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8 a surface 22 of the bottom die 12, each of the dies being wire bonded 24 to the substrate 16. FIG. 2
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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 the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.

In stacked die assemblies in which the bottom die is a flip chip, there is a limit on the

30 minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 um bump height were to be ground to a total thickness of 150 pm to 200 pm, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the bumps.

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



hi gh occurrence of broken wafers due to the stress induced on the wafers
fromthe bunps. Furthernore, even if the wafer does not crack, the die
strength will drop significantly due to the 30 JANUARY 2007 pioke¥daR¥{2007
"di npl es” on the backside of the wafer. Such dinples are typical defects
observed on bunp wafers that are ground too thin or an inappropriate
backgrinding tape is used in the process. In addition, as depicted in FIG
3, with nultiple stacked dies, a spacer 30c is required to create the
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di sposequgﬂ MR HPocess. Pondi ng el errent connecting bond pads on an
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opening for the bonding el enent extending fromthe bond pads of the bottom
di ejgthus elimnating the nesfUfIMAR Y OICEHEONVERTIORe two dies to achieve
20 sufficient clearance for the bondlng elenment. second bondi ng el enent
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attach the two d| es. In a further enbodinment of this assembly, a third d

i s nountseebndriie meurted ondhabastonThie. (Thiesecadidalihhas asbdiom syrface 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
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surface with a recessed edge along the perineter of the die that provides an
opening for the bonding 30 el enent extending fromthe bond pads of the
second die, thus elimnating the need for a spacer between tHhH®IANUARESPD,
cl earance of the bonding element. A second bonding el enment connects the 2
50JANUARY 2007 bond pads on the active surface of the third die to term nal
pads on the substrate. An adhesive elenent can be used to attach the second
and third dies. In a further enbodi nent, the stacked die assenbly, conprises
a first (botton) die disposed on a substrate, a bonding el enent connecting
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by a second bondi ng el enent, and an adhesive el enent can be used to attach
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package ;@Repfe d&fer cih 86 kSl t@'aﬁa@ﬁ&@@@ddﬁd%ﬁ&ﬂﬁfh Mgs.to the invention, at
| east partially encapsul ated. The package can further include external
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die, and a bonding element connects bonding pads on the second die. An adhesive element can be
disposed within the recess to attach the two dies.
In another aspect, the invention provides a semiconductor package. In various embodiments,
20  the package comprises a stacked die assembly according to the invention, at least partially
encapsulated. The package can further include external contacts disposed on the second surface of
the substrate for attaching the package as a component to an external electrical apparatus or device.
In another aspect, the invention provides methods of fabricating the foregoing stacked die
assemblies and semiconductor packages.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the following
accompanying drawings, which are for illustrative purposes only. Throughout the following views,
the reference numerals will be used in the drawings, and the same reference numerals will be used

30 throughout the several views and in the description to indicate same or like parts.
FIGS. 1-3 depict cross-sectional, side elevational views of prior art embodiments of stacked

die packages.



BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the invention are
descri bed below with reference to the follow ng acconpanying draw n

which are for illustrative purposes only. Throughout the foll OWW\J/‘?BX/SZOM
the reference nunerals will be used in the drawi ngs, and the sane reference
nunerals will be used 30 throughout the several views and in the
description to indicate sane or |like parts. FIGS. 1-3 depict
cross-sectional, side elevational views of prior art enbodi nents of stacked
di e packages. 3 30JANUARY 2007 FIG 4 is a cross-sectional, side
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i nvention. FIG 5 is an enl arged partial view of the package of FIG
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14 is a top, perspective view of

the1dirst (b@®IGQNR idh eroeé-sédnenﬂagaaglevafonﬁl ew bt ansthemémibodiment’ crasssckbodized
in 15 the die. FIGS. 13 and 15-16 are cross-sectional, side el evational
Vi ews ofpagl@@@éﬁ?qréllﬂgé?gﬁsmYthloﬁe mounting of the dies. FIG 17 is a
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15  the 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, according to an embodiment of a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom) die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG. 25 is a cross-sectional, side elevational view of another embodiment of a stacked die
30 package according to the invention.
FIGS. 26-29 illustrate sequential processing steps in the fabrication of the stacked die

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



FIG 20 is a cross-sectional, side elevational view of another enbodi nent of
a stacked die package accordl ng to the invention. FIGS. 21-24 illustrate
sequential processing steps in the fabrication of the stacked ?ﬁ@wg&?!@%je
of FIG 20, according to an enbodi nent of a nmethod of invention. FIG 22 is
a bottom perspective view of the first (botton) die of the package of FIG
20, showing the recess fornmed in the bottomsurface of the die. FIGS. 21
and 23-24 are cross-sectional, side elevational views of sequential steps
in the nounting of the dies. FIG 25 is a cross-sectional, side elevational
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perspe(r:rsl beﬂ{/ﬁhgw oﬁlnﬁggp{shggc[l}érllsd (top) die of the package of FIG 25, show ng
the recess formed in the bottomsurface of the die. FIGS 27-29 are
cross-sectional, side el evatloral VI evvs of seuentlal steps in_the nounting
of the dies. 5 HER : DB OHYHE NS
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15  desirably low package profile, allows the use of thicker dies in the stack assembly to reduce the

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

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

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

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

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

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



further offers nore reliable adhesion bleed out control, and the benefits
increase as nore dies are 20 stacked. The nethod of the invention can be
utilized to fabricate an assembly conprising additional stackZRUANGARY\ZEPT
to those of the illustrated enbodi nents using the described concepts herein.
In each of the described enbodi nents, prior to nmounting the individual dies
of a stacked assenbly, the backside (inactive surface) of a die (wafer) can
be backgrinded or otherw se processed to a desired thickness, flatness

val ue and texture using conventional nethods in the art. 25 Referring to
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met hods in the art can be used to selectively renmpve a portion 60 along the
per i met dwottgm dipd2 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 um to about 500 pm. As shown in FIG. 8, the support substrate 44 can be in

the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74



15 die 46 such that when the die 46 is subsequently nmounted onto the first
(bottom die 42, the recessed edge 62 provides an opening with sufficient
cl earance for the bond wires 50a extending fromthe bottom di% JANUARY gR07
support substrate 44. The recessed edge 62 can be formed using known
techniques in the art, for exanple, a chemcal wet etch or dry etch, |aser
abl ation, or other nechanical neans of reducing the bottom surface 58 of
the top die 46 to a predeterm ned depth. 20 Referring nowto FIGS. 7-9, the
first (bottom die 42 is nmounted on a first surface 68 of the support
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("TAB"). For example, ball bonds (not shown) can be thermosonically bonded to the bond pads 48a,
and the bond wires 50a extended and bonded to the terminal pads 52a on the support substrate 44. In

20  other embodiments, TAB bonding and ultrasonic bonding, as known in the art, can be used to
connect the bond pads 48 and the terminal pads 52.

Referring to FIGS. 10-11, the second (top) die 46 is then mounted onto the first (active)

surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,

25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with
a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from
the bottom die 42 to the support substrate 44.

30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive
element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

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



Many suitabl e adhesive application nethods for liquid or, gel adhesive
application are known in the art, such as screen printing, raller
applicator, spray, and transfer. Simlarly, an adhesive tape %?f%ﬁPA%EéP?%d
froma di spenser and severed froma roll of tape, or applied froma transfer
(carrier) film 15 Referring to FIG 9, with the first (bottom die 42
nmounted on the substrate 44, the bond pads 48a of the first (bottom die 42
are then electrically connected to the term nal pads 52a on the support
substrate 44, for exanple, by wire bonding (as shown) or by tape autonated
bondi ng foipi WAB"an adkesivectaperattashedthieteth omds adimsivestiongnt 66 @an be appléadito shéraal | y

bonded to_the bond pads. 48a,. and e bond wire a_ extended and bonded to
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of the first.(photto ie 42 to formihe stackeqd. di.e assenmbly,78. The second
i e 36 cbonit B8ahEhiedeRarbia Pty TR MRAAEE g if o GFaPeNg ekl R hads
48b al ongsdrdity peri phery thereof, 25 and a second (inactive) surface 58. As
shown in FIG™ 10, the second surface 58 of the second (top) die 46 is
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tape attached thereto, or an adhesive el enent 66 can be applied to either or
bot h di emddhg indiyidvslipadkagesatO eandesugutated.t op) die onto the first (bottom

hen el ect i da i RS RT3, A bR R B BipcbFw

subgbr at@nddotivé 851dexHIR (65 other stithisle ReMicige mAteriaPsihQ¥WRohductiRe ehdiessd: at ed
exanple, or by TAB bonding, resulting in the wre-bonded stacked die

assenbl yorductarhiglled epoxiesk spluinnggpias and ghedike, prgimeunied snuthiepeennddbetieral safags t h
a diel e(\8t4rc;f(ihee Qu%%gﬁ %&Ha{)en44 for electrical connection of the encased die package 40 as a
component to an external electrical apparatus (not shown). Examples of such electric apparatus
include a PCB or other external circuitry (not shown) such as a motherboard of a computer, program
20  logic controller (PLC), a testing apparatus, among others. The support substrate 44 typically
includes a variety of conductive through-holes or vias 86 that extend through the cross-section of the
substrate and establish routing of the conductive elements through the substrate 44, and further
include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted.
25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individual die packages 40, for example, by cutting or shearing.
Another embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 12. The package 40' comprises a first
(bottom) die 42' mounted to a support substrate 44' in a flip chip attachment, and a second (top) die
30 46'mounted in a recess 88' formed in the first (upper) surface 72' of the bottom die 42'. Bond pads
48b' on the second (top) die 46' are wire bonded to terminal pads 52b' on the support substrate 44"

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



material 82, typically a thernoset resin, the assenbly 78 can be
encapsulated usi ng known techniques in the art, for exanple, screen
printing, glob-top, pot nolding, and transfer molding, 10 resub@JANUARY 2087
encapsul at ed stacked di e package 40 depicted in FIG 4. In one enbodi nent, a
nunber of die assenblies 78 can be placed in a lower nold plate or half of
an open nulti-cavity nold, one assenbly within each cavity, and foll ow ng
encapsul ation, the nold plates are separated _ and the individual packages
40 can be singulated. In the enbodinment illustrated in FIG 4, external
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mount ed kinowa nietk@R9n 8&' arf cﬁdsmdmnple bleetréplatﬁig, ﬁmwpefu)d BuifiRe By %are tohdélgand
bottomdie 42'. Bond pads 48h' on the second (top) die 46" are wire bonded
to ter mstearilipgddhe seppogisubsiEate i san be inp armeaseegenbed, forexamplst Wih eespestitn e

|ncI de balls) for connection of the die
3 Aﬁtﬁéﬁfé%%%mggagggéadgép46§a§(§§§ﬂgﬁent to an external electrical
appar at us ( N@trios hoiopnting) @ ré@se8S 3B be ifdimieddn tHrodetomd @nazti¢e) suafab©OVS of ke first

second §1 die 46' to be inset into the bottomdie 42', thus achi evi ng a
| ower o h@t ) dia 4R atfeShRBIng A crETsectinn 18 dles 1 3and i Aden PoEPeciynvisw DEIG 144 t o

attach e S&CoRS i{ §i 2R 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 um/min. for an 8-inch wafer. The recess can be formed at the wafer level, the die
25 level (i.e., singulated die), or on a strip level after the die 42' is mounted on the substrate (e.g., strip).
The bottom die 42' can be mounted on the support substrate 44' by conventional flip chip
methodology. As shown in FIG. 13, the active surface 70' of the bottom die 42' is aligned with and
facing the first (upper) surface 68' of the support substrate 44' prior to assembly. Traces and
electrical connections (not shown) on the first surface 68' of the support substrate 44' are configured
30 to correspond to the configuration of bond pads and the conductive bumps 90' of the bottom die 42'.
The conductive bumps 90' in the form of solder bumps can be reflowed to physically and electrically

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



die 46' onto the bottomdie 42'. 5 FIGS. 13-16 illustrate an enbodi nent of a
process flow and nethod for formng the stacked die package 40" of FIG 12.
FIGS. 13 and 15 depict sinplified cross-sectional views of thShHANYARY 2804
bonding of the first (bottom) die 42" in a flip chip attachnent to the
Substrate 44'. As shown, the first die 42' conprises a first (active)
surface 70 and a second (inactive) surface 72'. The active surface 70" of
10 the first die 42' includes a plurality of bond pads wi th conductive bunps
90" mounted thereon, which are arranged in a predeterm ned configuration.
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As depicted in FIG. 16, the bond pads 48b' of the second (top) die 46' are then electrically

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

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

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

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

30 A further embodiment of a multiple chip die assembly package according to the invention is

depicted in a cross-sectional, side elevational view in FIG. 17. The die package 40" incorporates

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

10



30 JANUARY 2007 substrate 44', or cured in the case of conductive pol yner
bunps, although other nethods such as thernmal conpression can al so be used.
Ternminal pads 52b' on the first surface 68 of the support sUBBIANKARY2007
are exposed along the periphery. Referring to FIGS. 15-16, the second (top)
die 46" is then nounted in the recess 88 of the 5 bottomdie 42'. The
second (top) die 46' conprises a first (active) surface 80" with a plurality
of bond pads 48b' al ong the periphery thereof, and a second (bottom

- surface 58 . As shown in FIG 15, the second (bottom surface 58 of the
second (top) AM gludated Shetpacdkagedo domprises 4 fitst (tiohs di¢ 42Basuitiéd ontd alsagport
second surface 72' of the bottomdie 42" prior to assenbly. The second (top)
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connected to the termnal pads 52b' on the sup ort substrate_ 44’
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contacts 54' condu(gtlve sokger balls can then be mpunted on .t he
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di e pack t e r 0,
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FIG 8, manai d184)2"cmdth¢thﬁﬂ(b@) dierfglll tathececoridqmiddlevdiddal. di e packages 40'.

The stacked die package 40" of FIG. 17 can be fabricated utilizing the process steps

described above in fabricating packages 40, 40'.

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

20  third (top) die 94", respectively.

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

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

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

30 the first (bottom) die 42" is mounted on a support substrate 44" using flip chip technology, with the
terminal pads 52a", 52b" on the surface of the support substrate 44" exposed along the periphery.

11



30 A further enbodinent of a multiple chip die assenbly package according to
the invention is depicted in a cross-sectional, side elevati i

FIG 17. The di e package 40" incorporates features of the di %j&’ﬁ%‘gi@/‘”%
40' depicted in FIGS. 4 and 12. 10 30 JANUARY 2007 As illustrated, the
package 40" conprises a first (botton) die 42" nounted onto a support
substrate 44" in a flip chip attachnent, and a second (mddle) die 46" at

| east partially received wthin a recess 88" in the bottomdie 42", simlar
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recess fsaléhese @idport SEHstatAT] fgeraifply, BPWht BEndifg o€ by TWB BindSresoM@pa b

package height 67" 15 Adhesive _nenbers 66", 98" can be utili zed,
r espgct i sirctire sigilar tothat Shawnde &G 16.ni ddl e) die 46" to the bottom die 42"

and, the ¢l & (gl (A8 H8 IIRREABAE bk hehEndea TRl agled i °

package 40" can rrca IzIn OCeéss

descri be(duadle)/@e e" siatilar ecadhie MEpuRBiaK ag e séConddlle 46 B’ﬁ it bdttondie i shgwn ﬁﬂne
recesses_388" 2" can be formed in the first (botto die 42" and the

third (tF_WS |0e1194The thisd (fep} dig &py 1s mowrée%e@toaee fishiac @)fsarfﬁefzﬁ(?"rpftthﬁese@e@bm

fj : gaztz iV pac (g-gng&lg 6%1%ke 1eta£5 epl C? %J_.ﬁg%lnq@} f% Slf?nﬁ etf??(ggt%)t (lﬂgggs B&ﬁ{m&e‘g

si zed arudﬁtso@fcug@rseffaéa)lOoeeeth/zeplhmatﬁ eﬂbmdl fads dsd"edlorl the Heriphdre tiedréof] dhdaa
subsequent step and can be suitably shaped to correspond with the shape of
the secotsgons wirfapsox Vit %wd@égf&h ASaffl@W@ inkdGods,i theﬁepn@seurfw: Yohef thecond

(i nacti Vtﬁ)rd %tléw GeD458 al%e(ﬁ Bt rfgcmg the first (active) surface 80" of the second (middle) die

46" prior to assembly.

The third (top) die 100" can be attached to the second die 46" by means of an adhesive
20  element 98", for example, a tape or die attach adhesive, as described hereinabove with respect to
adhesive element 64. The dies 46", 100" can be provided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63°”
with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44".
Referring to FIG. 19, the bond pads 48c" of the third (top) die 94" are then electrically
connected to the terminal pads 52c¢" on the support substrate 44", for example, by wire bonding or
TAB bonding.
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"
30 depicted in FIG. 17. External contacts 54" in the form of conductive solder balls (or other suitable

conductive material or form) are mounted on the second (bottom) surface 84" of the support
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(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 83
die 94" is renoved along the second (bottom) surface 58" to éPob@ 7
recessed edge 62". Simlar to the mounting of the first die 42' on the
substrate 44" shown in FIGS. 13 and 15, 30 the first (bottonm) die 42" is
nmounted on a support substrate 44" using flip chip technol ogy, with the
term nal pads 52a", 52b" on the surface of the support substrate 44" exposed
al ong the periphery. 11 30 JANUARY 2007 The second (mddle) die 46" is then
mount ed suBbstidfe44 610 @ssvidSelectticilvenbativn ot thealidickags4@iepiantebattrical kpgatatud ol 6.
The second die 46" conprises a plurality of gond pads 48h" on a first

(act i ve)Shewp) ablereatter, afnpltiqdie pats gan b singhpte lh‘PtPé’é,‘EV@Sal digRarkpges: om sur f ace

58" of the s ggg 6301 e t he
bottom di e 4§€ g'egrl\T géo fﬁoa %glﬁ(\glhé&gﬁt‘tgor% nr}ﬁu@ﬁ%éﬁp glgéﬁéeﬁg)lz%t 611%% or
di e- at t acborditigas |th/aamaentdmsc depietdd wi 4 brosesqeaochdlyddd eevatioasl wiew eThapatkagd 40The

dies _42", 46" cap be pre-taped or an adhesive e|lement 66" can be applied to
the Sur fQEWriSEs afifshehotigm) disdh H‘PB@CGIEW WW&@PL%@E‘?% @fld@ﬁécoaéc(mgéle

bond pagg, 4{391 rgg]gtb'aﬁoﬁ%ﬁé’ Bk AinG i %S fthE Qé‘&)ﬂg 'd‘?é:#d'" 1‘5%15& 1}?1%%‘3% e gl‘éegtefr he

t er m nal e support su rate

bondi ng mﬂtlb@w)‘léhﬂlobilmmg) thae thel ‘ttdtuogl din (sze FIG. 6). chﬂideaisnga'i I4ﬁb"t on theafirst and
shown in FIG .16, Referring now to F|G 18, the third_(top 94" can then
be mountEePlieE2"s 460 Wrmbaafﬁf‘é‘)”a 5%"t°§f’1ﬁ‘iﬂp%lrpat1%5é %uﬁp.tkﬁf‘gswovhe
second nt 465% T it QP di e
94" is %ﬁ%ﬁd&j@gﬁt‘%}ﬁ% |£qsn?1 ctlv %&F ace C%Q?&%hee‘is}g gf“g %Sn‘

f or Mt heeletrdenk eppatates. aSmhab toythé&lie 4adepietpd addestribdd Wath ﬂe@pecTIthI@Sr 4L6(4 op)
die 94" conpri 15 a first ( ve) .surface h . a pl urallt of bond
pads 48d3orta<rrb9.f§ﬁ? H@OBQKIPB?{E’FQ/SW%@P% of thepegonddd Qﬂo)dhf‘s "t ifagmoped mrﬂw ca
recesseq @%4" | e6EA9foxs ﬁ‘@ trblé:ak ce tho’é Bﬁn&?ﬁ@é‘%ﬁ%ﬁﬁ@ 81§'t'heandrehglggt hird

(top) die i gne facin I'rst (active) surface
t he secdndtofmdiddR¥) Ad¢a@1ty4)6&“eqass W2"tie ahse stohibd 1n thEIsecotnti i(battont )ymyfack @2"16ﬂthec an

For " exanStiem Qe h2Rcirghis et i eerch BB EIFSIvE SISTFL 101 LI el FoTeRM QU bofarh e

20t 4 MBS SR TSR 0 L SIS ey

di es durpackageteight 63" dér thtnpadklage d0'dbg eBrhinating the deed fecospaceli tetween 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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46". The recessed edge 62" of the third (top) die 94" has a height (h") to
provi de an opening 63"' wth sufficient clearance for the bond w.res 50h"
extending fromthe second die 46" to the support 25 subst r at €CAANUARY 2007
Referring to FIG 19, the bond pads 48c" of the third (top) die 94" are then
electrically connected to the term nal pads 52c" on the support substrate
44" . for exanple, by wire bonding or TAB bonding. The die assenbly 78" can
be partially or fully encapsulated resulting in the die package 40" 30
depicted in FIG 17. External contacts 54" in the formof conductive sol der
bal | s (or ot herecsssetl @d262'¢ alodg the pesinmgrer6i" aif the sefcondriinaxt'we)wmfmed%nf thee

second (botto urface 84 he su ret 12 UARY 2Q07 uhstrate 44"
o pr oviEOTH GaR PR Coiteltneh ot SERE e Rudi fyahsepoond dig e packae 20
appar at Ufep{diQf in FIERMA)6. ADBHRATJfShe did 4@“'15 tenthved B&&ethaC 3R theSdeBEH4 (ﬁE ﬂg"' to
|nd|V|duaP di e packages. Referring to FIG 20, another enbodi nent of

rrul ti pl ghehinpuuteé ongbertirsy dpa‘tﬂ(h@@ reeﬂsm@ign@% @rovides anvapeningr6 3 ’sfodewz)ﬁfmeatj
I S I e

(top) dls% f}ghsugmgﬂgt@d' on the bottom die 42"'. As illustrated, the second
die 46" |s | arger in size, i.e., a greater wdth (w) and/or length (1)

t han t he bot tRefenting t¢ §36. £1,Ghe @conB(thOpadsrfdl@aﬂ"' ofaBbfirst (lmrtonali¢ #2'S s %jrgded
second di 42" "ooare W re d £rm nal 52a"’
220 o iRerrpinente TefhpthioG G er e anar Harf e Codbr € s Bl

cont acts 54 ' TRORROMBaAL 1§ E‘t@acﬁé&toptﬁéKﬁﬂfén‘k@bstreft@M?nb}Qne%h@sz{d &ml«:sﬁ@%ﬁ@hus
Simlar to the die 46 depicted and described with respect to FIGS

por tlidon ldi‘ "t Nhessdbentck ¢lementt1i0¢e\cas be hppleed38'the refess lverfacecldol o(fttlmqot)ecchselOZ'G bf
IS rermv rowd nlegesse ' for.suif, nt cle ce

bond w88 fes otag)ifie T AR SR BE Ry Cirpenislitadiiiai 6 B3 s gR B0 & dfene
recess 102 thelreedl $@z-e£cptkheﬂécéloed {herehE CPcadhbalé a@heﬁurd@C@m?c%mpn@é aﬁ H&heswe
bottomdie 42", and is sized for receiving an adhesive el ement

t herei n gab ostaperas debaribled thersmativee with 4&pectito adimsiveghqpoent 64 (bakage féO)M'he firsttdge

feal hi L |
et ont o A B wbsuae e GHTR MR R s i el b ARG8T can
bet wegen §digplie@ e sulfleldTRtHESST bof e R4 id 210" ltPtha diintiae 2! aFRipithd 04" as
an insert |nto the recess 102"' in the bottom die 42"' rather than as a

di sti nctattaabaeﬁntlﬁmxélé‘w firpladigy 821 dmattickedsn the sibdtrath ¢4 sheh that the Agmtinal pads 52a™,
ﬁj(rjr: E !50{1%2&,.1 he t&ﬁtsur ?CeaOﬁ};s%‘\'?é“%t gregis}?gsegl e-attach adhesive therein and
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

L

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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20 bl eed onto bond fingers and/ or other conponents on the substrate adjacent
to the die edge. FIGS. 21-24 illustrate an enbodi nent of a nethod and
process flow for fornming the stacked die package of FIG 20. 7 JANUARBY 2007
mounting, the recesses 102"', 62"' can be fornmed in the first (botton) die
42"' and the second (top) die 46", respectively. 25 As shown in FIG 21,
and in a bottom perspective viewin FIG 22, a recess 102"' is fornmed in
the second (botton) surface 72"' of the first (botton) die 42"'. The recess
102"" is sized and configured to receive an adhesive nmenber 104"' therein
for attaedwmdribotodm) duefade 8442 thetsoppdresubstilits i dtfer elécttical ThenacaorsEthe@2e package

be fornmed in any suitable shape, such as square, rectangular, oval, and
ci rcul a0’ TﬂénFé@g?éelth?cal %Pﬁﬁr B’é(f‘%trﬁlileﬁnbm ng known nethods in the art, for

exanpl e, dfﬁ%ﬂ&mm aaxﬂgltl lé ik 5?%% 0 stﬁg%gﬁ ﬁ%}a b\éﬁ)terfggﬁéh tﬁ grgwﬁe f{%ﬁ\h die

mechani cal ng or punc I ng, ation seco ace
72""  of IiaumgdséOﬂZ"'. The recess 102"' can be fornmed at the wafer IeveI or

t he dlelevel gul ated die). 13 30 _JANUARY 2007 A recessed edge
62" al ong tr?ee‘f}"élflgﬁ%ﬁa ?%a-fuabertqﬁl@oégeaﬁ@fe dele W‘gﬁﬁﬁsﬁ‘é‘g&s@ gt the

second [ " [ r
o (SO 6 inva iR, AR HdfoQRBAIRE R ERYLANRY ¥ichd ! THojAeRARINN

r enoved cemphis¢shafirst (Hogtom) ldee £2¢ mmllnthden Aglip chip aﬁhﬁnmnwmumsmanbsttdﬂeM'i"r atd

die 42"', the recesse nw _Pprovides ening 63" far suffigcient

¢l ear ancdatseT pik Bswaﬂ\xmggleé@ s e g v oo dfe 421 Bad ads b b the

t | ¥ n i]
erm na ﬂﬂl?s(t ﬂl . AR 5 #J\%re Eb&ﬂﬁﬁrsb})st‘tﬁg&?ﬂhﬁ p%?%szb ﬁ»%ﬁléé é@%o&%ul{ﬂtr@t Ay

t he secon surface 71 " | rst otto |gned
Wi t hOancE)a‘tanalrt@ntahB 4t srte el on therstand (B&om)afurfabeothp paystrag st fat e 44"

prior to assenbl The t die 42"! t ached upport. substrate
44" by oBRsRngHE packese 3&0 @ exiemel eli%ﬂ&%&ppara%bﬂ%a Sy BOEiRBAL tesoond

b (A4} 'I'"I 1 " "
i, 2, OB Bk D RSRLBMRILAE" sl 1 BESRE S 0 foRit

subst r attbe Bettom drecH 24| ﬂ@mm The tdwestsrfeatumcwé" hﬂﬁg acm:yeblelowenevewdﬂpacﬂtegcehmght

doscri bl b EREBE 1T R PESHCIC 16N Qi ET0 HrarPpe CERRRARTN0) . The

firgk die 4414"IIG§Q@[ﬁlllhﬁﬁtéﬁp%ﬁﬁlﬁleﬂﬂn' rﬁ@ﬂﬂo@ﬁn@ﬁﬂ%éé@%v& forFordifig Uﬁ)%&ked

form or an adhesive elenent 104"' can 15 be applied to the surface o
ei t her dlie padkhge bEFIG.2X die 42"' and the substrate 44"' during the

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

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

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

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

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

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

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

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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attachnment step. The first die 42"' is attached to the substrate 44"' such
that the termnal pads 52a"', 52b"' on the surface of the substrate are
exposed. Referring to FIGS. 23-24, the second (top) die 46" i<0JAHARY M
onto the first (botton) die 42"' to formthe stacked die assenbly 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 assenbly. The second (top) die 46"' can be
attached to the first die by means of an adhesive el enent 66", for

exanpl e,such 4sa @pe apéiecattadi alhesiveahdesdhibad with rcapee:lecs thei ddbekive ¢lbmestspledie t o

h dh | 40 b f A
Second drEEs20. Eifgoror pifh ogBe BrsfiRdisbsdiss AFL. fhrnadh Pe Prinaded g Rertiive
el ement §6n or¢RadhRRlE 8RnleRt 667 REA ap1icAb Ialtﬁér%? bgﬂ'lrdlékgdur%@ thO TR §tBS)

step As depicted in FIG 24, the bond pads 48b"" of the second (top) die
46"' can theRdferinglte FlGi &%Ithqb@m}m@sﬂ&bf'"tocf thmcom}mlv)adle palisad Hieh' beon t he

substr at The recessed e af t cond. (to die 46""' has a
hei ght @iwﬁcaslﬁi"f’{‘%‘icé‘%t %i vﬁﬁ%adéﬁ%ge%‘ﬂ&%@? r(adgéuate cl earance
of the bondi g B?&lﬁ%apsﬁd@%@tﬁ@d&% &97§G%ng?kﬁ orhked ushry kfdevn

substrate 44" The w re-bonded st acked e assenb can be
parti al Ityc}mrqumid tgneertda[ﬁ(mrl the edcapistlatedpaclage 405 Ushamin lmFrIGr R4l Egrimal gentags

k t th f th ked dj, k
0" s b e bmeptediay thesrsprd ol SthiEia™ SEnE streis o fREAL°
TTDU nt ed B AE conttctidh JARLICEY PSR dieSRERIPE 4000kt Mkt éiHAI Rt @fappafitud (Rt

support substrate 44"' for electrlcal connection of the die package 40"' to
an dRt ershawnkl ectri cal apparatus (not shown) . Slngulatlon of a nultlple die
panel or stri to. provide individu

B0, 6 ret ePrihel S padB b OrRie o Bt if fo it SRS D rciefned Brp e in
assenbl wm%aaﬁbe@ﬁa&wwaslﬁgﬁla@oﬂﬁmﬂ 4N, is depicted in a _
cross-secti onal e el evational view The package 40"" conprises a first
(bottom die 42"" nounted in a flip chip attachnent to a support substrate
44"" | and a Iarger si zed, on the first
(bottom dle 42"" . Bond pad WLt ’ 3 die 46"" are wire
bonded 50b"" A @oif 5ﬁ§oﬂa;lfmk§%’ebdes1 r!;hB\Qﬁ n§pm§02 rﬁﬁ”ﬁﬁ (ath8héfackagel Gesi

Ext ernal contacts 54"" are nounted g% t he second ?potto%) surfg%e %f ﬁg
subst r atsbown'in FIGy12.connect i ng t he package 40"" to an external electrical
apparatus (not shown). A portion of the second

FIG.2 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 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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(bottom surface 58"" of the second (top) die 46"" is renoved to provide a
recess 108"" for receiving the bottomdie 42"" therein. The recess feature
108"" hel ps achieve a |lower overall package height 67"" for t¥RJANEABY2007
40"" by nesting the first die 42"" within the overlying second die 46"". 15
FIGS. 26-29 illustrate an enbodi nrent of a nethod and process flow for
formng the stacked die package of FIG 25. Prior to nounting, the recess
108"" can be fornmed in the second (botton) surface 58"" of the second (top)
die 46"", as shown in FIG 25 and in a bottom perspective viewin FIG 26.
The rec ecsmpri]seai‘éferwhfohas bOputtdg tte inhantinaimo effeste| Therintdnéionis thepefote, clainged in
recess 108"" si zed apd confi re&@to 20 recelve t he ttomdie 42""

t her ei n, 2204 it e raigerons pin (e PERSICE SRS 9 hetppFn gciaqﬁ!a@epmpnately
rect angghﬁ%pret‘éx%acc%%ngé%ﬂltﬁé SN AAAWAILRCNNI ques in the art. As
depicted | 27, the first ?actlve surface 70"" of the first (bottom
die 42"" is aligned wth and facing the first (upper) surface 68"" of the
support substrate 44"" prior to assenbly. The active surface 70"" of the
first die 42"" includes a plurality of bond pads with conductive bunps 25
90"" nounted thereon, which are arranged in a predeterm ned configuration.
The bottom die 42"" can be nounted 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 nmounted onto the first (bottomny
die 42"" to formthe stacked die assenbly 78"". As shown in FIG 28, the
second surface 58"" of the second (top) die 30 46"" is aligned with and
facing the second surface 72"" of the first (botton) die 42"" prior to
assenbly. The first (bottom die 42"" is received at |least partially in the
recess 108"" and can be attached to the recess surface 106"" of the second
die 46"" by neans of an adhesive elenent 66"" 15 30 JANUARY 2007 such as a
tape or die attach adhesive as described with respect to the adhesive

el ement 64 (die package 40). Either or both of the first and second dies
42"", 46"" can be provided in a pre-taped form or the adhesive el enent
66"" can applied to either or both dies during the nmounting step. Referring
to FIG 29, the bond pads 48b"" of the second (top) die 46"" can then be 5
el ectrically connected to the term nal pads 52b"" on the substrate 44"".
Partial or full encapsulation of the die assenbly 78"" can be perforned
using knowmn techniques in the art to formthe encapsul ated package 40""
shown in FIG 25. External contacts
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P ]

54"" can then be nmounted on the second (botton) surface 84"" of the
substrate 44"" to facilitate electrical connection of the conponent die
package 40"" to an external electrical apparatus (not 10 showfJANBARY 2807
di e 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. Conparative
Exanple 1 and Exanple 2 15 A conparison of the package design shown in FIG
2 (prior art) with the package design shown in FIG 12. FIG2 FIG 12
Bottomdie, thickness 6 mls 6 mls Second die, thickness 6 mls 6 mls

Bond | i newH AT ¢§ @aSSIMEDIIKS: 1 ml| Slot (recess) depth --- 4 mls Overall
total thickness of the 13 mls 9 mls stacked dies By utilizing a package

desi gn acbordlfhgleﬂ@dtoﬁéahrﬁ@'@‘rﬁq smicadpgitevsacleasisne lhstersai: be 20
achi eved UST NG bNAS SlsubliaR; o i AIAL PRcodd WEKRL o @aeeeﬂ{,ﬁﬁngmgtzed to

hel p reduce thHe nu I es t at occur urlng ssenb
process. dunface)hlavidgammanw;iahs loh@ed thateah end ialsecand saerfadeothe Hast dmeemnm‘smgrl bed | n

| anguage nore, or ic as to structural and, methodic f eat ures.
e Rrneh ot TR Biving AR e 1 Sl AL Rl Brs B 1
specific g & Emd N re &3 skdde i sBEEbe; ﬁie@@&nﬂhﬁ: JERAASINRer faktsudhs&Chosed 16
30 JANUARY conprise preferred forns of putting the invention into

effect. meoridrwefmq, and @ perimeten; tiediret sudhegihawing japlurality odpond pads deasigdor

modi fi caty,g h&dsn Whé Hle'laéo*}.% SBIREEonbbORS o trntbQ\‘?el RENIGH a‘glaﬁl OB BRI} pr i at ely

i nterpr ete ' "accordance w I'ne of equl Val ent's, ANUARY
2007 WHAgeritfeteCloAthvidi; | S I . A met hod of fabricating a sem conductor
device, compri S(I)urh%ng me irst cPe on the first surface of the substrate;

connecting the bond pads of the first die to the terminal pads on the substrate with a
first bonding element;

applying an adhesive element to the first surface of the first die, the second surface of
the second die, or both; and

mounting the second die on the first die with the adhesive element situated
therebetween and the bond pads and the first bonding elements on the first die located within
the non-beveled recessed edge and not covered by the adhesive element; the recessed edge

having a height sufficient for clearance of the first bonding element extending from the bond

pads of the first die.
2. The method of Claim 1, further comprising, prior to the step of mounting the first die
on the substrate, the step of applying an adhesive element to the second surface of the first

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

3. The method of Claim 2, wherein the adhesive element comprises a die-attach

adhesive, a tape adhesive, or a combination thereof.

4. The method of Claim 2, wherein the adhesive element comprises a die-attach adhesive

and is applied by one of screen printing, roller applicator, spray, and transfer.
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providing a substrate, a first die, and a second die; the substrate
conprising a first surface having term nal pads | ocated thereon, and a
second surface; the first die conprising a periphery, a first33JANHARY 2007
having a plurality of bond pads |ocated thereon along the entire periphery,
and a non-recessed second surface; the second die conprising a first

surface, a second surface, and a perineter, the first surface having a
plurality of bond pads |ocated thereon, and the second surface conprising a
non- bevel ed recessed edge along the entire perineter of the die; nounting

the firstsdie pp hhgod bif Shins U VRGN af lchdiOns biRE EdfsRate AL MiEE WieNand the bond
pads of the first die to the term nal pads on the substrate wwth a first

bondi ng efeeonshdic, aspproyidad) inanpradenedifown with g adhesiye taps aftpghed thargtpace of t he
first die, the second surface of the second die, or both; and nounting the
second die on the first die with the adhesive el enent situated therebetween
and the bend pegsnahel sth@ain 1 swhdveindhenstepalfenmrectingthetbbed padssif thdi farst die &t ed
within the non-bevel ed recessed edge and not, covered by t he adhesive

el ement ; ?%@er‘{%lél@é@éﬂ’“écdl@%‘d‘%a\}li“ﬁﬁm t??é‘lr‘]b‘ﬁtar@d?ﬁq ad‘f%mte‘¥5‘?“dérfgear ance of the
first bonding el enent extending fromthe bond pads of the first die. 2. The
met hod of aim1, further conprising, prior to the step of nounting the
first die’. on Theenehdbol Glain 1%@@@@@}3@51“@@%9@%98&}@ bt @adsaf teg seqeitk to the
second sug.fac f the first i fil . f the substrate, or
bot h. 3. dr‘ﬁ Otr?rlﬁt?%%“ agpa ozlit}rlﬁ’ %",b?f\f\#e?@ihr?Sfiotéldzoghégg\g/lg%gmténent conprises a

di e-attach adhesive, a tape adhesive, or a conbination thereof. 4. The

met hod of Cl aim 2, wherein the adhesive el ement conprises a die-attach
adhesi ve 3-and The mgped 18im drfurthsr coppEEing IR fep ﬂfgfsncmuiaémg plspst @ReBion

Spray, a”&hﬁé%e?ﬁ%ﬁ@uct&ﬁdé@c&é%ﬁa%@?&. 5. The nethod of Caim1, wherein

at | east one substrate, the first die, and the second die, are
provided in a pre-taped formw th an adhesive tape attached thereto. 6. The

met hod of ,Cl aijm 1 reiLn. the step.of .conhecti .t he.bo ads pf the first
e s b9 one e hAFHRint RNuReER of s P RS 17 AE a3 R88 o f e
aut onat edspa0Bshiting, glob-top, pot molding, and transfer molding.

10.  The method of Claim 8, further comprising: mounting a plurality of external contacts

on the second surface of the substrate.

11. A method of fabricating a semiconductor device, comprising the steps of:

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

mounting a second surface of a first die on the first surface of the substrate; the first
die having a periphery, a first surface of the first die having a plurality of bond pads located
thereon about the entire periphery, and the second surface of the first die being a non-recessed
surface;

connecting the bond pads of the first die to the terminal pads on the substrate with a
first bonding element;

providing a second die comprising a first surface having a plurality of bond pads
located thereon, a second surface, a perimeter, and a thickness;

removing a portion of the thickness from the second surface of the second die along

the entire perimeter to form a non-beveled recessed edge portion;
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7. The nmethod of Caim1l, further conprising: connecting the bond pads of
the second die to the termnal pads on the substrate with a s j

el enent. 8. The nethod of Claim?7, further conprising: the ste%gg&q{]gﬁ%(ﬁg
encapsul ating at |least a portion of the sem conductor device to forma
package. 9. The nethod of Caim8, wherein the step of encapsulating is by
at | east one of spin-coating, glob-top, pot nolding, and transfer nolding.
10. The method of Caim@8, further conprising: mounting a plurality of
external contacts on the second surface of the substrate. 11. A method of
fabricating a applyirganctdbesve demendég thedimgsigaaegf thedirst dipghosecopd swyiage ol a
substrate,conprisin a irst surface having termnal pads | ocated thereon,
and a secBhd™ 8&??5&3 R ﬁi ng a second surface of a first die on the first
surface of thensuiag fidf Reordie bi ﬂﬁtﬁrstdﬂleewmameraghalwemﬁ siyyatel therebdtwserr f ace
of the first die having a£luralltyo bond pe({rgr iqat thereon% Lft t he
entire peidghebend padyandeisiasbbrnduigalemeatsyr tha,farst die dqcated vithan Hhg ngn-bevele

non-r ecesag sedséﬂr%ﬁgﬁlon%f?@ﬂgt%bé}gd {ﬂﬁ]etapﬂé’snl%aegén@i tB@Fecégsééédg@ Brifdh hfabﬁq
term nal pads on e substrate vvlt I rst el ement rovi |nga
second di hgghpuffsiengfon clearaste «fithd Aisebdmauigregenaentd urtaidurtgyfr@fl thyctood padisof

| ocat ed thereog a second surface, a perineter, and a thickness; renoving a
portion o€ fift diehi ckness from the second surface of the second die al ong

the entire perineter to forma non-bevel ed recessed edge portion; 19 30

JANUARY 2007 appl yl(;g an adhesive el enent to the first surface of the first
die, the Yeconthesnithedef ©rin hb veedmthedicd of imapydnmine dheknebuefithagreerbdisecond

di e on th@ pifbiifeqisfio Wk B § BRnAEHIGR: Eh 2 BRA anBi Al itidnher ebet ween  and

t he bond san |rs ing el’enents of the first die |ocated
W t hin the non- bevel ed recessed edge portion and not covered by the

SGRIRE bl (R e N LT R TS
first die. providing a substrate, a first die comprising a periphery, bond pads on a surface about
the entire periphery, and a second die comprising a first surface, a second surface, and a
perimeter, the second surface comprising a non-beveled recessed edge along the entire
perimeter;
mounting the first die on the substrate;
applying an adhesive element to the first die, the second die, or both; and
mounting the second die on the first die with the adhesive element situated
therebetween and the bond pads of the first die located within the non-beveled recessed edge
of the second die and not covered by the adhesive element, the recessed edge having a height

sufficient for clearance of a bonding element extending from the bond pads of the first die.

14.  The method of Claim 13, prior to the step of providing the second die, the step of
removing a portion of thickness of the second die from the second surface along the perimeter

to form the non-beveled recessed edge.
15.  The method of Claim 14, wherein the step of removing the thickness of the die is

performed using one of a chemical wet etch, dry etch, mechanical drilling, punching, and

laser ablation.
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12. The method of Claim 11, wherein the step of renoving the thickness of
the second die 1is performed using one of a chem cal wet etch, dry etch, and
| aser ablation. 13. A method of fabricating a semni conductor dé3A SANUARY 2007
conprising the steps of. providing a substrate, a first die conprising a
peri phery, bond pads on a surface about the entire periphery, and a second
die conprising a first surface, a second surface, and a perineter, the
second surface conprising a non-bevel ed recessed edge along the entire
perineter; nounting the first die on the substrate; applying an adhesive

el ement t g t herdel h&hodb e atn €3, SAERS tHdiskp 0PoRftiky tha Mgkt diEdY Mrbigh 4 fip second
die on the first die with the adhesive eFenent situated therebetween and

t he bond ¢uaplsitaghmemte first die |l ocated within the non-bevel ed recessed edge
of the second die and not covered by the adhesive el enent, the recessed edge
havi ng a height sufficient for clearance of a bonding el enent extending
from t he pond Padsethdd st@afn 1 Btfudhee compdsing] Ipﬁomtth@dep)bf Iﬁba‘itMgIBe fiptdier to
the step of providing the second die, the step of rtion of

t hi cknessombthe sehsiraleBaateprbannlypg amadhesive plamenkte él??esu T’tfi’ﬁ% n]?%@ gﬁﬁ Yéter to
formthe &%11‘?’&%\5ﬁltl%glee\9§e?§lﬁQheeﬁ9€dle 3551101}#?&1 dﬁh@%sﬁﬁte@nfh‘ e ddhesitBerein the

step of renoving the thickness of the die is perforned using one of a

chemi cal elenengsidimtedbhyrebetwhgn.nechani cal drilling, punching, and | aser

abl ation. 20 30 JANUARY 2007 16. The nethod of Claim 13, wherein the step
of mounting the first die is through a flip chip attachnent. 17. The net hod
of Caimi{f, fTHetrh@hodOMPlaingiFGvheldin e atiBesivdelcgtenpcahprigesaldiergtatine first die
on the substrate, the step of applying an adhe5|ve el enent to the substrate,
the firstadipsve, ataps adbesins: Azt soRPIRAON&RIeofwherein the first die is nounted
on the substrate with the adhesive elenent situated therebetween. 18. The
met hod of Claim 13, wherein the adhesive el enent conprises a die-attach
adhesi ve, 1% t dfe mcathasoMeainoi 3, a)vhcmirbtheatihfts'rveteﬂme@otcmMes Tde-atechod of d aim

13, wher ealldlﬂestl\beeanac‘idlg1 aepsplll\c/ag bg logggp Scréen p mhr?ge, %olﬁ:r pqlcator sppay, and transfer.

20.  The method of Claim 13, wherein the substrate, at least one die, or a combination

thereof, are provided in a pre-taped form with an adhesive tape attached thereto.

21.  The method of Claim 13, wherein the step of applying the adhesive element comprises

attaching a die attach adhesive, a tape adhesive, or a combination thereof.

22.  The method of Claim 13, further comprising connecting bond pads of at least one die

to the terminal pads on the substrate with a bonding element.

23.  The method of Claim 22, wherein the step of connecting the bond pads is by

thermosonic bonding, ultrasonic bonding, tape automated bonding, or a combination thereof.

24.  The method of Claim 13, further comprising the step of encapsulating at least a

portion of the semiconductor device to form a package.

25.  The method of Claim 13, wherein the step of encapsulating comprises spin-coating,

glob-top, pot molding, transfer molding, or a combination thereof,
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adhesive and is applied by one of screen printing, roller applicator, spray,
and transfer. 20. The nethod of Claim 13, wherein the substrate, at | east
one die, or a combination thereof, are provided in a pre-taped® IANHARY2003n
adhesi ve tape attached thereto. 21. The method of Claim 13, wherein the step
of applying the adhesive el ement conprises attaching a die attach adhesive,
a tape adhesive, or a conbination thereof. 22. The nethod of C aim 13,
further conprising connecting bond pads of at |east one die to the term nal
pads on the substrate with a bonding el enent. 23. The nethod of C aim 22,
wherein the step of connecting the bond pads is by thernosoni c bondi ng,

ul trasoni ¢ bondi ng, tape automated bondi ng a conbrnatron t hereof. 24.

The net hodb-of Theanerhadof Glajm %rfuebﬁrrﬁprngrlﬁ@g mﬁéntgtgeqop graligrd e iemal coHa st

| east a @%h%sé’c% ggurﬁ” € PRIl pctor device to forma package. 25. The
met hod of am 1 , erein the step of encapsul ating conpri ses

spin-coating gl ob-top, pot nol ding, transfer nol di ng, or a conbi nation
t her eof . 30, JANUARY. .2007.. 26.. The of. Claim24, further conprising
nount i ng pI u J15 ‘@ }ffzr’éi?f’%’%%?'eéﬁsr‘?fngnfyt §°'8W'Sr‘%th§ét38?ﬂf surface of the

substrate. 27. A AdREAGHstQfie bR EhHERAENEe BrsdiiR cOMPALRL Y peGFHERY, Iafill BEnd fiRls St eps
of: mounting a first die on a substrate, the first die conprising a

per|pheryonaﬁuﬁ@OhMN@aﬂépmmﬁwahsurface about said perlphery appl yi ng an
adhesi ve el €Tepby s dSipblTSbiefllfino e IRGAE abding B, Br £ O0Rb RMdrARCACEROT
&tond d h'the a f

and nounting irst die mn esi ve el enént
situated thermbaitivgelr scthiel dieontid fastalicwipriesidhesive ganemmsiteated a fir st
surf ace, &nd a second surface with a non- bevebed r cessgd ed ong the

al
entire pelFiTRERRFEN tieseBIMIHEABPIEING HRPTHRGSt 2 HiSEsurkice. faf d3°H ﬁFﬁactehe

non- bevel g 5%eﬁ%&%%&@%s&fedtgbgroﬁgqmqnwp%naraatr NRE beMRHISIr DY frfiQie adhesi ve
el enent, and the non-bevel ed recessed ed havi ng a height sufficient for

cl ear ancesitugted avithomidie mgn-éb‘eerh@i"neﬁémde‘ﬂdm f h¢ sesand Hie apdmat pardeed by thene i rst
di 28.
| €. %h]c‘fl g?erae b[é le% rg ?ﬁga%gge@a&v}ﬁ& achogg\tlsr%lf Q%n% ﬁ)r c% r%H eh

nmount i ng rate
and bond gfadsondidg e&n&lﬁf é)&er&iuago@mh tﬁdmmerphdsrﬁtp@mspmery

28. A method of fabricating a die assembly, comprising the steps of:
mounting a first die on a substrate, the first die comprising a periphery and bond pads
on a surface about the entire periphery;
connecting the bond pads of the first die to terminal pads situated on the substrate;
applying an adhesive element to the first die, a second die, or a combination thereof; and
mounting the second die on the first die with the adhesive element situated
therebetween, the second die comprising a perimeter, a first surface, and a second surface
with a non-beveled recessed edge along the entire perimeter, the bond pads of the first die
situated within the non-beveled recessed edge of the second die and not covered by the
adhesive element, and the non-beveled recessed edge having a height sufficient for clearance

of a bonding element extending from the bond pads of the first die.
29. A method of fabricating a die assembly, comprising the steps of:

mounting a first die on a substrate, the first die comprising a periphery and bond pads

on a surface about said periphery;
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connecting the bond pads of the first die to termnal pads situated on the
substrate; applying an adhesive elenent to the first die, a second die, or
a conbination thereof; and mounting the second die on the fir2} JANEBARY;{2907
t he adhesive el ement situated therebetween, the second die conprising a
perimeter, a first surface, and a second surface wth a non-bevel ed
recessed edge along the entire perineter, the bond pads of the first die
situated within the non-bevel ed recessed edge of the second di e and not
covered by the adhesive elenment, and the non-bevel ed recessed edge having a

hei ght suffi ci@mbyingh polRArARKEknes frém RO Ntice: wifaceibnex pandétagoffarsecoridhe
bond pads of the first die. 29. A nethod of fabrjcating a die assenbly,

conpri si ndjethiormtagieg-bsveledrisgerspchefias abpytdhe tiee REfIMEybst rate, the first die
ISl . . . 03
conprising a ga;,glmryf}dﬁg&vé@ameaw&efmgﬁ?%Eﬁ%@&@ RO cSRAbMaRS heR6E Y

30 JANUARY 20 a portion o ess froman inactive surface
al ong a pardi neter of a second die to forma non-bevel ed recessed edge about

the entire perineter; applyi a hesi v |l ement to the first die, the
second die, orm%“%@ﬁﬂ?ﬁég?ré}rfi}?ﬂ%ﬂﬁg%t_ '%Wteﬁh ﬁ’ﬁ&ﬁﬁ?shvﬁ e?%ergé%‘b% die on the
first di eqiebiiwb&EsiRR RS theBoRl BRBIS tifd firsedieke sithasLRahivaRAnGUBdvelédat t he
bond pads of the first die are situated within the non-beveled recessed

edge of tiseesseskasigel ofithe seedrd distand pbeayvared\pytthrcadhigyivs elomers; hgwqnp-beygied

non- bevel ¢ C [ [ | cient A of a
bondi ng. cleeent e DElaf RGN (i hne S dbdaR o Rty S RRIRERET 2, 1o
of fabri catibosd paddicéthaderdid.y, conprising the steps of: nounting a first die
on a substrate, the first die conprising a periphery and bond pads on a
surface about the entire periphery; and nmounting a second die on the first

die, the spcongd iR TVricaintda &e R&MEBE @6mpﬁsi.ig'tﬂhégtep§yﬂsface, ~and a second
surface wth a non-bevel ed recessed edge along the entire perineter, the

bond pads of trheurtingstfirgidée @i 2 sibstateshe fiishdiglsempasing e petiphtry askbnsddaddge of
(e seeon S SRR coacd doe bt 2 bt
of the first dheunting asecond die on the first die, the second die comprising a perimeter, a first
| surface, and a second surface with a non-beveled recessed edge along the entire perimeter, the

bond pads of the first die situated within the non-beveled recessed edge of the second die, and

the non-beveled recessed edge having a height sufficient for clearance of a bonding element

extending from the bond pads of the first die;

wherein an adhesive element is situated between at least the first die and the second

die, and the bond pads of the first die are not covered by the adhesive element.

31. A method of fabricating a die assembly, comprising the steps of:

mounting a first die on a substrate, the first die comprising a periphery and bond pads
on a surface about said periphery; and

mounting a second die on the first die, the second die comprising a perimeter, a first
surface, and a second surface with a non-beveled recessed edge along the entire perimeter, the
bond pads of the first die situated within the non-beveled recessed edge of the second die, and
the non-beveled recessed edge having a height sufficient for clearance of a bonding element

extending from the bond pads of the first die;
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wherein an adhesive elenent is situated between at |least the first die and
the second die, and the bond pads of the first die are not c

adhesive elenent. 31. A nethod of fabricating a die assenbly,o%gﬁggug“Lﬂﬁ7
steps of: mounting a first die on a substrate, the first die conprising a
peri phery and bond pads on a surface about said periphery; and nounting a
second die on the first die, the second die conprising a perineter, a first
surface, and a second surface with a non-bevel ed recessed edge al ong the
entire perinmeter, the bond pads of the first die situated within the

non- bevel ed rewbs&edfhdgﬁh@mwiﬁﬁmeEcnmma@deﬂ“@ﬂdHWﬁh%dnvﬁﬂbeweﬁe@m%eméssed

edge havin uf ficient r ondi n I

ext endi ng? ?9"8%’1"34#‘33%% amB%td§S‘8tatetdﬁ)§t‘ﬁeP§}te éﬁsw‘ fg‘:o(?g RN gtgggtm wherein a
first adhggaiseiRIRERIN ark fosdoveidll 8Y shidbwesivelelenehi.r st die and the substrate,
and a second adhesive elenent is situated between the first and second dies

such that the bond pads of the first die are not covered by said adhesive

element . 32 AR Plorlcal] £ak 08u) At epeORPT I ST ng the steps of

nounting a flrst e on a su trate di e c nprising a periphery,
bond pads abomburiting aefirsti dieope subsirateythe ﬁrsddamoamhssg e@eeplempiondpads surf ace;
i e on the,first die with the adghesive el enent

and nmountin second
therebetm@%ﬁtﬁtﬁéuméﬁe &> dnd 2R a5 ive Flegent Pkd SeFeAd, first surface, and a

second surfacenbirihga sBOMIRRY 61 B fird AROSBIEthe QHBRIVAleRMENE NRreBBIWEES, ther | et er,
t he bond pads of the first die situated within the non-beveled recessed

edge of t$psonrbdio aempliisingimgeritaeter: 8 st serfasg, anda saemdsptfaceayidhe Aen-betelpdt he

non- bevel e v i r of

bondi ng e gerrsén d%z?%ﬁ) gg% ?e%é?g?et?terh@ gﬁdpgdgs oﬁ' ?ﬁgetdﬁé)grl%ltg gl% r\ggl A rret hod
of fabri cadn- met&ddmessa%eg&xbfyhe seoomt dis kinndthevestEpsthofadhaivetelengens ahd et di e
on a substrate, the firs ie. co r|S| i.phery and bond pads on a
surface apdubeveled r%?ﬁf%eijéé aiVH‘riFear ight ‘ggf’r‘ﬁﬁtr%e ﬂgﬁ @@gﬁgl?ﬂng‘f‘%e Aethe first
die, the sgopmd flf dUHAR RIS tRe RRT diBRLEr, a first surface, and a second
surface with am adhesive él ement situated thereon and a non- bevel ed

recessed edge along the entire perineter, wherein the adhesive element is
situated ?ft Wex rr]netthhoec'\l of fabricating a die assembly, comprising the steps of:

mounting a first die on a substrate, the first die comprising a periphery and bond pads
on a surface about the entire periphery; and

mounting a second die on the first die, the second die comprising a perimeter, a first
surface, and a second surface with an adhesive element situated thereon and a non-beveled
recessed edge along the entire perimeter, wherein the adhesive element is situated between the
first and second die, the bond pads of the first die are situated within the non-beveled recessed
edge of the second die and not covered by the adhesive element, and the non-beveled recessed
edge has a height sufficient for clearance of a bonding element extending from the bond pads

of the first die.

34. A method of fabricating a die assembly, comprising the steps of:

providing a first die having a periphery and a first surface with bond pads situated
thereon about the entire periphery, and a second surface with a first adhesive element situated
thereon;

mounting the first die on a substrate with the first adhesive element situated

therebetween;
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first and second die, the bond pads of the first die are situated within the
non- bevel ed recessed edge of the second die and not covered by the adhesive
el ement, and the non-bevel ed recessed edge has a hei ght suffi?2] &NUABY 2007
cl earance of a bonding el enment extending fromthe bond pads of the first
die. 34. A nmethod of fabricating a die assenbly, conprising the steps of:
providing a first die having a periphery and a first surface with bond pads
situated thereon about the entire periphery, and a second surface with a
first adhesive elenment situated thereon; nounting the first die on a

substrate wt r‘brli)'ﬂ@ingiarSt"::(t.or@d}*ﬁ?@dn’t’ isBl S Witimetdr| Aifisehirfabdl@ne Betovmanurfdd 30
JANUARY 2007 'providing a second die conprising a perinmeter, a first

surface, withlasecond aditbsivartemeat sijuated sheseondind aagndsysled Bressechedesialangthsd
t hereon and. a non-bevel ed recessed edge along the entire perineter;
I RAL

mount i ng ¥ 4> die on the first die with the second adhesive el enent

situated thermbaitivgeine soshd die obdrdirgalisswih tHelsecdnidraghesiliesslandnnaiteatedn t hi n
t he non-bevel ed recesse f the second,di. % ver ed

d .anhd h
adhesi ve @F@h@ﬁﬁ?‘@H@hﬁgwﬁbgsépgwef@ﬁ@§§@ﬂmgﬁéﬁﬁ“ﬁg9paggg’ “ﬁﬁ?“gé?é?gient

for cl ear gngeskbnPdiR AR hot%ooe8iB P thedh&Nd ddndni, AR AdiebHend ridsed@lige t he
first die. 35. The nmethod of Claim 34, wherein the first and second adhesi ve

el enent s kavingsehaght eufficienbier cleeraggenti|s hoodis stemegt etendling feora thedond padreafi ve
and a tapg ?QQ §jve. 36. A nethod of fabricating a die assenbly, conprising
the steps G ' g?OViding a first die having a periphery, a first surface, and
a second surface with bond pads situated about the entire periphery, and an
adhesi ve el enent situated on_the second., surface; nounting the first surface

of the fi#3t dlfe asthed aifplaim atevhemsipihedirging second ANCHIVE cleamfgts & Fiecid
perimet er g, hd ér@ﬁp SHsIsBRE of ARE-aRaGERABGV S AGR aditdite.@ non- bevel ed

recessed edge arong the entire perineter; and nounting the second die on the
first die with the adhesive el enent therebetwen and

36. A method of fabricating a die assembly, comprising the steps of:

providing a first die having a periphery, a first surface, and a second surface with bond
pads situated about the entire periphery, and an adhesive element situated on the second
surface;

mounting the first surface of the first die on a substrate;

providing a second die comprising a perimeter, a first surface, and a second surface
with a non-beveled recessed edge along the entire perimeter; and

mounting the second die on the first die with the adhesive element therebetween and
the bond pads of the first die situated within the non-beveled recessed edge of the second die
and not covered by the adhesive element, the non-beveled recessed edge having a height

sufficient for clearance of a bonding element extending from the bond pads of the first die.

37. The method of Claim 36, wherein the first die further comprises an adhesive element
on the first surface, and said adhesive element is situated between the first die and the

substrate.
38. A method of fabricating a die assembly, comprising the steps of:

providing a first die having a periphery, a first surface, and a second surface with bond

pads about the entire periphery;
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t he bond pads of the first die situated within the non-bevel ed recessed edge
of the second die and not covered by the adhesive el enent, the non-bevel ed
recessed edge having a height sufficient for clearance of a b3RdMNYARYAAMt
extending fromthe bond pads of the first die. 37. The nmethod of C aim 36,
wherein the first die further conprises an adhesive elenent on the first
surface, and said adhesive elenent is situated between the first die and the
substrate. 38. A nethod of fabricating a die assenbly, conprising the steps
of . providing a first die having a periphery, a first surface, and a second

surface w th bhaaechtinpastsrirdbidacd HRheftst B opQrsubfiRly; 25 30 JANUARY 2007
mounting the first surface of the first die on_a substrate; providing a

second di e conpeyidingg sacqrdidiganpprising & perigietes, f firsbwirfags @nd aseOfAQUEIFET ace

w th an ' Is e g 3 sessgd edge
Al ong t o i ¥ TR p B B P o R RRB B KRR EREY e
wi th the pdingséryandel ement situated therebetween and the bond pads of the

first die situated within the non-hevel.ed.recessed edge .of the second die
and not coveréaoﬁvmgﬂg?ﬁﬂﬂggﬁQB“ﬂF3ﬁ8ﬁ$9Wtﬂ eﬁ@ﬁgﬁgvgggﬂnﬁﬁ%%§§ed edge
having a {ejeghttvestidd thé B fad5 ofihe Fir @ dRssitQhte@ witBitho Borebevesitre@xsicdndpag from
the bond pads of the first die. 39. A nethod of fabricating a sem conduct or

devi ce, cofithe sespraydie land Beteggyered by theraghesiNerpdenzens ths renabeyeled regessed edge
conprisin I [V f i ¢t ' tire
peri pher y?avgr‘?’gae}gﬁ@] ggﬁ%}gie@eﬁg%%ﬁ?%sfia& Sg(?lg e%ﬁfé@g%&n&dﬁ%fﬁ%%&b&diﬁ%ﬁond
di e conprihsifing di&e. peri neter and a surface conprising a non-bevel ed recessed
edge along the entire perineter; nounting the first die on the substrate;

and nounting the second die on the first die with the adhesive el enent

si tuated 3g her ghetnRIT tARRafiflEs RENEbHRBEST QvideNEorhprishig tHe QepOFat ed within the
non- bevel ed recessed edge of the second die and not covered by the adhesive

el ement, the rrewdingd subsgjete avirsigiecomoriging a pstiphary.aamrfagowite pead padse of a
bondi ng es'iﬁx%ﬁ tabc?uﬂf%ne%ipegpgnrpﬂgr]y} zﬂ% al?\%'agesmde?en%nt Eiﬁ%tefdi ornsstaiadgu?face, and a
second die comprising a perimeter and a surface comprising a non-beveled recessed edge
along the entire perimeter;
mounting the first die on the substrate; and
mounting the second die on the first die with the adhesive element situated
therebetween and the bond pads of the first die located within the non-beveled recessed edge
of the second die and not covered by the adhesive element, the recessed edge having a height

sufficient for clearance of a bonding element extending from the bond pads of the first die.

40.  The method of Claim 39, wherein the adhesive element is selected from the group

consisting of a die-attach adhesive and a tape adhesive.

41. A method of fabricating a semiconductor device, comprising the steps of:

providing a substrate, a first die comprising a periphery, a surface with bond pads
situated about the entire periphery, and a second die comprising a perimeter and a surface
comprising an adhesive element situated thereon and a non-beveled recessed edge along the
entire perimeter;

mounting the first die on the substrate; and
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40. The nethod of O aim 39, wherein the adhesive elenent is selected from
the group consisting of a die-attach adhesive and a tape adhesive. 41. A
met hod of fabricating a semi conductor device, conprising the s3@MNEARY 2007
providing a substrate, a first die conprising a periphery, a surface with
bond pads situated about the entire periphery, and a second die conprising
a perineter and a surface conprising an adhesive el enent situated thereon
and a non-bevel ed recessed edge along the entire perineter; nounting the
first die on the substrate; and 26 30 JANUARY 2007 nounting the second die

on the first dihguWnighnd f8oRIMNESh IR MEEITERith S ddateek dibaecRRINEEN and the
bond pads of the first die |located within the non-bevel ed recessed edge of

t he seconthettbetwserambthe bovdpasd obihetfig diglaeaied witkindhgeman-bevhled receassd sdgeedge

havi hejh ght ffici - ' . ext '
e G A T S S (R
sem condugiffiiettevt dearaiwempnibsndigg tlhmestterpadi@b fropt the bdhdipadd of teSfirstatie, a

first die conprising a periphery, a surface with bond pads situated thereon
about the entire periphery, and a second die conprising a perineter and a

surface _C@ﬂp”&in'i@hcﬁl d}‘_?ﬁbrlfb%tlﬁé §%rﬁi@&ﬁﬁ§t€gd@m§c&hﬂ%%ﬂﬂ@s@ﬁ§éﬂ?e pe_ri met er ;
an adhesive elenent situated on said surface of the Tfirst die, said surface

of the second pioeidingra substrate, arfissirsid grgnpirisingfai pesiphaty a2 wmfachwith bbed padse; and
nount i ng t.ge t St dig?\é\%%gd éigecgadhesi ve el enent, situated
1 el

ond die on the fir
thor ebet utlbntd T8 EC Al phftihe o ARHZRe dPefnEr iy @
non- bevel agfacecansiihgedgm-batlel hecesea odgt Aoy thnentito bertiavier;ad ablyestvide adhesi ve
el enent, the recessed edge having a height sufficient for_clearance of a
bondi ng efléReHsitastehoritaidsurrasaPt e s if, pradisurkee phie peqog dig, er baghy,
mounting the first die on the substrate; and
mounting the second die on the first die with the adhesive element situated
therebetween and the bond pads of the first die located within the non-beveled recessed edge
of the second die and not covered by the adhesive element, the recessed edge having a height

sufficient for clearance of a bonding element extending from the bond pads of the first die.
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