UPGRADEABLE AND REPAI RABLE SEM CONDUCTOR PACKAGES AND METHODS
BACKCGROUND 5The present invention, in various enbodi nents, rel ates
generally to the packaging of electronic conponents such as
integrated circuits, as incorporated in sem conductor devices.

Speci fic enbodi nents of the present invention include sem conduct or
devi ce packagi ng and fabrication devices in which one or nore
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attachnment of t sem conductor di'e e substrate,
roughly the same amount of “real estate™ on a cartier substrate, such as a circuit board, as

a single, borizontally oriented semiconductor device or semiconductor device package. In
order to conserve the amount of surface area consurned on a carrier substrate by

20 semiconductor devices connected thereto, various types of increased density packages
have been developed.

' One of the more popular semiconductor package types is the muiti-chip module
(MCM). MCMs may be attached to and/or arranged on a substrate using flip-chip
attachments, chip-on-board (CORB), board-on-chip (BOC) configurations, or otherwise.

25 Flip-chip eftachment generally consists of attaching an active surface of a
semiconductor die to a substrate with a plurality of conductive bumps therebetween, Each
conductive burnp aligns and corresponds with respective contact pads on the substrate and
the semiconductor die to provide electrical interconnection therebetween, The
semiconductor die is bonded to the substrate by reflowing the conductive bumps, after

30  which, an underfill material is typically disposed between the semiconductor die and the
substrate for environmental protection and to enhance the attachment of the
semiconductor die to the substrate.



- 2 - Turning to the COB and the BCC configurations, the

sem conductor die is directly attached to the surface of a substrate,
I.e., printed circuit board, interposer, carrier substrate, with an
appropri ate adhesive, such as an epoxy or adhesive tape. The die nmay
be oriented either face up or face dowmn (with its active surface and
contact pads either up 5 or down with respect to the circuit board)
for wwre bonding. A bond wire is then di;gretely attached to each
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replaced with another semiconductor package and/or card that contains more memory or

the desired additional function.

Another disadvantage with current multi-die semiconductor packages and
arrangements becomes clear when a semiconductor die within such a package fails or
15  becomes otherwise inoperable. In such an instance, the conventional response to such

failure or malfumnction is replacement of the entire package.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings:
20 Fig. 1 is a representation of an embodiment of a semiconductor device package
according to the present invention;
Figs. 2 through 6 depict an embodiment of 2 method for assembling and
packaging semiconductor devices;
Figs. 7 through 12 illustrate another embodiment of a method for assembling and
25  packaging semiconductor devices;
Fig. 13 shows an embodimnent of an assembly including pmltiple semiconductor
device packages;
Fig. 14 depicts another embodiment of an assembly that includes multiple
semiconducter device packages;
30 Fig. 15 provides a representation of an embodiment of the manner in which 8
defective semiconductor device of a semiconductor device package according to an

embodiment of the present invention may be effectively replaced; and



25 packagi ng sem conductor devi ces; Fig. 13 shows an enbodi nent
of an assenbly including nultiple sem conductor device packages;

Fig. 14 depicts another enbodi nent of an assenbly that includes
mul ti pl e sem conduct or devi ce packages; 30Fig. 15 provides a
representation of an enbodi nent of the manner in which a defective
sem conductor device of a sem conductor device package according to
an enbodi nent of the present invention be effectively repl aced;
and - 3 - Fig. 16 schematically depicts an el ectronic device
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In the illustrated embodiment, carrier 30 is a cirenjt board, Carrier 30, may,

20  however, be any other suitable, known element with conductive routes for establishing
electrical connections between semiconductor devices 20 and electronic devices (not
shown} that are external to semiconductor device package 10. Other embodiments of
carriers 30 include, but are not limited to, leads, interposers, and other semiconductor
devices {e.g., processors, etc.).

25 In s;)me embodimcnts,'discrete conductive structures 38 may protrude from
contacts 37 (e.g., terminals, conductive vias, etc.) on a bottom surface 36 of cartier 30,
Discrete conductive structures 38 may, in some embodiments, be arranged in an array
(e.g., a grid amray, etc.) across surface 36. Discrete conductive structures 38 may comprise
any suitable material (e.g.. solder, metal, conductive or conductor-filled elastomer, etc.)

30 formed to have any suitable configuration (e.g,, balls, bumps, pins, studs, columns,
pillars, ctc.).

Semiconductor devices 20 may, in some embodiments, have the same or

substantially the same functionality (e.g., memory, processing, etc.) as one another. Ina



251 n sone enbodi nents, discrete conductive structures 38 may protrude
fromcontacts 37 (e.g., termnals, conductive vias, etc.) on a bottom
surface 36 of carrier 30. Discrete conductive structures 38 may, in
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el enents 25 em@ndwtavdmcearadd with theannibertof varitacts 34 that may be provided upon a
carrier 30 and the number of contact pads 44 that may be provided by a redistribution
element 40.

20 Intermediate conductive elements 25 extend between and are conductively
coupled to contact pads 24 on a surface 22 (e.g., the active, or upper, surface) of each
semiconductor device 20 and corresponding contacts 34 (e.g., contact pads, terminalg,
leads, etc.) on surface 32 of carrier 30. In this way, each interrnediate conductive
element 25 electrically connects a contact pad 24 and its corresponding contact 34, Each

25  intermediate conductive element 25 in the embodiment of semiconductor device
package 10 shown in Fig. 1 is a bond wire. Semiconductor device packages with other
types of intermediate conductive elements, including, but not conductive traces carried by
flexible dielectric film (i.e,, TAB connections), leads, and the like.

Redistribution element 40 is Jocated on surface 22d of the uppermost

30  semiconductor device 20d in the embodiment shown in Fig, 1. Without limiting the scope
of the present invention, redistribution element 40 may, in some embodiments, comprise
an interposer (e.g., a silicon-based interposer, a flexible, or “tape,” substrate, etc.) that has
been adhered to a surface of the uppermost semiconductor device 20d. In other



coupled to contact pads 24 on a surface 22 (e.g., the active, or
upper, surface) of each sem conductor device 20 and correspondi ng
contacts 34 (e.g., contact pads, termnals, |eads, etc.) on surface
32 of carrier 30. In this way, each internediate conductive el enent
25 electrically connects a contact pad 24 and its correspondi ng
contact 34. Each 25 internedi ate conductive elenent 25 in the
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semiconductor device package 10. In embodiments where conductive traces 43 of

redistribution ¢lement 40 are electrically connected to contact pads 24d of the uppermost
semiconductor device 20d, electrical communication between the underlying
25  semiconductor devices 20a, 20b, and 20c and redistribution element 40 may be
established by way of intermediate conductive elements 25, circuitry of carrier 30, and
circuitry on {e.g., in the form of a redistribution layer) or within the uppermost
semiconductor device 20d.
In embodiments where conductive traces 43 of redistribution element 40 extend
30  laterally inward from contact pads 44, intermediate conductive elements 35 are positioned
between and electrically coupled to contact pads 44 and corresponding contacts 34 of
carrier 30 to establish communication between redistribution element 40 and one or more
semiconductor devices 20, Like intermediate conductive elements 25, intermediate



20Conductive traces (not shown), contact pads 44, and ot her conducive
features of redistribution elenent 40 may comuni cate with each
sem-conduct or device 20 of sem conductor device package 10. In

enbodi ments where conductive traces 43 of redistribution el enent 40
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38 and its corpe BN R 0% AChal®d «0d: as a plastic or resin, optionally having a filler
material therein, suitable for use in transfer molding processes, pot molding processes,
25  injection molding processes, etc.).
An embodiment of a method for forming various embodiments of semiconductor
device packages 10 of the present invention is shown in Figs. 2 through 6.
In Fig. 2, at least one semiconductor device 20 is secured and electrically
connected to carrier 30. Semiconductor device 20 may be secured to carrier 30 with a
30  sujtable adhesive material or adhesive-coated element of a type known in the art.
Communication may be established between contact pads 24 (Fig. 1) of semiconductor
device 20 and corresponding contacts 34 (Fig. 1) of carrier (i.e., they may be electrically
connected to one another) by forming or placing intermediate conductive elements 25



Encapsul ant SO nay conprise any suitable packaging material, such as
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encapsulant 50. Known processes, such as molding (e.g. transfer molding, pot molding,

injection molding, etc.) techﬁiques may be used to apply encapsulant material to
redistribution layer 40’ and, optionally, over intermediate conductive elements 25, 35, to
form encapsulant 50.

25 Initially, in embodiments such as that depicted in Fig. 2, encapsulant 50 may
completely cover the previously exposed surface 42 of redistribution layer 40’. As shown
in Figs. 3 and 4, contact pads 44’ that are arranged over surface 42’ of redistribution
layer 40" may thereafter be exposed through encapsulant 50. Fig. 3 depicts an
embodiment in which a mask 60 is formed (e.g,, by exposure and development of

30  photoresist, etc.) over a surface 52 of encapsulant 50 that overlies redistribution layer 40",
Apertures 62 are defined in mask 60 at locations over the contact pads 44’ that are fo be
exposed. The assembly is then exposed to a suitable etchant or solvent, which removes
from encapsulant 50 material that has been exposed through apertures 62 of mask 60. The



20 intetrnedi ate conductive elenents 25, 35 (Fig. 8) may be covered
with a suitable encapsul ant 50. Known processes, such as nol ding
(e.g., transfer nolding, pot nolding, injection nolding, etc.)
techni ques may be used to apply encapsul ant material to

redi stribution |ayer 40' and, optionally, over internediate
conductive elements 25, 35, to formencapsulant 50. 25Initially, in
enbodi nents such as that depicted in Fighsz, encapsul ant 50 may
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and the contact pads 44’ exposed therethrough may be coated with a conductive lining 54.
20  In one embodiment, conductive lining 54 may be formed by depositing (e.g., by known
physical vapor deposition (PVD) processes, known chemical vapor depasition (CVD)
processes, ete.) conductive material over mask 60 and onto surfaces of apertures 53, The
deposited conductive material may form a complete conductive lining 54 over the surfaces
of each aperture 53, or it may form a sced layer for subsequent plating (2.g., electrolytic
25  plating, clectroless plating, immersion plating, etc.) processes, which complete the
conductive lining 54.

Once conductive linings 54 have been formed in aperfures 53, conductive material
may, in some embodiments, be removed from other locations of encapsulant 50 (i.e., from
above surface 52) as mask 60 is temoved. This removal of conductive material may be

30  accomplished by known lift-off techniques, in which the structure is exposed to a suitable
chemical (e.g., a resist strip in embodiments where mask 60 has been formed from a
photoresist, an etchant in embodiments where mask 60 is formed from another material),
and results in the structure shown in Fig. 5.



Wth apertures 53 forned and mask 60 (still) in place over surface
52, apertures 53 and the contact pads 44' exposed therethrough may be
coated with a conductive lining 54. 20 I n one enbodi nent, conductive
lining 54 may be forned by depositing (e.g., by known physical vapor
deposition (PVD) processes, known chem cal vapor deposition (CVD)
processes, etc.) conductive material over mask 60 and onto surfaces
of apertures 53. The deposited conductivegwmterial my forma
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20a, 20b, 20c are secured In ace over and electrically connectedto

carrier 30. A lndeormesponding pantastidddFigr 1)@é cardes 30 (ze.. ey iy bs elsctrieallyt o
carrier 30 wt ' ' . ' . . ive-
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bet ween cont acthepsbetsvegsl (Fig. 1) of each sem conductor device 20a,
20b, 20c ang correspondi cont.acts 34 .(Fig..1),of catrier 30 (i ,e.,
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pl aci ng i nt er Mgl enogOmst GrieiskrRicon deBNdsvic2 30,20 ApsiRbeEicondBhar device 20d

enbodi ments where the resulting sem cqonductor  device package 10 is to
is positioned over and sectired to another semiconductor device 20c. An interposer 40”

may then be positioned over and secured to a surface 22d of the uppermost semiconductor
device 20d.
25 In some embodiments, such as that shown in Fig. 8, interposer 40" is positioned
over semiconductor device 20d before contact pads 24d (Fig. 1) of semiconductor
device 20d are electrically connected to corresponding contacts 34 (Fig. 1) of carrier 30.
In these embodiments, intermediate conductive elements 25 may then be formed or placed
and electrically coupled between contact pads 24d and their corresponding contacts 34. In
30  addition, as Fig. 8 also shows, contact pads 46 at or near one or more peripheral edges 45"
of interposer 40" may be electrically connected to corresponding contacts 34 of carrier 30
by forming or placing and electricaily coupling intermediate conductive elements 35
therebetween.



i ncl ude nore tban one sem conductor device 20, an upper nost

sem conductor device 20d is positioned over and secured to anot her
sem conduct or device 20c. An interposer 40" may then be positi Oned
over and secured to a surface 22d of the uppernost sem conductor
device 20d. 25In sonme enbodi ments, such as that shown in Fig. 8,

I nt erposer 40" is positioned over sem conductor device 20d before
contact pads 24d (Fig. 1) of sem conduct oksydevice 20d are

electrically connected to_corresponding contacts 34 (Fig._1) of
cattier 30. In thesWithspwimnedisferencs i fwicngapsulah eey befoaneavarap 25
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etc.) over a surface 52 10 of encggsu}l{g@t 50 that overlies_interposer

40" . Aper t ur es S¥sed throygh ansevres 62 The magreigl fSAAPEYt 3 way, in some
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to a suitable solvent or etchant, which renpbves Trom encap ant SO
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be renoved through Mesikth&embotdinient ppertings £3m&Bhe definad githoutthe tsetolfi e mask.
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surface 52 of gﬁ@h@seﬁﬁ’gﬂ’fmgwdvﬁs%@f%gﬁm‘é%@ﬁf ARlpton teehRignes fo temgxe may
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encapsul ant 50 is fornmed. | . o
encapsulant 50 may inclide protrusions that align with contact pads 44" that are to be

exposed and define apertures 53 over these contact pads 44", These protrusions may be
lined with a somewhat compressible film mold assist material, such as a

25  polytetrafluoroethylene (PTFE), a perfluoroalkoxy (PFA), or a fluorinated ethylene
propylene (FEP) to prevent the formation of *'flash,” a thin Jayer of encapsulant material,
over contact pads 44"

In any event, as shown in Fig. 10, a mask 60 may be present on a surface 52 of an

encapsulant 50 in which apertures 53 are recessed. With apertures 53 formed and

30  mask 60 in place over surface 52, a conductive lining 54 may be formed over surfaces of
apertures 53 and on the contact pads 44" exposed therethrough, as illustrated by Fig. 11.
Known processes, including deposition processes (e.g., PVD, CVD, ¢tc.) and/or known



In one such enbodi nent, the nold, or encapsulation, tooling that is
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conductive 28t uctu E%ent‘ligo ut:ttofa1 c;-.twsce package 10 that incorporates teachings of the present
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invention may be used for a variety of purposes. Various embodiments of the manner in
which one more serniconductor device packages 10 may be utilized are described in
reference to Figs. 13 through 15.
In the embodiment depicted by Fig. 13, two or more semiconductor device
25  packages 10a, 10b, 10c, etc., (which are also collectively referred to hereinafter, for the
sake of simplicity, as “semiconductor device packages 10™) according to embodiments of
the present invention (four are shown) are interconnected to one another. All of the
semiconductor device packages 10 may have the same finctionality (e.g., DRAM, NAND
flash memory, etc.), or they may combine different functionalities (e.g., multiple types of
30  memory, one or more types of memory and processing capabilities, etc.).
Semiconductor device packages 10 may be assembled simply by inserting discrete
conductive structures 38 that protrude from the base 12 of one package 10
(e.g. semiconductor device package 10d) into corresponding apertures 53 of another



20A sem conduct or devi ce package 10 that incorporates teachi ngs of
the present invention may be used for a variety of purposes. Various
enbodi nents of the manner in which one nore sem conductor device
packages 10 may be utilized are described in reference to Figs. 13

t hrough 15. In the enbodi ment depicted by Fig. 13, two or nore

sem conduct or devi ce 25packages 10a, 10b, 10c, etc., (which are also
collectively referred to hereinafter, forpst.he sake of sinplicity, as

"sem conduct or devi ce, packages, 10") accordi ng to,enbodi ments of 'the
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one package 10.(e.g., ,sem conductar,.devj ce package 10d) .into

cor respondi ng dé%é‘!"ig‘i?%%‘%g%&afmﬁébt'%@fme‘i Cl'l 2&9’ eﬁi’%ﬁ%@“&@“ﬁ'@?&"f‘mt may
sem conduct or yiexthlRhdirad atittstit)by walyloha RNl HRER RN CRBICMGHR AR
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conducti ve | i rintggerence fifprpy simplyfareing, 108 plsicallsshiasing; the intgseonperted packages 10
nmbodi j nq%R;,-ﬁﬁ 2 di t ducti
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15 Figs. 14 and 15 illustrate an embodiment of a technique for repairing a
semiconductor device package 10 that includes one or more defective semiconductor
devices 20. As shown in Fig. 4, a repair package 10R, which includes at least one
replacement device 20R, is assembled with a defective semiconductor device package 10.
More specifically, discrete conductive structures 38R that protrude frorm a base 12R of
20  repair package 10R are inserted into corresponding apertures 53 of the defective
semiconductor device package 10, electrically contacting contact pads 44 (Fig. 1) and/or
conductive liners 54 (Fig. 1) within those apertures 53. Discrete conductive
structures 38R of repair package 10R protrude from locations that will align with a group
of chip select pads 44 that correspond to the defective semiconductor device 20, as shown
25 inFig. 15. In the illustrated embodiment, replacement package 10R is intended to replace
semiconductor device 20a (“chip 0). Accordingly, each of the discrete conductive
structures 38R that protrudes from base 12R of replacement package 10R is positioned ta
align with an aperture 53 that exposes a contact pad 44a (of “chip set 0,” or “CS(0”) that
corresponds to semiconductor device 20a. If another semiconductor device 20 of
30 semiconductor device package 10 were defective, discrete conductive structures 38R
would instead protrude locations that align with contact pads 44 (e.g., CS1, CS2,
CS3, etc.) that correspond to that defective semiconductor device 20.



described with reference to Fig. 13 may be enpl oyed as a final
process in the packagi ng of sem conductor devices, or it may be used
post - production to upgrade the functionality of (e.g., expand an
existing functionality of or add functionality to) previously

i nstall ed sem conductor devices (e.g., by repair technicians,
consuners, etc.). 15Figs. 14 and 15 illustrate an enbodi nent of a
technique for repairing a sem conductor deMi.ce package 10 that
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pad 44a (of "chi . ; ' tor
ovi co-20n 11 toRoPfbretomicBiduckplitvicet, 3mEHABAARNE plckap SFUE AR

devi ce package id@ntien imchidésaqedisnéhution element atop en upretrasesestivonductordevi@s Hhe
(ol ! R0 P CoBbabton fthigha bR Bl ) flpoft. G Ak RRG b devices of
sem conduct or dhwpackage0 Contact p3ds-that are arrdnged i anayoved a Rirface dfihe Ristribution
el ectroni c device 200 ch as a c uter, controller, celluylar

t el ephone, '&or téﬁ@gﬁqaafét coppRetiqn of one ormorg pdditiona 58@!?@?‘&‘?“’5&“1‘%@“‘71@%

i s depicted. Eligefepaciage.(PhE coftact Padsirhiy/biddRosat thiohsiidertidedfofned(lif} af O

whi ch at | east one sem conductor device package 10 according to

enbodi nent s of WRPSHaswhich anshuRs mayfapilitate aligaraent af qoprespo sredel. | n

the illustrat e&gﬁ&ﬁﬂd& %ﬂ%ﬂaﬁ%ﬁy%ifoﬂpﬁﬁdﬁo&q Qex'ljli%ldh'&&%eﬁw%ag e with

sem conduct or vice p ges 1 t are electrically connect
each ot her. | n theappopyiatetchntags padsefi the redistitutiomelemeit.uThis arenizeckint fapilisates f

sem conduct devi: ' n . m or_.devi ces
that are nots deiaird BRGSAIEShUa ST s (Rp Rl R RMGAD piity F
enbodi mcaints thcaiéenﬁdnﬁﬂutdfdaﬁces,\biﬂmgreqlm' 'tge]ﬁ'tdmmdﬁletp@crkaglﬂbimd dddarid i@t any
sem conductor devices npy be stacked one opn another. In additjon to
the carrier an@pﬁﬁé e&pm}%p@ctgg Mool E?’E?fﬁ?" @\FF%%C‘,E“&J’VS&H&E Fﬁﬂt’d’f’é’fed The
devi ce package (bsehtifveRtiSSR indhiite Methds fofibddthi® ﬁad;ﬁ@l&a@h?%&%&ﬂhﬁctor

el ement atop an_ uppernost semi conductor  device. %‘he redi stribution

el enent conmuni dxtees asyvelhasgrhodp fagassemblinggnultiple packagssyinchidingaegiods for

devi ces of 4qe ﬁggﬁm P&iior il I Beviids

over a surfﬁa{'e rg@g%gﬂ%ﬁ?e I'st I’tlagl?t | onr@%?egéﬁgﬁfge{é%égﬁgmm% co%i%txlfa R

of one or nore adatiling tmethbodimintsef the prasent dweitive. packages to the

package. The contact,.pad . t hr h apert.ures fo i

an encapsul ant, whi eﬂ%ﬁﬁiﬁ‘ﬁg¥°£€%}@9¥§§‘?ﬁ‘¥%‘%§9m ‘fs"g‘?se 3hotfdnot Be

cg(r]I res ponfli ng ddomg.eﬂes mgidgdi:isu@e siﬁupfewneiﬁvédgaﬁ, bt Mértlydeprovidiigan

addi ti onal sem gondyct or. devi ¢e ,package w.th the ropriate contact

pads of the red/u¥RRRs L smeS EHST%}T@%Y*%%WmWMﬂ%}q%Y@@gon may be

30 devised which Jie within the scope of the present invention, Features from different

embodiments may be employed in combination. The scope of the invention is, therefore,
indicated and limited only by the appended claims and thejr legal equivalents, rather than

by the foregoing description. All additions, deletions and modifications to the invention



20 repair of and upgrades to packages, or nulti-chip nodul es, that
include a plurality of sem conductor devices, w thout requiring that
the entire package be di scarded and that any operabl e sem conduct or
devices thereof, or data stored thereby, be needlessly wasted. The
present invention also includes nethods for assenbling and packagi ng
sem conductor devices, as well as nethods for assenbling nultiple
packages, including nethods for 25 replacijgg the functionality of one
or nore defective sem conductor_ devices of a package accordlng to

embodi nents of qsml@cpxééeﬁqmwwmwmnthemean-mmﬁﬁe@mfﬂ@ cleipsyeiaks
description COQ&ﬁhﬂﬁ?ﬂ@ﬁM specifics, these should not be construed as
limting the scope of t é%present i nvention, but nmerely as providing
illustrations of some enbodinents. Simlarly, other enbodi nents of
the invention may be 30 devised which lie within the scope of the
present invention. Features fromdifferent enbodi nents nmay be

enpl oyed i n conbination. The scope of the invention is, therefore,

indicated and limted only by the appended clains and their |egal
equi val ents, rather than by the foregoing description. Al additions,

del etions and nodifications to the invention - 14 - as discl osed
herein which fall within the nmeaning and scope of the clains are to
be enbraced thereby. - 15 - CLAIMS What is clained 1. A

sem conduct or devi ce package, conprising: a carrier with at |east one
contact on a first surface thereof; 5at | east one sem conduct or
device on the first surface of the substrate, the sem conduct or



device including an active surface bearing at |east one contact pad;
aredistribution elenent including at |east one contact pad and

| ocat ed over the active surface of the at | east one sem conductor
devi ce; at |east one internediate conductive elenent electrically
connecting the at |east one 10contact pad of the carrier and the at

| east one contact pad of the at |east ong;sem conductor device; and a
nol ded encapsul ant | ocated at | east over %he redi stribution el enent
and including at | east one aperture th@%&@%smhlch the at |east one
cont act pad q&h%@ﬁﬂ&, Hstrlbutlon el enment is individually exposed, at
| east el ectricall 2. The sem conduct or devi cepaci cage of
claim1, further corrprA&emg:oaductoeaahceqaaatagarcompizsﬁgredl ate conductive

el enent establishi n% l{gmmi cati on be Weegr_ | east one contact of
the carrier @St "Bg aséﬁ’ée%"BF?P%‘?flta E ?ce’tﬂFFée edi stribution
clement, 303.afkest S3LNEHNEGAGHEY dedRY biE Be Pkt kafiRe of the hbstire the/RBiBhductone
at | east anot her |nterrred| ate condudtive el ement extends between the

at | east one cont detcedpelpfiag anpgtivesurBpgbeariphiesst onssantet Pitie at | east

one semi Condlﬁ%cﬁ:&mﬁiﬁibh(’e%me\‘\’c ‘fnﬂu@llh a@@d@f&fétcoﬁﬁﬁ Qcﬁaﬁdhgca@éd Jveant 2 9NE
sem conduct or device in communication wth the at | east one cont act

pad of the redi st fyiae poe al learkeite sepmonduriopdeyéssi conduct or devi ce

package of clajeg; gne M’ﬂ:%é‘dn&‘re thRmalve! eﬁﬁéﬁt @&%@W cdna&&rng%la@re@st one
conducti ve el ement extends between the at | east” one contact ofthe

carrier dfd at | eepsfachpas g5l qapréer and e pftleast onsaantadt padhel thedlileastanut i on

clement, wth thegali.d@ash fIRePRA! Pheral contact pad of the
r edi strl bution elenment 1n conmunication with the at | east one 30

contact pad efmdded cnesgpwentilasgter ehleast evep the redistri@ition element and including at
least one aperture through which the at least one contact pad of the redistribution

element is individually exposed, at least electrically.

15
2, The semiconduetor device package of claim 1, further comprising at least
anotber intermediate conductive element establishing communication between at least one
contact of the carrier and at least one contact pad of the redistribution element.

20 3. The semiconductor device package of claim 2, wherein the at least another
jotermediate conductive element extends between the at least one contact of the carrier
and a contact pad of the at Jeast one semiconductor device, with the contact pad of the at
least one sermiconducter device in comrmunication with the at least one contact pad of the
redistribution element.

25

4, The semiconduetor device package of claim 2, wherein the at least another
intermediate conductive element extends between the at least one contact of the carrier
and at least one peripherzl contact pad of the redistribution clement, with the at least one
peripheral contact pad of the redistribution element in communication with the at least one

30  contact pad of the redistribution element.



5. The sem conductor device package of claim11, wherein at |east one
aperture is configured to receive a discrete conductive structure
protrudi ng from anot her sem conductor device. 56. The sem conduct or
devi ce package of claim1, further conprising: a conductive lining on
at | east one of a surface of the at | east one aperture and the at

| east one contact pad that is individualijgy exposed, at |east
electrically, through the at |east _one apert . 107, The

seni conduct or dew-ce p%l@&’@@%&c@rQ‘?Vfﬁefﬁﬁ‘ﬁgﬁéjflr‘fgﬂm%o%?mgiahlﬁasﬁme
plurality of ,sem.conduehon ievdieasdiscitdonationge ithena prbwatids ffeanother
semi conduct or® devi ce, | n stacked arrangenent. 8. The

sem conduct oserdennidegopisricage of claim 7, wherein the redistribution
15 el ement includes a plurality of chip select groups of contact

pads, each chip select group conprising a plurality of contact pads
correspongli ng to §ne Skwiseniduitor detéeipeckagd oftchedm Pl furthbi doynpofing:

sem conduct or devi ces. . 9.. The, seni.conduct or Vi G

of claim i, M@ﬂg?tweﬁﬁ@grog&]t Lef’?tPB?J?fiaosH%% Og]fheeﬁg%%& Beaglﬁgleesaggﬁl %figl‘g%sf
one of a redistrididtcofactlpay gt @ndiadualiptaiopasarieast elechifcally, through thd&. A
mul ti-package assenbly, conprising: a first sem conductor device
package, i ncladicRg2PeE " arrier; at |east one seni conductor device on
and electrically coupled to the carrier; 5a redistribution elenment on

the at | east one sem conductor device, with a plurality .
10 7. The semiconductor device package of claim 1, further comprising a

plurality of semiconductor devices, including the at least one semiconductor device, in

stacked arrangement,

8. The semiconductor device package of claim 7, wherein the redistribution
15  eclement includes a plurality of chip select groups of contact pads, each chip select group
comprising a plurality of contact pads corresponding to one semiconductor device of the

plurality of semiconductor devices.

9. The semiconductor device package of ¢laim 1, wherein the redistribution

20  element comprises at least one of a redistribution layer and an inferposer.



of contact pads arranged over a surface of the redistribution

el enent; a nol ded encapsul ant covering a surface of the

redi stribution elenent, contact pads of the plurality being

i ndi vidual |y exposed, at |east electrically, through an aperture in

t he Mol ded encapsul ant; and 10 a second sem conductor device package,
including: a carrier including a base with a plurality of discrete
conductive structures protruding therefroki-each discrete conductive

structure contacting a QORiIESRARGE MG ot AahiRad of the plurality of
contact pads of the redistri gﬁti gn e?emg’nt %%‘l the first.sem conductor

devi ce packagez fighgmi®aductasdeyicopaskagsnineludidgict or devi ce el ectrically
coupled to the carr,ier:.. 11. The multi-package assenbly of claim
10, wherein the se€ond gemi conduct or devi ce package expands an

exi sting functi onalat kegst ofie sehecohilwctdr deeing aoandwitbicaltecsupled pathk eqgder;
adds anoth functiopal ity to, a functignality of. the first . .
sem conducstr)r devi éé&° 5%%‘%%63,%16{% ntroéjgtfi%%g%asea‘}nx Iseé’?afg?n%gﬁgl %%fcgt‘?”iﬂ%%p lurality
sem conduct or devi ce of ofdvetatt jradt arBdgstodec pnaifacd efthaledisc@upaciagat;

12. The mul ti - package  assenbl f claim10Q, rei,n the second
seni conduct or devi 52"%%??8‘@3@5%[&??1‘@'“3ﬁé‘frgftﬁ%\é\?tﬁ%lrefil@mtbgﬁ?q @E‘P?W‘mm“
el ement on the at | east paigef e piveanpbgiOndidRMilBaxpddel Mt Ragleleeaichlly
250f contact pads arran%ed Ever a surface é)f the redistribution

elenent; and a ol ded efftEAELAT VD BRI CBLAPPURE B t he
redistri bu]]td on sedoRbREHhicofioblonedvi@adsagé, itdmidat ural ity being _
i ndi vidually exposed, at, | east electrically, through an aperture in
the nol ded encapsuf &3tier including a base with a plurality of discreté conductive structures
' protruding therefrom, each discrete conductive structure contacting a
corresponding contact pad of the plurality of contact pads of the
redistribution element of the first-semiconductor device package; and

15 at least one semiconductor device electrically coupled to the carrier.

1l The muiti-package assembly of claim 10, wherein the second
semiconductor device package expands an existing functionality of the first semiconductor
device package, adds another functionality to 2 functionality of the first semiconductor
device package, or xeplaces at least one defective semiconductor device of the first

20  semiconductor device package.

12.  The multi-package assembly of claim 10, wherein the second
semiconductor device package further includes:
a redistribution element on the at least one semiconductor device, with a plurality
25 of contact pads arranged over a surface of the redistribution element; and
a molded encapsulant covering a surface of the redistribution element, contact
pads of the plurality being individually exposed, at least electrically,

through an aperture in the molded encapsulant,



- 18 - 13. A method for packaging at | east one sem conduct or
device, conprising: electrically connecting at |east one

sem conductor device to a first surface of a carrier, the at |east
one sem conduct or device including an active surface and at | east one
contact pad on the active surface; 5disposing a redistribution

el ement on the at |east one sem conductpfgﬂdevi ce; electrically
connecting the redistribution elenent to at |east one of the carrier
and the at |east ohe semamddoctaokagitmat best oapgsimitongucier denics FeMPARINg:t 0
a surface of the redistribution elenent: . L Al t
one aperture e[eﬁ‘i“(‘}ﬁl COPREFting BARASH G F meShQU%Eé?\C}?VéC Far ??ﬁ%g& 6%%%8%% éaﬁzeg’stP ¢
one 10contact padaxQtast e seibosductddevienindhdingat actibe oufybe dridet least one
encapsul ant . 14. T‘£e thod of Claim13, wherein electrically
connecting at | ea§nizghge %FH%BWH&E‘E ®devi ce includes stacking and

el ectri Ca§|5y d%@@ﬂ@g:é ieBBuRuRb Il hbt ¥n G 26 RESt 6R@tdoaducteievies to the

carrier. 15. The net hod of clajm 13, V\@erei n tgi S osirl;l t he. d the at
redi stri but i slécEicaheinecsRpHesedsttipution SEmepia 2ypast Y159 ggtciaﬂﬁ’l guathesa

redi stribution | aygt Q0 sénisdHdl@sedeffcet he at | east one sem conduct or

device and securing an interposer to the @ur_‘fjape f the at |east one
sem conduct oepplEing €e cnapGnTise WERGR] therrediftEPyHor $lemiAe AR n

plectrically dgﬁﬂﬂgﬁtlgﬂgo&egﬁetﬁfre Jtlﬁcﬁl__%'h lt%cip@ﬂhﬁ&d ingiidually @lpeseitleast one
a

conprises formng or positioning at” |east one internedi ate conductive
el enent hgt ween acwdast pastofharedipiribuiéoncdemest thraygh PesrePEldit and a
correspondi ng contact of th&p arrier. . T

2517 et hod of cl ai 13,
wherein el ectricallfy cRRBEEPHEFHED 13 W Eﬁgfiégtﬁénﬁ\yéw%g%ﬁgwﬁm

el ement conpreSesndRfdTiBEcRCRRS bhilQRd 8 eRbiribARThn1RRtng IFIQLIGSF at e
conductive el enent between a contact pad of the at |east one

sen conduct orsergiopndustos deviees gothe eB¥ndi ng cont act of the carrier.
3018. The nmethod of claim 13, wherein defining at | east one aperture

t hr ough
o i5 15.  The method of claim 13, wherein disposing the redistribution element

cornpises at least ore of fabricating a redistribution layer on a surface of the at least one
semiconductor device and securing an interposer to the surface of the at least one

semiconductor device,

20 16.  The method of claim 13, wherein electrically connecting the at least one
redistribution element comprises forming or positioning at least one intermediate
condnetive clement between a contact pad of the redistribution element and 2

corresponding contact of the carrier.

25 17. The method of claim 13, wherein electrically connecting the at least one
redistribution element comprises forming or positioning at least one intermediate
conductive element between a contact pad of the at least one semiconductor device and a

corresponding contact of the carrier.

30 18.  The method of claim 13, wherein defining at least one aperture through
the encapsulant to expose the at least one contact pad of the redistribution element is

effected while applying the encapsulant to the surface of the redistribution element.



t he encapsul ant to expose the at |east one contact pad of the

redi stribution elenent is effected while applying the encapsulant to
the surface of the redistribution elenment. -19- 19. The net hod of
claim 13, wherein defining at |east one aperture through the

encapsul ant to expose the at | east one contact pad of the

redi stribution elenent is effected afte[1 ncapsul ant has been applied
to the surface of the redistribution elenent. 520. The nethod of claim
13, further conpril8i ngThd mthodeitclany 14 wheesis tefmiveg a¢ toastwoe aneetute thwongh n

at | east one erture formed 1 hrou t he enc 1) P
Tethod of ol did PRyt § G AT pie PafRe e Bhibution pighent
10packages, cOlged stengncapdulmnhdasdeanaplie is drestifaccaf thectdistebigion alemante

protruding froma base of a sem conductor package with a
correspondi ng contact pad of a redistribution el enent of another

sem condugt or devihge DPARK Aok BEME NYfRhE dnptitidyr of sem conduct or
devi ces, each correspondi ng contact pad individually exposed, at

| east el ect r ifebriceyng atieastingh camluetivsdinerin af least ousrpeives fFprdthsough the

sem conduct or devi(%gﬁ gﬁ&hage; inserting the each discrete conductive
structure into a COFrF spondi ng aperture fornmed in a surface of the
encapsul ant, into electrical comunication with the correspondi ng

contact pad; and intaining electrical contact betwee he at
| east ong di scret élcon E‘f’t}'?/%mlsetl‘?%ﬂ?f‘t’ LT ”ﬁﬁi’ﬁ'}éﬁ’i‘foﬁgﬁé“fm ifer

contact p@d. packages, c8@prisihe met hod of claim 21, wherein aligning
conprises ali q,ni ng a replacenent sem cond_uc_té),r &evi e package )
i ncl udi ng at HEAYE B ICET CCORRIIVE SFucHEY PIOBUGIRGRMOR @ & sgpicppgygtor
one defective Sem@ﬁi&{&@w&tﬁ% c&@%ﬁ&%ir@coﬁﬁ@cp@@@fé\@ﬂisﬁ%ﬁii&%ﬁh@ﬁQfanother
devi ce package. 2 23. The nmethod of claim 21, wherein

al i gni ng conpri se<$eAicPEHICHRE dayicsaifagn GEHE eyt e ohsRceg R N ArYitisng

at |east one sem GRIUelQonBiBY t&Rack PAL ind@didSal HRNbdseM Gl legdd BlekitiYallyOthRbugh
functionality of the another_ Sem conductor device package or that

enhances Idn exi st iAhgngapsiiant efthp prahes ferpipndysipt desice gkrgonduct or

devi ce pac kaQﬁserting the each discrete conductive structure into a corresponding aperture formed in a
surface of the encapsulant, into electrical communication with the corresponding
contact pad; and

maintaining electrical contact between the at least one discrete conductive structure and

20 the at [east one contact pad.
7

22, The method of claim 21, wherein aligning comprises aligning a
replacernent semiconductor device package including at least one semiconductor device
that replaces at least one defective semiconductor device of the another semiconductor
device package.

25

23, The method of claim 21, wherein aligning comprises sligning a
semiconductor device packége including at least one semiconductor device that adds new
functionality te a functionality of the another semiconductor device package or that
enhances an existing functionality of the another semiconductor device package.

30



- 20 24. An electronic device, conprising: at |least one circuit
board; at |east one sem conductor device package including a carrier
electrically connected to the at least one circuit board, a plurality
of sem conductor devices in stacked 5arrangenent on the carrier, a
redi stribution el enent over the plurality of sem conductor devise and
i ncluding an array of contact pads, and ?D encapsul ant t hrough which
an array of apertures are forned to ena.%,e an upgrade to the at | east
one sem conduct orZddeviAnelgstekadeyiceeetdMP Ei38r t ure correspondi ng
individually to a caon d of the array of contact pads, each
contact pad %fjea%oé’eﬁlrrér@ty 0S&?IIOCont act pads being at | east

el ectri cal | yatdsepomederhinomiughr ddvise apekageineludiog p expientdeciipal nepnppdesr| y
to the contact pad. 25. The. el.ectropi A i : r
conprising: at | ég%?t%?fﬁtootnﬁéw%t}ﬁﬁa k@%ﬂ@%@@@@%ﬁé@%ﬁ% l}ﬁ‘;l% ?uigr}c%%k&e
pluralitysof di scr@h@neanshiit tardersd redistribnien gerotnt odir thy furaity af base
thereof, the pluraljty, of discrete nductj v t t j
through the encapStHeanguc g‘f‘ﬂ? aaé "]CE@W aBHe? %%ltoé%% E?zi?g?oe%‘ee\?‘?%gmgm
package and cont agfhgowsiek heapyndefgtuee atedfotmadadsnable anhipgade @yhe at

Jeast one semiconductor device package, each aperture corresponding individually
to a contact pad of the array of contact pads, each contact pad of the array of
10 contact pads being at least electrically exposed through the aperture

corresponding individually to the contact pad.

25.  The electronic device of ¢laim 24, further comprising:

at least another semiconductor device including & plurality of discreté conductive
structures protruding from a base thereof, the plurality of discrete conductive
structures extending throngh the encapsulant of the at least one semiconductor

device package and contacting corresponding contact pads of the array.



