SEMICONDUCTOR DEVICE ASSEMBLIES INCLUDING FACE-TO-FACE SEMICONDUCTOR DICE,
SYSTEMS INCLUDING SUCH ASSEMBLIES, AND METHODS FOR FABRICATING SUCH
ASSEMBLIES 5TECHNICAL FIELD The present invention relates generally to semiconductor
device assemblies that include what are commonly referred to as "multi-chip modules," in which two or
more semiconductor dice are stacked relative to one amather. More particularly, the present invention
relates to semiconductor device assemblies that include two 10 semiconductor dice stacked together
in a face-to-face cpiig waiUBEGIYEXATHNG SORIHELYE S1IMerDR I AT electitad CE
communication beg§FeNCONDDETISOR BEDE, SYEIEMS e s&IDREIscioHsSEN BIsubstrate. The

present invention also relatep i prethotssat oRMABHYGIOTSNGD semiqondsetorsiemice assemblies. 15
BACKGROUND Integrated circuit semiconductor devices are small electronic circuits formed on or

in a surface of a wafer of semiconductor material such as, for example, silicon, gallium arsenide, or
other 11l-V type semiconductor materials. Gengaityyqiginafge 149 of integrated circuit devices is
fabricated simultaneously on a single_wafer_. The wafer is then subdivided into discrete devices (each

of which is often referred £ 44 S8 RYABLRILFCEIR> SFAGEHY HRich THER AR IES sed

and "packaged" tthatanigledrn\enat piesd deinRroKggEiRi0Ea feRicORElpionsivies, tynieaticinalises,
among other processes, encapsulating at |east a portign qf the .25 semicgnductor die in a dielectric
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semiconductor denicgseserprovusebandiaeid irvesntisopackagesomigenasians instusicadietwo
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performance eleatsapinifeyicendadtheaseah pienpem\nditgbld anriatiaianadiothbetveeekhbtshd
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invention also relates to methods of manufactusuigh semiconductor device
assemblies.
15
BACKGROUND
Integrated circuit semiconductor devices are selalttronic circuits formed
on or in a surface of a wafer of semiconductor meteuch as, for example, silicon,
gallium arsenide, or other IlI-V type semiconduatmaiterials. Generally, a plurality
20 of integrated circuit devices is fabricated simodtausly on a single wafer. The
wafer is then subdivided into discrete deviceslfezE#avhich is often referred to as a
semiconductor “chip” or “die”), which then may baurther processed and
“packaged” to provide an end product. Packagingao$emiconductor device
typically includes, among other processes, encapsgl at least a portion of the
25 semiconductor die in a dielectric material to eleatly insulate and physically
protect the relatively fragile semiconductor di&uch semiconductor devices are
produced and sold in various package configurationkiding, for example, lead
frame configurations, chip-on-board (COB) configicas, board-on-chip (BOC)
configurations, and flip-chip configurations.
30 The continuing demand for miniaturization of higarfermance electronic
devices (such as cell phones, portable computadspther hand-held devices) has

required that integrated circuit semiconductor desibe as small as possible and



-2- consume as little surface area as possible on the circuit boards or other substrates on which they
are mounted. In an effort to conserve the amount of surface area occupied by integrated circuit
devices on a substrate, various types of increased density packages have been 5 developed. Among
these semiconductor device packages are the so-called multi-chip modules (MCM), which may include
assemblies of semiconductor devices that are stacked-gne on top of another. The amount of surface
area on a carrier substrate that may be saved by stacking semiconductor devices is readily apparent -

a stack of semicafsiusigiedayingrcansacacs cauUa8lydbSi SRR AHERB6 alds L athBEstRsiRitBdhsirate
as a single, horizontally oriented semiconductor device or semiconductor device package.

Multi-chip modul ¥ HSEY RN AR DAURIBEr of semiconductor devices that perform the same or different

functions, effectively combipinefiba flengtinsalifye ahallghtimsemandtstacaayieassertofiated
single package. 15A multi-chip module 10 is shown in FIG. 1A. The multi-chip mogule 10 is configured

as a chip-on-boafl OB WSS LhACHRRILE pRIAYR YRGB SRR PIRAYS P&\%ﬂg
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aces upward and the back side 15 is disposed adjacent and attached to t ubstrate 22 by way of an
iashie S0omat TGN RGeS o ducr) B1aY WS RSSema Qo B ANILEE 16
having an active geffires tBanate baaksileAs. drheseopnthstiviccsmtidcion dfeslificgavséedriosand

itioned vertically above the first semicondyctor di h that the acti face 18 faces. d
and the back sidéA6R AUBGLBIAIALARHEE, SEHERY AR ASPEBN Bh 5P sidss £09 Bay of

an adhesive mateippatdnt — ahstéickt servécndmeciocidic ded/vay inotetenagbiyrality sheiectictdlye

conductive iﬁnd d%ads 28 disposed g@the active suHr_{f%ce Cﬁ%therquf, aegf the second semiconductor

die 16 may Triclu %ﬁp%gmgﬁm%né RUME AR AR DI AARES Bl SO L RYCE Aface

18 thereof. The coadhictivaUzroddendselbacRagis’ may electrically communicate with the integrated

circuits contained Withinﬁza h ?i‘.the redsbﬁwective semiconductor {%i}i’e 12,16. As sh(iwn in FIG. %B, the
S |

bond pads 28, 28' may e RS RS o P RO B R e %&5&8%&@ qoﬂ(avbcres that

perform the same or different functions, effectvebmbining the functionality of
all of the semiconductor devices thereof into glgipackage.

15 A multi-chip module 10 is shown in FIG. 1A. The iighip module 10 is
configured as a chip-on-board (COB) type semicotatysackage, in which a first
semiconductor die 12 having an active surface Maahack side 15 is mounted on
a substrate 22 such that the active surface 14 fageard and the back side 15 is
disposed adjacent and attached to the substratdy22vay of an adhesive

20 material 24.

The multi-chip module 10 also includes a secondic@mductor die 16
having an active surface 18 and a back side 1® s€bhond semiconductor die 16 is
mounted to and positioned vertically above the Semiconductor die 12 such that
the active surface 18 faces upward and the baek Xddis disposed adjacent and

25 attached to the first semiconductor die 12 by wiegnoadhesive material 24.

The first semiconductor die 12 may include a pityabf electrically
conductive bond pads 28 disposed on the activaseiri4 thereof, and the second
semiconductor die 16 may include a plurality ofceieally conductive bond
pads 28disposed on the active surface 18 thereof. Timelwdtive bond pads 28,

30 28 may electrically communicate with the integrat@duits contained within each
of the respective semiconductor dice 12, 16. Aswshin FIG. 1B, the bond
pads 28, 28may be disposed in one or more rows extendingtaaotislly along or



-3- proximate to a centerline 21 of each of the first semiconductor die 12 and the second
semiconductor die 16. Laterally extending conductive elements 26 such as bond wires are used to
provide electrical communication between conductive bond pads 28 on the active 5 surface 14 of the
first chip 12 and conductive terminals 30 on a first surface of the substrate 22, and between conductive
bond pads 28' on the active surface 18 of the second sgmiconductor die 16 and the conductive
terminals 30 on the first surface of the substrate 22. The multi-chip module 10 may also include an

encapsulating majaijah#fidhatdscunestindrotest aashins drigitpestbposemicardugtandithéZdbend
10second semiconductor die 16, and the laterally extending conductive elements 26.

Horizontally-exteRBME EBAHGRNVE§dEes and vertically-extending conductive vias may be used to
provide electrical commupiersin SeveRRdhD BANGLHGE E daTENRAIBE3 AIhaaNdietv are TRngIH32

provided on a second, opposite surface of the substrate 22. Conductive solder bumps 34 may be
provided on the Eﬁo&ﬁﬁl&ﬁ%'f&]nﬁﬂ%@%'ﬁﬁﬂ%% 8%%‘?%59!?&“&?5%%%%%03@%&5% "f\%/é've

multi-CLlip mwulgdﬂd@eﬁlhigdﬂeml |@\tﬁb$ldh$|@’d | ae audm@?cm@imwitimk;are% on/ésd}?ﬂé‘lestﬁmiﬁecbi’pth@dU|e
38 is shown in FIG. 2. The multi-chip module 38 is configured as a board-on-chip (BOC) type
Semicontuctor pSRIEE SEH RUESR CORBHCIIEAOTS RBOREBH AEHVE SHRRE e Beback
side 15 is 20 mouwrieshonsasiidticiet4p giechahaidhnectvel sotifasealghiaces tayvimwasilidaceof
disposed adjacent and attached_to the substrate 40 by way of an adhesive material 24. The
Substrate 40 shoIE TP WHEL8IE 20 be bRl LAIHP W BHaLLS o B AR i F RACoRSHREng
substrate 40, howexsgsrialIsinakidies @eaneriwetde througlsulaithséaipbralivtef bend Dage: 28
disposed on the active surface 14 of the first semiconductor dje 12 are exposed. Laterally exiending
conductive Hom HESH SRR B LLAELAE Win PR LT AU OB GRInE 45 S TEStRg provide
electrical communicatiomMbe el {hextondimgds eendispwsed amdbesactisadsurfaatddxeé tianiy st
semiconductor die 12 and conductive terminals or traces %%]th% second side of 30the substrat% 40

e

opposite the sem?@m&\é? di32MaY Pfe Yrf i-éﬂi[?mx &K mggt}j{)ge@gh\ﬁeen the
semiconductor diechfs hewiro et HadedRdutiveecmBidpiXifdbd sacandsemicopgusitr die

161s -4- surface of the substrate 22. Conductive solderpgsuB# may be provided on the
15 conductive terminals 32 and used to structurallyl aectrically couple the
multi-chip module 10 to a higher level substratelsas a circuit board.

Another multi-chip module 38 is shown in FIG. 2. hel multi-chip
module 38 is configured as a board-on-chip (BO@gtgemiconductor package, in
which a first semiconductor die 12 having an actudace 14 and a back side 15 is

20 mounted on a substrate 40 such that the activasuit4 faces downward and is
disposed adjacent and attached to the substratdy4@vay of an adhesive
material 24.

The substrate 40 shown in FIG. 2 is substantiaftylar to the substrate 22

shown in FIG. 1A. The substrate 40, however, ailstudes an aperture 42 through
25 which the plurality of bond pads 28 disposed on dhtve surface 14 of the first

semiconductor die 12 are exposed. Laterally extgncbnductive elements 26 such

as bond wires that extend through the aperturerd2used to provide electrical

communication between the bond pads 28 disposdatieoactive surface 14 of the

first semiconductor die 12 and conductive termirmalsraces on the second side of
30 the substrate 40 opposite the semiconductor die 12.

The multi-chip module 38 also includes a secondic@mductor die 16
having an active surface 18 and a back side 1® s€hond semiconductor die 16 is



mounted to and positioned vertically above the first semiconductor die 12 such that the active surface
18 faces upward and the back side 19 is disposed adjacent and attached to the back side 15 of the
first semiconductor die 12 by way of an adhesive material 24. Laterally extending conductive elements
26 such as bond wires are 5 used to provide electrical communication between the bond pads 28’
disposed on the active surface 18 of the second semicenductor die 16 and conductive terminals 30 on
the substrate 40. As previously discussed in relation to FIG. 1B, the bond pads 28 of the first

semiconductor digdgdraed theahansoparnad v theangcansisemicapshictaidliedbdnay peetisperad in

one or more rows extending substantially along or 10 proximate to a centerline 21 of each of the first

semiconductor dif'§ 2SHUSHRYEEEEn A LAt HRIESH ed éhe badekilini YRpPRfshdYaseRiagMlso

include an encapattigdinstniaididabaektaatds1sse e ARiest ancotagulriel the yighsein merpdieisiveie 12,
the second semiconductor die 16, and the laterally extending{ conductive elements 26. 1

5,
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provide electical gsuamypieniice dlebreeal tuhmandiritinteeniraiatiha shaemiciies termimngle 32

provided on a second, opposite surface of the substrate 22. Conductive solder. bumps 34 may be
brovided on the CHHERUEARILARL BF SREOL 98 AR AL HEEy S SIS 20 o0
20multi-chip modie S8ustatdoier ey eteuiosisaielRittis Ssda visidb FaardiB, the lpogel pand @8f

facturi t ired to fapr; the devi h in FIGS. 1A-1B and
FIG. 2, cach of whIEN Con RO L cHE APRS G & oHHL A CETE P SIS HEHEIGS tr

require fewer magigagsiringy 25epitispeses fon fehecationdheresfiineluendansaptaigoaaniy, exhibit
art. DISCLOBURE R AL TR ERFRON S R R VAL e S rh o dE5esroeithe.
present inventionseithiperafpace nii¢oltdose skilled in the art from a consideration of the following
detalled description takep) I oo od Ll 8 A RS N AN 8By material 36 that
is used to protect and insulate the first semicotatudie 12, the second
semiconductor die 16, and the laterally extendmgdactive elements 26.

15 Horizontally-extending  conductive traces and vealhcextending
conductive vias may be used to provide electricahmunication between the
conductive terminals 30 and conductive terminalp@®ided on a second, opposite
surface of the substrate 22. Conductive solderpgsuB# may be provided on the
conductive terminals 32 and used to structurallyl aectrically couple the

20  multi-chip module 38 to a higher level substratehsas a circuit board.

A large number of manufacturing processes or stepsequired to fabricate
the devices shown in FIGS. 1A-1B and FIG. 2, edohloch contributes to the cost
of the device.

There is a need for multi-chip modules that reqé@&er manufacturing

25 processes for fabrication thereof, include fewemponents, exhibit improved
electrical performance, and that are smaller tharitifohip modules presently

known in the art.

DISCLOSURE OF THE INVENTION
30 The features, advantages, and alternative aspkitts present invention will
be apparent to those skilled in the art from a ictemation of the following detailed

description taken in combination with the accompaggrawings.



In one aspect, the present invention includes a semiconductor device assembly. The semiconductor
device assembly includes a first semiconductor die and at least a second semiconductor die. The
semiconductor device assembly may include a substrate with a plurality of conductive terminals
disposed on or in a 5 surface thereof. The first semiconductor die has an active surface with a plurality
of bond pads disposed in a first selected connection pagern on or in the active surface. The second
semiconductor die also includes an active surface with a plurality of bond pads disposed in a second

selected connection patiarmae caspde agivepredase. ihberasiveistliaes Oh iQRist©r MieQisiictor
die faces the active surface of 10 the second semjconductor die. Each of a plurality of conductive

structures may b&FEEM0MAIIy I SENIGARINFIYUPRESS 2SRGMRIHAABS FHE P ERIGRBANE Qb Mfe and
a bond pad of thespgicanbashucoseiieios sligicA gt &t e atiecdanilttid!ibeofdatasybnaiie iy

conductive elemirrﬁ may be structurally and electr;iﬁzlr%cougled to a conductive terminal of the

substrate, and a S¥CHAS EhF UL 1AM R Plard irfP RHGHEE UGS USPRSERLeR BTy R

electrically cgupled raeé igrstone Pha fienddaitohthe fistike mieanduciarfdiss derdomacidtbe
second semiconductor die, and a conductive structure. In another aspect, tsa_le present invention

includes an elect®id 8RG8 HIERASALIIN A ISP ERY FRURGSPHEINO NP idadNS eI fHHR Signal

processing devicgh@apont sasicuivl it eiewRid detitted Ae aldimBicenithe B @y dawcef
includes a semiconductor device assembly that has a S}Jbstrgte, a first semiconductor &ile, and at least

a second semico 8[]9’((9 8. ﬁB%?ﬁ%tP&t@rﬁ%%esﬁ%%‘? Iit‘fpmﬁ@iv%qe%lma %i%&@d on

or in a surface thegffcd herfiesbstiicantuctosidied ickidemeabdiativiies titreethdthctipbi gl i o lodnd
pads disposed in iye surface. The secon

@first selected conérﬁction ngS pattern op or in thhe atﬁaf
semicondudtBr dil'GISE TN RETURCAGHEY Hgce TR Lh R PEBOO s USSP 8% ond
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ie faces the active surface of second semicanductor die,.Each of rality of conductive
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bond pad of the datsradlysertmadidgatondigctidirsicamnshed eaah odcutphlpliyd blattradbiigxiengied
conductive elements may be structurall arlld gl\()-;ﬁ%ical ?o led t§ aconducg’j‘ve ermi&a:j of th
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substrate, and a 2 &%‘C:[B/-eo Ut alﬁ;1 n é‘i@cﬁ& II9 0835 %egﬁ'ﬁgast
one of a bond padxyétubriy siaaiuicived sdoratie i sianctyratlyoh thbmesiyn d agpecond atieadieo@and a

conductive structuge. In yet another gspgct, the present inyention includes a methqd of assembling 5
cemiconductor delica caiorite A Hagk Uk SPLHrS! Gk ortiGe:ct haTHRl to M REEPIAn
substrate. A first sachizbeaicitiol alig uanlityaafdatkrellyeesteradirg.conductive elements may be

the substate, and 2 oW T SERCor e TLEFAHY dONEHAND MO SePIe ARy AT

structurally and lfickldessietlkyastupledriemoeyafeviger alite afbme @adsonal incve ssitigedavitage of
tef;gcfti{f;;”e”%o”l%“nc o i%a? E?qaesﬁrﬁ?&?%‘PPéﬁ@h%rgg%gg.c%%%c%nsér.‘d%‘rﬁ%@m 28 ﬁﬁrc‘fgé“e%"!av and
y Coupledto one of a plurallty of bonds pads Of a second semiconductor die: At léast'Some of
the conductive stegrhicesduetalglestbeidssehelblst thamedsoan & ylzsdshivéise Mnsoselntondisstandiat the
active surface of fggst a second semiconductor die. The substragehenage a plurality of conductive
terminals disposed on or in a surface thereof. fireesemiconductor die includes
an active surface with a plurality of bond padgdsed in a first selected connection
25 pattern on or in the active surface. The secomtcamductor die also includes an
active surface with a plurality of bond pads digabs a second selected connection
pattern on or in the active surface. The activéase of the first semiconductor die
faces the active surface of the second semiconddato Each of a plurality of
conductive structures is electrically and strudtyreoupled to a bond pad of the
30 first semiconductor die and a bond pad of the se#e@miconductor die. A first end
of each of a plurality of laterally extending countlue elements may be structurally

and electrically coupled to a conductive terminfathe@ substrate, and a second end



15 second semiconductor die facing an active surface of the first semiconductor die. At least some of
the conductive structures are structurally and electrically coupled to at least some of the bond pads of
the first semiconductor die. BRIEF DESCRIPTION OF THE DRAWINGS 20While the specification
concludes with claims particularly pointing out and distinctly claiming that which is regarded as the
present invention, the advantages of this invention cange more readily ascertained from the following
description of the invention when read in conjunction with the accompanying drawings in which: FIG.

1A is a cross-secgpeatpidso¥iewipé adaauermrall-citin eedtieaipipled 16 i iR RAS vew BbAd
semiconductor die of the multi-chip module shown in FIG. 1A; FIG. 2 is a cross-sectional side view of

another known mRAE it g JERHSSENEOBIUH U Gie. & ROFRPAHE FRIPBF s THRIPANE Yetite Ml ictor

device assembly shadmiabadestiaatitegs of the present invention; 30FIG. 4A is a cross-sectional side
view of another illustrative semiconductor device assembla;ithat e_mbog%iaes teacths of the éﬁﬁsent
B

invention; -7-  FIG. 4B ¥ehBLELASRGEL TREPER TR SN RAHRGIBHE SURB AL oL ABRE SRR in
FIG. 4A taken alargriestandioe d&-#B sbmpotleereinA babkGidefagee@ascondiena vievwreianether
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conductive elements may be structurally and elsdtyi coupled to one of a
plurality of conductive terminals on or in a sudaaf the substrate, and a second end
of each of the laterally extending conductive eleteemay be structurally and

10 electrically coupled to one of a plurality of bopdds on or in an active surface of
the first semiconductor die. At least some of argllty of conductive structures
may be structurally and electrically coupled to @he plurality of bonds pads of a
second semiconductor die. At least some of thelwciive structures are aligned
with at least some bond pads of the first semicotafuie, the active surface of the

15 second semiconductor die facing an active surfatieedfirst semiconductor die. At
least some of the conductive structures are stralbguand electrically coupled to at

least some of the bond pads of the first semicoiodwlie.

BRIEF DESCRIPTION OF THE DRAWINGS
20 While the specification concludes with claims pararly pointing out and
distinctly claiming that which is regarded as thesent invention, the advantages of
this invention can be more readily ascertained ftbenfollowing description of the
invention when read in conjunction with the accomyag drawings in which:
FIG. 1A is a cross-sectional side view of a knowultirchip module;
25 FIG. 1B is a top plan view of a semiconductor dieh@ multi-chip module
shown in FIG. 1A,
FIG. 2 is a cross-sectional side view of anothevkm multi-chip module;
FIG. 3 is a cross-sectional side view of an illagie semiconductor device
assembly that embodies teachings of the preseeniion;
30 FIG. 4A is a cross-sectional side view of anotliesirative semiconductor

device assembly that embodies teachings of theprasvention;



5FIG. 6 is a cross-sectional side view of yet another illustrative semiconductor device assembly that
embodies teachings of the present invention; FIGS. 7A-7B illustrate various subassemblies that
may be used to fabricate multi-chip modules that embody teachings of the present invention at the
wafer level; and 10FIG. 8 is a block diagram of an illustrative electronic system that embodies
teachings of the present invention. DETAILED DESCRIRTION OF THE ILLUSTRATED
EMBODIMENTS In the description which follows, like features and elements have been 15 identified

by the same or similar refezene iecpdssos@armal idiedlifisratiesn apechrvmaReRs)Ivrderstanting of
the disclosure hereof. Such identification is by way of convenience for the reader only, however, and is

not limiting of theSRYBANiIEnoh BKER AL HFEHARANR AEraS WRAM SR nts of various

components and embodaenssiidaniiied Ry dierafeiencermnpeialsiisus SRiGRICHOLRIGE aiBeeEto
20identical functions.  An illustrative semiconductor device assembly 50 that embodies teachings of

the present inverfiorri RHOAL AR STica RS NG S SR Sembly 50 includes a multi-chip

module, whigh may inclyde adirstasernipsdusipadiside’yRwesPyst seilRentkiierimitonandiar
substrate 22. The first semicond clﬁr die qu 5 ma 'ncludefn active surface 14, a back side 15, and
a plurality of bondPYGE ?éstﬁgbkl&é PrEBIIRYIES a8 0L EMEHURRNI the second

semiconductor die 16 mRyGBclude7®) ilaiuasuiface s azace fidRekliandise nligeditiootibeird teads
28' disposed on or in the active surface 18. Each of the pbond p 28, 28' may electricall

communicate witPHIEPRo ORI 1t SRURAY I AGNRBS R I b SEARTE R R P& BIBr in
which the respectghendipad 28, 28' is disposed, and each bond pad 28, 28' may be configured to
carry mpUt/TdtpUt Slgnallglcg%n?é a block diagram of an illustrative electic system that embodies

teachings of the present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
In the description which follows, like features aetements have been
15 identified by the same or similar reference nunsefat ease of identification and
enhanced understanding of the disclosure hereath &lentification is by way of
convenience for the reader only, however, and is Imoiting of the present
invention or an implication that features and eletaeof various components and
embodiments identified by like reference numerais identical or constrained to
20 identical functions.
An illustrative semiconductor device assembly 5t #mbodies teachings of
the present invention is shown in FIG. 3. The semiluctor device assembly 50
includes a multi-chip module, which may includeistf semiconductor die 12, a
second semiconductor die 16, and a substrate 2 filst semiconductor die 12
25 may include an active surface 14, a back side 48,aaplurality of bond pads 28
disposed on or in the active surface 14. SimiJaHg second semiconductor die 16
may include an active surface 18, a back side d8,aaplurality of bond pads 28
disposed on or in the active surface 18. Eachhef llond pads 28, 28nay
electrically communicate with integrated circuifnot shown) contained within the
30 semiconductor die on or in which the respectivedbpad 28, 28is disposed, and

each bond pad 28, 28nay be configured to carry input/output signalewer



-8- voltages, or ground voltages to the integrated circuits contained within the semiconductor dice 12,
16. The integrated circuit contained within the second semiconductor die 16 may be substantially
identical to the integrated circuit contained within the first 5 semiconductor die 12. Alternatively, the
integrated circuit contained within the second semiconductor die 16 may differ from the integrated
circuit contained within the first semiconductor die 12. Moreover, the semiconductor device assembly
50 may include one or more additional semiconductor dice stacked above the second semiconductor

die 16. 10The bopgdipaes 28ef Hradiiat Seinigplueiotibe icynaitiruasoe fa@med aliirersasend

semiconductor die 16 may be disposed in one or more rows extending substantially along or proximate
to a centerline 2156MUSRATHHINE FACHddivEPdice in a manner similar to that illustrated in FIG. 1B. In this

particular configuration, e hord Rads 28cain 6itife@olivesitace ddhafitir gecrdiRenBopRGUCtor
die 16 may 15 be disposed in aléconnection pattern that is substantially identical to a connecéjon
xﬁP&'

pattern in which tHg ety denticithdoadive MIRYIAAY SHERRORMGIREhIMHUNHELED are

disg)osed. :cn tt;.»;)theﬁe@arlf’ﬂdl@@ﬁlm]efairzzo,ldtme D%ndmaﬁg@iyheﬁés?@g@h?r@lmt@bﬂiairl@oavwitmﬁ lﬂl@@ﬂ
pads 28’ of the second semiconductor die. 16 may be dispgsed in other connection patterns. 20The
Do surtios 1SR eI EATELICH GIF hB T Bl A URT O A § U bR

semiconductor dighd&irdt asicsaqbiheidam prits &8 ef thedisandnuasmdegios dissbanbigysoe
disposed in a first sele_ctedéonnectionﬁgattern gatr_ld at least some of th(%tbond ads 28' of the secqnd

semiconductor die'3¥% Iﬂﬁk&' 8 Bﬁf)c%e e %g Bioga MBM% % QAf§sHEmRTEP age
of the first 25 selestaid @aieoiiaticoagern. In this configuration, at least some of the bond pads 28 of

Semicondudd die 16 Wik PR GO BCHCAEC) tha LB AAHE S RO G B L are

oriented and aligtiesl #eadadestariieon docantivie subfanaytbadligp sswnéa) cotdiguraiene d@alietlly

extending conducti e{ale{ln ts 26 ma be used tc% rovide e\ectr' | c mm nication between i

conductive bond BATRIB GTHALONG08 IREE S ASS ISt BT B30 Bl DRSS A HHE836 on

first surface of thensulpsiragiiidr ancthat illustrated in FIG. 1B. this particular configuration, the
bond pads 2&n or in the active surface 18 of the second semdigctor die 16 may

15 be disposed in a connection pattern that is sutislignidentical to a connection
pattern in which the bond pads 28 on or in thevacsurface 14 of the first
semiconductor die 12 are disposed. In other ennbexlis, the bond pads 28 of the
first semiconductor die 12 and the bond padso2&e second semiconductor die 16
may be disposed in other connection patterns.

20 The active surface 14 of the first semiconducter 12 may face the active
surface 18 of the second semiconductor die 16east some of the bond pads 28 of
the first semiconductor die 12 may be disposedfirsaselected connection pattern,
and at least some of the bond padsdt&he second semiconductor die 16 may be
disposed in a second selected connection pattatngta mirror image of the first

25 selected connection pattern. In this configuratatrieast some of the bond pads 28
of the first semiconductor die 12 may be alignethvét least some of the bond
pads 28 of the second semiconductor die 16 when the $ieshiconductor die 12
and the second semiconductor die 16 are orientdchbgned in a face-to-face (or
active surface-to-active surface) configuration.

30 Laterally extending conductive elements 26 mayd®zuo provide electrical
communication between conductive bond pads 28 emattive surface 14 of the
first chip 12 and conductive terminals 30 on at fagrface of the substrate 22, and



-9- between conductive bond pads 28’ on the active surface 18 of the second semiconductor die 16
and the conductive terminals 30 on the first surface of the substrate 22. By way of example and not
limitation, the laterally extending conductive elements 26 may include bond wires. Alternatively, the
laterally 5 extending conductive elements 26 may include conductive leads of a lead frame or
conductive traces carried by a flexible dielectric substrage such as tape or film, such as those used in
conventional tape automated bonding (TAB) processes. A first end of each laterally extending

conductive elemajitdfearrycbadieatiicaly mndpstectasnliticeuntaneo aneachiclige ¢rrimaalsz@ enda
surface of the substrate 22, and 10 a second, opposite end of each laterally extending conductive

element 26 may 5EBIEERRANP A EsHACRIAINE TS EL\G (&S0 BAERS LR hal3e6nth D Sctive

surface 14 of the diipsgeeiconducsyr gieyl 2o beas plad Z§ ondheiaetirine riacerdB obtherzaagnd
semiconductor die 16, and a c?nductive structure 52. By way of example and not limitation, th@ second

end of each Iater&ﬂ’gp@%éw&inﬁ SR8 183 elREHIBE RO HWIERS LAY G Y st FEA R upled
to both a borgl pask@hamghecretingisertaemantef1beniisst iseMige nduetabatiasl dfoadea s dnsiuetive

structure 52. Each bond pad 28' disposed on the actiye surface 18 of the second semjconductor
die 16 may be elGCRAUTYE AR RATIE LN Ad PSSR GEESY ke RHGTh 25 e A I ko 14

of the first semicepgteioe disctlif:wrayeatian2tapaauiveatd tiy k) bacberauchviy stregtire 52
may be electricaLB/ and trt%uralﬂg{cougleg.directlé/ tﬁ) a pond pad 28 oéég; irst semicon uctoréjie 12
and directly to a 5n8 SoftHe §& N2 nGEBAYGEYS: %Pfréy X (f:}f'éc 4 it
limitation, the elestrigelyaRncoigtieal suctird istiveate intivaleseteeinitady opuskistivstnetadbalaor
bumps. Su%%slectricall conductive metal balls (E li)u%p?l 25 r}r&g{jnc ude, for examripl% gold, sgver,
platinum, copber 2afi6$8'4f sHBRIREGRNSr Y LaGa AR KRS U RIS £8HAG 08
structures 52 maylieciticl igomaticoudiliadBponypleictaid fexnisabionibalh cond EBiehtane actile.
The electrically condéjactiv structures 52 may be used t ajﬂL%as ar ?CI%\/ secure the second
semiconductor GRMES i A4Sl RL LR EHo 2o G A TEHORE 20 BT Ui e e 18
communication befwhensieohdngdepaids 2@lidispakiedi®) tredaativersiutaitactdrof §2e segomdy of
semiconductor die 16 and the bond pads .28 disposed -10- on the active surface 14 of the first
emiconductor ST TG YAy BRRAINE ANk e BIEhHAETSLY SRR LENIP some
of the bond 1&ds e18htkisp@Bchan Beeastiricallyfacel t&ufihalbgdeddseaticendontbpdit 28 onapde
electrically and structurally .5 co Iequ'%o bond pad 28 dispo % n the agtive surface 14 e%the first
Somiconductor RIS SR B AR LS G FA il DS Gyt o e YL R2surtace
14 of the fjrst semicondugdchdieohdl npmdbe_&iemdsaﬁy 'L_mlattmi _ﬁaqtivallairﬂ’aeé)om [ d $h28'sbispasged
O e Al S kB A e P 2R b TRR B SRS 8 T ARy ST €53 FoRE pRabecs
disposed on the active surface 14 of the first senductor die 12 by way of a
20 conductive structure 52. Each conductive structtemay be electrically and
structurally coupled directly to a bond pad 28l first semiconductor die 12 and
directly to a bond pad 28f the second semiconductor die 16. By way ofvga
and not limitation, the electrically conductivewstiures 52 may include electrically
conductive metal balls or bumps. Such electricadigductive metal balls or bumps
25 may include, for example, gold, silver, platinuropper, alloys of such metals, or a
solder alloy. Alternatively, the electrically camtdive structures 52 may include
conductor-filled epoxy material or anisotropicaltpnductive tape or film. The
electrically conductive structures 52 may be usedtt least partially secure the
second semiconductor die 16 to the first semicotmdudie 12, in addition to
30 providing electrical communication between the bgatls 28 disposed on the

active surface 18 of the second semiconductor @lientl the bond pads 28 disposed



10 active surface 18 of the second semiconductor die may be electrically isolated from all of the bond
pads 28 disposed on the active surface 14 of the first semiconductor die 12. The semiconductor
device assembly 50 may also include a plurality of dielectric structures 54 disposed between the active
surface 14 of the first 15 semiconductor die 12 and the active surface 18 of the second semiconductor
die 16. The dielectric structures 54 may be configured.-jgat least partially secure the second
semiconductor die 16 to the first semiconductor die 12. Moreover, the dielectric structures 54 may be

configured to sepgfiaieethepreeneaeeneppttdairdiesémicomdingidis? semiaanieialdiexdarlmy
selected, fixed distance. The dielectric_20 structures 54 may additionally or alternatively be configured

to support the latEPIRMEREHAIRGEBIRIAtve elements 26 between the first semiconductor die 12 and

the second semiconducimiahiealiGdiya Brapnesihat preyrRNtBEHdN hhzeEBRpYsEa 6antaet Artias
electrical shorting between the laterally extending conductive elements 26 and the active surfaces 14,

18 of the semicortttiA6F dideP1 318 SEAPTHE SERUCQIGIN SHEoh TERSIERY 'SRIMAAM) TEHELEUY
element 26 rgay pasplbtough &t ivasd opadiiglecitiestsisdurerb4htn tigicent@viatiost, epeh flislectric

structure 54 may be configured tqQ. support and hold at least a portion of the laterally extendjn
gl s b i e e T N,
die 12 and the activgveustatectBlaf therketiestseamiionadeadediddisienkoe MotitaMBr issiahedieleairic

tructure 54 hed to both t iye surface 14 of the first semicond ie 12 and th
2cive Surface 160 (b LoRoRU BB ASERIFBEGH. O EeimeHlfscil G Beiihe B4 dhsy SBHALe

a discrete dot, glggnaicbrtie e atibesive Siaitiid), as Basvonie fdChohdl paddpessym seateriatieay
comprise a thermoplastic polymer resin or a thermoset polymer resin (such as, for example, silicone, a
ciicone backls mAIE SHTRUAP 6 et e SRR P e B PGl iy
include a filler maiirestl thiecbar] s adpisppatities dialuctiivasHriiias. tneafienedivicemiactonents,
each dielectric stajct e 54 may include a preformed dielectric structure secured to one or both of the

first semiconduct8I%df& 12 and the second semiconductor die 16. By way of example and not limitation,
each dielectric structureTfenmagmitdundeadirstigitee absinblesUinmtageasdildreliiaphedliyy thg active

surface 14 of the first semiconductor die 12 and a second piece of dielectric tape, gr film attaghed to
Dot the hrer piocOPBCTIUEIES: i PR S R e B HE2EEod <BmDndlShr dic
16, as desctibed s fikbaddetail dieldR. arfte thenaicivel s aida cte Tid e g esend iyevicoag inthrddiean .
encapsulant 15 materjal 36 to sicall tect and electrically insulate the first semiconductor die
2. s aetond s AR SEUrTe BR TR S S BN R it bl Serme 538 sishd
encapsulant mataahiddmiaytimcldide 1 B t@xhmhilst sstreicooplasioc piddy v resie orthdhdisteaset
polymer resin (such as, for mple, silicong, silicone-based materials, epoxy and epgxy-hbased
ot whioh HE LRI BRYR SAAE o chn e s TG A 185
particles). AlternatieelfirshesentapsdlzctomatieridlZB ey iseladied, cérdisiianoateridhsudte st fior
lIlected

etante L NS I T A T o
thermal expansioaxtending conductive elements 26 between the $esticonductor die 12 and the
second semiconductor die 16 in a manner that pteven minimizes physical
contact and/or electrical shorting between the rddite extending conductive
elements 26 and the active surfaces 14, 18 of éhecenductor dice 12, 16. At
25 least a portion of each laterally extending conighecelement 26 may pass through
at least one dielectric structure 54. In this @unfation, each dielectric structure 54
may be configured to support and hold at leastréigooof the laterally extending
conductive element 26 passing therethrough betweeractive surface 14 of the
first semiconductor die 12 and the active surfaeoflthe second semiconductor
30 die 16. Moreover, each dielectric structure 54 rhayattached to both the active
surface 14 of the first semiconductor die 12 aredattive surface 18 of the second

semiconductor die 16.



25 exhibited by the first semiconductor die 12 and the second semiconductor die 16. Moreover, the
size and shape of the discrete dielectric structures 54 may be selected to facilitate introduction of the
encapsulant material 36 into the space between the first semiconductor die 12 and the second
semiconductor die 16, and may be selected to provide a selected or predetermined stand-off between
the first 30semiconductor die 12 and the second semicppductor die 16. In this configuration, defects
and failures due to thermal expansion mismatch, which may occur when the -12- semiconductor

device assembly 50 is sphjgi¢tarblectriersialeyringAwiig enamian anaydee egleeebpbinized.
By way of example and_ not limitation, the substrate 22 may include a circuit board. The substrate 22

may be substanti@fjeIMHHARBIETR R SAYIE, B BiSintemldE THABRMAETR}JBRY £LEIRHTE, Br

comprise an FR-4h@mfrdpiadanipatpmAlesativelyatiecsHiREA® dynaay qQRUHISE Afoniexaasss, 2
tape substrate or gther type of flexible substrate, a semiconductor die, a complete semiconductor

wafer, or a partiaPLSPMon ductSIcRBRPAEEAd RHR Rhc&thEP X Yen @ ERIBHERRPBA oMAIIRh the

substrate 22mnd \gengoiedivevinadhabrdandeubstiaaiialhonritcaitdleinp sabrhes sthstrtendlemay
be used to provide electrical communication hetween the ﬁonductive teriﬁinals 30 on the first surface

of the substrate 2PHfd&orfu DaniRBISES Brovill PHEARRBNE e SRfedifFRiNC
substrate 22. CorgugiiMeessddaidiailschideumnpseldrmeanl ifcrrovidetnn shenendiiciiyve terrpipi oB2

and used to structurally and electrically couple the semiconductoy device assembly 50 to a 15 higher
ovel subsirato T J0SL SPER AOLBtok DI B0 e DR, OGS ckbo b Wk Tl o
anisotror)licallydco?éwmﬂw]ei wnﬁr?ftfiimimaamee%mvwegaomimgtmdm?ﬁw ﬁaﬂmﬁalr;a 3?snrpxlilel¢@§dfto
structura electrically couple the semiconductor device asse 50 to a_higher level substrate.
T fres oo or ST 2R i AR o1 S SO BOgo1A, o W 58 ST Ut o
disposed adjacentiari® aitathesktp e siobsttstdi@Rciic wayeobedhapledatd buah limd dlienpibecbaick
side 15 of the first semiconductor (ﬂ 12 raal\q be attacheo]L to ag rface of the substra(g:f 22 bg.w éof an
A §0hslis

adhesive materiagf CTHE Rl F Elﬁﬁ{ﬁlf indldec éﬁﬁgw A8 Ste,

double-sided adhesiteseisearifilforthdnefoaiplasioavpolymer material, or a thermoset 25 polymer
material. Die attach pastﬁqs are comme ci?lly ayailable from, for e Ableﬁti of Ranch

Dominguez, California. CASEMHFGEEHER m ?Nbcc?fo?ﬁaﬁmﬂgth sgﬁ?‘?{é(oﬂaﬁ& ?Eme%@é%my
50 shown in§I1G.Matbrs BB Hat@AS(sbh peotstexad gliecariciistkoartettiestirsessisvooodtmtor die
12, and the secor&cIiGSfﬁr,m | O(re]dsué:é%rngiesér%%%%%&? rb&é) r%i,dg(rjl'd ttezally extending conductive
elements 26. The encapsulant material 36 maydeclior example, a thermoplastic
polymer resin or a thermoset polymer resin (such fas example, silicone,
silicone-based materials, epoxy and epoxy-baseeriak), which may be filled
20 with particulate material (such as, for exampleynaha or silica particles).
Alternatively, the encapsulant material 36 mayudel a ceramic material (such as,
for example, silicon nitride or alumina). The camspion of the encapsulant
material 36 may be selected and/or tailored to eixha thermal expansion
coefficient that is substantially similar to a dogént of thermal expansion
25 exhibited by the first semiconductor die 12 and $keond semiconductor die 16.
Moreover, the size and shape of the discrete dredestructures 54 may be selected
to facilitate introduction of the encapsulant mle86 into the space between the
first semiconductor die 12 and the second semiocdondudie 16, and may be
selected to provide a selected or predetermineddsiff between the first
30 semiconductor die 12 and the second semicondu@ot@ In this configuration,

defects and failures due to thermal expansion ntdmavhich may occur when the



30 Such substrates and semiconductor dice are commercially available. Alternatively, the substrate 22
and the semiconductor dice 12, 16 may be fabricated using techniques known in the art. The back side
15 of the first semiconductor die 12 may -13- be attached to a surface of the substrate 22 by, for
example, using the previously described adhesive material 24. The adhesive material 24 may be
applied to the substrate 22, the back side 15 of the first gemiconductor die 12, or to both the substrate
22 and the back side 15 of the first semiconductor die 12. If the adhesive 5 material 24 comprises a

curable fluid, gel,qempiasied bt pdeofiveasdatisl Zbmay s petatinltopdivig fRihgopERXIIS!Y
described, the back side 15 of the first semiconductor die 12 may be pressed or held against the

substrate 22, and1R¥ BEHESHESH HeRUNBAIZRYy be consolidated or cured to a solid form by, for

example, subjecting the pyglhggiver meseniak24ne heal pitatkairamagnptozBsiriiom (fued asifeit
10example, ultrayiolet radiation). A plurality of laterally extendin%eonductive elements 26 may be

provided. A first eRPH-each&tePHIRFEHEN difig DENd iV HISHABHEDS /HSEBEL oL rEHA TR

electrically cguplegidmaleondieiqtive-iremBa) A8sp arderarbivfaeaabtharsrpsuats 2R-5 reafndend of
each laterally extendin%cor}guctive element 26 m%é 15 be .Structural!{/ and electric%%cougled to a
A %

bond pad 28 on dMif e G ERSHR e % P FROREISESEHMTS . 8 (GRS S RSEHBIL A Fot
limitation, the latagglty epdieribrROsMtaEY e elemieniridctorayidpalptisdephivaduatst erifeensioaal

ire bonding techni d.equi tk in the art may b to structurally and electricall
couple the onds GPEUE SEH RSt et 100 LIS S P eSS R 21 AY an

example, wire bontdinggmanbingsoatideqaprandt esedveiiadeitiothdaie xamptantalick/anitSoffa of
Willow Grove, Pennsylvanja an Palom%r TechrrTE)Io ies,of Carlst@ciqeglifornia. .__Prior to securing

the second JsgmléB oG Bl ﬁs'in?é( Eo %ﬁ%t@r BIeUME ﬁ&“&%@éﬁﬁ&@ﬂ@%@?ﬁé\/ be
structurally and eiretidoaltiuctuvplestitireasB@oofthtidast sarfecahshelinchrads 2Bidramdodtiee
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conductive or corsdiaéorbidlizdcar oy palBiombyresp eivid adeomavendatiifee tarhanelsnag bedissedo
e g A S P T SR e s aeme g e ope
15 higher level substrate such as a circuit board. terAétively, conductive or
conductor-filled epoxy material or anisotropicatlgnductive tape or film may be
provided on the conductive terminals 32 and usedtiiocturally and electrically
couple the semiconductor device assembly 50 tglaehilevel substrate.

The first semiconductor die 12 may be mounted erstibstrate 22 such that

20 the back side 15 is disposed adjacent and attach#ee substrate 22. By way of
example and not limitation, the back side 15 offil& semiconductor die 12 may
be attached to a surface of the substrate 22 byolvap adhesive material 24. The
adhesive material 24 may include commercially add die attach paste,
double-sided adhesive tape or film, a thermoplgstigmer material, or a thermoset

25 polymer material. Die attach pastes are commdyciafailable from, for example,
Ablestik of Rancho Dominguez, California.

As an illustrative method for forming the semicoatitw device assembly 50
shown in FIG. 3, the substrate 22 (such as, fomgka, a circuit board), the first
semiconductor die 12, and the second semiconddaot6 each may be provided.

30 Such substrates and semiconductor dice are comatigravailable. Alternatively,
the substrate 22 and the semiconductor dice 12ma§ be fabricated using
techniques known in the art. The back side 1heffirst semiconductor die 12 may



-14- The second semiconductor die 16 may be oriented and positioned relative to the first
semiconductor die 12 such that the active surface 18 of the second semiconductor die 16 faces the
active surface 14 of the first semiconductor die, and such that at least some conductive structures 52
of the plurality are aligned with and 5 contacting at least some bond pads 28 of the first semiconductor
die 12. At least a portion of some laterally extending corgluctive elements 26 (a portion proximate the
end of each laterally extending conductive element 26 that is coupled to a bond pad 28 of the first

semiconductor digel Aitarheberdianegrriceanwieheghratiteerpainenpaiice st USgravidgshpnd
pad 28 of the first semiconductor die as the 10conductive structures 52 are brought into phrﬁsbical

contact with the BIRFPREL S8RESHE R ERicehdulits GRNESIVR FREFAVORL D& e e the

conductive structyigsshaten@p benaliged Wideand prssediagakisioReintdsd atachmentsytioueling
between a laterall extendi(ré% conductive elem_l%n 26 anﬂ a bond pad 28 of the first 3%iconductor die

12. Alternatively, PSS FRPESNINERAS IS S RG a0 3Nq 4R UGion gt alf 45 LR Minst
a bond pad 28 ofthadiial saneeemtiselondie bt fulecaiionaiepsits Hexdsilaieralty daljadeniay peint of

attachment or coupling between a laterally extending conductive. el nt 26 and a bond pad 28 of the
et semconducBPHIET oM M e oS e R dre e BT At e sty
coupled to the cogegapswitinetbonficpads 2apiibedittsed santieh dusdisstiebklraish aghicththehe
conductive structures 52 are aligned.and in physical contact. By way.of example_and not limitation,
f1he conductive SHIRRIYES S HIAAS SBRILPE AR BPUARL OIS URITER BoiBE RATRE:
subjected to a refoljprangss ataiheisvatehtenpaator e atstitelisaaliveec etbatiicatiyueruats the
solder 25 balls or bumps to the bqnd ds.28 of the first semiconductor die 12. If the bond pads 28 of

the first semiconfti&t (jﬁe 'i'E,%WQ 65 E&H)sn% of the second semiconductor die 16, and the
conductive structures SAingluditprairaroatgdexténdinid eoadiaid\alleyenie 20nduagtive pridtises 52

may be structurally and electrically coupled to the correspondijng bond s 28 of the first
omicanducor aik T0GHG 36 SREOAEEHIY AT o, CaRg B RTRIe £oo QiheDEo MRS BB to
form what is ofteranefestectticals/acoaiteth-gold interdaonest téfatips@icioranlfihsuetaduaivehe
structures 52 include a curahle conductive or conductor-filled ep material,.dots, -15-b s, or
Ql0bs of epory ARG be AT Yo SR BadE SEA L FRIREE Y EEkR TR R TR (or o
the bond parts 2&ef stradiatatigraics rikatiicalie da)pretiuio fobmadh28 eaomdisamiaotiveiciarfaie Ry be

materal 5 1o i FGbL Ty SCOIHE b0t T SRAUTRIE F12, CEMRUSH G CEo ey and a
bond. pad 28' of tle«_xteeucﬁn@ sendooﬁdelcétﬁrﬂm%ZEadaygImluﬂepbahmmtalonayaiﬁorﬁ& widkrect
e e B T R S0 R o
electromagnetic electrically couple the ends of such bond wiresh® conductive terminals 30 and
20 the bond pads 28. As an example, wire bonding mashand equipment are
available from, for example, Kulick and Soffa of Wi Grove, Pennsylvania and
Palomar Technologies of Carlsbad, California.
Prior to securing the second semiconductor dieolte first semiconductor
die 12, a conductive structure 52 may be strudiueaid electrically coupled to each
25 of at least some of the bond pads @8 or in the active surface 18 of the second
semiconductor die 16. Equipment, machines, anchaast for structurally and
electrically coupling conductive structures such fas example solder balls or
bumps, conductive or conductor-filled epoxy balidbamps, etc., are known in the
art and may be used to structurally and electyicaduple a conductive structure 52
30 to each of at least some of the bond padso@8or in the active surface 18 of the

second semiconductor die 16.



10 radiation (such as, for example, ultraviolet radiation). In this manner, the second end of at least
some of the laterally extending conductive elements 26 may be structurally and electrically coupled to
at least one bond pad 28 of the first semiconductor die 12, a bond pad 28' of the second
semiconductor die 16, and a conductive structure 52 when the conductive structures 52 are
structurally and 15electrically coupled to the bond padg 28 of the first semiconductor die 12. If each
dielectric structure 54 includes a dot, bump, or glob of dielectric adhesive material such as, for

example, a thermoplasticHOkEaeh EESEhAEGHHNGEDPSRE NBUMERY RSty ieR iR datisiitr fernod, the
dielectric adhesive material may by applied to the surface of the first semiconductor die 12 after

providing the latel®Ry B6lesRIAKAGASAALEG SremERts SRLAGPrRFHYERCRIiNE B Y oRRrond

semiconductor digchhitorniaedist grmicoadestéidligclides dobriidat MhéensitaspaTicon Al caehilateiatly
extending conductiv&elemen 26 extends through the dOtE&”Ob’ or bump of dielectric

( hesi
il B SRR B S SO SO i TS 3Bk LRk et Hih s

applied in a fiuid staieatRitieaUgase sHrie hisad PagsnBonduetirsicchd aiter prievidingahkelaseeally
extending conductive eler?ents Z%SUC that arfﬁJg,rtion of each laterall nding conductive element

26 extends throuBTHRE & SSVBRIFIS) A 8K BF RS CARIHGRYE P25, PRRA BEmate the

semiconductor dierikb dhesnarayzheralignederidingnddrefidanedolelatgtathe s seanicortdwead die

12. The globs of dielectric adhesive material may be si h 30 that each glob is in direct contact
with bt he frstBACCALIRE e AT e GO R e ARG OGRUBRE o

semiconductor diechaligtlignsevithrears? pasitienedelgive I8t fisat Semiconductor die & e fluid
dielectric -16- adhesive material then may be consolidated or cured, to form a solid dielectric structure
54 s 5 rodh oSRRUHEINE R IR o D B SRR PR BEAMEL WS RS RS THeret
semiconductor dighd?2 fard thenaiciiveigordacelit8 opthe fecotibsemitddlmtist diehe. witelnaiiely,
the dielectric adhesive matg\zl m%a)?/ Ee a?ﬁ lied to a surfaflie of the second semic?nductﬁr die 16|} or
globs of the dielectiCUtfgste MRS E{%g é{YJHfleqp HERFLSYB AR SBHAEBMAUILSY die 12
in a first pattern, aodgingetieedialtaisiabylkesivelimgtesiad nwibeappiedio theswifpee Adiud
second semicondyuctar die 16.in a second. rn that is.a mirror image of the first pattern, 10 such
ot e aiobs of HEdkt SR aT B L T o et S g e R R S e
globs of dielectriceaihesvaigrasdrialithraiine sesssut ssgsicsndubondipaibthe fifstagndoaduitor
structure 54 incluges a first piece of dielectric. tape or film attached to the active surface 14 of the first
emcanducior o 2 n o dREAUHIcE LD o AP R AL £ G AGHEIL Broce
of dielectric tape oodiplingnioetivecactindatertdeck@eaniding secnhd temimone cnd diebdbdtipadird8 péces
of dielectric tape gr fil ay be applied to the first semiconductor die 12 prior ta forming the laterally
xtonding comudloe Db SRR SERIEIAE e I e O e SR MR e
second semicondiiniotuded| Gipd ozl aic 210/ | easippedtial ynee copegding Jemot padmn 2B rafutiorfids: 16 to

the first semjconductor die 12 by way. gf the condyctive structures 52. Alterpatively, the s conéi ieces
of ieleciicadpe SRR e e B ST S 27 e SRR ARG

extending condugtiveselgincenta@6, and the second semiconductor die 16 may subsequently be
attached to the second 'Ei;e/‘\’/‘\?%yoé ie?l%%BFetgﬁﬁ %N{Pﬁitation, if the contlue structures 52 include
solder balls or bumps, the solder balls or bumpy tma subjected to a reflow
process at an elevated temperature to structuaalllyelectrically couple the solder
25 balls or bumps to the bond pads 28 of the firstisenductor die 12. If the bond
pads 28 of the first semiconductor die 12, the b@ads 28 of the second
semiconductor die 16, and the conductive structGsclude or are coated with
gold or a gold alloy, the conductive structures1t#y be structurally and electrically
coupled to the corresponding bond pads 28 of tis¢ $emiconductor die 12 using
30 an ultrasonic welding process or a simple pressargact process to form what is
often referred to as a “gold-to-gold interconng&Gl) structure. If the conductive

structures 52 include a curable conductive or cotuitfilled epoxy material, dots,



25 An encapsulant material 36 may be provided using techniques known in the art such as, for
example, transfer molding or injection molding processes or radial-spread coating processes (often
referred to as "glob-top" processes). Optionally, a dielectric underfill or adhesive material (not
shown) may be provided in the areas between the first semiconductor die 12 and the second 30
semiconductor die 16 not occupied by the dielectric strygtures 54, laterally extending conductive
elements 26, or conductive structures 52 prior to encapsulating the assembly with the encapsulant

material 36. The goggsll srafienal shay ey theatkial sAmERSYIEREEPbHOHbe ZHLanRsylammaterial

36. In either case, the underfill material may include a dielectric material and may be selected and/or

tailored to exhibit®e TERRIHEY NG oHP BRI (AP RAPSARHRIEEE RRAGRNL UG Cignt 61 tRermal

expansion eXhIRVIrsherssassecissslicoRisomiheraecae) Sswsyaandustyr die st 1n
alternative methoads that also empo teachings o e present |nvent|0n, atera extendin i
conductive elemSISRTICOE HiS AAaP eV IpHR LR o ShrIENSAF i AR B SRR Bic 12

prior to attachingithénfiesteanyngsidacteddiact 2ipHhsosh hstria 2z o s iiseseienoshigtetslie 16
may be attached to the 10 first semiconductor die 12 prior tq attaching the first semiconductor die 12
bane SRdcadd A

to the substrate Z9€or4di& 39690 DSPRUCRNAGIOL AP SHursaTE H128e9Ynd
semiconductor digafepsbhigysariting inediectshgsivet wuthiiattvate déstoathwftreh seimidanshagipr die

12. These variations are merely examples of various_embodiments of methods that embody teachings
of the present invEHEORMTT AU Hfo P BIRRbAS in THEUBET L QARIED i) he SHEHIRdelthd
within the scope efdte bresient éxenp). subjeutihgrmerapbgymetitedsitiescidped dereimame e

dapted t f d af th fer level. Referring to FIG, 7A, a plyraljty of first iconductor di
12 sy b TmelPBIRUP G5 RTAR i REERE B R8Pt S ot 50 Ao, o

least a portion 54énfl eacladielastrisostieiafirehb4lmenaliy arpiedirigdoeter @b itestzg miagnbdector
dice 12 at the wafer level, as shown in FIG. 7A. Referring to FIG. 7B, lurality of sec
i % B Spe

n ,
semiconductor dit u&t}% b rrﬁ@&%’ﬁ%%ncgk}ﬂ?& £ Qﬁg\ﬂ? a a ?a%grtifbrﬁ%l of
each dielectric stgaicehduatsl afi¢heZ;oacvmtisiepsitupBiies S2coay bemppisduicdheligutalitared 25

second semiconductqgr dice 16 at the wafer level, gs shown in FIG. 7B. eover, a plurality of
ermconductor dETOULSEm b SGEas, BE b L P S IR ibgs b e e Lh it
FIG. 7C that$ncluslestacalliyaltyoibintegiad Savsinpéels 28 eteafeaha@dpandeerlimitation, the
30 form mdividual rst shrEbNAUEIBF BeetS et ) e B oy Seteios 22 of
the relatively largadsebsiateatetigheuchias; or eXahmiieyad \tretatigipg lgorelueisie etentbpindSnot
shown in FIGS. 7;')Adl?yC etrh ?Qs%a%\gep?g\t/%&gy described, the diglecidhesive material may by
applied to the surface of the first semiconducterX? after providing the laterally
20 extending conductive elements 26 and prior to seguhe second semiconductor
die 16 to the first semiconductor die 12 such #ideast a portion of each laterally
extending conductive element 26 extends through dbg glob, or bump of
dielectric adhesive material. By way of examplel aot limitation, globs of the
dielectric adhesive material may be applied inuadfstate to the surface of the first
25 semiconductor die 12 after providing the laterabyending conductive elements 26
such that a portion of each laterally extendingdemtive element 26 extends
through and is covered by a glob of dielectric adree material. The second
semiconductor die 16 then may be aligned with apsltipned relative to the first
semiconductor die 12. The globs of dielectric ailheematerial may be sized such
30 that each glob is in direct contact with both thstfsemiconductor die 12 and the
second semiconductor die 16 when the second seductor die 16 is aligned with
and positioned relative to the first semiconduatee 12. The fluid dielectric



-18- to the individual substrates 22 and the respective first semiconductor dice 12. The wafer 56
shown in FIG. 7B that comprises the plurality of second semiconductor dice 16 may be diced to form
individual second semiconductor dice 16, which may be attached to the first semiconductor dice 12
while they are disposed on the 5relatively larger substrate 57. Alternatively, the spacing of the
second semiconductor dice 16 in the wafer 56 shown ind=IG. 7B may be configured such that the
wafer 56 may be applied over the plurality of first semiconductor dice 12 while they are secured to the

relatively larger syhRt@iRe5hahendd ihEMCmES . BOILhisstaiarty extendiemeandustie elreenie 26

(not shown in FIGS. 7A-7C) comprise leads of a lead frame or conductive traces carried by a flexible

dielectric substraf R itFa3thoss GsERPHicSAEhHEHSF D S WM 2 R AHFHABI D RRIESER), at

least a portion of faavatelaticextendinthedmduciraietemenis: 2fEy HrepasienadRizeveshs tinst
semiconductor dice 12 of the 15 wafersfﬁ,gand the wafer 56 may be positioned over the wafer 55 and

the laterally exteriiRSEbREEIBAUEIREALE 38: The first semiconductor dice 12 may be structurally

and eleptrici'aﬁﬁ Coupt;e((:jl A@t@ﬁﬁaﬁiﬁ@ﬂ&ﬁ@@ié@lﬂﬂ@(@dﬁ@v@ﬁrﬂd@% @(’;&g@;@pﬁ@wﬁ@i\? ﬁﬁ!ﬁé@r@s 52
as preV|OU5y escriped, an ethrlca Communlcatlon e provige tweent e ate a
oxtonding condutlicELaMArRED ASLGMIEA on 31 81855 R EEIE ATBESMEBIeHR) oM D s

28, the bond padagiflicand the gqﬂ@@@tiuﬁtﬁtfumrgsrﬁ%oéa@dﬁ@rmaviwﬁ%meibﬁthnﬂ@wweﬁ 55,
the wafer 56, and the relatively larger substrate 57 then may be simultaneously diced, and electrical
communication ma5 BUGRS e RRSREN TIRIRLEk )P e R LORHR A e d 56 5w

in FIGS. 7A-7C) gathiberitdbtiotuale 26 sinbateiesndP pitegn foraarsrmmp émagrdolites firstqdtetiive or
conductor fijled epoxy selectively provided along the lateral edges of the resulting individual .
comicondudtlr doVIEh TEANBIREDS OB IRE T ARAR S AT DU SR EA RO 6 4
embodies teachirge oty edesenhinuantigivlssshsiwiligldd(Es. 48HESivEI@samisondustosedorievice
assembly 60 is similar to the semi.co(jlguctor device assembly 50 previously described in relation to

FIG. 3 and includ%%%'?ﬂﬂﬁil-’&l]% gr'l% e having a first semiconductor die 12, a second semiconductor
die 16, and an optional $ubatatei@Rctrik9struckesebdniodubEs . ot At adtivielpatfaceapé of thierfirst

semiconductor die, 12 faces the active surface 18 of the second semiconductqr die 16. At least some
o1 the bond pads SHON b AL AT SHIKSPIE £5 ey b EPSUBELH 1 AP 8 BLaeh 2o Ricktn
pattern, and Bt leafdésigutrief thpeoontllpadtafiat thebsecohdifipiece of dielectric tape or film and
the active surface 18 of the second semiconducierl®, the first pieces of
dielectric tape or film may be applied to the fis@miconductor die 12 prior to
forming the laterally extending conductive elemeB& The second pieces of
dielectric tape or film may be applied to the seteamiconductor die 16 prior to at
20 least partially securing the second semicondudmrld to the first semiconductor
die 12 by way of the conductive structures 52. elatively, the second pieces of
dielectric tape or film may be applied to the fimeces of dielectric tape or film
over the laterally extending conductive elementsé&2til the second semiconductor
die 16 may subsequently be attached to the sedendspof dielectric tape or film.
25 An encapsulant material 36 may be provided usiortigues known in the
art such as, for example, transfer molding or ipec molding processes or
radial-spread coating processes (often referred tglob-top” processes).
Optionally, a dielectric underfill or adhesive nraeé (not shown) may be
provided in the areas between the first semicomdudie 12 and the second
30 semiconductor die 16 not occupied by the dielecsinuctures 54, laterally
extending conductive elements 26, or conductiwgcsires 52 prior to encapsulating
the assembly with the encapsulant material 36. dreerfill material may be the



5 semiconductor die 16 may be disposed in a second selected connection pattern that is a mirror
image of the first selected connection pattern. In this configuration, at least some of the bond pads 28
of the first semiconductor die 12 may be aligned with at least some of the bond pads 28' of the second
semiconductor die 16 when the first semiconductor die 12 and the second semiconductor die 16 are
positioned and 10aligned in a face-to-face configuratiapyas shown in FIG. 4A. The semiconductor
device assembly 60 may also include a plurality of electrically conductive structures 52, each of which

may be electricalbaansl a8 ustairlysaurtes tha denthramrBnhibedint samicandictaidientRand to a

bond pad 28' of the second semiconductor die 16 in a manner such as that described in 15relation to

the semiconductdPA&VIRE 2866y andirieqyie masenial pad oy sRERIRAAHAL BB ER- ients

26 may be used expibitidarpiesizicak panyiwnicriina deiee nsRea mmians siadl air ey &y vdthindheof
semiconductor dice 12, 16 and conductive terminals 30 gn or in a surface.of the substrate 22. A first

end of each laterSM§'BIAerfItRGESABLEIPERMBN L B iU§ haSiGAMRLR S ntre Rt Ry SS6¥Hipled

directly to a epndygstiviedabnsiat dlzammor in a surface of the substrate 22, and a second end of each

laterally extending conductive element 26 may be strycturally and electrically coupled to at least one of
2 bond pad 28 of the firdSBHRICEHECIIUIR0R iah e 280 e SUIGHHA REFAO G e 16,

and a conductive|steysiiyr ekl e satiicandusiomeatice asaam il e tay &l sanio chadstia mbdrality
of dielectric structures 62 disg&osed between the active s éface 14 of the fi{iﬁtﬁs{emiconductor die 12 and

the active surfacdS18BEHS U dIat SEMLSMIHGIY ko1 64rPH QAR ARNTG {53h3PpHeqBEYgfor
described in relatgie ipthe $RMi0bBCHEI0P 2etiecsasseim by bk shauiadneHheay3h étdrashad astipie of

B L A T A e el o 3.3
attached to the aelivsisatéaee  1gr ahthelibietsttrsoentucisrsiiend@pindded on and secured to the
second semiconductor die 16 prior to securing dwrsd semiconductor die 16 to
the first semiconductor die 12. These variatiore raerely examples of various
embodiments of methods that embody teachings ofpteeent invention. Many
15 other variations in method sequence, etc., are@ssible and within the scope of
the present invention.
Furthermore, the methods described herein may apted to be performed
at the wafer level. Referring to FIG. 7A, a plisabf first semiconductor dice 12
may be formed on or in a wafer 55 as known in tiie By way of example and not
20 limitation, at least a portion 54f each dielectric structure 54 may be applietho
plurality of first semiconductor dice 12 at the wmafevel, as shown in FIG. 7A.
Referring to FIG. 7B, a plurality of second semidoctor dice 16 may be formed on
or in a wafer 56 as known in the art. At leastaatipn 54 of each dielectric
structure 54 and/or the conductive structures 5¢ beaapplied to the plurality of
25 second semiconductor dice 16 at the wafer leveshasn in FIG. 7B. Moreover, a
plurality of semiconductor device assemblies 50 rbhayfabricated on a relatively
large substrate 57 shown in FIG. 7C that includeglarality of integral
substrates 22. By way of example and not limitgtithe wafer 55 shown in
FIG. 7A that comprises the plurality of first seomcluctor dice 12 may be diced to
30 form individual first semiconductor dice 12, whiotay be attached to the individual
substrates 22 of the relatively larger substratesB@wn in FIG. 7C. Laterally
extending conductive elements 26 (not shown in FIZ$7C) then may be coupled



-20- second piece of dielectric tape or film 66 attached to both the first piece of dielectric tape or film
64 and the active surface 18 of the second semiconductor die 16. By way of example and not
limitation, the first piece of dielectric tape or film 64 and the second piece of dielectric tape or film 66
each may include a double-sided 5 adhesive tape. The double-sided adhesive tape may include, for
example, a polymer material such as polyimide and mayghave a pressure sensitive adhesive applied to
both major sides of the tape. Such double sided adhesive tapes are commercially available from, for

example, Lintec ¢otperai@niatdosypstansn2in dnig aeafiadpiimscerenicipiggticrsdigeture 62waay be
configured to support and position 10 at least a portion of the laterally extending conductive element

26 passing therefAEHRBSAREA tReGivEB IRRCSARRIISRE fis B REERMH SRIMSUMYEY active

surface 18 of the gigeonel sripipengidersl i AR, indliahnangdrenarédmiisital ensdacs antiehaiegjrical
shorting between the IateralljxL extending conductive éelemen s 26 and the active surfaces 14, 18 of the

semiconductor difE P1Aeq 58 e ifl5toSerRICaBAWGLL HiGS ats BHIBTYh 8" HISBORESh AT thiEdie

12 may be dposerhilveljilatgetesipgteaprirtion pattern or array, and the bond pads 28’ of the
second semiconductor dje 16 (not g/how ?/ be disposed in . a second selected
m

nin FIG. 48%}{11
connection pattern or arfAiFIRANEY mHSr FHAGEYr hetHRs SRIL0R SESHIGCLRNEIEG R dP alfsy. As
shown in FIG. 4Byiifeobee stiobediments 20 ghenpaitemnsiniduebdhsusandheadais, B8’ araydisposed

may include two or more rows of offset or staggered band pads 28, 28', which may allow relativel

increased denst BRLERGYF HEERIATD S oo e SR o B A SO e 1

semiconductor dige¥2|stfdhurihgemendsthete FTdsiebve termigasS0 on the surface of the substrate

22 may alsq pe offset or staggered (not shown) ip a manner similar 25to the bgnd pads 28, 28'. As

ais0 seon 181G 48, edth HEcaBPRUCCRIEING: (HAHCHAS & IDSRt AR Lo B a may

extend along or pHGBIFA-T (Rtetehasie otdssemicasddciariie il Dctfel trihie sardigiedtion, ;each
ar sandwiched between a fi

of the laterally ex&enoﬂ{lng corlductive e ementséZ6 aé be%é)ositione [rjst
piece of 30 diele e pg' S G2 4R 2 8Hépbi te'oP el QQME'EPM é%?%’ﬁd‘%g a
portion of each obandinglify aBlajsatlyssrNdinieesndupivior eohkhis Aky roie pdssytimgictash
dielectric structure %%5%": G. 4A). Alternatively,.the -21- semiconductor device assembly 60 include
a ploality of cisoRETHBISSAE ARk s HEIUBIE AP AP L8, 4 Sor R iy URE Hherdyt e
extending coBdudtisfe eESnemc? thexienlds. 76 podip hefpyesiamotik oilerstityesSearidothdu ticsrdiyice
assembly 70 that 5 eé\‘ncﬁgdies tegacrﬁn%seﬁf the pre tin¥ ntign E shown @ F(Igﬁ. 5.FIG.5is %
cross-sectional vigh ot the sERIAHREY RS dliE a embﬁ%o,”iﬁ %?6@1&2 CtiSh vi E‘&Xg Similar
to the cross-sectistmattuesip et skenidcaitiuctuplesite tressptdpdicehdwetan Hice 48 biheay of
semiconductor deyvice assembly 70 is similar to the semiconduyctgr .device assembly 60 previqusly
described and ingpud rﬁuctlv structuresagi as prewousl';/ élesarlged' Siétincal cdmmunication
may be provided between the laterally extendinglaotive elements 26 (not shown
20 in FIGS. 7A-7C) and at least one of the bond p&aistt2e bond pads 28and the
conductive structures 52, as also previously desdri The wafer 55, the wafer 56,
and the relatively larger substrate 57 then maysimultaneously diced, and
electrical communication may be provided betweere {thaterally extending
conductive elements 26 (not shown in FIGS. 7A-7Q) athe individual
25 substrates 22 using, for example, bond wires odective or conductor filled epoxy
selectively provided along the lateral edges of thesulting individual
semiconductor device assemblies.
Another illustrative semiconductor device assembly that embodies
teachings of the present invention is shown in FI&&-4B. The semiconductor
30 device assembly 60 is similar to the semicondudevice assembly 50 previously
described in relation to FIG. 3 and includes a mullip module having a first

semiconductor die 12, a second semiconductor diaridban optional substrate 22.



10 multi-chip module having a first semiconductor die 12, a second semiconductor die 16 (not shown
in FIG. 5), and a substrate 22. In contrast to the semiconductor device assembly 60 shown in FIGS.
4A-4B, the semiconductor device assembly 70 includes a plurality of discrete dielectric structures
through which at least a portion of only one laterally extending conductive element 26 extends. For
example, each 15 discrete dielectric structure may inclugle a first piece of dielectric tape or film 72
attached to the first semiconductor die 12 and a second piece of dielectric tape or film (not shown)

attached to the second sesrieangustedieso (RetiirRwsiitiate. ) antnatigaaslouiiddeeotirgiepigre of
dielectric tape or film 72. By way of example and not limitation, each piece of dielectric tape or film

may include a do{f9BSIRERBYRGHIAR bBIPHFSEH LSRR G dsribt FASeTLfn @5 the
semiconductor dexiae FBERMIBY FOIREANE eSO dictB die s uihRpBRRWHNFifst Beleetoand

pads 28 on the active surface of the first semiconductor die 12 and the bond pads 28' on the active

surface of the seCORNISEHRILORGHEY oY FhalPBEl dRYGSPin WeoABESIX B tleiith #AFIEach

bond 25 pad;28,siinigdecricd Paximeie sy deraispdgedithe sespRelive sonmeemidncieitidio tRalo.
While each of the reviou;!g.descrig)gd serEricond ctor device assemblies include a first semiconductor
B

die 12 having borrl Pd0E"28 ARG oSG RE T QIS SHBNE Bnn L ABIF SAUIGHLAPY sBEond
semiconductor diradét kaviregodand b3hPesi2 P aurmeeiror shanesrn e 1SEayg Iseleiiedcavitrection

pattern that is identical to, or a mjrror image of, the first selected connection pattern, other .
Comiconductor AAVIEAELSOEIRb DA GRS HERPARGS GFIRUTELEAOT S Mo QHRER thegirt
include a secondssaniantiustor die 18 hanihgHmwrepans 28 s edaduasgaccopdisinoaed iasd
second selected connection pattern that is not.identical to, or a mirror jmage of, a first selected

did placcrpg hirlGy

connection?) tte 816 Hﬂﬁ AESHIRL S FAUGHIN &P ay of example and not

limitation, in such a 5 samécarnicondigstioe destrBbhssEmBlCBE stiaictales Gaomayplbeaprpvided on

each of the bondC%ads.ZS of theréifst semiconductor (g%r 12in @dd};io to each of t?e bon?(ilgads 8' of
I

the second semi¢BRali Illydig(i .%&Pé?ivﬁwjﬁ&faqat Iyeé%& nin PA}HBMC{R‘% SIEHEAR Y6 h as

conductive leads sifucteaal Iff amepleertoray bedoped E8ldiewehattiicoadines uifade Hhaftthe fitstd

icond die 1 d 10 acti f 8 of th d icond die 16. A first.side of
2t least some of FRIABGN 6 HeTRY CoMCERAD G S oy o BN GRSy

coupled to d Sondalktiienswubt e hilcatiaiciotol ideviberut pah 2y @bk HirsiGeniconductor die 12, and
a second side of the same laterally extending cqnductive elements.26 m electrically and
Cimstorally acumlod to sRURHINLG BNE oS L SN 2 h N da A fia s Elestcal
semiconductor diecheminrscation detiigeattbe, ithe dpenddoailsLizByoixditih dirse seovindodiastaliciel?? may
not and need not aligned with.the bond 8' of the seco emiconductoy.die hen,the first
Comcondaotor dibt 8 K A O R P P B S Al 2o ATTLBOH Tons
prev?ously discussadh tim@eﬂlwmgemjiﬂ@mdanﬁngmmawemMﬁimdmm eledtricztiyds
that mcludeztawly two Se onduct rdlce.ngtdll ?\pé)_tther |.IIu§t%ad||:ve.sem|co?ducto evice a %?5”95’ 80

& Q&hER RO ARSI ThE' SR RoNucH

that embodies teectgHiP]gs O th& Sredht MVERtON is ShOWN | OraVicd
assembly 80 is siamthraogbecsemmathdoicteadeviateesbe rekite ol pye candheteseanted6n medstide to

structurally and electrically coupled to at leasem®f a bond pad 28 of the first
semiconductor die 12, a bond pad 88the second semiconductor die 16, and a
conductive structure 52.

25 The semiconductor device assembly 60 may also decla plurality of
dielectric structures 62 disposed between the @cBurface 14 of the first
semiconductor die 12 and the active surface 18@fiecond semiconductor die 16
in a manner similar to that previously describedafation to the semiconductor
device assembly 50 shown in FIG. 3. At least digorof each laterally extending

30 conductive element 26 may pass through a dielestriecture 62. As shown in
FIG. 4A, the dielectric structures 62 may includérst piece of dielectric tape or
film 64 attached to the active surface 14 of thst fsemiconductor die 12, and a



25 FIGS. 4A-4B and includes a multi-chip module having a first semiconductor die 12, a second
semiconductor die 16, and a substrate 22. The semiconductor device assembly 80 further includes,
however, additional semiconductor dice. By way of example and not limitation, the semiconductor
device assembly 80 may include an additional first semiconductor die 12' and an additional 30 second
semiconductor die 16'. An active surface 14 of the addgnal first semiconductor die 12' faces an
active surface 18 of the additional second semiconductor die 16'. At least some of the bond pads 28 of

the first semicondisgiond Recdiof diarectisnesrddn frirsbseieeieseanpetinamatesopaR iatiaast

some of the bond pads 28’ of the second semiconductor die 16 are disposed in a second selected

connection pattefiRFaPlisHMmiforfdhE St Yt aor 8Ot JHmRE i PUBRRFUSIRTIdiR 18t 163%t

some of the bondpadsf28xarhthe additimnalfiigtitramiernusteiobidir b2tacetgisposainn uthind
selected connection pattern, and at least. some. of the bond. pads 28" of thﬁ ‘a}rjﬁitional second

semiconductor dit'§6S&FQUSHERER [ LHEIFH 1Se 8RR PEM AL & PR 4% ARHBIEMAEE of the

thilrd se(ljecteds comm@@ty@tg-wﬁdb'ﬁléedlmaéhn@emiwpmﬁmy Eﬁdﬁmgpd p@nlshﬁé':]rst
selected connection pattern, and the fourth selected connection pattern may be 10.identical to the
second selected EUHREEISHEAAPOMTEE S04 AYRAGD PIERH LY ShadR G aPRISC (©

semiconductor dipctR’ majpbeiakgnedinathaideasigpnibabibeshiinisive sap@sohtbecadsiiomaisecond
semiconductor die 16" when the additional first semiconductor die 12" and the additional second
semiconductor di@vféaﬁ% iﬁrgrfbc Wo-mﬁfigbﬁ%n,%g@ﬁ&%mhalgléﬁy& 153 semlBoriBiSctor

device assembly @Shfiy atie® | eelvtelmncatddionat plreatynob eloetiitalyl cordipgidie sl glosib2',

h of whi be electrically and structurall led to a bond pad 28" of the addjtional first
Cemicondudt ci8 T f BHUA pal T PIRCANRS R Lo L, ATy ahe H8°SIN0

Additional lateralihersemdingrchetiustve tieantnts L fanaylaeoizat Joni€ophviter elkcTand the
communication between th intef%?t d circuitg%ithin the s?fmicorédu tor dice 12', 16' and condLLctive
g

terminals 30 on ot TH & SR o 8?§083ﬁ%‘f SKISPRAYY e @ﬁs’aﬁ&‘itmﬁ& PAGYEIN RIS R
conductive elemaygrilacmanbtiosteleetridyl ashoetrejritatyveenpldth dikigt v xeeadiogd udiviuitiveinal 30

conductive elomdiE 38 Hag ae i raly St HCem At S FIER (¢ R e of a bone
pad 28" of the additiopaﬁmrﬁami@ﬁﬂﬂcm,diee%rmmmioftiﬁh@miadddmmwemm_may
Second adional S EIRELIb AL ARy b e ST AL A N e ST
assembly 80, or ttne ssecmond@tncordictassambly Gtbmslyonei e RIEY. nuaybbe ofisgdieEmhah a
semiconductor diggbond selected connection pattern or array tha mirror image of the first
selected connection pattern or array. As showRl@. 4B, in some embodiments
20 the patterns in which the bond pads 28, &8 disposed may include two or more
rows of offset or staggered bond pads 28, 2hich may allow relatively increased
density packing or placement of the bond pads 88p12 the active surfaces of the
semiconductor dice 12, 16. Furthermore, the catieriterminals 30 on the surface
of the substrate 22 may also be offset or stagg@redshown) in a manner similar
25 tothe bond pads 28, 28
As also seen in FIG. 4B, each piece of dielec@jmetor film 64 may be
substantially elongated and may extend along oxiprate a lateral edge of the
semiconductor dice 12, 16. In this configuratieach of the laterally extending
conductive elements 26 may be positioned or sarnbdidbetween a first piece of
30 dielectric tape or film 64 and a second piece efdtitric tape or film 66, and at least
a portion of each of a plurality of laterally extttmy conductive elements 26 may
pass through each dielectric structure 62 (FIG. .4A)Alternatively, the



-24- The semiconductor device assembly 80 may also include an encapsulant material 36 as
previously described herein. A block diagram of an illustrative electronic system 90 that embodies
teachings of the present invention is shown in FIG. 8. The electronic system 90 5 includes at least one
memory device 92, at least one electronic signal processing device 94 (often referred to as a
"microprocessor”), and at least one input or output device 96 such as, for example, a mouse or other
pointing device, keyboard, control panel, monitor, printer, etc., which may communicate electrically

with at least one g GHERIEIDF devife9askiibiy @ectRIiCinignat PapRRYnakevise WelkThe at

least one memory device 92 may include a semiconductor device assembly that embodies teachings
of the present invaRiTHSHERUIGR, WG AhERThARY LA AL isralh §4iPadugipagductive

semiconductor deygaassEsdyerRishown in FIG. 3, the previously described semiconductor device
assembly 60 shown in FIGS. 4A-4B, thegreviousl described semiconductor device assembl

mbly 70
shown 15 in FIG. 5, or (RPBrEGIb 1Y cleQPAHKT LU RHAMR SEMRRRCH SRR BS8S BROWATHME . 6.
In alternativesemlepslibgiets, ibchiagobictiignalayeOce SR teNIGs Yhiway GClBde BisenEcanductor

device assembly that embodies teachings of the present invention. The teachings of the present

invention may enGHISTRE FIBREANARbOLHIR SRR G e S B AR RINe D 1o STaR5-SREHTY

conductive elemengs\suskirep Ramdavires, tandsidiieedeatisnapndedti wiidresesicariteecyr adiexide

dielectric substrate sucl-hE/St pe or film,|§uch s those used in conventional ta%? aﬁ%omate bonding
r

(TAB) processes,aéﬁ?.m %Ei% the rithbLP S SEEHERRUSH g}fé?é‘a et B
multi-chip moduleh@584mitirincesendéwentiandeasdgesalesasinedsiydetasg ohnartaiallites ated

P LRk L S e
illustrated emboditieenés (Maty v wifcried Guitbpudcte pasing frar BRrspirkstng shepseafittunduaotion
as defined by thedcé\a}fc%savgggrrﬁl%?/fglé)o%own in FIGS. 4A-4B, the sendaotor device assembly 70
includes a plurality of discrete dielectric struetsi through which at least a portion
of only one laterally extending conductive elemg@textends. For example, each
15 discrete dielectric structure may include a firggcp of dielectric tape or film 72
attached to the first semiconductor die 12 andcarse piece of dielectric tape or
film (not shown) attached to the second semicoraudie 16 (not shown in FIG. 5)
and aligned with the first piece of dielectric tapdilm 72. By way of example and
not limitation, each piece of dielectric tape dmfimay include a double-sided
20 adhesive polyimide tape as previously describedelation to the semiconductor
device assembly 60 shown in FIGS. 4A-4B.

As further shown in FIG. 5, the bond pads 28 onabive surface of the
first semiconductor die 12 and the bond padso2&he active surface of the second
semiconductor die 16 may be disposed in a conmeg@@tern in which each bond

25 pad 28, 28is located proximate a lateral edge of the respeaemiconductor
die 12, 16.

While each of the previously described semicondudivice assemblies
include a first semiconductor die 12 having bondsp28 arranged or disposed in a
first selected connection pattern and a secondcsemiuctor die 16 having bond

30 pads 28 arranged or disposed in a second selected coaneptittern that is
identical to, or a mirror image of, the first setxt connection pattern, other
semiconductor device assemblies that also embodghitegs of the present



-25- CLAIMS What is claimed is: 51.A semiconductor device assembly comprising: a substrate
including a plurality of conductive terminals disposed on or in a surface thereof; a first semiconductor
die including an active surface and a plurality of bond pads disposed in a first selected connection
pattern on or in the active surface; 10 a second semiconductor die including an active surface and a
plurality of bond pads disposed in a second selected copnection pattern on or in the active surface of
the second semiconductor die, the active surface of the first semiconductor die facing the active

surface of the seqanshtiemicRIdHeItEIe; ScRbiialiteaficonduciiraim B asoRapaaTdHalEe

structure of the plurality being 15electrically and structurally coupled to a bond pad of the first

semiconductor did"EPEHORGISRAFHEHE &E%ﬁﬁ@e%@%ﬁgc%%%mé%r‘éllﬂ%i‘qﬁfg%k/to

extending condugiive elaoeniaagdiet, endiet satbcirigrediirmdeasian conboativeklsmensbaingst
structurally and electrically couEIecﬂ to a_conductive terminal of the substrate, a second end of each

laterally extendingE3HCONHG fertént b&hg YLYicRirafy 2Rl %Ie%ﬂ‘ijcaqwgédﬁféd 18 at4€8stone of
a bond pad & thesératsinienod delgicdiasadinbl pacrefiitip eespnstBRmiay sk gasiiRrod aach

AT [ IRk T e A LR e
pads 28of the second semiconductor die 16. Relativaydriaterally extending
conductive elements 26 such as conductive leada i#fad frame then may be
provided between the active surface 14 of the Seshiconductor die 12 and the

10 active surface 18 of the second semiconductor @lieALfirst side of at least some of
the laterally extending conductive elements 26 m@yelectrically and structurally
coupled to a conductive structure 52 attached tboad pad 28 of the first
semiconductor die 12, and a second side of the saterally extending conductive
elements 26 may be electrically and structurallypted to a conductive structure 52

15 attached to a bond pad '28f the second semiconductor die 16. In such a
configuration, the bond pads 28 of the first semeractor die 12 may not and need
not be aligned with the bond pads 28the second semiconductor die 16 when the
first semiconductor die 12 and the second semiocttndulie 16 are in a face-to-face
configuration.

20 As previously discussed, the teachings of the ptesevention are not
limited to devices and methods that include only tsemiconductor dice. Still
another illustrative semiconductor device assen@lythat embodies teachings of
the present invention is shown in FIG. 6. The semiuctor device assembly 80 is
similar to the semiconductor device assembly 6@ipusly described in relation to

25 FIGS. 4A-4B and includes a multi-chip module havanfirst semiconductor die 12,
a second semiconductor die 16, and a substrate T2 semiconductor device
assembly 80 further includes, however, additioeatisonductor dice.

By way of example and not limitation, the semicortdu device
assembly 80 may include an additional first sendlcmtor die 12and an additional

30 second semiconductor die '16 An active surface 14 of the additional first
semiconductor die 12faces an active surface 18 of the additional s#con
semiconductor die 16 At least some of the bond pads 28 of the fiestisonductor



3. The semiconductor device assembly of claim 1, wherein the second selected connection pattern is
identical to the first selected connection pattern. -26- 5. The semiconductor device assembly of
claim 1, wherein the second end of each laterally extending conductive element is disposed between
and structurally and electrically coupled to both a bond pad of the first semiconductor die and a
conductive structure. 5 6. The semiconductor devicgzassembly of claim 1, further comprising at
least one dielectric structure disposed between the active surface of the first semiconductor die and

the active surfacejrf e secemshosatcRNEURSr sigedied. Topsesisenauction devisesassamblyrahelaim

6, wherein at least a portion of at least one laterally extending conductive element passes through the

at least one dieleRAMYSAATAELT 3SR RN it 82 IRPOF AT RN AEIRHERe at

least 150ne dielegyithebticH [Saf@mMPHSRSiBVa Phiffs eriiRssct? Hirtaselectdt THARSIMmOPHIEET.
device assembly of claim 8, wherein at least rtion of at least one Ia'fﬁ(r)artlllgi (ﬁxtendin conductive

element extends BERIBEY Ak 'RASIR IS L anfideads At the ad rst semiconductor

5 die 12 are disposed in a third selected connection pattard at least some of the
bond pads 28 of the additional second semiconductor di¢ d& disposed in a
fourth selected connection pattern that is a miimage of the third selected
connection pattern. The third selected conneqgbiattern may be identical to the
first selected connection pattern, and the fouellecded connection pattern may be

10 identical to the second selected connection pattef least some of the bond
pads 28 of the additional first semiconductor die’ Iay be aligned with at least
some of the bond pads'2®f the additional second semiconductor dieviléen the
additional first semiconductor die '1and the additional second semiconductor
die 18 are in a face-to-face configuration, as shownl@. 6.

15 The semiconductor device assembly 80 may also declan additional
plurality of electrically conductive structures’58ach of which may be electrically
and structurally coupled to a bond pad’ 28 the additional first semiconductor
die 12 and to a bond pad 2&f the additional second semiconductor dié 16

Additional laterally extending conductive elemer##8 may be used to

20 provide electrical communication between the irdégpt circuitry within the
semiconductor dice 1,216 and conductive terminals 30 on or in a surfacé¢hef
substrate 22. A first end of each additional ktgr extending conductive
element 26 may be structurally and electrically coupled dire¢o a conductive
terminal 30 on a surface of the substrate 22, asdcand end of each additional

25 laterally extending conductive element’ 2@ay be structurally and electrically
coupled directly to at least one of a bond pad 28 the additional first
semiconductor die 12a bond pad 28 of the additional second semiconductor
die 16, and an additional conductive structuré. 52

In alternative embodiments, the second additioaadisonductor die X6nay

30 be eliminated from the semiconductor device assgrb| or the semiconductor

device assembly 80 may include any number of amditisemiconductor dice.



20 10. The semiconductor device assembly of claim 9, wherein the at least one dielectric structure
comprises a first discrete piece of tape attached to the active surface of the first semiconductor die and
a second discrete piece of tape attached to the first discrete piece of tape, a portion of each laterally
extending conductive 25element passing between the first discrete piece of tape and the second
discrete piece of tape. 11. The semiconductor deyice assembly of claim 10, wherein the first
discrete piece of tape and the second discrete piece of tape each comprises one of a 30strip of

dielectric material and aTfite ebgirientiscfantasdlce 2dssemBbl: Bberrafniaprastaindencaprssgmbly of
claim 6, wherein the at least one dielectric structure comprises a plurality of discrete dielectric

structures.  13MRIRIIEEAREH BURYRURYIEESERGHNI & %1aim 12, wherein a portion of Seach

laterally extending conductpieckeaiagiarassesdhrauaiiratiiraséieng shaleelfigsiouehie easbdiiglectric
structure configured to_positign the portion of the !ater_allg extendin%%?%uctive element between the
h

active surface of the AlidBRdRIESE die AR HA detiv BB SR RrBIGI YR die to
prevent contgct bigagsstiae latasalnexieadiog coaddetive elgnmenitapactienastsigrruriaeeeidhefirst

device 94 (often referred to as a “microprocessa@fid at least one input or output
device 96 such as, for example, a mouse or othatipg device, keyboard, control

panel, monitor, printer, etc., which may commureagectrically with at least one of

the memory device 92 and the electronic signalgssiag device 94.

10 The at least one memory device 92 may include aceewmuctor device
assembly that embodies teachings of the presemniion such as, by way of
non-limiting example, the previously described semductor device assembly 50
shown in FIG. 3, the previously described semicatmudevice assembly 60 shown
in FIGS. 4A-4B, the previously described semicoridudevice assembly 70 shown

15 in FIG. 5, or the previously described semicondudivice assembly 80 shown in
FIG. 6. In alternative embodiments, the electraignal processing device 94 may
include a semiconductor device assembly that emelsotiachings of the present
invention.

The teachings of the present invention may enab& fabrication of

20  multi-chip modules that include less laterally exteng conductive elements such as
bond wires, conductive leads, conductive tracesiezhrby a flexible dielectric
substrate such as tape or film, such as those insednventional tape automated
bonding (TAB) processes, etc., thereby reducingntimaber of elements and steps
required to fabricate a multi-chip module.

25 While the present invention has been describedrmg of certain illustrated
embodiments and variations thereof, it will be ustod and appreciated by those
of ordinary skill in the art that the invention n®t so limited. Rather, additions,
deletions and modifications to the illustrated edibwents may be effected without
departing from the spirit and scope of the invants defined by the claims which

30 follow.



10semiconductor die and the active surface of the second semiconductor die. 14. The
semiconductor device assembly of claim 12, wherein each dielectric structure of the plurality is
disposed proximate a lateral edge of at least one of the first semiconductor die and the second
semiconductor die. 15 15. The semiconductor device assembly of claim 12, wherein each discrete
dielectric structure is attached to both the active surfacgsf the first semiconductor die and the active
surface of the second semiconductor die. 2016.The semiconductor device assembly of claim 12,
wherein a portion of only one laterally extending corglygfiys element extends through each discrete
dielectric structure. 17.The semiconductor device assembly of claim 1, wherein the plurality 250f bond
pads of the first semiconductor die is disposed substantially along a centerline of the first
semiconductor digyaagithel aiwadity of bond pads of the second semiconductor die is disposed
substantially along a centerline of the second semiconductor die. -28- 18. The semiconductor
device assembly of claim 1, wherein the plurality of bond pads of the first semiconductor die is

disposed praximate a lageral edgg@ﬁtb@ﬁﬂgtﬁﬁrﬂ'@m@él@géﬂip@@dmiglngality of bond pads of the
second semiconCygiy Hats Makding B BIUraty of conauctysmamms deposed on or T & Sirface
thereof;
a first semiconductor die including an active scefand a plurality of bond pads
disposed in a first selected connection patteraran the active surface;

10 a second semiconductor die including an activeaserfind a plurality of bond pads
disposed in a second selected connection patteor anthe active surface
of the second semiconductor die, the active suidhdee first semiconductor
die facing the active surface of the second sendigctor die;

a plurality of conductive structures, each condigcstructure of the plurality being

15 electrically and structurally coupled to a bond pédhe first semiconductor
die and a bond pad of the second semiconductoadde;

a plurality of laterally extending conductive elartg a first end of each laterally
extending conductive element being structurally elegtrically coupled to a
conductive terminal of the substrate, a secondo¢madch laterally extending

20 conductive element being structurally and elecligazoupled to at least one
of a bond pad of the first semiconductor die, adogad of the second

semiconductor die, and a conductive structure.

2. The semiconductor device assembly of claim lerein the second

25 selected connection pattern is a mirror image effitist selected connection pattern.

3. The semiconductor device assembly of claim lerein the second

selected connection pattern is identical to thet Belected connection pattern.

30 4, The semiconductor device assembly of claim lerein each

laterally extending conductive element of the gdityaomprises a bond wire.



5die. 19. The semiconductor device assembly of claim 18, wherein each conductive structure
comprises a solder bump. 1020.The semiconductor device assembly of claim 1, wherein a back side
of the first semiconductor die is attached to the substrate. 21. The semiconductor device
assembly of claim 1, wherein the substrate comprises one of a circuit board, an interposer, a
semiconductor die, and a 15semiconductor wafer.  _28. The semiconductor device assembly of
claim 1, further comprising at least one additional semiconductor die. 2023.The semiconductor device
assembly of claim 22, wherein thiaddemsbaan @geitieiRlesasyeniislyciprctigme astaiibese asBitsthd

semiconductor die including an active surface and a plurality of bond pads disposed in a third selected
connection patte®Sh 8F iRAAB AR/ LY e nglif rFPSE YR GRS RRRRY BRIWER: &Mace
and a plurality of bienetinedly 2800iseesashily ctuplEoselestad ectRdiaT Bt 0sePhitbiNtuaaiive
surface, the active surface of the first additional semiconductor die facing the active surface of the

second additionafl & AIEMEQ0Rdye shyicture.

5
6. The semiconductor device assembly of claim hé&r comprising at
least one dielectric structure disposed between dtteve surface of the first
semiconductor die and the active surface of therstsemiconductor die.
10 7. The semiconductor device assembly of claim 6erein at least a

portion of at least one laterally extending contkgcelement passes through the at

least one dielectric structure.

8. The semiconductor device assembly of claim Grein the at least

15 one dielectric structure comprises two or morereitgcpieces.

9. The semiconductor device assembly of claim 8erein at least a
portion of at least one laterally extending contecelement extends between the
two or more discrete pieces.

20

10.  The semiconductor device assembly of claim €rein the at least
one dielectric structure comprises a first discpéee of tape attached to the active
surface of the first semiconductor die and a seahsctete piece of tape attached to
the first discrete piece of tape, a portion of edatlerally extending conductive

25 element passing between the first discrete pietapaf and the second discrete piece

of tape.

11. The semiconductor device assembly of claimwlierein the first
discrete piece of tape and the second discrete ietape each comprises one of a

30 strip of dielectric material and a film of dielactmaterial.



24. The semiconductor device assembly of claim 23, further comprising: an additional plurality of
conductive structures, each conductive structure of the additional plurality being electrically and
structurally coupled to a bond pad of the third semiconductor die and the fourth semiconductor die;
and 5 an additional plurality of laterally extending conductive elements, each laterally extending
conductive element of the additional plurality including giirst end structurally and electrically coupled
to a conductive terminal of the substrate and a second end structurally and electrically coupled to at

least one of a bond pad pf the thijd semiceneuetor dieviederddndipfdheltonTitripemicandeigter die,
and a conductive structure of the additional plurality. 25. The semiconductor device assembly of

claim 23, whereirP AR EGHE SHHEMR S OBIRISERIARB &ILY SLERIEHUG RS UIH SHUSIHESSF the second

semiconductor die. 15 26. The semiconductor device assembly of claim 1, further comprising a
dielectric encapsulant material jﬁbstanti_ally nclosi % the first semiconductor die and the second

n
semiconductor die. 2027-An eledtfoRfUFORN SO IAYH 2SRRI AE AU e4Y R PRHAPRiing a
semiconducter desden dsseaIyetfensangicurtliiovs eline asspathiEng M R SEEs o stidistfieluding

a plurality of conductive terminals disposed on or in a surface thereof; 25a first. semiconductor die
including an actve SR GAE B URIFATRG SIS BARTRSRIRHL HiF S9BR0 PLARdEiA Datter

on or in the activegigiianey 26e¢aotvecanensdt pieiderinele Hog\vensaediehsufifece @micamluabiy of
bond pads disposgd in a second selecte connectir(])n pattern on or in 30the active surface, the active
surface of the fird '§eﬁf?90r%ﬁcf’d?'&fae surface of the 'second semicaodute to prevent contact

between the laterally extending conductive elenaexitthe active surface of the first

10 semiconductor die and the active surface of thers&ésemiconductor die.

14. The semiconductor device assembly of claim WBerein each
dielectric structure of the plurality is disposedyimate a lateral edge of at least
one of the first semiconductor die and the secemdcnductor die.

15

15. The semiconductor device assembly of claim WBerein each

discrete dielectric structure is attached to bdik &ctive surface of the first

semiconductor die and the active surface of thersesemiconductor die.

20 16. The semiconductor device assembly of claimattgrein a portion of
only one laterally extending conductive elementesgls through each discrete

dielectric structure.

17. The semiconductor device assembly of claimHerain the plurality
25 of bond pads of the first semiconductor die is dsgul substantially along a
centerline of the first semiconductor die and thegity of bond pads of the second
semiconductor die is disposed substantially alongeaterline of the second

semiconductor die.



facing the active surface of the second semiconductor die; -30- a plurality of conductive structures,
each conductive structure of the plurality being electrically and structurally coupled to a bond pad of
the first semiconductor die and to a bond pad of the second semiconductor die; and 5a plurality of
laterally extending conductive elements, a first end of each laterally extending conductive element
being structurally and electrically coupled to a conductiyg-terminal of the substrate, a second end of
each laterally extending conductive element being structurally and electrically coupled to at least one

of a bond pad of 10the firgt semipenshipigs HifiAdIasl RROeEHIAISScONE SRMsAINURPbirAnd a

conductive structure; at least one electronic signal processing device; and at least one of an input

device and an outh U RIS ISR HTSleRRANFORINRIRT IS PISH QIQXIBIAIH & LRESAbegs-Rld

connection patterpds frgtrrosmmageiotibe firt S@iﬁﬁ@ﬁé%‘lﬂ@@ﬁ@” patgopads 26¢ The etreispiic
system of claim 27, wherejn each_laterg!lg extending conductive ;I%m?nt of the pléjrali}x_ comprises a
bond wire. semiconductor die Is disposed proximate a latargeef the second semiconductor

5 die.

19. The semiconductor device assembly of claim WBerein each

conductive structure comprises a solder bump.

10 20.  The semiconductor device assembly of claimHerein a back side

of the first semiconductor die is attached to thiesgrate.

21.  The semiconductor device assembly of claimterein the substrate
comprises one of a circuit board, an interposerseaiconductor die, and a

15 semiconductor wafer.

22.  The semiconductor device assembly of clainudhér comprising at

least one additional semiconductor die.

20 23. The semiconductor device assembly of claimm2ferein the at least
one additional semiconductor die comprises:
a third semiconductor die including an active stefand a plurality of bond pads
disposed in a third selected connection patteraran the active surface;
a fourth semiconductor die including an active acefand a plurality of bond pads
25 disposed in a fourth selected connection patteroran the active surface,
the active surface of the first additional semiaactdr die facing the active

surface of the second additional semiconductor die.



30. The electronic system of claim 27, wherein the second end of each laterally extending conductive
element is disposed between and structurally and electrically coupled to both a bond pad of the first
semiconductor die and a conductive structure. 31. The electronic system of claim 27, further
comprising at least one dielectric structure disposed between the active surface of the first
semiconductor die and the active surface of the seconggemiconductor die. 3032.The electronic
system of claim 31, wherein at least a portion of at least one laterally extending conductive element

passes through the at legst oneTriglesiiie GHUGHIOE deice33EBMBIPBrNsIERlesn 65 ¢1pimiRg:

wherein the at least one dielectric structure comprises a plurality of discrete dielectric structures.

534.The electronfsFAHPEHRLI R FEY\He PR R P SIS AE PR FORFEC IR U HER @iy Ene
element passes throughaaldiiasiep pruFksgCHE 7 reRibite SIBC Aokttt etitkeiceNEaysad jsaosition

the portion of the laterally extending conductjve element beFﬁ/veen the actiye surface of the first

semiconductor die and fERRHIS EFRTUEMANE QL ASH AL R SAIRS PG Yr iR A ntact between
the 10laterally extgndingisonauglivearignoenhasieleexesiveisyrenedvichs dirsé semisaciduaterlig and
the active surface of the secog.d semic(j)nductor die. . . : .
extending conductive element of the additional gity including a first end
structurally and electrically coupled to a conduetierminal of the substrate
and a second end structurally and electrically tupo at least one of a
bond pad of the third semiconductor die, a bond p&dthe fourth

10 semiconductor die, and a conductive structure efiditional plurality.

25. The semiconductor device assembly of claima2®rein a back side
of the third semiconductor die is attached to &Isade of the second semiconductor
die.

15

26. The semiconductor device assembly of clainudhér comprising a

dielectric encapsulant material substantially esidg the first semiconductor die

and the second semiconductor die.

20 27. An electronic system comprising:
at least one memory device comprising a semicondugevice assembly, the
semiconductor device assembly comprising:
a substrate including a plurality of conductiverarals disposed on or in a
surface thereof;

25 a first semiconductor die including an active scefand a plurality of bond
pads disposed in a first selected connection patteror in the active
surface;

a second semiconductor die including an activeaserfand a plurality of
bond pads disposed in a second selected connguitern on or in

30 the active surface, the active surface of the Beshiconductor die

facing the active surface of the second semicowodulie;



35. The electronic system of claim 33, wherein each dielectric structure of the plurality is disposed
proximate a lateral edge of at least one of the first 15semiconductor die and the second semiconductor
die. 36. The electronic system of claim 33, wherein each discrete dielectric structure is attached to
both the active surface of the first semiconductor die and the active surface of the second
semiconductor die. 37. The electronic system of ciggym 27, wherein the plurality of bond pads of
the first semiconductor die is disposed substantially along a centerline of the first semiconductor die

and the plurality of bondspgids=0ity s sepadRRIMEGeRAUEISr sheliScHRRREEH RIDRIESTIRIY Bl@Rute

centerline of the second semiconductor die. 38. The electronic system of claim 27, wherein the

plurality of bond pads of the firDE¥ahRISAHIFALY GRASHYpBEaLIHRIRL YD AMPAL VB BEUSE of the

first semiconductor die and theggliiatiyoRideendipagisdrtéha srerNpseracans ueiossicdndifesed in
an array on the active surface of the second semiconductor die. -32- 40.The electronic system of

claim 27, wherein a back side 611'%@'? st semiconductor die is attached to the substrate. 541.The
electronic system of claign Zdranbereinihs supsirate ¢og iRt uidinard. first end of each

laterally extending conductive element being stradty and
electrically coupled to a conductive terminal ok tkubstrate, a
second end of each laterally extending conductieenent being
structurally and electrically coupled to at lease @f a bond pad of
10 the first semiconductor die, a bond pad of the sd@®Emiconductor
die, and a conductive structure;
at least one electronic signal processing device; a

at least one of an input device and an output devic

15 28.  The electronic system of claim 27, wherein #ezond selected
connection pattern is a mirror image of the fiedested connection pattern.

29.  The electronic system of claim 27, wherein datérally extending
conductive element of the plurality comprises adwire.
20
30. The electronic system of claim 27, wherein sbeond end of each
laterally extending conductive element is dispobetiveen and structurally and
electrically coupled to both a bond pad of thetfisemiconductor die and a
conductive structure.
25
31. The electronic system of claim 27, further cosipg at least one
dielectric structure disposed between the activéase of the first semiconductor
die and the active surface of the second semictodde.

30 32.  The electronic system of claim 31, whereineast a portion of at
least one laterally extending conductive elemergsesa through the at least one

dielectric structure.



42. The electronic system of claim 27, further comprising at least one additional semiconductor die. 10
43. The electronic system of claim 40, wherein the at least one additional semiconductor die
comprises: a third semiconductor die including an active surface and a plurality of bond pads disposed
in a third selected connection pattern on or in the active surface; 15 a fourth semiconductor die
including an active surface and a plurality of bond padgdisposed in a fourth selected connection
pattern on or in the active surface, the active surface of the third semiconductor die facing the active
surface of the fourth semiconductor die. 2044.The electronic system of claim 43, further comprising: an
additional plurality of conductive structures, each conductive structure of the additional plurality being

electrically and structuraly coupldd FESHING suEBFHY Hidsahivdiriclidh&ashrngdigRiic

semiconductor digirapd@ncaddisiye algratiitpidatesalixexdrndagwnngistive elements, each laterally
25 extending conductive element of the additional plurality including a first end structurally and

electrically coupled to a conductive terminal of the substrate and a second end structurally and

electrically cgupled to aggast origeoéadiesisl pagsed ihetiiedfesioandusio ke, ¢ baoH rRadrafijhe
fourth semiconductor die, and a conductive structure of the adqgionﬁl Ellgi%vty. 30 -33-

46. The
electronic systerPSI ISR FORGTLY € SHESERGRRATRER O W SRIAS) STHEtUrRiaRgCh
enclosing the firstirgaveinduciondie aoafigersacangesmitonductasdig. the laterally extending

conductive element between the active surfaceefitst semiconductor die and the
active surface of the second semiconductor die revgmt contact between the
10 laterally extending conductive element and the vactsurface of the first

semiconductor die and the active surface of therskseemiconductor die.

35.  The electronic system of claim 33, wherein edieectric structure
of the plurality is disposed proximate a laterabedf at least one of the first

15 semiconductor die and the second semiconductor die.

36.  The electronic system of claim 33, wherein edisicrete dielectric
structure is attached to both the active surfagkefiirst semiconductor die and the
active surface of the second semiconductor die.

20

37.  The electronic system of claim 27, whereingheality of bond pads
of the first semiconductor die is disposed subg&ilytalong a centerline of the first
semiconductor die and the plurality of bond padthefsecond semiconductor die is
disposed substantially along a centerline of tltese semiconductor die.

25

38.  The electronic system of claim 27, whereingheality of bond pads
of the first semiconductor die is disposed is aayaon the active surface of the first
semiconductor die and the plurality of bond padthefsecond semiconductor die is
disposed in an array on the active surface oféleersd semiconductor die.

30

39.  The electronic system of claim 38, wherein eamiductive structure

comprises a solder bump.



5 47. A method of manufacturing a semiconductor device assembly, the method comprising:

attaching a back side of a first semiconductor die to a substrate; structurally and electrically coupling a

first end of each of a plurality of laterally 10extending conductive elements to one of a plurality of

conductive terminals on or in a surface of the substrate; structurally and electrically coupling a second
end of each of the plurality of laterally extending conduggive elements to one of a plurality of bond pads
on or in an active surface of the first semiconductor die; 15structurally and electrically coupling each of

a plurality of conductive structures to one of a plurality of bond pads of a second semiconductor die;

aligning at least some conductive structures of the plurality with at least some of the plurality of bond

pads of the first semicorftflictor B¢ S SERACSRYRIERoPHeAIM 27 s Mapie G A RBIHG LRI Gidifaking an

active surface of fagricsihsRivicp U ertdeaied anthsirsiabdtadiye and electrically coupling the at least

some conductive structures of the plurality to the at least some of the plurality of bond pads of the first

semiconductor die. 2548.The method of claim 47, wherein structurally and electrically

5

10

15

20

25

30

41.  The electronic system of claim 27, whereingbbstrate comprises a

circuit board.

42. The electronic system of claim 27, further cosipg at least one

additional semiconductor die.

43. The electronic system of claim 40, whereinahkeast one additional

semiconductor die comprises:

a third semiconductor die including an active stefand a plurality of bond pads
disposed in a third selected connection patteraran the active surface;

a fourth semiconductor die including an active acefand a plurality of bond pads
disposed in a fourth selected connection patteroran the active surface,
the active surface of the third semiconductor digrg the active surface of

the fourth semiconductor die.

44. The electronic system of claim 43, further pasing:

an additional plurality of conductive structuresicle conductive structure of the
additional plurality being electrically and strucdlly coupled to a bond pad
of the third semiconductor die and the fourth sematctor die; and

an additional plurality of laterally extending camtive elements, each laterally
extending conductive element of the additional gity including a first end
structurally and electrically coupled to a conduetierminal of the substrate
and a second end structurally and electrically tupo at least one of a
bond pad of the third semiconductor die, a bond p&dthe fourth

semiconductor die, and a conductive structure efilditional plurality.

45, The electronic system of claim 43, wherein ekbside of the third

semiconductor die is attached to a back side of¢icend semiconductor die.



coupling a first end of each of a plurality of laterally extending conductive elements comprises
structurally and electrically coupling a first end of each of a plurality of bond wires to one of a plurality
of conductive terminals on or in a surface of the substrate, and wherein structurally and electrically
coupling a second end of each of 30 the plurality of laterally extending conductive elements comprises
structurally and electrically coupling a second end of eggh of the plurality of bond wires to one of the
plurality of bond pads on or in an active surface of the first semiconductor die. -34- 49. The
method of claim 47, further comprising structurally and electrically coupling the second end of each of
the plurality of laterally extending conductive elements to one of the plurality of conductijve structures.

S 50. The method of‘@aim 4 P& HRET RBIG NS bV T aqdiuri) o GRERGe idielanEic

structures betweemiapadtve sHsiReROLINSHAtIaRMIcADsMEr thetaBehticoaaiiveosutirceusd thee
second semiconductor die, a_portié:)n of each laterally extending conductive element passing through at

least one dielectrRe B FRTFEONAUEOHIE: method of claim 50, wherein providing a plurality of

discrete dielegrtric structures comprises applying a plurality of discrete dielectric structures to the active

surface of at least one of the first semiconductor die and the second 15semiconductor dig at ahwafer
e . the

level.  52. The methdt!of cldin % iMBRYUREHY '8 SRPICAHRR eassem

method comprising:
attaching a back side of a first semiconductortalia substrate;
structurally and electrically coupling a first enfl each of a plurality of laterally
10 extending conductive elements to one of a pluralftgonductive terminals
on or in a surface of the substrate;
structurally and electrically coupling a second ervfdeach of the plurality of
laterally extending conductive elements to one pluaality of bond pads on
or in an active surface of the first semicondudier
15 structurally and electrically coupling each of arplity of conductive structures to
one of a plurality of bond pads of a second sendaotor die;
aligning at least some conductive structures ofplbeality with at least some of the
plurality of bond pads of the first semiconductae, din active surface of the
second semiconductor die facing an active surfétleeofirst semiconductor
20 die; and
structurally and electrically coupling the at leastne conductive structures of the
plurality to the at least some of the plurality leénd pads of the first

semiconductor die.

25 48. The method of claim 47, wherein structurallyd aalectrically
coupling a first end of each of a plurality of latky extending conductive elements
comprises structurally and electrically couplingjrat end of each of a plurality of
bond wires to one of a plurality of conductive terals on or in a surface of the
substrate, and wherein structurally and electyoadlupling a second end of each of

30 the plurality of laterally extending conductive mlents comprises structurally and
electrically coupling a second end of each of tlueghity of bond wires to one of the
plurality of bond pads on or in an active surfatéhe first semiconductor die.



dielectric structures comprises providing a plurality of discrete dielectric structures each comprising
one of silicone, a silicone-based material, epoxy, and an 20epoxy-based material. 53. The method
of claim 50, wherein providing a plurality of discrete dielectric structures comprises providing a plurality
of discrete dielectric structures each comprising a first discrete piece of tape attached to the active
surface of the 25 first semiconductor die and a secongdgiscrete piece of tape attached to the active
surface of the second semiconductor die, a portion of each laterally extending conductive element
passing between the first discrete piece of tape and the second discrete piece of tape. -35- 54.The
method of claim 53, further comfrising at least one of att a first discrete_piece of tape to the

achin
active surface of the firstemicORBuTSTBRT athe IRy FeZ/eITﬁﬁ@%&ta@ﬁﬂ@@@@cﬂ&”@lg’créﬂ%%iece of

tape to the activeeseteiealRf tiripregnAcaivm eelgralie atiherwrbelilgver. lateralhp ekimaaghod of
claim 50, wherein B{r?ovidin%a plurality of discrete dielectric structures comprises positioning each

discrete dielectriCORIEHINCFHIBGNT 4P Brcitig P W ialLy e ALY She of the first

semiconducter die and the second semiconductor die. 10 56. The method of claim 50, further

comprising attaching each discrete dielggtgfciﬁtr cture to &omt the active surface of th? fléjt
semiconductor die and tA%- actiVe'SUMSE TS NI RY 1Th &S Pbf claim

47, wherein strucglisatytentlepasticalisuctures between the actiwdase of the first semiconductor
die and the active surface of the second semicaodutie, a portion of each
laterally extending conductive element passing ugho at least one dielectric

10 structure.

51. The method of claim 50, wherein providing arality of discrete
dielectric structures comprises applying a pluyadit discrete dielectric structures to
the active surface of at least one of the firstisenductor die and the second

15 semiconductor die at a wafer level.

52.  The method of claim 50, wherein providing arglity of discrete
dielectric structures comprises providing a playatif discrete dielectric structures
each comprising one of silicone, a silicone-basedtenal, epoxy, and an

20 epoxy-based material.

53.  The method of claim 50, wherein providing arality of discrete
dielectric structures comprises providing a playadif discrete dielectric structures
each comprising a first discrete piece of tapechtd to the active surface of the

25 first semiconductor die and a second discrete pifdmpe attached to the active
surface of the second semiconductor die, a portibreach laterally extending
conductive element passing between the first disqueece of tape and the second
discrete piece of tape.



coupling each of a plurality of conductive structures to one of a plurality of bond pads of a second
semiconductor die comprises structurally and electrically coupling each of a plurality of solder balls to
one of the plurality of bond pads of the second semiconductor die. 20 58. The method of claim 57,
wherein structurally and electrically coupling the at least some conductive structures of the plurality to
the at least some of the plurality of bond pads of the firggsemiconductor die comprises reflowing at
least some of the solder balls of the plurality. 25 59. The method of claim 47, wherein attaching a

back side of a first semiganductiglipdehaddpsieaie SQNTAFHES éﬂﬁ@?i@%gﬁ@bﬁ@@fﬁttb@rﬁﬁ@ a
semiconductor die to a surface of a circuit board. -36- 60. The method of claim 47, further

comprising: attachii USsARIeRRCEr A AP iRt AP UMAmRYIREIAR MR 86 I6Q0K YRR’ ififh8'sttéond

semiconductor digiaséiuriveniinanstatsatitcallyassidingsertitst gipdapecasihel actiadditieRakpdiraldy of
5 laterally extending conductive elements to one of the plurality of conductive terminals on or in the

surface of the suS&F3RY SEILEAANYARGARBLIBRIY RIS fNG'a second end of each of the additional
plurality of lagerally extending conductive elements to one of a plurality of bond pads on or in an active
surface of the first additiopal semiconductor die; 10 structurally and electrically coupling each of an
2ditional pluraliy of cottuctvd B BRIRELPb RALT -t TG S bBIRY ELE o BB SEona

semiconductor digiedignioGsatieast SavmpaBdyqbusitdiatyresdtidie atiditent Bluralitrevith aideast

f the plurality of bond pads of the fi dditional [ tor die, 15 ti f fth
econd adaitonaP CUAIBRCRTIR AR E 85D Sin EES Lo SaR A BB cier
and the second semiconductor die.

10

56. The method of claim 50, further comprising ettag each discrete
dielectric structure to both the active surfacdhsaf first semiconductor die and the

active surface of the second semiconductor die.

15 57. The method of claim 47, wherein structurallyd aalectrically
coupling each of a plurality of conductive struesito one of a plurality of bond
pads of a second semiconductor die comprises staligt and electrically coupling
each of a plurality of solder balls to one of therality of bond pads of the second

semiconductor die.

20
58. The method of claim 57, wherein structurallyd aalectrically
coupling the at least some conductive structureb@plurality to the at least some
of the plurality of bond pads of the first semicantbr die comprises reflowing at
least some of the solder balls of the plurality.
25

59. The method of claim 47, wherein attaching akbside of a first
semiconductor die to a substrate comprises attgchirback side of the first
semiconductor die to a surface of a circuit board.



structurally and electrically coupling the at least some conductive structures of the additional plurality
to the at least some of the plurality of bond pads of the first additional semiconductor die. 20 61.
The method of claim 47, further comprising encapsulating the first semiconductor die and the second
semiconductor die with a dielectric encapsulant material. 2562.The method of claim 47, wherein
attaching a back side of a first semiconductor die to a gigastrate comprises attaching a plurality of first
semiconductor dice to a surface of a single substrate.

60.  The method of claim 47, further comprising:

attaching a back side of a first additional semittartor die to a back side of the
second semiconductor die;

structurally and electrically coupling a first eafleach of an additional plurality of

5 laterally extending conductive elements to oneheflurality of conductive

terminals on or in the surface of the substrate;

structurally and electrically coupling a second eh@ach of the additional plurality
of laterally extending conductive elements to oha plurality of bond pads
on or in an active surface of the first additios@amiconductor die;

10 structurally and electrically coupling each of atdiéional plurality of conductive
structures to one of a plurality of bond pads ofsecond additional
semiconductor die;

aligning at least some conductive structures ofathditional plurality with at least
some of the plurality of bond pads of the firstdiéidnal semiconductor die,

15 an active surface of the second additional semigctod die facing an active
surface of the first additional semiconductor diegl

structurally and electrically coupling the at leastne conductive structures of the
additional plurality to the at least some of tharglity of bond pads of the

first additional semiconductor die.

20
61. The method of claim 47, further comprising grstdating the first
semiconductor die and the second semiconductowidiea dielectric encapsulant
material.
25 62. The method of claim 47, wherein attaching akbside of a first

semiconductor die to a substrate comprises attgchan plurality of first

semiconductor dice to a surface of a single sutastra





