly combine to achieve a lower overall package height 67"
15 Adhesive members 66", 98" can be utilized, respectively, to attach the second (middle) die 46" to the

bottom die 42", and the third (top) die 94" to the second (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.
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Referring to FIGS. 15-16, the second (top) die 46" is then mounted in the recess 88' of the 5bottom die
42'. The second (top) die 46' comprises a first (active) surface 80" with a plurality of bond pads 48b'
along the periphery thereof, and a second (bottom) surface 58'. As shown in FIG. 15, the second
(bottom) surface 58 of the second (top) die 46' is aligned with and facing the recess 88" in the second
surface 72' of the bottom die 42' prior to assembly. The second (top) die 46' can be attached to the
bottom die 42' by means of an adhesive 10element 661. The adhesive element 66' can be applied
within the recess 88’ to the recess surface 92' of the bottom die 42, and/or to the second surface 58' of
the top die 46' (as‘[ﬂ;ie(swo)nd' hﬂiddl&ézdiiﬁ@él‘dmmehﬁﬁbmd:ﬁmheimmﬁsuimﬁb]e bdheﬁi\(ﬁemaredal

known in t e ar adheS| eor e attach adhesiv ,.as re
adhesive e E} 1&?\?@ SR can A “a%et%f‘cki‘ﬁégh uch FRInGt on§P§

spacer to c(antmt)tberﬂreg @E' oetnﬂwémdﬂ)oftﬂm)sacﬁmd figa. 415hhribottbm rsmm 88'" dhehéisstomdlGie
second die 42 46' ca egi tg}j?lwded in a pre- tggeggalr Wlth a ,e ive tape atachg& there 0, Or an

adhesive e }-:-HPg pﬂ Cﬁst%sé’. ¥&Forb ri XﬁBﬁ P (N BALREYGig %gﬂage
40'. The acﬁ(ﬂsu&leh*smeﬁmﬁ&r disalachppitediby awdmnﬂnedamheﬂypé&kmwadhdheewlement 6AsThe

depicted i e bo ads 48b' of th secon lect caII cted to
the termind 5S40 5300 G NERLAARHE QLR AEAIE FUP O DI P FEPUBA af L PR OBy
TAB bond|BgthT&emmxkg)m;&iaﬁlﬁd}m@magmbly 78' can then be partially or fully encapsulated
ctacked dio packeb TPGAR TR EIE 55 S5m0 S A baTTaBED ST SRADERE Lot  BRISUAds
then be mosmedxpm&he;ﬁﬁeomﬂ)ébetm)',%Haﬁaﬁﬂepswlwmt@&sﬁﬁmwﬁmdﬁmmeatlﬁﬁgtheaile
P A e hte Smelar 1o that show i FIC. 16 PParatus (not shown).
Referring now to FIG. 18, the third (top) die 94" can then be mounted on the second
(middle) die 46" similar to the mounting of the second die 46 on the bottom die 42 shown in
FIGS. 10-11. The third (top) die 94" is mounted onto the first (active) surface 80" of the second die
46" to form the stacked die assembly 78", as depicted in FIG. 19. The third (top) die 94" comprises
15  afirst (active) surface 100" with a plurality of bond pads 48c" along the periphery thereof, and a
second surface 96" with recessed edge 62". As shown in FIG. 18, the second surface 96" of the
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

12



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'. 30A 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. As
illustrated, the package 40" comprises a first (bottom) die 42" mounted onto a support substrate 44" in
a flip chip attachment, and a second (middle) die 46" at least partially received within a recess 88" in
the bottom die 42", similar to the die package 40' (FIG. 12). The package 40" further comprises a third

(top) die 94iispateted"an Phevidstelactiual soniaeti&D O Dihiddispackakd @0itdah dlectficabippanatastietie
package 40 (FIG, 4), Bond pads 48b",.48c" qn the second (middle) die 46" and the third (top) die 94"
Do wire bOETIo TR AdU A5ieg9m Rl R OIS Ao TOAbEL DRRAES S batrate 44°
further includes eRiefseihgadtBEG. 20, 48caheseldbsdialit iof cannaplinchipddiaspaslpgpadlagas a
component to an. electrjcal apparatus (nqt shown). A portion along.the perimeter of the second "
(naciive) TGO AP (0 e GG KGR Pl S BV i Yoo LLe BevagE 495" to
provide ancapgiines aJirka(botiein diclzraneantédhe Howshutresbstbtecrrmeadngsteiibnepans 43h"

on the second (middle) die 46" to the _substrate 44", thus eliminating the need for a spacer between the
two dies 461094 ostomntin %ﬁﬁf@t%g-ﬂamawgrméﬂfe%%naséﬁma} YA Ae> 18 Beater

inserted (nesdesl|whektiror 18e:fR¢EShdaakdest o B8 (see FTagR OBShdGRHAIDIER O AYNCYR MEATYS and
overall package height 67" 15Adhesive members 66", 98" can be utilized, respectively, to attach the

second (mARRAAIF 8210 Hhe ArstHeARedsd 0ad +AhNite (EBHIRLPEdS 232he Bbcond iR Hie 46"
The stackeghilig paakage/nizh Fhitier ihé16a8s RetEaRAICRdWikaNadheQE s Alepackessdbedahpve

in fabricating packages 40, 40'. . ) ] i )

10  electrical apparatus. Similar to the die 46 depicted and described with respect to FIGS. 4-6, a
portion of the second (inactive) surface 58" of the second (top) die 46" is removed to provide a
recessed edge 62" for sufficient clearance for the bond wires 502" mounted on the underlying
bottom die 42"™. A cavity or recess 102" is also etched in the second (bottom) surface 72" of the
bottom die 42™, and is sized for receiving an adhesive element 104" therein to secure the bottom die

15 42" to the support substrate 44™. The recess features 62", 102" combine to achieve a lower overall
package height 67" for the package 40" by eliminating the need for a spacer between the top and
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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Prior to mounting, the recesses 88", 62" can be formed in the first (bottom) die 42" and the 20third (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. 25A 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 84'tiesssd@dgd 620Tldhg thequetind@etHin) dlittfacecbBd Gnattividesarferessed filige
62". Similar {0 the mouynting of the first.die 42' ap the substrate. 44' shown in.Fl 13 and 15, 30
the Tt (bREHAY QISP o TRERF G B SFESPRhERE I G oG T R 10 R 4P
terminal pagiphiad iSFIGS 4he: vfiastoalfdnthediypest Sy hehiaied 4idxpasedizione: e prrdbary" i$he
second (mi%dle) die 4%" IS thg?'r%i ou te%’m,t e recess 88" ofsé <3 bottqg}die 42", as depicted in FIGS.
15-16. The SERGHI IR S HEEE'S Hurdif SFBORUEES 28 B QAL TAL QBERAS Ll riiUcSBHCSRY a

second (botlemrirruréacheiond herbosioam suréadmpdront the Setandadie dbthisteiniinibads o tTediearss
surface 92" of the %%tom dLe 42" by means of an adhesive element 5 66", such as a tape or die-attach
adhesive aS"BEEHBSTAH Espective to adhesive element 64. The dies 42", 46" can be pre-taped or

an adhesive elempet&fingas PEGIRAgktoctoa s wireenykeaitaes pIbethkliah dybsgomldeaton rfdiighed
package. . Thel?ond pad 48% of tge second die 4@' are thenﬁ?lectricallylco_nnected to the terminal
pads 52b" SHthaddpp9A s, DPF. 5ihple” bR SHPRSh SRS BB § 4T AR BT A S P iting in a
10structure similamte st aioyarins bfachHdd to thRaipponcaetd: BHG. BiBnibmitirhitagdieSdesent

then be mounted on the second (middl?édie 46" similar to the mounting of the second die 46 on the

bottori0die ¥ shol adiseies alement+ia " ihrg hopyrlisdie the srserettins e rithe aacess d94a
80" of the sgeanst ¢iRYEMIAIfeUD thendlaekatbdi Fasermphér Surfie sleRictadrn ﬁl&éu&&-ﬂﬂea}hjr&lig@m

die 94" comprises 15a first (active) surface 100" with a plurality of bond pads 48c" along the periphery
€

thereof, andHIsEEdREeStHAee GeraTRRciuee aesiBaddbadnasvardament " Fon RN adhetiy
96" of.the tBirhiiRipedi’ décisRINNSEiNEER @ iAGRG B JIEIHRHY Blecantin e BacRhEBASECPRE first die
(middle) dle‘lﬁglm%l/g; Egeassusbes@abtlglM’" can be provided in a pre-taped form, or an adhesive element 104" can
15 be applied to the surface of either or both the first die 42" and the substrate 44"' during the
attachment step. The first die 42" is attached to the substrate 44" such that the terminal 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 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 third (top) die 100" can be attached to the second die 46" by means of an adhesive 20element 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 25substrate 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 theesuid b aohstraicadd 340 xheryniey day subsraandingfer elédibaingifiiection dhehéelidiapacknidy

78" can be partially or fully encapsulated resulting in the die package 40" 30depicted in FIG. 17.
External céﬁta%‘%sa 3*%%%%%%8%0@@%%%@&&%@"3 (or other suitable conductive material or
form) are mountegiggutbticsecdn ch(dnplerdlespaiaror84'iptinalmmtpoper fotasdtoie pévide prdvidéual die

electrical con&gction of the die package 40" to an electrical apparatus (not shown). Thereafter, a
multi-die pPRIfEP8&H HE singulated into individual die packages. Referring to FIG. 20, another

embogdiment of a Refiflepaoi PIIE 28sefihhepasiadinast@tingdnipie dieaidanrsentispipitdpea
cross-sectional, side elﬁeational view. The p)?ckage 40™ 5comprises a first (bottom) die 42" mounted to

a support SGBEFME testhe Mygntiendsdentelss ierssosistrierebrtadmtionaia gy AbsRasragsddhe

second die:dgpritedal Gesti(bstEem) dicAYreaienmuidtin (Ml dengimédl tharipporoiinimdie 43e€ M.
6). Bond pads 48a", 48b", on the first and second djes 42', 46" are wire bonded 50a™, 50b™ to terminal

pads 522" B5Ber sizeessoppbrianlstin 4R smouptrd o dirsh Sotomd gt cJiendats4sbtonndee

the die pagkagied4ebPda&146"" are wire bonded 50b"" to terminal pads 52b"" on the support substrate 44"

10  External contacts 54"" are mounted on the second (bottom) surface of the substrate 44"" for
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 removed to provide a recess 108"" for receiving
the bottom die 42"" therein. The recess feature 108"" helps achieve a lower overall package height
67"" for the package 40"" by nesting the first die 42"" within the overlying second die 46"".

15 FIGS. 26-29 illustrate an embodiment of a method and process flow for forming the stacked
die package of FIG. 25.

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""

15



10electrical apparatus. Similar to the die 46 depicted and described with respect to FIGS. 4-6, a portion
of the second (inactive) surface 58" of the second (top) die 46' is removed to provide a recessed edge_
62" for sufficient clearance for the bond wires 50a™ mounted on the underlying bottom die 42". A cavity
or recess 102" is also etched in the second (bottom) surface 72' of the bottom die 42", and is sized for
receiving an adhesive element 104’ therein to secure the bottom die 1542" to the support substrate 44".
The recess features 62"1, 102" combine to achieve a lower overall package height 67' for the package
4011' by eliminating the need for a spacer between the top and bottom dies, and mounting the
adhesive slainent 14k @sdinansdriadiestie eredesm’b@d Wiith hespedtaotkeadiZesiathedertiemn G (didistinct
layer betwee theﬂfﬁt die 4 e 44", In ad t|pn h,e recess 102" contains
die-attach® aaﬁ?%%?v ggllhe%?\rd |m|tsfttqle alrrﬁ’oun o?cogﬁél Ve epbxy) Z?f%clieargﬁ%egélﬁa %e'%P
and/or othforegmpiieadissvdletemdnsitatd edjappihietbtohetbie edoeth dleﬂﬁﬁlgﬂﬁﬁld{uﬂtﬁgtetqn

mouning, the roCLUEBE 0 LG 2on S TRABITATE hih TR to A B B i SLBBRR o) ci

46"1,$espaeﬁu$¢yll§5~6mﬁhmdndn}EIGnﬁﬁxaapddmsalbUtm}ﬁ&iﬂm@weMéw in FIG. 22, a recess 102"

is formed in the con m) surface 72" of the first (bottam),die 42" recess.102"1 is sized and
configured to rec fﬁ%ﬁﬁ%@% f‘r‘i‘rﬁ’é‘r (?H & ASRTHOY Attdch eo‘??l"'fé Sll Ylbstrate

44", The resgisfiqlie? inaae & tioforadtiie anyapuilRbid phckagesuch ﬁ&mrm(aqsnm@wadnm
circular. The, reces 102" can be formed using known methods "t,he t, for example, erning
and utizinet s G A BRI PR e AP UG o poF O R S s BRI e
second sugfaegidal’ @i iibia 42theldieninness di%aeaﬁgba(ﬁormeﬁiﬁxtlamwamdﬂwl giphatdiqievel
(i.e., smgulgted ie). A recessed edge 62". along the perimeter 56" of the second (inactive) surface 58"
of th shown).

Individual die packages of a multiple die panel (e.g., as shown with reference to panel 74 in

FIG. 8) can be separated by a singulation technique.

Comparative Example 1 and Example 2

15 A comparison of the package design shown in FIG. 2 (prior art) with the package design
shown in FIG. 12.

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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second (top) die 46" can be formed as described previously for the second die 46 (package 40)
depicted in FIGS. 4-6. A portion of the die 46" is removed such that, when the second die 46" is then
mounted onto the first die 421", the recessed edge 62" provides an opening 63" for sufficient 5
clearance of the bond wires 50a" extending from the first die 42". to the terminal pads 52a" on the
support substrate 44".  Referring to FIG. 21, the second (bottom) surface 71" 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 first die 42" is attached to the support substrate 44". by means of an adhesive element
10104". Themghesivefieaddiorhe4t pattihg thepliedntiothinte eéssts ifrcaddfioafithaeecfess, tRhed ihe
first (bottom) di 2" and/or on |rst‘(§ gsurface 68" of substr te 44" and aligned with the
recess 103 TR R AR B B HERER R LA SRR 4 Mo BARCRD e
as describaddipreistdinatovihn@spéht tte ddbeﬁw@'ééqmemlteﬁtk.(package 40). The first die 44" and/or
the substrate 44" can be provided in a pre-taped form, or an adhesive element 104" can 15be applied
to the surface of either or both the first die 42". and the substrate 44". during the attachment step. The
first die 42" is attached to the substrate 44". such that the terminal 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 form the stacked die assembly 78". As shown in FIG. 23, the second surface
58" of the 20second (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 mearis 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 441". 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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second (bottom) surface 84"rof the support substrate 44"1 for electrical connection of the die package 40"
to an external electrical apparatus (not shown). Singulation of a multiple die panel or strip can then be
performed to provide individual die packages 40". 5Referring to FIG. 25, a further embodiment of a
multiple chip die assembly package according to the invention, is depicted in a cross-sectional, side
elevational yigwa Thespackage=4d| somprises a first (bottom) die 42" mounted in a flip chip attachment to
a support substrate 44", and a larger sized, second (top) die 46" mounted on the first (bottom) die 42".
Bond pads 48b" on the second (top) die 46" are wire bonded 50b" to terminal pads 52b" on the support
substrate 44". 10 Exigsprégardastsrhbiyatempigtigd on the second (bottom) surface of the substrate 44"
for connecting the package 40" to an external electrical apgaratus not shown), A portion of the second

(bottom) surface 58" GPFHVOETH GROHT QLIRS SRR FPFHIR AR FI8 MR et0fmg the

bottom die 4gbéhatetdniftiivrass dealieeclOf hgtemanhipasl dewed Meesah prekassheaight 67" for the
package 40" b?/ nesting the first die 42" within the overlying second die 46". 15FIGS. 26-29 illustrate an

embodimentBf&Mmethod and process flow for forming the stacked die package of FIG. 25. Prior to
mounting, the recessi D8I easirpfi Sotgnetiris $he secenthtpesiameayrtieecd fabdheseeond (top) die 46",

as shown in FIG. 25 and in a botiom perspective view in FIG. 26. The recess 108" can be formed at the
rator ool SHREARIBC OB R L LT G L SUPSA ST R S TERS SO BRI cio 4o
therein, andhead paitaonie tirramalspatRide tepdssar) arisquare, rectangular, oval, and circular using
known techniques in the art,. As depicted in F|G. 27, the first (active) surface 70" of the first (bottom)
o 45 i aliomot ARG Fie PR AR G SR P SO0 SO T o 1o
Elssembly- T@ﬁatﬁina/zhgfb@mmbggdi&éﬁﬂhdeﬂﬂgmﬁud@@@h@@éim?édbofndmaﬁs\wigaaﬁmuctivozla

umps 25 90" mounted thereon, which are arranged in a predetermined configuration. The bottgm die 42"
oty U HE dh s s R S STl A
the structurengtuewnith EHELGHR pads dihehedinend €topsi timetbivishiheherapested aiedbei brstifeottom) die

4210 o 1 saches e b T I THA G AR R epenasl Ul RBagliy secon

elements extending from the bond pads of thefirst die.

2. A stacked die assembly, comprising:

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

afirst 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 thefirst 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 |ocated thereon; the inactive surface situated
on the active surface of thefirst die and having a non-beveled recessed edge along the entire
perimeter of the die providing an opening over the bond pads of thefirst die, the opening
sufficient for passage of the bonding elements therethrough.
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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" such as a tape or die
attach adhesive as described with respect to the adhesive element 64 (die package 40). Either or both of

the first andzsecong digskéd diéeseatble esmysAdn a pre-taped form, or the adhesive element 66" can
applied to either or both dies during the mounting step. Referring to FIG. 29, the bond pads 48b" of the

second (top) die 46" {5 M BRIsERAuFIoL s HHHEER A& BHbEARINR H%E@%“%Hmuﬁﬁrate 44",
Partial or full giRgarRstdpisRhtaefacRIRRM YeriBi R pdeR RrHetMBg aing known techniques in the art

to form the encapsulated _package 40" shown in FIG. 25. External contacts 54" can then be mounted on

the second (bottorR) SFHAESHRPIH AL FUASRNRY 19 QAR PAFS LRTALACIERIRO% G component
die packages4@ade sngutainahe Retbacabhpiediabus feobdd it o emdidivisinabgig) Backeags of a

technique. GG EER B G £ 4RO DS ESHUAASER of the package desigh shown i FIG.
2 (prior art) with the gaekaketesigyi Shg\ui it Id6pfaba, al éppdsing second surface, and a perimeter;

the first surface having bond pads |ocated thereon; the second surface situated on the first

surface of the first die and having a thickness removed along the entire perimeter of the die to

provide a non-beveled recessed edge with the bond pads of thefirst die situated within the

recessed edge; the recessed edge having a sufficient height for clearance of the bonding

elements extending from the bond pads on the first die.

4, A stacked die assembly, comprising:

at least two semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising a surface having termina pads located thereon;

afirst die comprising afirst side having bond pads located 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 afirst side, an opposing second side, and a perimeter; the first
side having bond pads located thereon; the second side situated on thefirst side of the first die
and comprising a non-beveled recessed edge along the entire 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 el ements from the bond
pads of thefirst 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.
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FIG. 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 stacked dies

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.

7. The die assembly of Claim 6, wherein the adhesive element comprises a die attach
adhesive.

8. The die assembly of Claim 6, wherein the adhesive element comprises a tape adhesive.
0. The die assembly of Claim 4, wherein the second die has at least one of alength and a

width greater than thefirst die.
10. Thedieassembly of Claim 4, wherein the bonding element comprises a TAB tape.
11.  Thedieassembly of Claim 4, wherein the bonding element comprises awire bond.
12.  Thedie assembly of Claim 4, wherein the substrate comprises a material selected from
the group consisting of bismaleimide triazine resin, epoxy resins, ceramics, and polyimide
resins.
13.  Thedieassembly of Claim 4, wherein the substrate comprises a metal leadframe.
14.  Thedieassembly of Claim 4, being at least partially encapsul ated.
15. A stacked die assembly, comprising:

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

afirst die comprising afirst surface situated on the first surface of the substrate, and a

second surface having a recess formed therein; and
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13 mils 9 mils By utilizing a package design according to the invention, a lower package height can
be 20achieved 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, howegiadtad the anneriipa RINpEHiIas irtietRe eetisseriHEdF Shpwa anthaeseribed, since

the means herein disclosed co rPrlse preferred forms_of puttin the |nvent|on into effect. The invention is,

therefore, cRARTEY I IRPSHLRE S Shehgrrd sy itHithad B I5despihadended claims

appropriatebpiickaeaseies iReFoeppaneesnititscertiies, @Iﬁ@%ﬂ&ﬁﬂl@coWbﬁ‘%@SaﬂMMﬁéés 1A
stacked die assempbly, c ﬁrlsmgQlet at least two semiconductor dies situated on a substrate in a
Abc hes

stacked arrdRJE9H8 A% EMhGPRIF ORI ARG T AT b e It e Reon, and

a second sur@egsess, ahditsirdieg erapEatsganiiest Ay tReedna\iadsp tkeacon@ eRied terganna second
surface situated on the fi tsurfac of the substrate, and bonding elements connecting the bond pads to

the terminalPBERS bR and

athird d|e comprising afirst 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 aong the entire
perimeter whereby the non-beveled recessed edge provides sufficient clearance for the

bonding elements extending from the bond pads of the second die.

16. A stacked die assembly, comprising:

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

afirst die comprising afirst surface situated on the first surface of the substratein a
flip chip attachment, and a second surface having a recess; and

asecond 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 afirst 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

athird die comprising afirst 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 aong the entire
perimeter; whereby the non-beveled recessed edge provides sufficient clearance for the

bonding elements extending from the bond pads of the second die.
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a second die comprising a first surface, a 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 portion along the entire 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 fon glearangedné EReRHNGICHEM e BISVERIENTING rEess haRoneae LAt gie. 2. A stacked

die assembly, comprising: at least two semiconductor dies situated on a substrate in a stacked
arrangemerO4AE SNEFRGUBRHAEHg 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 bond_ir(g] elements connectin%the bond

pads of the Hrst die 18 16 TEFRTRLY PR 5 WNBGALEe LogsS INSNedUsha Bl RUMREALAYY ctive

surface, an epgesing shagtye 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 entire perimeter of the die providing an opening over the bond pads of the first

die, the opendng suffieigie deenasgaferi thedoodirg eaipesistheoethrergbnedishsiaekshdie:assembly,
comprising: a as}; two s_%gwicondtﬂﬁctor dies si%&tg)d na ubst%ate in a stacked arrangement; the

tl
substrate cSYPHiRAEG 9 L0FHREPHLGHOFREARLIR a first die comprising a first

surface having bond pads located thereon, a second surface situated on the surface of the substrate, and

bonding elements connectin ﬂb bo § ads of the first die ta the terminal a(is on Be Substrate; and

= second Gietbompl S EPHETELHEL ¢l A Jip A0 OB R S BRBESHE AP e

having bondipated beaiesiias¢ios; dieapechodesuniadiesindtechonetheclishsum sitaapédmetlireérdie and

having a thickness removed alon .taje entire perimeter of the die to provide a non-beveled recessed edge
e

with the bort ep%g Q{{Ed within the recessed edge; the recessed edge having a
sufficient height for clearance of the bonding elements extending from the bond pads on the first die. 4. A

stacked die seng)l , Comprising: t legst two semjconductor dies situated on a substrate in a
ctacked arrdigemdiE e ST - SAAR Y TeGLE TNA IR rIFRL R A TRAN R afirst
die comprisingiih firetidenhathingdeond diads located 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; te. first Bieadieadsaribydf fEidamas; thel i et ¢ eaxt theetitioattaidel aiédated on the first side of the

first die and comprising a non-beveled recessed edge along the entire 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 hefift suffictenkédrdpaassegeblyf, teripoisthgg elements from the bond pads of the first die
therethrough. at least two semiconductor dies situated on a substrate in a stacked arrangement; the
substrate comprising afirst surface having terminal pads located thereon, and a second
surface;

afirst die comprising afirst surface having bond pads |ocated thereon, and an
opposing second surface having arecess 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 afirst surface, an opposing second surface, and a perimeter;
the first surface having bond pads |ocated thereon; the second surface situated on the first
surface of the first die and comprising a non-beveled recessed edge along the entire perimeter

which provides sufficient clearance for the bonding elements extending from the first die.
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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. 7. The die assembly of Claim 6, wherein the
adhesive element comprises a die attach adhesive. 8. The die assembly of Claim 6, wherein the
adhesive element comprises a tape adhesive. 9. The die assembly of Claim 4, wherein the second die

has at leastdhe of & 'HGESSHN A TR 4R MRES Thib g Adhgrv e Reried 8&%@@9%‘\? DI RGRRSs,

wherein thedagijstiaes ehesist i e R BETIReEAB traea tdpe ddteglie assembly of Claim 4, wherein the
bonding element comprises a wire bond. 12. The die assembly of Claim 4, wherein the substrate

comprises a material selected from the group consisting of bismaleimide triazine resin, epoxy resins,

ceramics, apg. polyimédee essamblyof e Hieassemé ahpraintda vaeneiadhesisestiatecgmigages a
metal leadframe. 14. The die asselzﬁbly of %Igim 4, being at least partially encapsulated. 15. A stacked
die assembREWSHLSHES die aNQ thgkrard i iconductor dies situated on a substrate in a stacked

arrangement; the substrate comprising a first surface having terminal pads located thereon, and a second

surface; first dje comprising a first surface situated on the first syrface of the substrate, and a
second sun’%%e ha@h%dge@ﬁgﬁﬁﬁafﬂé ,:T.u& comprising: ri)oncl'lJ ng elements connect?ng the

bond pads of the second die to the terminal pads on the substrate.

27.  Thedieassembly of Clam 23, wherein the second die has at least one of a length and
awidth greater than the first die.

28.  Thedieassembly of Claim 23, being at |least partialy encapsulated.

29. A semiconductor die package, comprising adie assembly being at least partialy
encapsul ated, the die assembly comprising:

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

afirst die comprising afirst surface having bond pads |ocated thereon, a second
surface situated on the first surface of the substrate, and bonding elements connecting the
bond pads to the terminal pads on the substrate; and

a second die comprising afirst surface, a second surface, and a perimeter; the first
surface having bond pads located thereon; the second surface situated on the first surface of
thefirst die and comprising a non-bevel ed recessed edge portion aong the entire perimeter of
the die with the bond pads on the first die positioned within the recessed edge portion; the
non-bevel ed recessed edge portion having a height sufficient for clearance of the bonding
elements extending from the bond pads of the first die; and bonding elements connecting the

bond pads of the second die to the terminal pads on the substrate.
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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 the recess, and bonding elements connecting the bond

pads of the ggcondrgiepikageteraiRfhIad suphéh e ALE eRitdinal cantbiitd IbeafeeroRripieeofitst surface,
an opposing second surface, and a perimeter; the first surface having bond pads located thereon; and the

second surf3¥EROLEE HPHIEErst surface of the second die and comprising a non-beveled recessed
edge along the entire perimeter whereby the non-beveled recessed edge provides sufficient clearance for
the bonding_elements extendiré%nfrom the bond pads of the second die. 16.A stacked die assembly,

comprising:3L a pIIRREGOESnidHE oM BRE '%m&%&e@i@'ac@ﬂﬁ&%@m@%s@ﬁﬁ%ﬁuﬁwé%ﬁéH?én)t/; the

substrate cemfiRingeRHoRY sorfesiribesing| fedrapaxlpads located thereon, and a second surface; a
first die comprising a first surface situated 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 gpch theieaci@jebiticrliness, eflibeifr ticadsagosshdias aihitibedlia assamply is less than

the thicknessgs of the first and second dies combined, the second die comprising a first surface having
bond pads IBYHBASHARSH, ARCHENBAIRY LREAY 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 cgmprisipg a first surface, an osing second syrface, and a perimeter; the first surface
having bondPjads focHRGIRERK Gl Breas SoRPLaTE LR AN DR St b second die
and comprigingyesnieredareldie essasppdedgeisiogg the entire perimeter; whereby the non-beveled
recessed edge provides suffigient clearance for the bonding elements. extending from the bond pads of
the second . 13 PILLE (e hSUEND U AT P UL IR FECRELS ek e CBNS el il
square or regisengidaophsreay &8st berdiccdrsantyroiral paislocwbe théncdre sadessevoritie first die is
substantiallétilo al or circular shaped. 19. The die assembly of Claim 16, further comprising: bonding

elements c ﬁ@&ﬁng the bond pads of the third die to the terminal pads on the substrate. 20. The die
assembly of Claimalfrsfuditteoroprigingiafir atdadatesitiabd omthii$igesalément tivaibstrarivepdmathe first
die and the second die, and an adhesive element situated between the second die and the third die. 21.
The die assgmbl Wéﬁ%ﬁ%&?%@%ﬁ?ﬁé’ﬂ%ﬂ &Ras at least one of a length and a width greater than
the second die. asecond 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 afirst 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

athird die comprising afirst 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 aong the entire
perimeter whereby the non-beveled recessed edge provides sufficient clearance for the
bonding elements extending from the bond pads of the second die, and bonding elements
connecting the bond pads of the third die to the terminal pads on the substrate.
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22. The die assembly of Claim 16, being at least partially encapsulated. 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 reggss fopngstiearaie aBehtpcesegedig: 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 BdSARIAHRSER BN BALY 67 HHERL A& RyRREFEAN AP ER B9 REHs ke and
a second dig pampsistiapd §rRf & HiQCRrRBIRNOSH eriffenpaau IRetechitdradpe Bnteierctirl first surface

having bond pads located thereon; the second surface situated on the first surface of the first die and
comprising FHGFEeveled recessed edge along the entire perimeter which provides sufficient clearance

for the bonding elegtastsiexdemping ricai taeslirricd favidg-bbhe gipiaisrerad thabéiaireidnwherein the
adhesive element situ%}gg within the re(égcss comprises one of § die attach adhesive, and a tape adhesive.
o SRR

25. The die SEEHHBIL ST H, AN LG BBH P RY TS BRI SANREEREd Fetween the

first die andgtedisernd tiete?tinbhgadisoasseristietd iaion 23, further comprising: bonding elements
connecting the bo%??%%alds of the second dig to th& terminal pads ci%the substrate. 27, Thfe die assembly
of Claim 23, wherddPTh¥'dEUE FABRE ALY & Ed SHEAESOR ) hRGPUREE 1R R first die. 28.

The die asseiirfate bbdiaanmons, lenhederdbnaiiatie sagrpsulated s 8%l sprthedneuimadiepackage,
comprising g die assembly being at least partially encapsuylated, the die assembly comprising:,  at least
0 SemicotETS AE RGBT BUENE 1 SR G AR FTUE BB LIS ing a fro
surface hawnigh eigtioabipds droaietirtele posidiotal sadandrairdessed edgditbiediencosagiéging a first
surface havigg eon,.a second surface the first surface of the substrate,

bond pads | h i d h
and bondimdCorSRa SO TR AT S O 0h e AR A NG LR e B g from

the bond pads of thefirst dig;

means for mounting the first die on the substrate;

means for mounting the second die on thefirst die; and
means for connecting the bond pads of thefirst die to the termina pads on the
substrate.

35. The assembly of Claim 34, wherein the mounting means comprises a die-attach
adhesive, atape adhesive, or a combination thereof.

36. Theassembly of Claim 34, wherein the connecting means comprises a wire bond.

37.  Theassembly of Claim 34, wherein the connecting means comprises a TAB tape.

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

an external electrical apparatus.
39.  Theassembly 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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a second die comprising a first surface, a 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 portion along the entire 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; and bonding
elements connecting the bond pads of the second die to the terminal pads on the substrate. 30. The

package of taim JGEAFREPEOANSrI8IAY SR IFA R HIR SSEE ML RN BRF Y SRS R4S forhef
substrate. $i1helRam@amef & latbmtinahsieherike eitaingl eomastedrenaiiscedrardtpiiersolder,

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 aidie agseadnMIfiner T eAsEH N/ £ NLBPPHALEY, dheapkal assraiyns b [ibkage. 2
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 die

comprising afirst syrépeRittirtassaniie dosisigfage of the substrate, and a second surface having a
recess formed therein; . a econgﬁ%ﬁ at Ieﬁst part[ﬂaﬁl}%situatehd within the recess of the first die such
that an overall thicRireYAMAE S8t AU L HiF LRt - Bl 28R A iocerk et andeMmAd tHifknesses

of the first agbsegerdrgiseralirgduiiechaving tentaa padiiocitstrustitedbaiggdrend pads located
thereon, anﬁg)fEPosjng second surface situated on the first die within the recess, and bonding elements
connecting Hnd pads of the second die to the terminal pads on the substrate; and a third die

comprising a first sufifecei @comppiiiiggasepadfsbesiceatat drathe finseterf abe dirsicssuiieeeraridg bond
uated on the first surface of the second die and

pads located thereon, and the second surface sjt (
comprising ?ﬁ%’ﬁf@&%@&%&%&‘é&%ﬁ@%&hﬂ@@nﬁ?@ perimeter whereby the non-beveled recessed
edge provides suffipsentraliediccadecko ptiredigrsiing el evitthisiexiendsgf trem thelieandipads @#f the second

die, and bondin ents connecting the bond pads of the, third die to the.terminal pads on the
Cibarate. HOACIRGRS & e A v thig Toed YRIERIBPOIBE situated on a
substrate inthi skaekss afrtas diesnandt sbeosd disaienalol il shiegecdinst s dacpitisivitng fiesnsndbgsds located
thereon, and a.second, surface: first die comprising a first surface havi n s located thereon,
 Sovand S LTS BB, hoter BLErs D SIS CH SR S B e LB iR, tho bond
pads to the tesmacegspacts on the substrate; and a second die comprising a first surface, a second

surface, and a perin%‘ﬁtecg the first surfacihh ving bond Bﬁds located t ereon, the qsecond segrf,akrée situated
on the first surface®ot th q"i?s(fotﬂg)%ﬂa%% ot S hIREVR IR FELS3 8%%@% o%e'EH‘e‘ At eperimeter
of the die wiiinstrsarfanechpaicky boridhediistatia qobitieortanit tine teeoretastart sdgaipthentbefbateled

e o A TR Q9N SIS DA Ry R AeR SLiRR DA PLEeLf i giagy from the bond
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 termina 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.  Theassembly of Claim 42, wherein the mounting means of thefirst die comprisesa

flip chip attachment.
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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. 4. ThERESSHBRYCP! . R A4S SO RS SRS RO NS TSRIIEAS a

conductive ggldeeraandeetivel eppayatas.conductor-filled epoxy, attached to the second surface of the
substrate. 40. The assembly of Claim 38, wherein the assembly connecting means are in the form of
balls, columns, pins, or a combination thereof, attached to the second surface of the substrate. 41. The

assembly o€ laimT3b Reingop} (¢ astharia)lyeanfsansataisdia percapditparkagenfia dit ptarkege 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; 48 first die gparatisingmbrisiigyirface situated on the first surface of the substrate, and a

second surface having a recess formed thgrein; and
an électrical apparatus; an

adie package in electrical communication with the electrical apparatus, the die
package comprising a stacked die assembly being at least partially encapsulated, the die
assembly comprising:

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

afirst die comprising afirst surface having bond pads located thereon, a second
surface situated on the first surface of the substrate, and bonding elements connecting the
bond pads to the terminal pads on the substrate;

a second die comprising afirst surface, a 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-bevel ed recessed edge along the entire perimeter of the die
with the bond pads on the first die positioned within the recessed edge, and the non-beveled
recessed edge having a height sufficient for clearance of the bonding elements extending from
the bond pads of thefirst die;

means for mounting the first die on the substrate;

means for mounting the second die on thefirst die; and

means for connecting the bond pads of thefirst die to the termina pads on the
substrate.

47.  Theapparatus of Claim 46, wherein the electrical apparatus is selected from the group

consisting of a PCB, motherboard, program logic controller, and testing apparatus.
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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 the recess; and a third die comprising a first surface, an
opposing segnnd Wfappadiis aepmsetes; 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 enfFESRIHHTEEPRAEUT 3BF mounting the first die on the substrate; means for mounting
the second die in thejieesaseags thelBest ehe coneANA tafi BronHNB Brdhitiidippreths gecgied die; and
means for connecting the bhond pads of the second and third dies to the terminal pads on the substrate;
whereby thoTIRTR A S SR ST PRI L B A R e thE 4 connecting
means exteasiggdipodihistisergd 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. 44. The assembly of Claim
%2, further compridh ECAI TP CORER, R R RS B 5o A e A o5, The
assembly ob(Haiadlornpingnatdeast aarbiednancgpsatadpaiiltrated P eack gl adecditlapparatus,
comprising: an electrical apparatus; and a die package in electrical communication with the electrical
apparatus, e a'ﬁ?’package comprising a stacked die assembly being at least partially encapsulated, the
die assembly comprigigigiie comprising afirst 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 overal height of the die assembly, and bonding elements connecting the bond pads of
thefirst die to the terminal pads on the substrate; and

a second die comprising afirst 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 thefirst die and comprising a non-bevel ed recessed edge along the entire perimeter

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

49.  An apparatus, comprising:

an electrical apparatus; and

adie package in electrical communication with the electrical apparatus, the die
package comprising a stacked die assembly being at least partially encapsulated, the die
assembly comprising:

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

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

asecond die at least partially situated within the recess of thefirst 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 afirst surface
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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, a second surface situated on the first
surface of the substrate, and bonding elements connecting the bond pads to the terminal pads on the

substrate; haarREsERASs teraRAS NS RN ah SpesAgdeRpRINEIFHEES RIcBRFon BRSMstere tDRHiFst surface
having bond pads located thereon, the second surface situated on the first surface of the first die and

comprising {REFESveled recessed edge along the entire perimeter of the die with the bond pads on the
first die positioned y¢fihig diectraessed a6ige BN pPRMRICBIGRESHEacadaR Rbnthadetabt

sufficient for clearance of the bonding elements extendina from the bondmggds of the first die; means for

mounting thid" i SLHRES A 8% DR BREis hosaied HBRTRRSt ARHANR SPSRRd S (e SHYAHRL el means
for connectiggfiéue bpfé Bastn@tibertiToripria Hicatasminaldpariearde cigesiicng théentiie apparatus of

Claim 46, wherein the electrical apparatus is selected from the group consisting of a PCB, motherboard,
program Iog‘?@rb@ﬁi%ller, and testing apparatus. 48. An apparatus, comprising: an electrical apparatus;

and a die packagarisfelaesiaal mpmeTiriad bem Widsthetetectrical apparatus, the die package
comprising a stacked die . assembly being at least partjally encapsulated, the die assembly comprising:

at least two semic&%@&@@%@f@ﬁ%@@&éfh qzeﬁeﬁégﬁgﬁaé%dﬁement, the substrate
comprising a first suease avioghtaigtinadpats toaatad seeiadticbdor second surface; a first die
comprising a first surface having bond pads located thereon, and an osing secaond surface having a
rocens formed el P AEIREATS T TR AR P oHBa08 X A LA DAL TR ocons
such that theratibesiygraiement does not contribute to an overall height of the die assembly, and bonding
elements connecting the bond pads of the first die tq the termjnal pads on the substrate: and a second
e comprising a TSN ELLEE BT SESTR SR A DE AL 175 S B RBuing bone
pads locatetbthaeasmnacthinmeaeondesidifack siitbidsban phesfostisistacrdadithe tinetsdissmead. comprising a
non-beveled recessed edge along the entire perimeter which provides sufficient clearance for the bonding

elements extending from the first die.
50. A pand substrate, comprising multiple die assemblies, the die assemblies comprising:

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

afirst die comprising afirst surface having bond pads |ocated thereon, a second
surface situated on the first surface of the substrate, and bonding elements connecting the
bond pads to the terminal pads on the substrate; and

a second die comprising afirst surface, a second surface, and a perimeter; the first
surface having bond pads |ocated thereon; the second surface situated on the first surface of
the first die and comprising a non-bevel ed recessed edge portion aong the entire 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 thefirst die.

51. A pand substrate, comprising multiple die assemblies, the die assemblies comprising:
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49. An apparatus, comprising: an electrical apparatus; and a die package in electrical communication
with the electrical apparatus, the die package comprising a stacked die assembly being at least partially
encapsulated, the 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 surfaggiralitit S sbeiSHRMQEE i esiiltic biraetaledoAdBeKBEFaTHARS AL, e

substrate, and a second surface having a recess formed therein; a second die at least partially
situated witHPSHEIRRQURR (st G\ epR v Qe dF BiibRarRdRAed Bietre i IAGESeEnd dies within

the die assefiipirds less than the thicknesses of the first and second dies combined, the second die
comprising a first surface having bond pads located thereon, an opgwosingbsecond surface situated on the

first die within the REELLIe COMANGRTEShbHarRSUAeIQHREL TshSHP o fid e 3T a6 2and a

perimeter; techifet Skiftaehaaving reeas paasetpgrieththereon; and the second surface situated on the first

surface of the second die and comprisin non-beveled recessed edge al ,ngdt:ﬁe entire perimeter;
means for mountirfy RO <l B lﬁ%ﬂé@“ﬁ@ﬁ%{@%‘ﬂ 'fb%%&gtﬁ@gé 8 &ecess of the

first die; meang drtMerrts ofthe it alie @udhe desanthidiehadie assembANS fessxpaneting the bond pads
cdge of the B BEEARSL G M STO L GOTRR 170 O TR SHOEAB AR S e bone pacs
of the secondiytiootiteRubst@ied 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

athird die comprising afirst 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 aong the entire

perimeter whereby the non-beveled recessed edge provides sufficient clearance for the

bonding elements extending from the bond pads of the second die.

52. A stacked die assembly, comprising:

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

afirst 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

a second die comprising first and second surfaces, a perimeter, bond pads |ocated on
the first surface, and the second surface situated on the first surface of thefirst die, and
comprising a non-beveled recessed edge along the entire perimeter of the die; the bond pads
on thefirst die positioned within the non-bevel ed recessed edge; the non-beveled recessed
edge having a height sufficient for clearance of the bonding elements interconnecting the
bond pads of the first die and the terminal pads on the substrate.
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50.A panel substrate, comprising multiple die assemblies, the die assemblies 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, a second surface situated on the first surface of the substrate,

and bondingglementseRranardingshiNoBshsfisHg the terminal pads on the substrate; and a second
die comprising a first surface, a second surface, and a perimeter; the first surface having bond pads

located thereon; tH2 UStEIEPLUASE QR AR ¥ th SRRt REAK B9 RS EiRe RH P LA MG S
non-beveledi reafesact eGgRDCI AN AINaE, thseitii@ medentafahtae shfeithgherenndiprdsten dhe first

die positioned within the recessed edge portion; the non-beveled recessed ed(tzje portion having a height

sufficient foF'@éH%H't%tBF?HE'Bél&ﬂﬂ%%@ﬁ%ﬁ‘&t&m@%?ﬁ bRAdAR & FREYS FIYELEPSVERINSY A panel

substrate, caohRsisBRdTEbiRierie Redemplirseitfodieiragenttliee sammiigiedhe no Rty of
semiconductor dies situated on a substrate in a stacked arrangement, the substrate comprising a first
Surface havIREFERH A PR B AALBRIEOR: Sl AL0r § SHANEED! (e LR M EENRsing & fire

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

therein; a second die at least partially situated within the recess of the first die such that an oyerall
thickness obfhe fir N ARS8k QAT e A SRR 1 YEH VRIS TSt 29 et and
second dieaasmbings shetreseodditeaonphiting padissroudaopdramng 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 SRposiMgesdiecasmbiiaor Ciahapetimese comprliisigs Lafpaihbaving dnad lnedtdpoated
thereon, and tze Seﬁﬁd surfﬁcer‘l?situatedlac?m the firstgPurface of the seé:o d die and comprising a
non-bevelePFeaES8 8&'&5[ |6 5%4%9@111 € ‘?/\?ﬁ‘é?@gﬁltﬁé)h A'beveled recessed edge provides
sufficient clearance for the bonding elements extending from the bond pads of the second die. 52.A
stacked die assembly, comprising: t least two semjconductor dies situated on g sybstrate in a
Stacked amipemd T 1 AL S SIS S LA S R ML e o SR R LB o, anc
a second surigitiegreatex fhisih the Bitstatied 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 a second die comprising first and second surfaces, a perimeter, bond
pads locateg7on theHe sl sastact| yofl Oha rees3) nehetdiiateestibatietcaortipei Sestad vafifcanad. the first die, and
comprising a non-beveled recessed edge along the entire perimeter of the die; the bond pads on the first
die positioned within the non-beveled recessed edge; the non-beveled recessed edge having a height

sufficient fob8leararteedié tHsschihyliofgGébm &6 Henbgraieastqianti dihe dneapspketisiof the first die and the
terminal pads on the substrate.

59.  Thedieassembly of Claim 53, wherein thefirst dieis attached to the substrate by an
adhesive e ement 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.

60. Thedieassembly of Claim 53, wherein the first die comprisesfirst and second
surfaces, the second die being situated on the second surface, and the first surface comprising
arecess.

61. Thedieassembly of Claim 60, wherein an adhesive element is situated within the

recess of thefirst die.
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53. A stacked die assembly, comprising: a first die situated on a substrate, a second die having a
perimeter and situated on the first die in a stacked arrangement, and bonding elements interconnecting
bond pads located on the first die to terminal pads located on the substrate, the bonding elements
situated within a non-beveled recessed edge along the entire perimeter of the second die, the

non-bevelegzecessre @dgesaRmioherns ed)eiabicey Higiatderislgaiaraephinatrei’g &tlaments. 54.
The die assembly of Claim 53, further comprising: bonding elements connecting bond pads located on the

second die {&Hfinal 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 Ien%th_or a width greater than

the first die.5%7. TAERAFLSLTR SPORLRYA WHRIE M ¢RI Pt e l%l'@a“d*?é‘?ﬂ@.%%é. The

die assembtyrafdrdainnacd baingdisieast Rastahy ecrpitaiedi bel Beddiguatseoriyediraiaien p3,
wherein the first die, is attached to ta substrate by an, adhesive element situated W%Ei?n rfbrec;ess within a

surface of t & B RGP R Eie Smg&&!@m%%@&@%dm B die
ahssembly.OI %ﬁ_b tBh_@rdimaqsaifhimd:dah im?bst?mé,etnéi%@ihﬁ’cgmm ' f BiReSHEdskRNG second su6rfflcTe§,
the second die being sjtuated on the second surface, and the first surface comprising a recess., 61. The
die assembly DT SHR GBS SRS GoR L e R R R RE PR e DTG HE FSt e 65,
The die assembeobidaipofidonmaeraiandm diffic gitfateseaithte beiecessiobBerfisstsie. 63. A panel
substrate, comprising multiple die assemblies, the die assemblies comprising a first die situated on a
substrate, a second die having a perimeter and situated on the first die in a stacked arrangement, and
bonding eleezents mitescoararsiiogneideads located on the first die to terminal pads located on the

substrate, the bonding elemants situated within a non-beveled recessed edge along the entire perimeter
of the second die, 3h B R PRI ?Qgessed edge portion having a height sufficient for clearance of

the bonding elemeatie assembly in electrical communication with the electrical apparatus, the die
assembly comprising afirst die situated on a substrate, a second die having a perimeter and
situated on thefirst diein a stacked arrangement, and bonding elements interconnecting bond
pads located on the first die to terminal pads located on the substrate, the bonding elements
situated within a non-beveled recessed edge along the entire perimeter of the second die, and
the non-beveled recessed edge portion having a height sufficient for clearance of the bonding

elements.

65. A stacked die assembly, comprising:

afirst die situated on a substrate and a second die having a perimeter and situated on
thefirst diein a stacked arrangement, the second die having a non-beveled recessed edge
along the entire perimeter with a height sufficient for clearance of bonding elements
extending from bond pads on thefirst die to termina pads on the substrate.

66. A pand substrate, comprising multiple die assemblies, the die assemblies comprising a
first die situated on a substrate and a second die having a perimeter and situated on the first
diein a stacked arrangement, the second die having a non-beveled recessed edge along the
entire perimeter with a height sufficient for clearance of bonding elements extending from

bond pads on the first die to terminal pads on the substrate.
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64. An apparatus, comprising: an electrical apparatus; and a die assembly in electrical communication
with the electrical apparatus, the die assembly comprising a first die situated on a substrate, a second die
having a perimeter and situated on the first die in a stacked arrangement, and bonding elements
interconnecting bond pads located on the first die to terminal pads located on the substrate, the bonding
elements situated within a non-beveled recessed edge along the entire perimeter of the second die, and
the non-beveled recessed edge portion having a height sufficient for clearance of the bonding elements.
65. A stack& die AS3EANSFADFPRREYAY:  a first die situated on a substrate and a second die having a
perimeter and situated @fritbe HopbetiRishangtacked arrangement, the second die having a non-beveled
recessed edge along the entire perimeter with a height sufficient for clearance of bonding elements
extending from boRdISAFSIPIHEHAEHHE FEMTIHAIALAS WHRK R BR SeL arpsr %Uﬁatﬁ@l%ﬁbstrate,
comprising EReHimEy BenasFa Mpiesstiardieuarspmbliabseapasingsadiisd die kil ates s maebstrate and
a second die havin%a periEeter apd situated on the first die in a stacked arranglgg?ment the %aclond die

having a nofMHSRaraRARe LGSt i At SHAIBBRMhS SoRPd HEGRY! AdBRMRYfSarance of
bonding elerseriedstizrdingdrom deind fadacs hieHissdglipteuicningl daticapihteosbbsdiate. 67.An

apparatus, comprising; an electrical apparatus; and. = a die assembly jn electrical communication with
the olecre TR LS I O SO B sl S04 AL RAT B a sccond die
having a perimeter and situated on the first die in a stacked arrangement, the second die having a

non-beveled recessed edge along the entire perimeter with a height sufficient for clearance of bonding
elements extending from bond pads on the first die to terminal pads on the substrate.
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