-1- STACKED DEVICE PACKAGE FOR PERIPHERAL AND CENTER
DEVICE PAD LAYOUT DEVICE AND METHOD OF MAKING
TECHNICAL FIELD 5 The present invention relates to the packaging of
electronic components such as integrated circuits or other electronic
devices. In particular, this invention relatgs to a stacked semiconductor

device packagewhereln 3, suhstrate afthe stacked - semigqndicior
packageis sl it S L Qe SERICONCIT S 1 E scketl.

Semicunuuuu pacrage. 1uU BACKGROUND frrorder to cornserve the
amount of surface area, or "real estate,” consumed on a carrier substrate,
such as a circuit board, by Semii%ﬂi@ﬂ?ﬁﬁ connected thereto,
various types of increased density packages have been developed.
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semiconductor devices consumes roughly the same amount o real estate

on gwaroish2@spistagee as a single, horizontally oriented semiconductor
device or semiconductor device package. Due to the disparity in

processes that are used to form different types of semiconductor devices

(e.g., the number and order of vadbMsktdr@§8\ddeps), the incorporation

of differery,typgs o1 {ynclionaliy. nia A pdlraemieanaHolol deviee 28 Ged
proven very difficult to actually reduce to practice. Even in cases where
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functions (e.g., memory, processing capabllities, etc.) are often m
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fabricated | . it ther.
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higsteekasi onregnaind dwetdhuréhragaspunt of surface area on a carrier substrate that

may be saved by stacking semiconductor devices is readily apparent; a stack of

semiconductor devices consumes roughly the same amount of real estate on a carrier
20  substrate as a single, horizontally oriented semiconductor device or semiconductor
device package.

Due to the disparity in processes that are used to form different types of
semiconductor devices (e.g., the number and order of various process steps), the
incorporation of different types of functionality into a single semiconductor device

25  has proven very difficult to actually reduce to practice. Even in cases where
semiconductor devices that carry out multiple functions can be fabricated, multi-chip
modules that include semiconductor devices with differing functions (e.g., memory,
processing capabilities, etc.) are often much more desirable since the separate
semiconductor devices may be fabricated independently and later assembled with

30  one another much more quickly and cost-effectively (e.g., lower production costs

due to higher volumes and lower failure rates).



-2- Multi-chip modules may also contain a number of semiconductor

devices that perform the same function, effectively combining the

functionality of all of the semiconductor devices thereof into a single

package. An example of a conventional, stacked multi-chip module

includes a carrier 5 substrate, a first, larger semiconductor device
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adtgggb\{gelgg‘egryelingﬁg&eds the loop heights of wire bonds protruding

from a semiconductor device upon which that adhesive layer is to be
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contacting bond wires that protrude from an immediate

underlying,
‘060 Patent”). The multi-chip module of the ‘060 Patent 1nc1udes a carrier substrate

with semiconductor devices disposed thereon in a Chip-On-Board (“COB”) stacked
arrangement. The individual semiconductor devices of each multi-chip module may
be the same size or different sizes, with upper semiconductor devices being either
smaller or larger than underlying semiconductor devices. Adjacent semiconductor
devices of each of the multi-chip modules disclosed in the ‘060 Patent are secured to
one another with an adhesive layer. The thickness of each adhesive layer well
exceeds the loop heights of wire bonds protruding from a semiconductor device
upon which that adhesive layer is to be positioned. Accordingly, the presence of
each adhesive layer prevents the back side of an overlying, upper semiconductor
device from contacting bond wires that protrude from an immediately underlying,
lower semiconductor device of the multi-chip module. The carrier substrate is larger
than the semiconductor devices, and the bond wires are bonded to the carrier

substrate on regions peripheral to the stacked semiconductor devices. It does not
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lower semiconductor device of the multi-chip module. The carrier
substrate is larger than the semiconductor devices, and the bond wires
are bonded to the carrier substrate on regions peripheral to the stacked
semiconductor devices. It does not -3- appear that the inventors named
on the "060 Patent were concerned with_the size of the carrier substrate

or the length aof the bond wires. . Thus, t Iti-chip modules of, the "060.
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having one or more wire bonding openings therein, so that bond wires
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discretely attached to each bond pad on the semiconductor device and
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Turning to the BOC assembly, the semiconductor device may be attached to
the surface of a substrate in a face down orientation (with its active surface and bond
pads down with respect to the circuit board). In this orientation, the active surface of
the device is adhesively attached to a portion of the substrate having one or more
wire bonding openings therein, so that bond wires can extend through the opening
from bond pads on the substrate to bond pads on the active surface of the device. A
bond wire is then discretely attached to each bond pad on the semiconductor device
and extends to a corresponding bond pad on the substrate. The bond wires are
generally attached through one of three industry-standard wire bonding techniques:
ultrasonic bonding, using a combination of pressure and ultrasonic vibration bursts
to form a metallurgical cold weld; thermocompression bonding, using a combination
of pressure and elevated temperature to form a weld; and thermosonic bonding,
using a combination of pressure, elevated temperature, and ultrasonic vibration

bursts. An encapsulant is typically used to cover the bond wires to prevent



generally attached through one of three industry-standard wire bonding
techniques: ultrasonic bonding, using a combination of pressure and
ultrasonic vibration bursts 30 to form a metallurgical cold weld;
thermocompression bonding, using a combination of pressure and
elevated temperature to form a weld; andgthermosonic bonding, using a
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semiconductor devices would be useful. DISCLOSURE OF THE
INVENDIORP2200Re present invention, in a number of exemplary
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and at least 25 one side surface adjacent to the first surface and the
second surface. A first

DISCLOSURE OF THE INVENTION
20 The present invention, in a number of exemplary embodiments, includes
semiconductor device assemblies, as well as a method for assembling semiconductor
devices in a stacked arrangement.
In one aspect of the present invention, a semiconductor device assembly
includes a substrate having a first surface, a second, opposing surface, and at least
25  one side surface adjacent to the first surface and the second surface. A first
semiconductor device is disposed on the first surface of the substrate, and a second
semiconductor device is positioned over the first semiconductor device. An active
surface of the second semiconductor device faces the first semiconductor device,
and a plurality of discrete conductive elements is operably coupled to the second
30  semiconductor device active surface and the substrate second surface. At least a
portion of some of the second plurality of discrete conductive elements extend

beyond the at least one side surface of the substrate.
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semiconductor device is disposed on the first surface of the substrate, and
a second semiconductor device is positioned over the first semiconductor
device. An active surface of the second semiconductor device faces the
first semiconductor device, and a plurality of discrete conductive elements
is operably coupled to the second 30 semiconductor device active surface
and the S%ﬁ‘i@?&?ﬁ%ﬁg ng surtace. Allgasta, @E%%%%f 3%&‘0‘% 8%&#1% may
second plurality of discrete conductive elements extend beyond the a
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sur(fiace area of A surface thfe first I%emi Hduclt)O{ gevice or a surface
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may be positioned wit Ive surface facing the substrate, wi
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and attach to the second,” opposing surface of the substrate. In another

exeniiplpeytiomtnfalimantva seisoneduteieises dssemmbiirciides g iye
Ce%ﬁ@ﬂéﬁ%ﬁ’ﬁ%&ﬁﬁ%‘iﬁ%ﬁéo&% C%%@ PYRE MGl REMIEANGYE Yecond,

device and the second semicond device. An active surface of the

cewapsi@msgdiam@fct_hedébsé@tmay face the first semiconductor device, or
face the Sﬁlcﬁlﬂgh%?@%B%?%bgﬁﬂ{f&t,%%%ﬁﬁ%%ﬁﬁfé{&%@@é%@nbly includes

semiconductor devices, allowing clearance for bon
a central semiconductor device, positioned between the first semiconductor device and

the second semiconductor device. An active surface of the central semiconductor
device may face the first semiconductor device, or face the second semiconductor
device. Spacers may separate the semiconductor devices, allowing clearance for bond
wires connected thereto. Electrical communication between the central semiconductor
device and the substrate may be established in the form of discrete conductive elements
extending directly thereto, or through intermediate conductive elements on the first
semiconductor device.

Once the semiconductor devices of such an assembly have been assembled
with one another and electrically connected with a substrate or with one another, the
assembly may be packaged by encapsulation as known in the art using, for example,
transfer molding, injection molding, pot molding or stereolithographic techniques. The

encapsulation may fully cover a back side surface of the second semiconductor device,
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wires connected thereto. Electrical communication between the central

semiconductor 25 device and the substrate may be established in the

form of discrete conductive elements extending directly thereto, or

through intermediate conductive elements on the first semiconductor

device. Once the semiconductor devices@f such an assembly have been
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conductive elements passing outs e at least one side surface of the
substrate (Dhbefeisateres dadvanizgasarabeapdsenprasentiimvertibaogille apparent
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he ensuing description, the actompanying drawings an e appendeé
clamrmeempnawngemme aRrAaaN d81The foregoing and other
advantages of the invention will become apparent 20 upon reading the

following detailed description and upon reference to the drawings in
which: FIGS. 1A througPESRRIEId I OEEHENRRASNENSI S s chematic

representqﬂg rf'§regoing and other advantages of the invention will become apparent

upon reading the following detailed description and upon reference to the drawings in
which:

FIGS. 1A through 12B are cross-sectional views of schematic representations
of various exemplary embodiments of an assembly of the present invention;

FIGS. 13 and 14 are schematic representations of semiconductor devices of an
assembly of the present invention; and

FIG. 15 is a block diagram of an electronic system, in accordance with an

embodiment of the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
As will be appreciated by those of ordinary skill in the art, the present invention
contemplates a stacked device package wherein an active surface of at least one
semiconductor device of the stacked device package has an outer periphery extending

laterally beyond the outer periphery of a surface of a substrate of the stacked
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of various exemplary embodiments of an assembly of the present
invention; FIGS. 13 and 14 are schematic representations of
semiconductor devices of an 25 assembly of the present invention; and
FIG. 15 is a block diagram of an electronic system, in accordance with an
embodiment of the present invention. BEST MODE(S) FOR CARRYING
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manufactured and packaged using
device package of the present invention may be manufactured and packaged using

uctor

existing equipment. The stacked device package of the present invention enables the
length of traces on the semiconductor devices to be matched. There is a benefit to
matching trace length when double data rate (DDR) memory is used. In DDR the
command and address signals are synchronized with the clock; therefore, it is
important to match the length of these traces to match signal propagation delays.

In one exemplary embodiment of the present invention, FIG. 1A shows a
cross-sectional view of an exemplary semiconductor device package 125 of the present
invention. The semiconductor device package 125 includes a semiconductor device
assembly 101. In said assembly 101, a first semiconductor device 130 is attached to
the first surface 102 of a substrate 100. The first semiconductor device 130 includes an
active surface 132 facing the first surface 102 of the substrate 100. As used herein, the
term “semiconductor device” includes, for example, a semiconductor device of silicon,

gallium arsenide, indium phosphide or other semiconductive material configured as a



existing equipment. The stacked device package of the present invention
enables the length of traces on the semiconductor devices to be
matched. There is a benefit to matching trace length when double data
rate (DDR) memory is used. In DDR the command and address signals
are synchronized with the clock; thereforg, it is 25 important to match the
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substantially centrally in one row is depicted in FIG. 13. Returning to F
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semiconductor device 130. The second semiconductor device 140 may be attached
using the same or another die attach material 80. The second semiconductor
device 140 may include integrated circuitry therein and bond pads 144 located

25  substantially peripherally in one or more rows on the active surface 142 thereof. An
exemplary embodiment of a semiconductor device 40 having bond pads 44 located
substantially peripherally is depicted in FIG. 14. Returning to FIG. 1A, an outer
periphery 145 of the second semiconductor device 140 extends beyond an outer
periphery 135 of the first semiconductor device 130. The second semiconductor

30  device 140 may be aligned such that the peripherally located bond pads 144 are
exposed, overhanging both the first semiconductor device 130 and the substrate 100.

For example, the second semiconductor device active surface 142 may have a

surface area larger than both the surface area of the first semiconductor device back



device 130 may be aligned such that centrally located bond pads 134 are
exposed through a central slot 106 of the substrate 100. 20 A second
semiconductor device 140 with its active surface 142 facing the first
semiconductor device 130 is attached to a back side surface 133 of the
first semiconductor device 130. The secgnd semiconductor device 140
may pe altached, Lsing. e same or anather dic afiach materipl 80, e e
second Sefmicondiicior device may clude in egra eoacwcmtry erein”
andusenpkppbisyl 445 oﬁmede%nslwemwmhdliytpedmheranjb I8 largeiothandreth the
rows on the active,surface 14 thereof n. xem % iment o:
o e S Rl SR D R o e 105
pepkieralilysisate[{ioted mﬂ@nddctﬁetavimgatﬂcfgel A jratudutgn second
perl hery 145 of the s d semicond: ct evjce 14 ext nds b

3 o e e S G SR,
semioortiugicr (80,.dbrxdeeol Adinudyhbeaiignied s¢ithitrhttigepdripb drally
Iocated bo(rillgc Or ev}éleﬂ' cf(}%oss%gﬁ \{erﬂﬁl)n% § bovﬂet Qg flrs(t)f &t]le present
semiconductor dewce he su strate or exa
secovghgemiconductor device active surface 142 may have a surface area

arger thap boll e TG AIER AL V1R TSl SRICOAURLIYIER BACK o placed

-9- side SUI’ ace 1 he surface area e SU strate irst surface
10 102y Bherefdrentiteod steh pe tipingry Wb fnitheapdtondesaedododdgtats 134 of

deyieg & één (o ‘ﬁ‘e%g?% R Qe ﬁﬁﬁhe'yn%%%a% 1088 cond

semicon ctor evice and't eoute perlp ery of the substrate
10(3111&19@ﬁﬂémﬁdhmmbﬁmmwﬁa@daqetﬂmmummdd@ Bay comprise the

ﬁ&ﬁﬂé‘gk% dsvies 142 ﬁi’% < %o?i?our 01‘?‘ ok o?ﬁ"s“ éﬁ@ﬁs‘i@ﬁ‘?races ona

surface 14 ereln on '[WO ree or ur si
ovélerdhlg Bisihctnie fitst, eibmitsnoctonfevica b30dad dedde, snbdteataitdte types

1515 %FB%&H@t@%’?ﬁ#ﬁg}@eﬁﬁ%&Q%AH S&“ﬁ ¢ p%ie%:tj?t?zﬁ%%‘ﬂ‘&t%lg RSBl 144

110, depicte wires, are forme 10 by a suita

methdt, suehdssmstngdaaiiraltiaer] apiratyobistdecianchdAd pialis adsteste 100, to
f'rSE&‘?&Eg%%891%058&9&%?&33&%@9088%%Q&”fbﬂ%f:&ﬁ%@ﬁ%s ?h&outside

second surface 104 of the substrate 100. Discrete conductive elements
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thermocompression bonded leads, or other suitable types
20  of the substrate 100 toward the second semiconductor device bond pads 144.

Interconnect bumps 90 are operably coupled to the second surface 104 of the
substrate 100, enabling electrical connection to external circuitry (not shown).
Once bond pads 134, 144 of the semiconductor devices 130, 140 are in
communication with their corresponding contact areas of the substrate 100, a protective
25  encapsulant 160 may be placed over all or part of the semiconductor device
assembly 101, including the substrate 100, first semiconductor device 130, and second
semiconductor device 140. In particular, vulnerable components in the semiconductor
device assembly, such as the bond wires 110, 120 and exposed portions of the active
surface 142 of the second semiconductor device 140 are preferably sealed with a
30  protective encapsulant 160. FIG. 1A shows the semiconductor device package 125
including full, over-molded encapsulation, with a protective encapsulant 160 over part
of substrate 100, first semiconductor device 130, and second semiconductor

device 140. FIG. 1B shows a semiconductor device package 126 having a protective
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15 of conductive elements. Discrete conductive elements 120 extend from
bond pads 144 of the second semiconductor device 140, past outside

faces 103 of the substrate 100, to corresponding contact areas of a

second surface 104 of substrate 100. The outside faces 103 of the

substrate 100 comprise an outer periphery-105 of the substrate 100, and
portions of t iscrete conductive elements 120. extend th ter
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protective encapsulant 160 may be forméd from a transfer mo
corvifeviiceahyn estivopphnziieceplyurethane, etc.) may be dispensed, as known in the

art, to form protective encapsulant 160, 170.

FIG. 2A depicts another embodiment of the present invention. A
semiconductor device assembly 201 includes two stacked semiconductor devices. A
first semiconductor device 230 is attached to a substrate 200 with its active surface 232
facing away from the substrate 200. A spacer 85 separates the active surface 232 of the
first semiconductor device 230 from an active surface 242 of a second semiconductor
device 240 stacked thereon. The spacer 85 may comprise any suitable material, such
as dielectric-coated silicon (which may be cut from scrapped dice) or polyimide film.
The substrate 200, the first semiconductor device 230, the spacer 85, and the second
semiconductor device 240 may be attached using a die attach material 80. The second
semiconductor device active surface 242 may have an outer periphery 245 larger than
an outer periphery of the first semiconductor device 230. The second semiconductor

device 240 may be aligned such that bond pads 244, peripherally located thereon, are
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particle-filled epoxy) using known transfer molding processes, which may
employ thermoset resins or thermoplastic polymers, or pot-molded using
a thermosetting resin or an epoxy compound. In the stereolithography

example, the protective 15 encapsulant 160, 170 may comprise a plurality
of at least partially superimposed, contigyous, mutually adhered material

ayers Far example e ch laye be formed b veI
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external circuitry (not shown crete conductive
first semiconductor device 330 is attached to a substrate 300 in a flip-chip

configuration, with conductive bumps 60 disposed therebetween. The first
semiconductor device 330 includes an active surface 332 facing a first surface 302
of the substrate 300. The conductive bumps 60 are preferably shaped as balls, but
may be shaped as pillars, columns, and/or studs. The conductive bumps 60 may be
formed of any known conductive material or alloy thereof, such as solder, lead, tin,
copper, silver and/or gold, as well as of conductive polymers and/or conductive
composites. The conductive bumps 60 may include a core having layers thereon
utilizing such materials and/or alloys thereof. As such, the conductive bumps 60 act
as electrical interconnections between the first semiconductor device 330 and the
substrate 300. In addition, the previously set forth interconnect bumps 90 may have
the same physical and electrical characteristics as the conductive bumps 60. The
conductive bumps 60 may be operably coupled to interconnect bumps 90 through

vias 307, and, if desired or required, a redistribution layer (RDL) extending over a



elements 220 extend from the peripherally located second semiconductor
device bond 10 pads 244, past outside faces 203 of the substrate 200, to
corresponding contact areas of the second surface 204 of substrate 200.

The contact areas may be operably connected with the interconnect

bumps 90 A protective encapsulant 2601may be placed over substantially
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20  The second surface 304 of the substrate 300 opposes the first surface 302 of the
substrate 300.

Once the semiconductor devices of such an assembly have been assembled
with one another and electrically connected with the substrate or with one another, the
assembly may be packaged by encapsulation as known in the art using, for example,

25  transfer molding, injection molding, pot molding or stereolithographic techniques. A
protective encapsulant 360 may be placed over substantially all of the semiconductor
device assembly 301, as shown in FIG. 3A, forming semiconductor package 325.
Alternatively, a protective encapsulant 370 may be placed over part of the
semiconductor device assembly 301, as shown in FIG. 3B, forming semiconductor

30  package 326.

FIGS. 4A and 4B depict additional embodiments of the present invention. A
semiconductor device assembly 401 includes three stacked semiconductor devices. A

first semiconductor device 430 is attached to a substrate 400 with its active surface 432
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employing methods of injecting, dispensing or flowing a filler material 83,
or by any other suitable method. For example, such methods may include
applying the filler material 83 in the gap between the first semiconductor
device 330 and the substrate 300 and allowing the filler material 83 to fill
the gap by capillary action 10 and/or pregsure flow. Although the filler

material 83 is pot required, it is preferr 0 as.to protect the conductjve
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FIGS. 5A and 5B depict additional embodiments of the present invention. A
semiconductor device assembly 501 includes three stacked semiconductor devices. A
first semiconductor device 530 is attached to a first surface 502 of a substrate 500 in a
BOC configuration. The first semiconductor device 530 includes an active surface 532
facing the first surface 502 of the substrate 500. A second semiconductor device 531 is
attached to a back side surface 533 of the first semiconductor device 530 in a COB
configuration. A back side surface 539 of the second semiconductor device 531 faces
the first semiconductor device 530. A spacer 85 on an active surface 538 of the second
semiconductor device 531 separates an active surface 542 of a third semiconductor
device 540 from the active surface 538 of the second semiconductor device 531.

The third semiconductor device 540 may be aligned such that bond pads 544,
peripherally located thereon, are exposed, overhanging the first semiconductor
device 530, the second semiconductor device 531, and the substrate 500. Discrete

conductive elements 520 extend from the peripherally located third semiconductor



surface 439 of a second, central semiconductor device 431 stacked

thereon in a COB configuration. The separation enables discrete
conductive elements 410 to extend from 5 the active surface 432 of the
first semiconductor device 430 to a first surface 402 of the substrate 400.

A second spacer 86 separates an activelsurface 438 of the second

semlcon uctor device 431 from acti u 4
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third semiconductor device 540 fro ctive surface 538 of the second
sersigueRIGtISPUdsNIRSe §30 f@(mm@amm semicohtiiefchagird Saigraductor
be gligpegsguch that bond pads 544, peripherally located thereon, are
exposed, overhanging the first semiconductor device 530, the second

20 semicondiibrohiréviaiedtdugin dewiet o4ty atey3OcUDsereteh doidraotads 644,
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device 630, the second semiconductor device 631, and the substrate 600. Discrete
conductive elements 620 extend from the peripherally located third semiconductor
device bond pads 644, past outside faces 603 of the substrate 600, to corresponding
25  contact areas of a second surface 604 of substrate 600. The second surface 604 of the
substrate 600 opposes the first surface 602 of the substrate 600.

A protective encapsulant 660 may be placed over substantially all of the
semiconductor device assembly 601, as shown in FIG. 6A, forming semiconductor
package 625. Alternatively, a protective encapsulant 670 may be placed over part of

30  the semiconductor device assembly 601, as shown in FIG. 6B, forming semiconductor
package 626.
FIGS. 7A and 7B depict additional embodiments of the present invention. A

semiconductor device assembly 701 includes three stacked semiconductor devices. A



-14- device bond pads 544, past outside faces 503 of the substrate 500, to
corresponding contact areas of a second surface 504 of substrate 500.

The second surface 504 of the substrate 500 opposes the first surface

502 of the substrate 500. A protective encapsulant 560 may be placed
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pa%ﬁ%%?a?e%&f Ig %’C%_A s%gmsc%n%(? th} %jvqlcté%l § %Pa%gér%%)n%eof&l{lvee surface 732
present invention. semiconductor device assembly 601 includes

threé thtaltise desanvindindociovide Vide s Aipficbipsamicomatumior/deaitectddiise 738

5 auaey eﬁq]sée%oaﬁ% "ssétrnsi‘ééfr?a%%tgoéeg{cae 5"3‘% Hale Q0w 'stQm%%l?&ﬁé‘{Sr HARES30 with

10

15

20

25

30

6320 Irst semiconductor devicé acing away from the substrate
6000Adseronbusgmitdrddposod devidbet68dnis Attedked it diigaghipn the active
configuration to theactive surface 632 of the.first semiconductor device
el Spestipiac RS R S
facemdueay dlomphéfirsithsdinviconchrctortdeviban686. 7AG pacsb8bcimipling the
positioned on the .active, surf 638 af th ondhsemiconductor device
oo TS A BRAC LA e et A SRR
640dndnetive eetivats (fecead 3@ahthecsspbriticskrstisomcwotbrctdedinece 330 and
20 Qg @g{%t% iconductor device 640 may be aligned such that bond
pads 24, peripherally located thereon, are exposed, overhanging the
first semichtldot tsmidenibw©B80¢ctine $40onpostivncddactdradkide 88face 739 of
an ' duct I

& §E%‘r°c%9<t%ﬁ%&58é€}€e FONCPEIVRD'S Qégagé%féé%% Fa i be

peripherally locate semiconductor device bo 44, past
outdigeciheech 608 bfnHexlsbitfatebtrd chveaisd dheivng.28eotmpescdareas

f t .
T B B S U e R e o1

protedhessheaps it BeOmiaydrdysiavedaventsdB8eritedyramndhetpsripherally
semjeRog Hﬁ¥8rs&%YéBﬁ&%ﬁ%’H@xl}’c«@%n&‘\?aﬂé%ﬂ, é%eﬁ'&ts%: fQJéE”VIt% of the

semiconductor package 625. Alternatively, a protective encapsulant 670
maspbeirplacen. bveepenwiide wimsehiicondiierscord ivelags édtsl Sbdtraie 700.

Sh%@ é@cgﬂg’ s&?&c@mw &1%@%9@&9% opposes the first surface 702 of the
substrate 700.

A protective encapsulant 760 may be placed over substantially all of the
semiconductor device assembly 701, as shown in FIG. 7A, forming semiconductor
package 725. Alternatively, a protective encapsulant 770 may be placed over part of
the semiconductor device assembly 701, as shown in FIG. 7B, forming semiconductor
package 726.

FIGS. 8A and 8B depict additional embodiments of the present invention. A
semiconductor device assembly 801 includes three stacked semiconductor devices. A
first semiconductor device 830 is attached to a first surface 802 of a first substrate 800
with an active surface 832 of the first semiconductor device 830 facing away from the
first substrate 800. A second substrate 809 is positioned over the first semiconductor
device 830 in a flip-chip configuration with conductive bumps 60 disposed
therebetween. The second substrate 809 may comprise any suitable substrate,

interposer, or conductive traces on a dielectric film. Discrete conductive elements 810
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package 626. FIGS. 7A and 7B depict additional embodiments of the
present invention. A semiconductor device assembly 701 includes three
stacked semiconductor devices. A -15- first semiconductor device 730 is
attached to a first surface 702 of a substrate 700 with an active surface
732 of the first semiconductor device 73Qdacing away from the substrate

700. A second semiconductor.deyice 731 s attacriedt the ive,surfac
DR Haf o RanniaoR S o e S S d® S T RRT
actsubssuartalied 7 28sbcohthesammdd sendibooel8etas dexibedi8 Ifassstde

first semico ctor device 730 with, conductive bumps .60 dispo
e T e SRS R RORRR P EPORSH faces he
sersscantsitisratie 8{eir Biprbip etedigaalipconthestditienebaghdotiviedtumips 60

60 éﬁ/éth dlg %%%%Pﬁgeuctlve elements 710, operably coupling the second

semi é)ﬁ uctor eV|cen731 and the substrate 700. Additional discrete 10
conductivé ¢hemheertscobOuctay speradhy) coppitithedivstise midomdastaface 839 of

derl%esgc%o K g‘eC%mtch S g}r&t\%c? Oélj 1'0‘7@36{ ﬂ?lsr f@éﬁ%&%’#& t&%?' gé/\i/?cee gﬂg rirslay be
positioned over a back side surface of the second semiconductor
dewhwé@iu%ﬂ@é%sé%@pmﬁbdmmaww,aﬁg aepbseth that
bond pads %‘%ﬁhé’%’i‘&@SIE%HXASC&%%EQ%@ ?é B3 SEmidnductor device 831,
overhangifig the first semiconductor device 730, the second
sethicormudtorttauicSFB indahd thies sultrstase € HD D Diseietecetivetilements 820
ele t ipherally. locat ir i r
ey e i T R S S
coretpdnidivey 8ohtddhafasissubsrsedilid toundacepPoding sussttaeap@d.a second
Th f 4 pf-th 0 [

70 ugﬁ%?e%gggf %%%t?a(?e 5%%; %}%%'%%Hl?&%&?aaé’@d%é?ﬁng%ﬁ'sréﬁéb%@% oses the

_ ubstrate 700. A protective encapsulant 760 may be place
ovéirsiustageti ol Hof shesteen®iodnductor device assembly 701, as

shown i RIG (4 (0 TG SRIAARINSISL. BROKAYSI 3R AIRIIRINEY:

N
protective encapsulant 770 may be placed over part of the semiconductor

deviseiewsbieiblydzoite assemblySiH FIGhpBn forFfngdLetrivongusiorcagluctor
pa%@ﬁ%g §§5 F!ﬁém%ﬁx%ﬂg ﬁgr(qg&i% %HQAB%%F@B%%?GQ a%fa&%er gart of

present Invention. A semiconductor device assembly 801 includes thre
statleag mnendoaon g ebedisasablx 801, as shown in FIG. 8B, forming semiconductor

package 826.

FIGS. 9A and 9B depict additional embodiments of the present invention. A
semiconductor device assembly 901 includes three stacked semiconductor devices. A
first semiconductor device 930 is attached to a first surface 902 of a substrate 900 in
flip-chip configuration. An active surface 932 of the first semiconductor device 930
faces the substrate 900 with conductive bumps 60 disposed therebetween. A second
semiconductor device 931 is attached to a back side surface 933 of the first
semiconductor device 930. An active surface 938 of the second semiconductor
device 931 faces away from the substrate 900, and a spacer 85 positioned on the active
surface 938 separates the active surface 938 from the active surface 942 of a third
semiconductor device 940. Discrete conductive elements 910 provide electrical
connection between the second semiconductor device 931 and the substrate 900.

The third semiconductor device 940 may be aligned such that bond pads 944,
peripherally located thereon, are exposed, overhanging the first semiconductor

device 930, the second semiconductor device 931, and the substrate 900. Discrete
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first semiconductor device 830 is attached to a first surface 802 of a first
substrate 800 with an active surface 832 of the first semiconductor device
830 facing away from the 30 first substrate 800. A second substrate 809 is
positioned over the first semiconductor device 830 in a flip-chip
configuration with conductive bumps 60_glisposed therebetvveen The
secon sgbstrf;\etr%e% & r}? m?rlse t%\é su%}era r%t 1gse ar.
conductive fraceson a ef‘ec'i'rlc & éon uc ve e emen

-1 6daviay o joelefddirieat ooiiedtios %Melmth@sene 196Gt stratsp8DBing

and thefrst suhstrate 8 n tor.device 31
R R R A STRIERAUHE OPeER  tes opa of the

semibstnde S dgpdsss 8Rffaces e Pcohticsuibstrate®O9 in flip-chip

configuration i addiional anduetive BUTRs-60 2 daR0sely ol of e
therebetween dﬁserﬁlcon ctor S\ewcg Af IS pos one er a back

S|daesucfaw<839deﬁl¢hessembﬂw9§énasdmwﬁd€v&6 8311n1‘ﬁgeeumii®nductor
semlc r V|ce 84 e aligned sue bon
e e MR U B M
se nhl@scrdmoltmhldwl devmsmmbbc%ﬂd seshioontulctor EIEvfoenﬁBg sdditiopductor
secon]g % 8I@;(g)rate 809, and the first substrate 800. Discrete conductive

element extend from the peripherally located second semiconductor
device boht{35ad8/84ud @aBtdquitSid@ifEioed so®wlithenfiref tetystreetet 80@Ntion. A

10 GRHERA dﬂ%}gdg%éaa“s %E‘iﬁ&;% 6%%@%?%1?9 SO PUORANS 800ces. A

The secon surface 804 o trate opposes t Irst surface
802insf thmisuhdneite @ﬁ@celE)AOpscﬂemhﬂel en@@p@wlarﬁaczew(ﬂaasf beubkirseel 1000

OVQ{;lﬁyEI? %UQIM I gfl% M%ﬁ%dslé%%oqg ? r%é%@‘ﬁ)(?é@ PaJCI the substrate
| Alternati

shown in F orming semiconductor pac age 8 S Iy,
protegfive £BEXpsodissT®may tseidcetliovedystnt dfvier168misenathedro the

dey J[fs‘? ?e?ﬁl%ﬂ?ﬁé(c?o‘%]de@r‘céhﬁﬁgg}éﬁ & B rfﬁwo?%ﬁl@)'gé’d%ﬂﬁ%%‘?ﬁlconductor

package 826. 20 FIGS. 9A an epict ad |t|onal embodiments of the
pre@ermrl@éﬂntf@q:ﬁsm enivohcu ttes dévisdiasgsemisigndodionditides liiee A

drsgymy %Pﬂé’scﬁﬁragﬁ‘%%‘%ﬁfd%e ffb%‘é&”ﬁ%%%@&’dﬁ%f%ﬁ?c‘é&‘f&?%@ Rvice 1031

att hed to a |rst surface 902 of a substrate 900 in flip-chip configuration.
Anfzunven sgitecsudacedihkaisthichiiaisdodvsta deidecodB Ofpssgitmed thereon.

S“@i@é@eg&%dﬁﬁﬁx%oﬁgﬂ‘éﬂéﬁ O R IRPR%RL LIALRLGHYSL AR second

second
semiconductor device 1031 and the back surface 1033 of the first semiconductor

device 1030. A RDL 1008 on the back surface 1033 of the first semiconductor

ftl) ace(f1 over part of

device 1030 and through-hole vias 1007 within the first semiconductor device 1030
may be used to provide electrical communication with the active surface 1032 of the
first semiconductor device 1030.

The third semiconductor device 1040 may be aligned such that bond pads 1044,
peripherally located thereon, are exposed, overhanging the first semiconductor
device 1030, the second semiconductor device 1031, and the substrate 1000. Discrete
conductive elements 1020 extend from the peripherally located third semiconductor
device bond pads 1044, past outside faces 1003 of the substrate 1000, to corresponding
contact areas of a second surface 1004 of substrate 1000. The second surface 1004 of
the substrate 1000 opposes the first surface 1002 of the substrate 1000.

A protective encapsulant 1060 may be placed over substantially all of the

semiconductor device assembly 1001, as shown in FIG. 10A, forming semiconductor
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25 semiconductor device 931 is attached to a back side surface 933 of the

first semiconductor device 930. An active surface 938 of the second
semiconductor device 931 faces away from the substrate 900, and a

spacer 85 positioned on the active surface 938 separates the active

surface 938 from the active surface 942 ¢ a third semiconductor device

940. Discr onductive elements 910 provide electrical 30 conpectjon

e 2t CaM AR e s ST AR er part o
Théhthiechsemiootud detocatessirabdyl 000y dehahigreddKuctDthdabbomg pads

944, peripherally | catei reon, are exposed, overhanging the first
ser%%%%%%?ﬁ %P%&%@é% ,g;he second semiconductor device 931, and

the substiae D00 ADisdret8 dEpict edditionabeaibniemin 820 dxtpredefromvtingion. A
peripherally located.third semic ct evjce bon ds 944 past . .

Bt R S SR TS S RS SRR AP AR s
a stowrehsoofabet©0denfeubVaica 08 ed e sboo naBurd 62064 ofitkeate 1100
su%%a}g% 29189\/8 Qggf‘f’c%slgé% %ﬁhg%}c&c%n%o‘%n u%qgra%glsctéﬂtfﬁ %%c‘i?%?he substrate
protective encapsulant may be placed over substantially all of The
serhl©0ndudié)devidezassembly @0dndscshowmdunt¢ G: vk, fbFiningttached to the
semjconductor. package [tepnati eéy aprotective sulant 97

e e B N L S~ A s s of
shaberséndalzeom; datneiog demicbhtlutiars phakageacs] 113 EIES. igA

and | ' A1 | f ent inventian,

o R (NS B  HoRBhween. A RDL
serhl@8rubtobatéiedacel issdmitmndeniorbvios dOB® iklattaoHdroogh-hole
a fifst SHIACE; A0 hok §Lv§?%‘ J 9% H AMAGHNG; FUHRCEi DA AR cat
first sés%rconcfuctor delv?lsce 1 1égﬁfdalcingrj tﬁe suEstra e fgoé%n a Boé cation
corffiguthtioeti vt setared! $82mif drlicicieniesind w03 iy igttddAed to the 15

first semicg @ﬁh‘&(&%ﬁﬁ@éﬂﬁﬁe@&%&é@%ﬂbﬁ%‘ﬁr Bohd QR N6 R urface 1139

semiconductor device 1031 faces a back surface 1033 of the first

semicbnsieonst Havieanda30r devapeatbt185Tbe pairdessmaepadtiviersinfissel 140 may

1038 i 4hes3GER %F'ESHLFBQ&’#H%P@%&E&Q%%QH&Q& B APHURSUIASS 1142
1042 ofa third semiconductor device 1040, positioned thereon. Discrete

co rﬁhﬁr@gﬁ@@l erperrs. mim@tgingdtqﬁ@smm'@@ndm deggeof b mqnd
20 &%%88@9&8%%9@5‘??3%0%%9 s%tpaﬁ‘g li ﬁ%f %ﬁ&gé%ﬁ(fﬁ'&i%sélements

semiconductor device 1030. A RDL 1008 on the back surface 1033 of the
first E¥heixiend dicstay the peripherally located third semiconductor device bond pads 1144,

past outside faces 1103 of the substrate 1100, to corresponding contact areas of a
second surface 1104 of substrate 1100. The second surface 1104 of the substrate 1100
opposes the first surface 1102 of the substrate 1100.

A protective encapsulant 1160 may be placed over substantially all of the
semiconductor device assembly 1101, as shown in FIG. 11A, forming semiconductor
package 1125. Alternatively, a protective encapsulant 1170 may be placed over part of
the semiconductor device assembly 1101, as shown in FIG. 11B, forming
semiconductor package 1126.

FIGS. 12A and 12B depict additional embodiments of the present invention. A
semiconductor device assembly 1201 includes two stacked semiconductor devices. A
first semiconductor device 1230 is attached to a first surface 1202 of a substrate 1200
with an active surface 1232 of the first semiconductor device 1230 facing the

substrate 1200. An outer periphery 1235 of the first semiconductor device 1230 is



device 1030 and through-hole vias 1007 within the first semiconductor
device 1030 may be used to provide electrical communication with the
active surface 1032 of the first semiconductor device 1030. 25 The third
semiconductor device 1040 may be aligned such that bond pads 1044,
peripherally located thereon, are exposegg.overhanging the first

iconductor device lO e d semico |ce 1 and
the S§Br ﬂiafle E(S)(%e rIBI re?gl lggngdu |veSlé 3%1(5%%%&2% (\{ fgr)g## ‘the
pepphphathiliokateelthir ths dimsicenduetdncde\dee droadi pass fa0A 42 JPasterhang the
outel sefac‘iﬁo’ooi’ﬁlé’cfrt?eecopg“ [ate . anomto g‘g&g é;uﬁc?' DY B9, QNLACE 11 ctor

areas Of a second surface strate & sécond surtace
10@4\m¢eﬂbmldlpladsrh£é41®ﬁlﬁ mpq:!mmd?»mhﬁaderiﬂ@m dﬁd@ 10D2rge th00. The second

5 SUBSHaLe wAﬂ?@f@&Eﬁt'Xé (féjcl)%%tt%()?osps s E"@g St Jubstrate 1200.

subs antia e semlco viCe assem 1) as shown In
FIG. 10A,Aowning semicoddciotaievi8s b%étﬂ@g@simdﬂdt@mhmfmy,saniconductor

pro&ectlvgl%a S at?\;els%? ACE %f%e Cedcgggrg art(gd}tﬂh% ?evme 1240 faces a
semiconductor device assem Iy 0 as snown in ormin

serbncbrsdtfamﬂ@é&kﬁg@f@%eﬁi@&dmcmrahdiqqBla@piﬂuammtmmnnconductor

embodiments Oft t invention. or V

o R LR DTSR LV POURD i SR AR BAH ARVISE st
10 se rsﬂnocrdubl@od@nw 01®0 psraitacma%ﬁaca frstehntfateottd pafphery 1205. The

SURSUALE Qoﬁ’éiﬁh AnReilg 5 %ff%%(? e 2R &Q%Jﬁiﬁgura%?(goﬁp“%\g%[“

device 11 acmgt esubstrate 1100 in a Cco second
se mmmm@mmm@m, israteiied, Wthbaffg@gsténﬁtr@trﬂdunmndwme

11%&)[&5 001 200 261\ e%'r@‘f&é&x?’e %QLI:? S RFEARA from

semicon CtOI‘ evice 1]5.%3} aces a SUI‘ ace 113 the
serthicppdpietoilgdonated x@@n«immﬁ@nm m&a@mg@b% past outside

15 theffégg %?%ffsq&fabsti‘aJcQ § %cgﬂgﬁwéﬂﬁlﬁﬂ% én"&ef’t Qlf f'ﬁ’? second surface

semicon uctor evice 1130 and throug las 1107 within the first
serhi®drdsototraeviéB01130 provide electrical communication with the

active suraggold .00 iah oG ARSI AleNiGEH E0 A NI e

semlconduc or device 1140 Is positione ov r a back side surface 1139

of tisangesdieediionaisetoblddZet a9 Sowim iilikd E&fnitundogtsndesidactor
11%9&5%% 1%?"%“@9&&'9&} Rend; pads. %M%Eﬁ@ﬁ{é;uﬁé FAEH SRRy part of

an active surface 1142 ther h%b are exposeé(l}%overhanglng the%lrst
20 serthiesrisorshigtavideviceansentblet¥Hd as shown in FIG. 12B, forming

semiconductor package 1226.

FIG. 15 is a block diagram of an electronic system, in accordance with an
embodiment of the present invention. The electronic system 1500 includes an input
device 1510, an output device 1520, and a circuit board 1540, all coupled to a

25  processor device 1530. The circuit board 1540 includes at least one semiconductor
package 125, 126, 225, 226, 325, 326, 425, 426, 525, 526, 625, 626, 725, 726, 825,
826, 925, 926, 1025, 1026, 1125, 1126, 1225, 1226 of one or more of the preceding
embodiments of the present invention mounted thereto.

Although the foregoing description contains many specifics, these should not

30  be construed as limiting the scope of the present invention, but merely as providing
illustrations of some exemplary embodiments. Similarly, other embodiments of the
invention may be devised that do not depart from the spirit or scope of the present

invention. Features from different embodiments may be employed in combination.



semiconductor device 1131, and the substrate 1100. Discrete conductive
elements 20 1120 extend from the peripherally located third

semiconductor device bond pads 1144, past outside faces 1103 of the
substrate 1100, to corresponding contact areas of a second surface 1104
of substrate 1100. The second surface 1i§4 of the substrate 1100

oppeses the first surface 1102 of the substrate 1100. A protectiv

e Ez e o TS IR o e R e Y T appence
seronduct drefideé agsenity, Ti0tr dsushpwir fiorEdGing Hasdigpming All

sepiaanducipl.packans Aian Alermalivel, ARroleelye SRCansUIant  ich fa
117 maysbe p?aced over part of the semiconductor dévice assemcb?y
116diftas dleowmnnmg HBd $ddefof thing asemicandectimbpaekape<b}26.

FIGS. 12A and 12B depict additional embodiments of the present
invention. A 30 semiconductor device assembly 1201 includes two
stacked semiconductor devices. A first semiconductor device 1230 is
attached to a first surface 1202 of a substrate 1200 with an active surface
1232 of the first semiconductor device 1230 facing the substrate 1200. An
outer periphery 1235 of the first semiconductor device 1230 is -19- larger
than an outer periphery 1205 of the substrate 1200. Bond pads 1234,
peripherally located on the first semiconductor device active surface 1232
overhang the substrate 1200. Discrete conductive elements 1210 connect
the first semiconductor device bond pads 1234 with a second surface
1204 of the substrate 1200. The second 5 surface 1204 of the substrate
1200 opposes the first surface 1202 of the substrate 1200. A second
semiconductor device 1240 is positioned over the first semiconductor
device 1230. An active surface 1242 of the second semiconductor device
1240 faces a back surface 1233 of the first semiconductor device 1230.
The second semiconductor device active surface 1242 has an outer
periphery 1245 greater than the first 10 semiconductor device outer
periphery 1235 or the substrate outer periphery 1205. The second
semiconductor device 1240 may be aligned such that bond pads 1244,
peripherally located thereon, are exposed, overhanging the first
semiconductor device 1230 and the substrate 1200. Discrete conductive
elements 1220 extend from the peripherally located second
semiconductor device bond pads 1244, past outside 15 faces 1203 of the
substrate 1200, to corresponding contact areas of the second surface



1204 of substrate 1200. A protective encapsulant 1260 may be placed
over substantially all of the semiconductor device assembly 1201, as
shown in FIG. 12A, forming semiconductor package 1225. Alternatively, a
protective encapsulant 1270 may be placed over part of 20 the
semiconductor device assembly 1201, agjshown in FIG. 12B, forming
semiconductor package 1226. FIG. 1% zﬁ\? ck diagram of an electronic
system, in accordance with an embodiment of the present invention. The
electronic system 1500 includes an input device 1510, an output device
atnd cir §I1 board 1540, all coupled to a 25 processor device 1530.
The CII‘CUIt J0ard 1540 includes at least one semiconductor package 125,
126, 225, 226, 325, 326, 425, 426, 525, 526, 625, 626, 725, 726, 825,

5826 925, ?26 1025 1026 1 25, 1126, 12215351 1226 of.one or more of the
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preceding ‘embo men%sc?fu epresen invention mounted thereto.

Althoughrmelfmmgmrfgsdelsdwm;@rs@mmthmmssﬂecmesdthtdsashwme
not 30 be 2 Gstruec 2d las rqhﬁn@rtp thes resent mventlor}fabCLét
merely as prowdlnb “MUstrations of some exemp ary emBbaiments.
Slmlmysmdm&mmélwqm omvbatiost mafy@mﬂ&msekjsm do not

r Spirit cope, of the . tion, F s {
ere rs1ftt e@réﬂ%l ﬁedﬁ%gr(rah%agoo S“é:%vpﬁé? erel%%m com &qgtfgﬁplgzg tt%%efrs%% e
of the mveﬁmmmslumgrdﬁyneg? mdi tagedandtéimited only by the appended

Clahng c%ﬁ'&i é%ﬁia&%% ét%gﬁ 5%!: %rv%gg %stp seﬁ%c%gﬁﬂeg)r device, the

descrlptlon I'[IOI‘]S #etlo , and |f|cat|ons to the |nvent|on as
disclosed ﬂqemmwvhmdaﬁtowmmmm@mngtm@é@mf@ﬂiwgeméirﬂs

are to be g&qﬁg &%{&e&gp& j CLAIMS What is claimed is: 5 1. A
semlconductor evice assemb y comprlsmg a substrate having a first

surdaceorlsdeatith oposicly surfaceyanidaeicasan sivepkyrfadhe second
adjacent {9 te] E;cﬁic% (Efé%?cé“&gu%e @911@81%%\5&%% r!@&é;tra t@&glﬂgst

semiconductor device posed on t e first surface e su
plurality ofutfeceetd leariduntiviersié nrents biverstognd plwidd totidéséiese conductive

elements extending beyond the at least one side surface of the substrate.

2. The semiconductor device assembly of claim 1, wherein the second
semiconductor device active surface has a surface area larger than a surface area of an

active surface of the first semiconductor device.

3. The semiconductor device assembly of claim 2, wherein the surface
area of the second semiconductor device active surface is larger than a surface area of

the first surface of the substrate.

4. The semiconductor device assembly of claim 1, wherein the second
semiconductor device active surface has a perimeter longer than a perimeter of an

active surface of the first semiconductor device.

5. The semiconductor device assembly of claim 4, wherein the perimeter
of the second semiconductor device active surface is longer than a perimeter of the first

surface of the substrate.



10 semiconductor device and the substrate; a second semiconductor
device disposed over the first semiconductor device, the second
semiconductor device having an active surface facing the first
semiconductor device; and a second plurality of discrete conductive
elements operably coupled to the secong>15 semiconductor device active
surface and the substrate second, opposing surface, at least a portion of
some of the second plurality of discrete conductive elements extending
beyond the at led$tcormsicelscdadevaicthesaublsttelaiin Theherein the second
semicontuclon device,assambbi of daim, 1 uerein ing second 20
semiconduetor device active Surace has & SUITAce Area Fa'rger than a
surface area of an active surface of the first semiconductor device. 3. The
semicondyctor dgyice, assembly, ofclalm, 2. RrCIrLING strfaes. 188 Ofcong
the second semicORAUCLOF device active Surrace 15 arger than a surface
arezwfc@iltiefidsvsgrfadedss thend plodsrpteipiiciiy lseattdamdbetartide viotace
as éPebOIizll‘ of claim_ 1, wherein the second _semiconductor qlevice active
surface has a perimeter longer than a perimeter of an active surface of

the first semiconductor device. 30 5. The semiconductor device assembly

of claim 4§.W he.re]tﬂe”s‘gnl?%‘ﬁﬁﬁé%r ahpe gse‘éﬁl%ﬁ’ So%‘e%%‘?%h%&ﬁdlﬁ\(h% irst
active surface is longer than a perimeter of the first surface of the

10 sulsstmatend2@o6ddhes sechidenauatty clevite sy oftiaie firsnvhefadn.
the second plurality of discrete conductive elements comprises bond

wires. 5 7. The semiconductor device assembly of claim 1, wherein the
second s8miconthectomdovideciciledes benethplydd plaript¥e rahigréor dre dinsh

ET;F%%E’&’cgvﬁg%@ﬁ&tﬁéﬂ?ﬁ% esmﬁdsdsnag'gcg&%gggfo%%g% ARREIRNY Qlrface

irst 10 semiconductor ce Includes an active
surfaggeoffacing the substrate first surface. 9. The semiconductor device
15 assembly of claim 8, wherein the first semiconductor device includes bond

pads centrally located on the active surface
10. The semiconductor device assembly of claim 9, wherein the first

plurality of discrete conductive elements comprise bond wires extending through a slot

in the substrate.

20 11. The semiconductor device assembly of claim 8, wherein the first

plurality of discrete conductive elements comprise conductive bumps.

12. The semiconductor device assembly of claim 8, wherein the first
plurality of discrete conductive elements comprise bond wires extending from a

25  plurality of peripherally located bond pads of the first semiconductor device.

13. The semiconductor device assembly of claim 12, wherein the first
semiconductor device active surface has a surface area larger than a surface area of the
first surface of the substrate.

30

14. The semiconductor device assembly of claim 12, wherein at least a

portion of some of the first plurality of discrete conductive elements extend beyond the

at least one side surface of the substrate.



thereof. 15 10. The semiconductor device assembly of claim 9, wherein

the first plurality of discrete conductive elements comprise bond wires

extending through a slot in the substrate. 20 11. The semiconductor

device assembly of claim 8, wherein the first plurality of discrete

conductive elements comprise conductivesbumps. 12. The semiconductor

device assembly of claim 8, wherein the first plurality of discrete

conductive elements comprise bond wires extending from a 25 plurality of

peripherally.localde bond gatistof theifiestssentiboriduiabor ldexhesid SeTist

cermagnnago SIS BRI R QIR LRI B g g e

ger than a

surface area of the first surface of the substrate. 30 14. The

semiconductor deyice assembly of.claim 12 erein. at least a,portion of .

ame of therst bl ST o A s TS RE B fine o

thespatte astitioecsi detsurade Of sheesubstdateor 28vitSaiththssrnindnductor

devieceigosns u%}bllydgficéléaim 1, wherein the first semiconductor device

inclides a back side surface facing the substrate first surface. 5 16. The

semiconductor device assembly of claim 15, further comprising a spacer

positioned betwefy, ts'%%fdgé emicanducier dayicsand e ﬁ?g?f?e@‘%o prisipg an
. y of claim 1,

semiconductor device. e semiconductor device assem
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first semiconductor (y;wce an(in e secon urality of discrete conductive
elephantiy 08 dishesisavidondvcedendatice assembly of claim 1, further
comprising an 15 encapsulant surrounding substantially entirely the first
semiconductor device, the second semiconductor device, and the second
plurality of 8iscretbecemiigetidectiedszins assenbhecsetniop hdudisr devipasing an

as%‘ﬁ@&Bbﬁf&EP Lﬁ%&mﬁﬁ@@%ﬁ%ﬁmﬁ iagi?etly the first semiconductor device, the

second semiconductor device, and the second plurality of discrete conductive elements.

19. The semiconductor device assembly of claim 1, further comprising at
least one central semiconductor device, positioned between the first semiconductor

device and the second semiconductor device.

20. The semiconductor device assembly of claim 19, further comprising at
least one spacer positioned between the at least one central semiconductor device and

the second semiconductor device.

21. The semiconductor device assembly of claim 20, further comprising at
least one spacer positioned between the at least one central semiconductor device and

the first semiconductor device.

22. The semiconductor device assembly of claim 20, further comprising a
third plurality of discrete conductive elements operably coupled to the central

semiconductor device and the substrate.



least one central semiconductor device, positioned between the first
semiconductor 20 device and the second semiconductor device. 20. The
semiconductor device assembly of claim 19, further comprising at least
one spacer positioned between the at least one central semiconductor
device and the second semiconductor dgyice. 25 21. The semiconductor
device as %mbly,l%f clalm 20 fu[rth e1 compris rsi r%’at I?ast gfs acer = iinoa
positioned between ¥ e At e east dne central Semiconductdr device and he
firsthéehplooridy ofodi stewie eoBQu2RY cl¢ ensamsiopacibtopggeit ® assdistbluobn
claim 20 further com rlsm g t w%o uraht& of dlﬁcrete cong uctiv
an ac t c onaucto e centra
elemyents opera y coup ed 10 the central” semiconductor eV|ce and the
sulsstnatendBdoRdevite semlconductor device assembly of claim 20,
5 further comprising a third plurality of discrete conductive elements
operably coupled to a redistribution layer on an active surface of the first
semicondétor d@h&:@mﬁuﬂ)mﬂemmicsemhrdviduxftdaiﬂe@[befuﬁmcd'mprising:
Sem 1r'a Cﬂ'j Ctglr \flglescarlssemb(lx ?1fv(e::lafement’sf(l)J rth u%i rtlga rae(lil{]s,l{r(iibution
plura ity tyete conductive efements opera%efy chu (f
redlstrlbumr laye ﬂomkalbaskr&d@@uﬁaﬁesmmm@smmmme central
device and Itrfll e aI iconductor device; and 10 a plurality of
Al smicond
through hole \%a% \lIlVEIt in the first semiconductor device operably coupled

10 to thplvedistrit thion dhyweie 25sThighgethidontisatoradvideraksembfewbly coupled

claim 19, &“EH%eIre&?[HBﬁ'@b'ﬁq %?plurallty of conductive bumps operably
coupled to an active surtace of the central 15 semiconductor device and a

redistribution layer on an active surface of the first semiconductor device,

the red'St?'Bu“onI'ﬁ‘é/ E’érﬁdﬁ‘Sﬁ%ﬁléf GopR|ed até’sg%ﬂa‘ifﬁlf 3AME & NEnThm mprising a

plurality of discrete conductive elements. 2 e semiconductor devic
asgevndiyycfi clamdna@ydibrthigs opaiphlsingipRd o pluralite sfidesmelctigecentral

15 PUDRSQRAIRRY FAHRIEHIQ ARGIRiSHIRES B ISGR @l ace of the first

semiconductor device, the redistribution layer operably coupled to at least some of the

first plurality of discrete conductive elements.

26. The semiconductor device assembly of claim 19, further comprising:
20  aplurality of conductive bumps operably coupled to an active surface of the central
semiconductor device and a redistribution layer on a back side surface of the
first semiconductor device; and
a plurality of through hole vias within the first semiconductor device operably coupled
to the redistribution layer.
25
27. The semiconductor device assembly of claim 1, further comprising at
least one interconnect bump positioned on the second, opposing surface of the

substrate, enabling electrical communication with external circuitry.
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semiconductor device and a redistribution layer on a back side surface of

the first semiconductor device; and a plurality of through hole vias within

the first semiconductor device operably coupled to the redistribution layer.

25 27. The semiconductor device assembly of claim 1, further comprising

at least one interconnect bump positioneg_on the second, opposing

surface of gge S bsgglgdn%nag%lirgg el%catri%?rllb(iorgmu?{'c%tion with external
circuitry. % - 28 Agemiconductor device ass%mobnily csoln%prising: a first
subdiirateubatring lafirgt stinfacerfacsescachndpposing Ssufiee, antlaatdedasne side
one side sugface adjacent to the first.surface, and the second, opppsing
curtace; & HECaHeaT o IR S R R AR iR
first substratepndarse dond sdisptratbqnabititne dunfadh effifst Semuidomncitetor

de‘é“égéoa%ﬁ' %S'bE’t'a%’i%!;'éthﬁfo%o'i]r?)%‘%%‘éeﬁ'r[’sé'Eré %a%%‘@ﬁ%?d)/ &‘%‘i‘é%:;ed to the first
semiconductor device an e second substrate; a central substrate

operfibiypboapte o ff odhdiseonhunsprospratblyvitbuplsé cotid fharatityiofnductor device
conductivgn Bgﬂéps%t &Odasusoes rr(%lpol semiconductor device disposed over the
t

. ) c; . . .
first semiconductor device, the second semiconductor device having an

activeesuiataobstagingptitebliy siowgd edi o Hetuetomd evizstsagnd igh pl seading pfurality of
discrete cg@n%%i\\/,g t(;:-lllgméa_nts operably coupled to the second

semiconductor 1eV|ce a}():tl’ve surface and the first substrate second

surdaceqat s¢B leastiatpottivivofispoelofvitahsdiohs: plisralitycoiralscietghe
°°”d“Ct"’?e%ﬁﬁ‘?e%?cgég‘ﬁg%P&@ﬁg%%ﬂgeaﬁta'c‘? tsﬂﬁ%c%'?a?c&%rfﬁ‘g?b&f the

substrate. A 'stac emiconductor assembly comprising©a substrate
having a firstisanwsgoradseiconadpposing surface, and at least one side

20 iac i : face:
a T A e
a first plursincohdiistrede \Gonaciotivendhmnanrdshodartbipgoup kedoadthigface, at

first Semlﬁgg%g%&egfgglﬁggﬁﬁl% §é&§1t&%tﬁrality of discrete conductive elements

extending beyond the at least one side surface of the substrate.

29. A stacked semiconductor assembly comprising:

a substrate having a first surface, a second, opposing surface, and at least one side
surface adjacent to the first surface and the second, opposing surface;

a first semiconductor device disposed on the first surface of the substrate;

a first plurality of discrete conductive elements operably coupled to the first
semiconductor device and the substrate;

a second semiconductor device disposed over the first semiconductor device, the
second semiconductor device having an active surface facing the first
semiconductor device, at least a portion of the second semiconductor device
active surface overhanging both the substrate and the first semiconductor
device; and

a second plurality of discrete conductive elements operably coupled to the at least a
portion of the second semiconductor device active surface and the substrate

second, opposing surface.
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a second semiconductor device disposed over the first semiconductor

device, the 25 second semiconductor device having an active surface

facing the first semiconductor device, at least a portion of the second
semiconductor device active surface overhanging both the substrate and

the first semiconductor device; and a seggnd pIuraIity of discrete

conductive plemenis ARATARY oupled 10 e Rt asha, 0 BRI R ices in
second semicondultor device actve SUMAcs & oflfhe Slibstrate "secon
oppmk@lanﬁmgmneﬁﬁc%pﬂsmgthod for formlng an assembly including
e e A PP ST SRR TR
least oneosmiackmﬁafaeesaﬂmermtlttaefmssmlﬁafa@m@ﬁub Heeosdcopphsogposiiage;

surface 5 s {lnegna flra ond vice fttht er][‘a e of the
Ilg a 1CO1 eVIC 1rSt Sur ace € Su
subsfra{%e superlmposmg asecon semlcon uctor eV|ce Includirig an

activpesunfarseng\vveretiva dirsmsentieciod detored evied nvgitin thvgi ecsividas el faoethe first

of the second semicpnducior JAgvige {8ed e SUHSHAe WAKLSR Buctor

outer perip%erﬁnportlon of the second. semiconductor device inc uding
bond paddgasitieried t&h@@bﬂuralvew*ma theol@rdsinate; pmdqmlaénhg gecond

pluraiity of H3CEiR GOP QUL S SEMENR RPMRSH NG RANARAGS AN he

second, opposmg surface o trate termediate portlons 0
the pluralinpsifaéserste conductive elements passing outside the at least

1%' %%’iﬁ? Imﬁ?sf i eHbSlaL u&?vg’%r %t etﬁl‘? (ORIRIR Ptland the

Whel’el acmg a piu Iscrete co uctlve
elements mmlgesqmmg hofadingl mwb@dﬁqwﬂhenmmddﬂ@p@mgn@of the

surtace of e ARSAE A0S TR elhirolaim A ubarelR RIBMSIDG e

the substrate comprises providing one of a ci an interposer,
and anotherfseeritdrdudtratevice. 33. The method of claim 30, wherein
providing the substrate comprises providing a substrate having a central

slot therethrough.
31. The method for forming an assembly of claim 30, wherein placing a

plurality of discrete conductive elements comprises wire bonding bond pads to the

second, opposing surface of the substrate.

32. The method of claim 30, wherein providing the substrate comprises

providing one of a circuit board, an interposer, and another semiconductor device.

33. The method of claim 30, wherein providing the substrate comprises

providing a substrate having a central slot therethrough.

34, The method of claim 33, further comprising establishing electrical
communication between the first semiconductor device and the substrate using another

plurality of discrete conductive elements passing through the central slot.

35. The method of claim 30, further comprising encapsulating at least
portions of the first semiconductor device, the second semiconductor device, the

plurality of discrete conductive elements, and the substrate.
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25 34. The method of claim 33, further comprising establishing electrical
communication between the first semiconductor device and the substrate
using another plurality of discrete conductive elements passing through

the central slot. 30 35. The method of claim 30, further comprising
encapsulating at least portions of the fitst;semiconductor device, the
second semiconductor device, the rality of discrete conductive
clemento. B i SUBeHas s o et SRR TR S s of
encaypsigatioddognprisesiding, ahtr ghdfeopeoldipg] panmolding, and glob

top encapsulation. 37. The method of claim 35, wherein encapsulating
comprises forming a 5 plurality of at least partially superimposed,
contiguous?7 mutldiéynagtheded chaedal waysis. 38afiduéntmetbodpfsekaionming a
37, further spIIRLSIng foring e Pt of:at least Bartidinere marerial
superimp segl, cont uousb,] mutually agnered matehal ayers from a'1d
phdapesrable material. 39. The method of claim 35, wherein encapsulating
comprises substantially entirely encapsulating the second semiconductor
device. 15 40. The method of claim 30, further comprising positioning a
central sé®icondbetortiediotdhatweérfurbdirstrspriogriduniog devibeang of at
the, seeand 56 @@QHIC?&%%%%&P&‘@&%%&%; %‘!Su%@tg&ger%f Crll?al[gnﬂe'lplgf#g}shﬁrgm a
comprising providing a spacer between the central semiconductor
devibetemdatiie meworatl semiconductor device. 42. The method of claim 41,
further comprising providing a spacer between the central semiconductor
device and the first semiconductor device. 25 43. The method of claim 41,
further coR%risinbhestadiishinglelachicalhosmenmpatidimpetwaeisahsubstantially
cenliglSIERNANEIRr HRUCS ARSI SHRRIAERing another plurality of
discrete tonductive efements. 44. The method of claim 41, further

comprising establishing electrical 30 communication between the central

15 Semicondjgtor d"?ﬂé%&ﬁd@?cﬁ%ﬁ%Wﬁ&%ﬁ%@ﬁﬁn‘éﬁ@%ﬁﬁgﬁ%&%@
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plurality of discrete conductive elements position
semiconductor device between the first semiconductor device and the second

semiconductor device.

41. The method of claim 40, further comprising providing a spacer between

the central semiconductor device and the second semiconductor device.

42. The method of claim 41, further comprising providing a spacer between

the central semiconductor device and the first semiconductor device.

43. The method of claim 41, further comprising establishing electrical
communication between the central semiconductor device and the substrate using

another plurality of discrete conductive elements.

44, The method of claim 41, further comprising establishing electrical
communication between the central semiconductor device and the first semiconductor

device using another plurality of discrete conductive elements positioned therebetween.



-28- 45. The method of claim 44, further comprising providing conductive
traces on a surface of the first semiconductor device in operable
connection with the another plurality of discrete conductive elements. 5
46. The method of claim 45, further comprising establishing electrical
communication between the conductive_traices and the substrate using yet
another rality.of discrete conductive.elements positioned .. .
A 1 S S A i I
elettieabh@ sarfaneurti datibns tretmieemltiveoc daduciiveicadds @amidttgon with the
substrt%t& ”ﬁipﬁ' tthr(% er%t)lec \ﬂ sctwift:kéii% rt&% tfsirst semiconductor device.

48 e methad df cfaim 8, further comprising positioning an interposer
between the central semiconductor device and the first semiconductor

5 device. 15,49. The,elljod of il A8, UIer SOMRISNG. CRANINNG. co
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electrical communication betwean the’ central semiconductor device a
thecimtenposeti osipg vesvot Her qoutadity ©frais e ketd thonubrttive wiamgettgnother
Pogifiongd 8'%‘?15% DefweshAnd. 20 6lap ';%%*s‘gi‘gq%é‘?&}é}%%‘ét%@nm.““ica“O”
befveen the firSt semiconductor device' and the Interposer using yet
another plurality of discrete conductive elements positioned

therebetwppn. 5%%%%&?8&%?%1%&'@%%@. ‘fv!;‘c?tr]'{lé%i”sﬁn?cé’s@%% gn IS ctrical
semiconductor 2 evice comprises providing t ﬁrst emicon tor
devioamanicgian ttiversibfacaduhevattives sudduesfhsingetheifgshmwmghdwole vias

of @ﬁtﬁﬁtﬁférﬁ}ﬁ’ S%ﬁj&ﬁh&&ﬂ}@@{ﬁ%““ device active surface having a

perimeter longer than a perimeter of the first surface of the substrate. -29-
51. The method of claim 30, wherein securing the first semiconductor

device copprisegposiligaNgtg I ShSRMICPAHERL A KRS IR AR AGH
“The ;. X t oser
surface of the first semlpongfuctér device facing _tCﬂe *lr§¥sar%ace gﬂt}je ipos
sulbstraten Wikexsiiahseoucendpeiopdevalepmdidre dirsheefivicpsdwaicodelticeor
device active surface overhangs the 5 substrate.
49. The method of claim 48, further comprising:
establishing electrical communication between the central semiconductor device and
the interposer using another plurality of discrete conductive elements
positioned therebetween; and
establishing electrical communication between the first semiconductor device and the

interposer using yet another plurality of discrete conductive elements

positioned therebetween.

50. The method of claim 30, wherein securing the first semiconductor
device comprises providing the first semiconductor device having an active surface, the
active surface facing the first surface of the substrate, the first semiconductor device
active surface having a perimeter longer than a perimeter of the first surface of the

substrate.



52. The method of claim 51, further comprising placing another plurality of
discrete conductive elements between the outer peripheral portion of the
first semiconductor device active surface and the second surface of the
substrate with 10 intermediate portions of the discrete conductive
elements of the another plurality passingautside the at least one side

surface ofsthe sustrate, 8 bm%i{ﬁ‘%ﬂ‘%v%gﬁeﬁ'las'%u%% fﬂ{égﬁrst%%% LoRdttor
positioning at least one " Interconnect bump on the second, opposing
surdaeeof chpssdsgiratedcendblérel setnicahdbbteodemcmicalian aviile surface of

exteinal. e ‘srgﬁ’]‘llchnélf‘c-tA%eev'?cc”f%‘c SHRIEM ngluding gn ‘J&Béﬁtra EVIG24 8 an outer
output éewce, A Cifcult boar : Andta processor device coupled to the
inppergrictraLipout aevicks fiasidamecaidogivbdard e e virswifaoo ardrimoigslihg

5a sergigopductor device assembly comprising: 20 a substrate having a
. ubstrate. . .
first sur¥ace, a second, opposing surface, and at least one side surface

adjacent to the first surface and the second, opposing surface; a first
semiconductor deyice dis on the first surface.of the substrate; a fjrst,.
Sty o el R S SRR Ry of
sehisweld wotthide vice canch thbesubat o @6r poagoma perfiiwootthetdrst
deyieg AISROSEH XRLNG st Semicande ar Ay IEReIC, SRERMirate with
semmonoPuctor device having an active surface facing the first

10 senmicomddictopdeuioe ohtie disaetrdpldursiity adf mistsetctoomiberplurality

elements ANRabIkCQUBIerR g eraNd PRIGARgglor device active

su e substrate second surface, at least a 30 portion of some of
the second plurality of discrete conductive elements extending beyond the

at least Ogg_sideﬂérﬁg%&{ I)l?%lghlltf %6?%&rther comprising positioning at least one

interconnect bump on the second, opposing surface of the substrate to enable electrical

15  communication with external circuitry.

54. An electronic system including an input device, an output device, a
circuit board, and a processor device coupled to the input and output devices, and the
circuit board, the circuit board including a semiconductor device assembly comprising:

20  asubstrate having a first surface, a second, opposing surface, and at least one side
surface adjacent to the first surface and the second, opposing surface;

a first semiconductor device disposed on the first surface of the substrate;
a first plurality of discrete conductive elements operably coupled to the first
semiconductor device and the substrate;

25  asecond semiconductor device disposed over the first semiconductor device, the
second semiconductor device having an active surface facing the first
semiconductor device; and

a second plurality of discrete conductive elements operably coupled to the second

semiconductor device active surface and the substrate second surface, at least a

30 portion of some of the second plurality of discrete conductive elements

extending beyond the at least one side surface of the substrate.



