-1- UPGRADEABLE AND REPAI RABLE SEM CONDUCTOR PACKAGES AND METHODS
BACKGROUND 5 The present invention, in various enbodi nents, rel ates
generally to the packagi ng of el ectronic conponents such as integrated
circuits, as incorporated in sem conductor devices. Specific enbodi nents of
t he present invention include sem conductor device packaging and
fabrication devices in which one or nore sgni conductor packages, each

i ncluding multiple sem conductor devices within an encapsul ant, are operably
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15 The amount of surface area on a carrier substrate that may be saved by stacking

semiconductor devices is readily apparent; a stack of semiconductor devices consumes
roughly the same amount of “real estate” on a carrier substrate, such as a circuit board, as
a single, horizontally oriented semiconductor device or semiconductor device package. In
order to conserve the amount of surface area consumed 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 multi-chip module
(MCM). MCMs may be attached to and/or arranged on a substrate using flip-chip
attachments, chip-on-board (COB), board-on-chip (BOC) configurations, or otherwise.

25 Flip-chip attachment generally consists of attaching an active surface of a
semiconductor die to a substrate with a plurality of conductive bumps therebetween. Each
conductive bump 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.



sem conductor 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,

wi th an appropriate adhesive, such as an epoxy or adhesive tape. The die may
be oriented either face up or face dowmm (wth its active surface and cont act
pads either up. 5 or down with respect to _the circuit board) for wire
bonding. A bond wire is then discretely -t ached to each contact pad on the
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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 malfunction 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 a method for assembling and
packaging semiconductor devices;
Figs. 7 through 12 illustrate another embodiment of 2 method for assembling and
25  packaging semiconductor devices;
Fig. 13 shows an embodiment of an assembly including multiple semiconductor
device packages;
Fig. 14 depicts another embodiment of an assembly that includes multiple
semiconductor device packages;
30 Fig. 15 provides a representation of an embodiment of the manner in which a
defective semiconductor device of a semiconductor device package according to an

embodiment of the present invention may be effectively replaced; and



30 Fig. 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 may be effectively
replaced; and -3- Fig. 16 schematically depicts an el ectronic device

i ncl uding a sem conductor device package with at |east one contact pad of a
redi stribution el enent exposed through an encapsul ant of the package. 5
MODES FOR CARRYI NG OQUT THE | NVENTI ON Wth-2reference to Fig, 1, an enbodi nment
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I n sone enbodi nents, discrete conductiye structures 38 may protrude from
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redistribution element 40, enabling the electrical connection of at least one additional
semiconductor device package to semiconductor device package 10 and, thus, facilitating
the upgrade and/or repair of semiconductor device package 10.

In the illustrated embodiment, carrier 30 1is a circuit 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 sbme embodiments,.discrete conductive structures 38 may protrude from
contacts 37 (e.g., terminals, conductive vias, etc.) on a bottom surface 36 of carrier 30.
Discrete conductive structures 38 may, in some embodiments, be arranged in an array
(e.g., a grid array, 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



(e.g., agrid array, etc.) across surface 36. D screte conductive structures
38 may conprise any suitable material (e.g" solder, netal, conductive or
conductor-filled elastoner, etc.) 30 fornmed to have any suitable
configuration (e.g., balls, bunps, pins, studs, colums, pillars, etc.).
Sem conductor devices 20 may, in sonme enbodi ments, have the sane or
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bonding, tape-automated bonding or TAB, and the like, for electrically connecting stacked
semiconductor devices, and with the number of contacts 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, terminals,
leads, etc.) on surface 32 of carrier 30. In this way, each intermediate conductive
element 25 electrically connects a contact pad 24 and its cotresponding 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 clement 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 adbered to a surface of the uppermost semiconductor device 20d. In other



el ement 25 electrically connects a contact pad 24 and its correspondi ng
contact 34. Each 25 internedi ate conductive elenent 25 in the enbodi nent of
sem conduct or device package 10 shown in Fig. | is a bond wire,

Sem conduct or devi ce packages with other types of internediate conductive
el ements, including, but not conductive traces carried by flexible
dielectric film(i.e., TAB connections), |gads, and the |like. Redistribution
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el ement 40. Still other enbodi nents include conbinations of these features.

embodiments, conductive traces 43 extend laterally inward (i.e., away from peripheral

edges 45 of redistribution element 40) from contact pads 46 located adjacent to one or
more peripheral edges 45 of redistribution element 40. Still other embodiments include
combinations of these features.

20 Conductive traces (not shown), contact pads 44, and other conducive features of
redistribution element 40 may communicate with each semiconductor device 20 of
semiconductor device package 10. In embodiments where conductive traces 43 of
redistribution element 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 elenent 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



20 Conductive traces (not shown), contact pads 44, and ot her conducive
features of redistribution elenment 40 may comruni cate with each

sem conduct or device 20 of sem conductor device package 10. In enbodi nents
where conductive traces 43 of redistribution elenent 40 are electrically
connected to contact pads 24d of the uppernost sem conductor device 20d,
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metallurgy (UBM) of a type known in the art. Each conductive liner 54 may be

E

configured to enhance retention (e.g., by adhesion, creation of an interference fit, etc.) of a
discrete conductive structure 38 within its corresponding aperture 53, as well enhancing

20  eclectrical communication between a discrete conductive structure 38 and its corresponding
contact pad 44.

Encapsulant 50 may comprise any suitable packaging material, such as a quantity
of molded material (e.g., a material, such 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  suitable 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



conductive liner 54 may conprise ball-limting netallurgy (BLM or
under-bunp netallurgy (UBM of a type known in the art. Each conductive
liner 54 may be configured to enhance retention (e.g., by adhesion,
creation of an interference fit, etc.) of a discrete conductive structure 38
within its correspondi ng aperture 53, as well enhancing 20 electrical
communi cation between a discrete conductive structure 38 and its
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internedi ate conductive elenents 25 that extend between contact pads 24
(Fig. 1) of sesmes3fudbistype of arrangement provides for 2 more direct electrical connection

between carrier 30 and circuitry of redistribution element 40",
Once all of the semiconductor devices 20 are in place upon and electrically
connected to carrier 30, an exposed surface 42’ of redistribution layer 40’ and, optionally,

20 intermediate conductive elements 25, 35 (Fig. 8) may be covered with a suitable
encapsulant 50. Known processes, such as molding (e.g., transfer molding, pot molding,
injection molding, etc.) techhiques 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 SO that overlies redistribution layer 40",
Apertures 62 are defined in mask 60 at locations over the contact pads 44’ that are to 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



devi ce 20d and corresponding contacts 34 (Fig. 1) of carrier 30. In other
enbodi nents, internediate conductive elenents 35 (see, e.g., Fig. 8 nay be
formed or placed between contact pads 46' of redistribution | ayer 40" that
are |l ocated adjacent to one or nore 15 peripheral edges 21 of sem conductor
devi ce 20d and correspondi ng contacts 34 of carrier 30. This type of
arrangenent provides for a nore direct elegtrical connection between
carrier 30 and circuitry of redistributiofelement 40'. Once all of the
sem conduct or redﬂVthﬂ'Sraa?&iaﬁ?‘&nidﬂcﬂphﬁm smpgay laraffgededmﬁm?mhbmﬁanmﬁct ed to
carrier 30, an exposed surface " of redjstribution | gyer 40" and,
optional Iy, pleiekyTReBaYIAE @aelsérﬁ U%{CL wategiakregioval may continyeuntil apertures 93pe
covered with ' i WBedd | di ng
(e.qg., transfgl}‘. Wér@hgg%‘?’e%ﬁ%ﬁ 4i‘tnjw%ct | on&kgﬁsﬁagfﬁgﬂbﬁﬁ@hni gues
may be used t surBppbYofencapsalahtSt material to redistribution |ayer 40" and,
optionally, over ipterngdiatg, conquctive el nt 5, , . Lo or )
encapsul ant 50. 25 %ma%wwfth?wc ft & T8Y e@&?ﬁ%ﬁ}{ﬁ%gh?wq:i g.
2, encapsul an# oldsdmy conpletely cover the previously exposed surface 42
of redistribution [layer 40'. As showmn in Figs. 3 and 4, contact.pads 44’
that are arranged vanotienvdraten dPthe afethoddipsttuieb Al may be fyreed dotingthy
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exposed to a suitable etchant, ar, sol vent, which,renoves ., fr.om encapsyl ant 50
material that PREUSSRTREL B Miih 4 Binshat comrSbledim ol sssistgigtens] guchs

renmoval of ma;,g{r’, ﬁ&&tﬁiﬂgﬁéﬁ’qﬂﬁ% p'éﬁlu'%ﬁdé%ﬂgﬂy ¥ 2 beg rind @ lethylen

substantial ly conpl etely renoving nas uch"material re vaf may
conti nue unti propylene (FEF toprevent thedomyiatinn of Yflash,8 adkis ilayetiofnoapsolantypaterial 4'

have been exposed, have,been fornmed in surface 52 of encapsulant 50. 5 In a
vari ation of Pﬁgcﬂ’étﬁ?afc?afls‘g‘gertures 53 may be fornmed by known | aser abl ation

processesys I'n anot fesmbicfimerits Ofthe hettod whetd ipermurdPSsT hdd F6itned vitioyt diemicanyed
uring

removing (e.g., etching, dissolving, etc.) material from encapsulant 50, mask 60 may be
subscquently formed, as shown in Fig. 4.

With apertures 53 formed 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  In one embodiment, conductive lining 54 may be formed by depositing (e.g., by known
physical vapor deposition (PVD) processes, known chemical vapor deposition (CVD)
processes, etc.) 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 (e.g., electrolytic

25  plating, clectroless plating, immersion plating, etc.) processes, which complete the
conductive lining 54.

Once conductive linings 54 have been formed in apertures 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.



formati on of encapsul ant 50. In one particular enbodinent, the nold, or
encapsul ation, tooling that is used to form encapsul ant 50 may i ncl ude
protrusions that align with contact 10 pads 44'that are to be exposed and
define apertures 53 over these contact pads 44. These protrusions nay be
lined with a sonmewhat conpressible filmnold assist material, such as a
pol ytetrafl uoroet hyl ene (PTFE), a perfluorgqlkoxy.(PFA), or a fluorinated
ethyl ene propylene (FEP) to prevent the formation of "flash," a thin |ayer
of encapsul ant nat &siRig.,6 showe discrotetconductivielstrugtures 38 rhay berdpplicdtersontaets 37 pe

net hod where apertures. 5 r.e f.or i t hout chenj cal,l V.. renoyi ng. .
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conductive | i rformedhy placing conductive matesial orgecwringiprefprmed condgtive gructuresitay f or m
a seed |l ayer far sutﬁequent plating (e.g., electrolytic 25 plating,

el ectrol ess p|°8f“iaﬁ‘5, imrersion plating, etc.) processes, which conplete the
conductive |ining S¥notkdrembedifihcsf atfodesfon Bssemblinpon/Rmicmbudter deeidei N
apertures 53, conductive material may, in sone enbodi nents, be renpved from
ot her | ocadi orpackagedfEEigsLiagearding tq an embodimentof the prasens drveatien B shovgsinnmsk 60
I's renoved. Tm‘igs Zqﬁg‘\{ lff conductive material may be 30 acconplished by
known |ift-of f" Péchnigties, in which the structure is exposed to a suitable
chem cal (e.g., a rasdeicatby Figi 7) oaerbosloreRamionduztor devicds 208, J0bs20eaen f or med
froma photoresist, an etchant _in_ epbodi nents where mask 60 is forned from
anot her mat er i §fyred inplepeover andelactricalhy cannecied carisndQnAilowermgst 5. -9 As

Fig. 6 shows d] | he ' co ts 37
on a bottom sgére?g“f:oeag% o¥ cgtrzP%/@P y %%‘;&Eﬁ‘gmﬂm&%@wﬁg@%@& | TTE ﬁg
wher e di sciSet eor adhestiecdoated eleimentoflatgpe dwarie tfearrCdninnatieatioh day ber anot her

t al tal al W th )
retal or meta es%bliﬁ%d betwee)e/n g(?l%act pads 24 (Fig. 1) of each semiconductor device 20a, 20b, 20¢

and corresponding contacts 34 (Fig. 1) of carrier 30 (i.e., they may be electrically

connected to one another) by forming or placing intermediate conductive clements 25
therebetween.

20 " In embodiments where the resulting semiconductor device package 10 is to
include more than one semiconductor device 20, an uppermost semiconductor device 20d
is positioned over and secured 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.



be formed by screen printing netallic paste onto contacts 37 and refl ow ng
the sane. 5 Alternatively, they nay be fornmed by use of a bath of nolten
nmetal or by enploying a wave of nolten netal. In other enbodi nents,

di screte conductive structures 38 nay be forned by placing conductive
material or securing prefornmed conductive structures to contacts 37.

Anot her enbodi nent of a process for assenbling a sem conductor device 10
package 10 (Fig. 1) according to an enbodifyéent of the present invention is
shown in Figs. 7 tWitpcagitinided refetendern Kig 8] abhyncapsulant SO mag be forned ever an

duct 20 b, 20 d | a
ol ect i cal |y Cupased Rathce 42 einmegoses 40 . M srcops A RSy ce 20a
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the resulting sem conéucto eV| e pac IS to 1nc nore than one
sem conduct or Theeafter, Rsﬂshown 1m5xger9rmdt10$mtacwmlm44'bﬂ1amarmgad)dver slsface 42"

posi ti oned ov%r ando;eggﬁ[ é‘g anot h u em g&ﬁ ¢ or \élfvg%h e QfadE%SkQSQ
I nt er poser 40 “Hﬁ? iy d of
t he upper nost Hﬁélf{v [ b Wﬁﬁ 8 YRR cdsAs
that shown in Fi"g. 8, In g’pgse ; aﬁl gcvpo It togé\%g@gem coanscﬁfét o??

devi ce 20d0befaf|eaéaps;ﬂmt(50 thab deerliesdntefposgr 40, b]bex‘sm@mrﬂ:ldaﬁnedinmmkiﬁﬁat 20d are
el ectrically connected .0 corr.es ntacts 34 (Fi of, carrier 30.
In these enbo P?‘?EHP§°vth’F§Pmﬁlp§ m&wgﬂ'&q? %e’éﬂ é%r#@”‘%‘?‘% S thea ixpse4 o1 ned
or placed anqyglsgigdhld Mchb’or“e%lh%te@hﬁﬁi‘éﬁﬁﬁ@s ﬁ@ﬂ%&épsﬂﬁﬁ%oaﬂﬁer&!‘ﬂmiﬁﬂ'b@en

correspondi ng contacts 34. In O addition, as . al so shows, contact
pads 46 at or expescddirough apemures @of péskr6l) ‘Ibdgwrmlsofcmcapmlmt@my momay be

electrically conuscheth borsale SRR MRuF ARl P Pubhedl siibineimitp,
elenents 33 t\gkeAlGh#NERTemoved through mask 60 until apertures 53, through which the desired
contact pads 44" have been exposed, have been formed in surface 52 of encapsulant 50.
In another embodiment, apertures 53 may be defined without the use of 2 mask.
Such an embodiment includes the use of known laser ablation techniques to remove
material from encapsulant 50 and to expose one or more contact pads 44" therethrough.
20 In other embodiments, apertures 53 may be formed as encapsulant 50 is formed.
In one such embodiment, the mold, or encapsulation, tooling that is used to form
encapsulant 50 may include 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, a2 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, etc.) and/or known



-10- Wth continued reference to Fig. 8, an encapsulant 50 may be forned
over an exposed surface 42" of interposer 40". Additionally, encapsul ant 50
may laterally surround sem conductor devices 20, as well as portions of

i nternmedi ate conductive elenments 25, 35 that extend laterally therefrom
Encapsul ant 50 may be fornmed by known 5 processes, including, wthout
l'imtation, known nolding processes. Encaggulant 50 may, at first,

conpl etely cover the previous|y exposed surface 42" of interposer 40".
Thereafter, aplatirgpiacessesie gs clectralyiis platingcelegtendess plating.smmersien plating, eted anged

over surface 42" [ r ST encapsul ant 50. As
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enbodi ment i Nn@brrkdFromhotire materishown | aser abl ation techniques to renove

materi al from encapsul ant 50 and to_expose one or nore contact pads 44"
therethrodfh. 20 iThe sirersire thap rultsdinm thesgprpeescs sansembpsiiment of whieBds as
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formed by use of a bath of molten metal or by employing a wave of molten metal. In
other embodiments, discrete conductive structures 38 may be formed by placing
conductive material or securing preformed conductive structures to contacts 37.

20 A semiconductor device package 10 that incorporates teachings of the present
invention may be used for a variety of purposes. Various embodiments of the manner in
which one more semiconductor 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, efc., (which are also collectively referred to hereinafter, for the
sake of simplicity, as “semniconductor 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 functionality (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



30 mask 60 in place over surface 52, a conductive lining 54 may be forned
over surfaces of apertures 53 and on the contact pads 44" exposed

t herethrough, as illustrated by Fig. 11. Known processes, including
deposition processes (e.g., PVD, CVD, etc.) and/or known -11- plating
processes (e.g., electrolytic plating, electroless plating, inmmersion
plating, etc.) nmay be used to forma con gctive lining 54 within each
aperture 53. As the processes that are u8éfi~to form each conductive |ining
54 may al so |geksge 10qagy sérivanduretbrddvide parleage A0¢)ewith eachslitetseontiagive 52, t he

conductive nateri al y be 5. renoved f{r .these,areas. |n . sope epbqdi nents,
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sinplicity, as "seniconductor device packages 10") according to enbodi ments
of semiconductor device package 10 that includes one or more defective semiconductor

devices 20. As shown in Fig. 14, 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 from 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. Inthe 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 to
align with an aperture 53 that exposes a contact pad 44a (of “chip set 0,” or “CS0”) that
corresponds to semiconductor device 20a. If another serniconductor 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.



the present invention (four are shown) are interconnected to one another.
Al of the sem conductor device packages 10 may have the sane functionality
(e.g., DRAM NAND flash nenory, etc.), or they may conbine different
functionalities (e.g., multiple types of 30 nenory, one or nore types of
menory and processing capabilities, etc.). Sem conductor device packages 10
may be assenbled sinply by inserting dlscrgie conductive structures 38 that
protrude fromthe base 12 of one package 1 ., sem conductor device
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7ot ur o 30, oAt EIaRRoT B G pae Y ighachmit LS B SABEGAY T c

l'ining 54 (Fi gpleddonididvice 200 xmdeﬁsmmmrme&é Whith2Bleadt Bns Qiicandiae? ment s,
el ectrical contact between a discrete conductive structure 38 and its

cor r espondi ng devicepackagad0 aecording toremhodiments of thepresent inventian iseplectrically

i seret e conduomnee in e WAk crlbittel HecPRit bhvlre LIRS R 01 cctri ca
contact may  b@nfedndlbtoPdribePaskad®y 1U Bhthedlelbotriviity c@ﬁnea:emaam bfhet.

Interaction, such as with an" interference fit or @}/ simply forcing,
physi cal l'y bi asi ng, Imsummm.éhe:prmbmwtpam@esemb erihaf $miees 'ém@’td@élceand

mai nt ai ni ng that packages
10 it he manniotekBeeS ititne 3 e RiCeRRRIN devitts BRERERRIH oo dicafiy 106 2
enpl oyed as a ¢dnneétedicasrier! méxmbdﬂﬁ&i@ﬁbﬂﬂclu&fmm%ﬁmiﬂ@&ﬁi@bndiﬁwt dexdice, OF
it may be used post-production to upgrade the functionality of (e.g

expand an Bki sthesemiconductasqdayiresymay begstacketorepnanpibea In additien tophwnwgné

L ARl i R R
de]l‘oectlvg sem giglr:lductor d&geavﬂlses Zﬂgﬁ As sﬁlos\% |ﬁ}§p|§:|ﬂﬂ 14, Ea reggl rvmgaglg;g ]
t

10R, whi ch i ncredistribution element comumunicatas yith,Ang or movs @e aliRemicongduciendsvices
a defective seg, @%&g& ghmdﬁ\aﬂa&&h&%& ddin an'\igrag eﬁ&h}q&%k B reditibiftn®

conductive structure t protru roma repai r package
10R are ing®ert elémeﬂttdmableItheampmuibmgfmelrtnuresddﬁﬁmafsetﬂmndﬁmﬁevmepackagcs
sem conduct or deV| ce package 10, el.ectrjcal ntactin pads 44
(Fig. 1) and/ ofo thegadass QOPﬁstr&ad%@ﬂi(b? P°§€5dfga°élalilﬁp 20 gl“%ﬂ’res 53.

Di screte condugldailant, which apertures may facilitate alignment of corresponding discrete
conductive structures that protrude from an additional semiconductor device package with
the appropriate contact pads of the redistribution element. This arrangement facilitates

20  repair of and upgrades to packages, or multi-chip modules, that include 2 plurality of
semiconductor devices, without requiring that the entire package be discarded and that any
operable semiconductor devices thereof, or data stored thereby, be needlessly wasted, The
present invention also includes methods for assembling and packaging semiconductor
devices, as well as methods for assembling multiple packages, including methods for

25  replacing the functionality of one or more defective semiconductor devices of a package
according to embodiments of the present invention.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some embodiments. Similarly, other embodiments of the invention may be

30 devised which Jie within the scope of the present invention. Features from different
embodiments may be vemployed in combination. The scope of the invention is, therefore,
indicated and limited only by the appended claims and their lega) equivalents, rather than

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



structures 38R of repair package 10OR protrude fromlocations that will align
with a group of chip select pads 44 that correspond to the defective

sem conductor device 20, as showmm 25 in Fig. 15. In the illustrated

enbodi ment, replacenent package 10R is intended to replace sem conduct or
device 20a ("chip 0"). Accordingly, each of the discrete conductive
structures 38R that protrudes from base 12R of repl acenent package |OR is
positioned to align with an aperture 53 tkht exposes a contact pad 44a (of
"chip set 0," gdiscfo36d heréifl hichofall WaGiRARE edringsAidiseGRbfticlaifl Wieds beOa. | f
anot her sem conduct or device 20 of 30 sem conductor devi ce package 10 were
def ective, di sembmesdsbereltdcti ve structures 38R woul d i nstead protrude

| ocations that align with contact pads 44 (e.g.. CSI, CS2, CS3, etc.) that
correspond to that defective sem conductor device 20. 13- Turning now to
Fig. 16, an electronic device 200, such as a conputer, controller, cellular
t el ephone, portable digital nusic player, digital camera, or the like is
depicted. Electronic device 200 includes a circuit board 210 to which at

| east one sem conductor device package 10 according to enbodi nents of the
present invention is electrically 5 connected. In the illustrated

enbodi nent, el ectronic device 200 includes two sem conductor device
packages 10 that are electrically connected to each other. In sunmary, the
present invention includes enbodi ments of sem conductor device packages

wi th one or nore sem conductor devices that are home by and electrically
connected to a carrier. In enbodinents that include nore than one

sem conduct or device, 10 the sem conductor devices may be stacked one on
another. In addition to the carrier and one or nore sem conductor devices,
a sem conductor device package of the present invention includes a

redi stribution, elenent atop an uppernost sem conductor device. The

redi stribution el enent conmuni cates with one or nore (e.g., all)

sem conductor devices of the package. Contact pads that are arranged in an
array over a surface of the redistribution 15 el enent enabl e the connection
of one or nore additional sem conductor device packages to the package. The
contact pads may be exposed through apertures fornmed in an encapsul ant,

whi ch apertures may facilitate alignnment of correspondi ng discrete
conductive structures that protrude from an additional sem conductor device
package with the appropriate contact pads of the redistribution elenent.
This arrangenent facilitates



20 repair of and upgrades to packages, or nulti-chip nodules, that include a
plurality of sem conductor devices, without requiring that the entire
package be di scarded and that any operable sem conductor devices thereof,

or data stored thereby, be needlessly wasted. The present invention also

I ncl udes net hods for assenbling and packagi ng sem conductor devices, as
wel | as nmethods for assenbling nmultiple packages, including nethods for 25
replacing the functionality of one or norelXtef ecti ve sem conductor devices
of a package according to enbodi nents q@LAMMSpresent invention. Although

t he foregoing description contains many specifics, these should not be
construed as |Whatts$ ¢lsimefle scope of the present invention, but merely as

providing illustragtiong Qf.so enpodi ts. Sim.larly, other enbodi nents
of the invention rray beiﬁ@ma‘gcé@%cﬁﬁgﬁ%%e’ﬁ?m%n&he scope of the present
invention.. Feadab{e®withablEadtiohé Esrtdtt on 8 RPSUrfRA iRrdbRy be enpl oyed in

conbi nation. The scope of the invention is, therefore, indicated and

limted onBy leastone paminenstuctor devine oarthe fitsbsurfaceefithe abstrate, thewemicondudterr t han
by the foregoing d riptian..  ALl.addid . deletion n di fications to
t%e I nventi gn -%4- edéi‘xc%ﬁ@gﬁglg@&a%%v%gpﬁﬁ%ngagll?aswnffqpﬁa&ﬁgg,mam ng and
scope of the o ilig®ibifich ééméie inchillivget Bdstione tertiot pad Bnd 16tad\Ever MBaktives

clainmed: 1. A semiconductor device package, conprising: a carrier with. at
| east one contact chrfacefof therat leastione semipenduer devicgt | east one semi conduct or

device on the first surface. of . rat t he sem gonduct devi ce

i ncluding an aaé{lqae}eong mt?tﬁ?glageec&i\&ﬁca% 5?‘3"‘8%‘?“8}?8‘?%8‘?{?8% Epat ,t?éf“ on

redi stributg on el ensntactipag bbb dfkried arldahSit I@RCore@ohREdpalaithaAtlchspend ed over
the active surface of the at | east one sem conductor device; at |east one

I nternedi ate condu@ﬁﬁiﬁé#@c&fé‘m’ic%laeét rically connecting the at | east one 10
Cont At PR o B o O SRR MRS
redi stribution el erspaiuradaoughovhich the ableast 6siontidEpad of the redistribution element is
at least electrically exposed. |
15
2. The semiconductor 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
intermediate conductive element extends between the at least one contact of the carrier
and a contact pad of the at least one semiconductor device, with the contact pad of the at
least one semiconductor device in communication with the at least one contact pad of the
redistribution element.

25

4. The semiconductor 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 peripheral contact pad of the redistribution element, with the at least one
peripheral contact pad of the redistribution element in communication with the at least one

30 contact pad of the redisttibution element.



aperture through which the at | east one contact pad of the redistribution
elenment is at least electrically exposed. 15 2. The semni conductor device
package of claim1, further conprising at |east another internediate
conductive el enent establishing conmunication between at | east one contact
of the carrier and at | east one contact pad of the redistribution elenment 20
3. The sem conductor device package of clajm 2, wherein the at |east another
i ntermedi at e conductive el enent extends belbween the at |east one contact of
the carrier and ascont Jue s@aikomduciondevite paRRege o7 BRInG ¢ WEQEIH UElefst oflEVi Ce,
with the contact pad of the at |east one sem conductor device in

communi cat i on apérmine istronfigurediogeceive Gennete condugtivestruetize proteuding from anather

el enent. 25 4. The se '%onductor devi ce package of claim 2, wherein the at

| east anot her Sc’f“ﬁ?@‘? i’Y%&%conducti ve el enent extends between the at |east
one contact of the carrier and at |east one peripheral contact pad of the
redistribution elenent, with the at |east one peripheral contact pad of the
redi stribufion el eent iThesemieandustor devicepackageros claim | fustheremprigiogcont act

pad of the redistribution el.enent, -16- 5 . The. semp@.con tor Vi C kage
of claim1, wherei ﬁcg?&chgg ."“jgg}l 398?5? gﬁeeot}assux?'ﬁﬁq? raégéd too_%F 3&%“&%&9%‘? _

di screte conduygidat@dns bontadt ph@that i@t leski BldctHEAIP sxpesed tHroughahie Stdewdtisieor devi ce.
5 6. The sem conductor device package of claiml, further conprising: a

conductive |irdperiren at | east one of a surface of the at |east one aperture
and the at |east one contact pad that is at |east electrically exposed
through the at (east one aperture. 10 7. The sem conductor devi ce package

of claim Yo tither 7conpriye segicandubhdtidavicé YackhgessEiaom 1 dfiether colgrisiap s,
including the at | east one sem conductor device, in stacked arrangenent. 8.
The seni conduiwalityefserpicoeduetog devieescinelnding thevan leagtione semeicondyrtor devingt mon 15

el ement i ncl udgs ral ity of chip select groups of contact pads, each
chip sel ect g?s a&%@dﬁjra'ﬁg%éﬁt.

8. The semiconductor device package of claim 7, wherein the redistribution
15 element 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 claim 1, wherein the redistribution

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



conprising a plurality of contact pads corresponding to one sem conductor
device of the plurality of sem conductor devices. 9. The sem conduct or

devi ce package of claim1, wherein the redistribution 20 elenment conprises
at least one of a redistribution |layer and an interposer. -17- 10. A

mul ti - package assenbly, conprising: a first sem conductor device package,
including: a carrier; at |east one sem conductor device on and electrically
coupled to the carrier; 5 a redistributionl2tement on the at |east one

sem conduct or devi Wi : | f act pads arranged over a
b htagh gkt

surface of the redistribution‘e capsul ant covering a
surface of t hea fistéeniiconduétondevize package, ivhrtieg:t pads of the plurality being
exposed through the engapsul ant; and a second sem conduct or devi ce package,
i ncluding: 10 a car¥%¥9€4 ncl uding a base with a plurality of discrete

conduct i ve st ruCt Ur @ Secitr@skidflbdihctod BEild i lnd RRERcAl PERuleR o M Uaitiet; V ©
structure contacting a correspondi ng contact pad of  the plurality of

contact pads of t hearedistiibmtion ¢ementondhesmrinast oné serhicoriductor device, with d pluraity
devi ce package; and at | east one,sem conductor _.devigce electr.ically coupled
to the carrier. 15 11. I‘i@“’ﬁﬁl%@%&%‘@'%%%??tg?regfsﬁ'fcq’ﬁ"%?k(ﬂﬁ@r@ t he
second sem conduct ff efdeNhzRr RIEHRSLsUPKEEETdBe RBis@ibuBA Elemért Kohtal H%H&Bﬁ’th@f
the first sem conduﬁ%rﬂgfeasi ce package, adds anot her fun%:r?’l onal ity to a

functionality of the fi rpluralitybicingreapascdthroughtliecencepsolenyend or repl aces at

| east one def ectivedserri co, ducé)%r. devi ce.of the first 20 sem conduct or
devi ce package?S¥9D ﬁ%‘c?ﬂd‘}ﬁ"‘: i9e Djekage duding: o¢ | ai m 10, wherein the

second  sepp conduct pEarEMhARdiRES bE With W fitr8lity of distréRTonducki98litfichirliut | on
el ement on the at |east one sem conductor device, with a plurality 25 of

contact pads arranged overotredingiberefiomoeach discretecionductivestrusture centasting aand  an
encapsul ant covering & SyLlaaaal lgSfbAbG bkl S ShAMFls of g1t a0t Pads

of the
redistribution element of the first semiconductor device package; and

at Jeast one semiconductor device electrically coupled to the carrier.
15
11.  The multi-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 a functionality of the first semiconductor
device package, or replaces 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 Jeast one semiconductor device, with a plurality
25 of contact pads arranged over a surface of the redistribution element; and
an encapsulant covering a surface of the redistribution element, contact pads of the

plurality being exposed through the encapsulant.



plurality being exposed through the encapsulant. -18- 13. A nethod for
packagi ng at | east one sem conductor device, conprising: electrically
connecting at | east one sem conductor device to a first surface of a
carrier, the at |east one sem conductor device including an active surface
and at | east one contact pad on the active surface; 5 disposing a

redi stribution elenent on the at | east one sem conductor device;
electrically connecting the redistributied8elenent to at | east one of the

carrier and the atq, 1 ea ] ' : EIIBEH ' sul ant
to a surface of th1e3‘red1|itsl?r| Eu‘tﬁtle i %‘ggﬁagﬁﬁkﬁ%sl né)ag?g?’gggjg o?‘%
contact pad ogletthieallyetnmdctingattl¢astonelsemizohdictor devibe tolafirstsuefp dfarcarrier, the 14.
The nmet hod of claim,13, wherein,electrically connectin e@st one

. at |
sem conduct or devi deastRnesermiconductar deviceincluding ap active susface 3pd atlpast gne,

plurality of sem v HEYIHGE et he carrier. 15 15. The nethod of
claim 13, wherein g{?@%ogl ng%;-l tﬁe re |‘géter’i bution elenent conprises at |east

one of fabfi cdispesingn redidiribntionoelé¢ment oh heat least one semitondacwof déviee; at | east one

sem conduct or deuvi and secyrin n jnterposer (o the rface of, the at
| east one sef ﬁéﬁaoam&}@&&e& sng%@pe%@nm 85"<9P°€f‘§Fﬁ‘F§S‘,“M@r"’éi n
electrically connegli;ife ié?lﬁc&fdu&ﬁla&évic@ne redi stribution el enment conprises

forming or positioning at [east one internediate conductive el enent between
a contact padapglyinen exdpsiant to suofacedfaheretiswibdtion elementeadondi ng cont act  of

the carrier. 25 17. The nethod of claim 13 . wherein electrically connecting
the at |east &FROsINgatlcast One,cANtasHPad m&‘ﬁmﬁ‘? emens through © ‘Fe‘}fégﬁ“%%ni ng at
| east onejjnternediate conductive el ement between a contact pad of the at

| east one sem conductor device and a corresponding contact of the carrier.
30 18. The nethod 4. cl Themethodwhicaim i3, svherrin clectricadlyabnieeting atdeast anent act pad

of the redistripution elenent s effected while applying the encapsulant to
the surface oFe@?EnJ“FE’B e ‘Bﬂl‘ﬁlﬁféﬁ Bﬁ@?f{j glectnca?]y cg&e%nngq a plurality of”

semiconductor devices to the catrier.

15 15.  The method of claim 13, wherein disposing the redistribution element
comprises at least one 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
conductive element between a contact pad of the redistribution element and a

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 2

- corresponding contact of the carrier.

30 18.  The method of claim 13, wherein exposing the at least one contact pad of
the redistribution element is effected while applying the encapsulant to the surface of the
redistribution element.



-19- 19. The nethod of claim 13, wherein exposing the at |east one contact
pad of the redistribution elenent is effected after encapsul ant has been
applied to the surface of the redistribution element. 5 20. The net hod of
claim13, further conprising: fabricating at | east one conductive liner in
at | east one aperture forned through the encapsulant. 21. A nethod of
electrically connecting a plurality of sem conductor packages, 10
conprising: aligning at |east one di scretel%onductive structure pr ot rudi ng
froma base of a $§m candufHii ot RIS, Wickéin Biposhgeie #TsuABLaMictpadoD! 2
redi stribution el enment of another sem conductor device package including a
plurality of sieniedistibutioroelemerdid effestediafter eapansgha&haoh@mnh@dp%zwféwmfs ed

t hrough an encapsyl ant .of the another 15 sem conductor device package;

i nserting the %“H’éﬁ@‘!‘“‘?}h@c@@cr ete conductive structure into an aperture
formed in a surface of the encapsulant, into contact wwth the at |east one
contact pad; and nmintaining electrical contact between the at |east one

di screte cénducti v@0st r (Kheumeshagaf claitnd 3afurtherpompssiagicont act pad. 20 22. The

met hod of claiju2l, wherejn aligni.ng,.conprises alignin I nt
sem conduct or ‘gl]@'\‘ﬁ“@%g ?}EW%\‘QE’ CIOH@HM?“ rgqo atllgggqn%&qgmgggq@gﬂgﬁ&\@ﬁﬁggvi ce
that replaces at | easihs@af defective sem conductor device of the another

sem conductor devi ce package. 25 23. The nmethod of claim 21, wherein
aligning conprises aligning a sem conductor device package including at

| east one sem conduygGtor gevi.c hat, _adds new. functj.onaljt
functionality of t -andgﬁb%h"gé’k\e@&‘ﬁ’&%&c&m%{}?885‘5%@545"%‘%&@%%?’P“‘S‘ﬁ%&%\ces
an existing f upipremg! ity of the another semniconductor device package. 30

aligning at least one discrete conductive structure protruding from a base of a
semiconductor package with at least one contact pad of a redistribution element of
another semiconductor device package including a plurality of semiconductor
devices, the at least one contact pad exposed through an encapsulant of the another

15 semiconductor device package;

inserting the at least one discrete conductive structure into an aperture formed in a surface

of the encapsulant, into contact with the at least one contact pad; and

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

the at Jeast one contact pad.
20
22.  The method of claim 21, wherein aligning comprises aligning a
replacement 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 aligning a
semiconductor device package including at least one semiconductor device that adds new
functionality to a functionality of the another semiconductor device package or that
enhances an existing functionality of the another semiconductor device package.

30



24. An electronic device, conprising: at |east 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 5 arrangenent on the carrier, a redistribution elenent over the
plurality of sem conductor devise and including an array of contact pads,
and an encapsul ant through which the arrgm_of contact pads are at |east
electrically exposed. 25. The electronic device of claim24, further
conprising: 10 at PRéast Amrledyenicdevire; somiprsing: device including a plurality
of discrete COP@ ve gﬂ tures protruding froma base thereof, the
plurality of & §$ %mgwﬁ Pve structures ext endi ng t hrough the

encapsul ant ofy fehi® ofé senfiaGridutsedeviveipaciage inchidingdidiries eRasisatcconnettedanirct i ng
correspondi ng contact pads of the array
at least one circuit board, 2 plurahty of semiconductor devices in stacked
5 arrangement on the carrier, a redistribution element over the plurality of
semiconductor devise and including an array of contact pads, and an encapsulant

through which the array of contact pads are at least clectrically exposed.

25.  The electronic device of claim 24, further comprising:

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

device package and contacting corresponding contact pads of the array.





