-1- MULTIPLE CHIP SEMICONDUCTOR PACKAGE AND METHOD OF FABRICATING SAME
TECHNICAL FIELD 5 The present invention relates generally to semiconductor packaging. More
particularly, the present invention relates to wafer level multichip packaging such as, for example, a
system in a package solution. BACKGROUND 10 State of the Art: Semiconductor dice (also referred
to as chips/dice herein) are found in many electronic-products today. As semiconductor dice get
smaller and more complex, the problem of making electrical connections between semiconductor

dice, connections to carrieVisUbEIRtESCHEP SENITTONDCOTORRPISCRICOGI N Dtions to intermediate

substrates such as multichip modulegEIHOBIOF FABRICKTESES XVEITier 15 substrates, has been
addressed with a variety of constantly evolving solutions. One of the earlier solutions included wire

bonding from signal connection devices, such as bond pads of a semiconductor die, to pins or leads
of a lead frame contained in a ceramic or pla#icIpRRAageFIEnished packages are mounted to a carrier
substrate, such as ar;@ginted circuit board, where the pins or leads make electrical connection with

contact 20 pads on the'ERFRSPSIDSRLURR RIS WMt Udakaeings MES herein
regarding semjgerclisisy thepieaminaludasmel aalycaatactepadaafiehss pstkaignanddongd pads of a
semiconductor device but also.l/O copnectigns for a semiconductor device created by adding circuitry
from bond padS‘itRfad SR WRiDECSHRtE S the semiconductor device to different 25 locations on
the active surface of the semiconductor device. Such additional circuitry is typically effected using a
so-called "redistribution layer" extending overég%@gﬁéﬁ face or a surface of a semiconductor die.
An evolution of electrical connection technolo n multiple semiconductor dice were

mountedion an internsesliede thu bstraBzniicthidguinstatice(be rabraehnicandisioldideraiie typically
connected to a.lead frame by way of bo ding V\gres. Signals, o electéical conneﬁtions required for
ag 0} %jf’(? % today. a

coupling with &ﬁ%rale ér élb%ﬂrg ug[ As Semiconductor dice get smaller and more
complex, the problem of making electrical connections between semiconductor dice,

connections to carrier substrates such as printed circuit boards, and connections to
intermediate substrates such as multichip modules which are, in turn, connected to carrier
15  substrates, has been addressed with a variety of constantly evolving solutions.

One of the earlier solutions included wire bonding from signal connection devices,
such as bond pads of a semiconductor die, to pins or leads of a lead frame contained in a
ceramic or plastic package. Finished packages are mounted to a carrier substrate, such as
a printed circuit board, where the pins or leads make electrical connection with contact

20  pads on the carrier substrate.

The term “signal connection devices” as used herein regarding semiconductor
devices includes not only contact pads of a substrate and bond pads of a semiconductor
device but also I/O connections for a semiconductor device created by adding circuitry
from bond pads located on the active surface of the semiconductor device to different

25  locations on the active surface of the semiconductor device. Such additional circuitry is
typically effected using a so-called “redistribution layer” extending over the active surface
or a surface of a semiconductor die.

An evolution of electrical connection technology occurred when multiple
semiconductor dice were mounted on an intermediate substrate. In this instance, the

30  semiconductor dice are typically connected to a lead frame by way of bonding wires.
Signals, or electrical connections, required for coupling with an external device, such as a

circuit board, are brought out to contact pads, pins or leads of the multichip module



circuit board, are brought out to contact pads, pins or leads of the multichip module -2- package. Other
signals or electrical interconnections may be established between multiple semiconductor dice by way
of circuitry formed on the intermediate substrate. In these solutions, using wires for connecting a
semiconductor die to a substrate and wire bonding processes can create problems. Such problems
may include, for 5 example, size and pitch (spacing) requirements for the bond pads of the
semiconductor die and contact pads of the substrate; inductance in the signals due to the long curved

wires; wire bopstieieakeae fasnilii o sueRcePSHRe Shating elveesnabjageabaikesn andtpgh signal
frequency semiconductor dice making the wire bonding process difficult and expensive. 10 Flip-chip

technologies USRSBIEIBANES A BV 5L HERHR Rl BRRCth R B s B G problems. For

example, instead of Wit ghbadingioaeondustiverbufapsosHeRias Afarmexainpier adisoef sekderdnay be
formed at the locations of the bond pads of a semiconductor die. cialized lead frame, a dielectric
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flow and bond with g corresponding contact pad of a carrier, sybstrate. 20 U oqling, the solder
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semiconductorgi@ndihés packaging solution may alleviate at least some of the inductance problems,
allowing far higher frequency performance and befter signal integrity of the semiconductor die. Also,
0.2 corta extent, it BBALTHE QNIAEE pUORGPEL BUICRE ARG SRR YUHAE 156 rarger,
more widely pit¢hiegameibnplaced anyvphsiawadhd serisanrtivgtosdiecdot vaispsfacs ttlfer than just

around the. peripher. y.qr dow ghc?ecente thereof, Chip calé-:- ac %i as evo ved from various
standard fI|p-cﬁ%IBP ce ggs {3 é croIHﬁXJLE’F;}l%WWﬁér}h?nﬁﬁ% g%e Eﬁb E}g&gﬁg i€'®duced to only
slightly larger Weanidhedsizer die. A specialized lead frame, a dielectric tape carrying circuit traces as
used in tape automated bonding processes, or other carrier substrates such as a printed
15  wiring board may have electrical connection locations such as terminals which correspond
to the placement of the solder balls on the bond pads of the semiconductor die. The
semiconductor die is “flipped” upside down so the solder balls are placed, for example, on
the contact pads of a carrier substrate. A solder reflow process heats the solder balls until
the solder begins to flow and bond with a corresponding contact pad of a carrier substrate.
20  Upon cooling, the solder forms both mechanical and electrical connections between the
carrier substrate and the semiconductor die. This packaging solution may alleviate at least
some of the inductance problems, allowing for higher frequency performance and better
signal integrity of the semiconductor die. Also, to a certain extent, it allows the contact
pads of a substrate where bumps were formed to be larger, more widely pitched and
25  placed anywhere on the semiconductor die active surface rather than just around the
periphery or down the center thereof.

Chip scale packaging has evolved from various standard flip-chip processes to a
configuration wherein the size of a package is reduced to only slightly larger than the size
of the semiconductor die. Chip scale packages are typically created using an interposer

30  substrate. The semiconductor die, with solder balls or bumps such as described above, is
attached and electrically connected to the interposer substrate and an encapsulation
material is applied over the chip for protection thereof from the elements. The interposer

substrate can redistribute signal connections to new locations so they are physically



of the semiconductor die. Chip scale packages are typically created using an interposer 30 substrate.
The semiconductor die, with solder balls or bumps such as described above, is attached and
electrically connected to the interposer substrate and an encapsulation material is applied over the
chip for protection thereof from the elements. The interposer substrate can redistribute signal
connections to new locations so they are physically -33positioned in a desired pattern or arrangement,
or to just a different pitch more suitable for mounting to an interposer substrate. An additional set of

conductive buppsicrad inendbarde pnegdrosihen&ontactopasjlacatinasron fieinipiresatiselstrate. The

resulting package may then be attached to a carrier substrate such as a printed circuit board. 5 Chip
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more conventional interposer substrates.
15 Another advance in the area of multichip modules includes wafer scale integration.
Wafer scale integration generally comprises fabricating multiple types of functional dice
on a single wafer. For example, a four-chip system may be created by placing a
microprocessor next to a memory controller and two memory-type semiconductor die.
This pattern may then be repeated across the entire wafer. After fabrication, the wafer is
20  sawed into individual segments with each segment containing the four different functions.
However, this approach has not been a very satisfactory solution due to yield problems
created by the variations in processes for forming processors and various types of
memory-type semiconductor dice. For example, if a defect causes any one of the four
functions to be inoperable, the entire segment is defective and not usable.
25 In addition to that described above, there have been advances in bump
technologies where the conductive bumps act as the signal connection device.
Conventional solder bumps, in some cases, have been replaced by stud bumps. Stud
bumps have conventionally been gold, but copper and plated-type stud bumps have also
been used recently. The stud bumps may actually comprise short wires or wire stubs
30  applied to a semiconductor die using a conventional wire bonding process. Stud bumping
has the advantages of using a more cost effective wire bonding process for application of
the bumps in comparison to the more complex, multistep solder bumping process.

Further, conductive and conductor-filled adhesives have also been employed to attach the



25 In addition to that described above, there have been advances in bump technologies where the
conductive bumps act as the signal connection device. Conventional solder bumps, in some cases,
have been replaced by stud bumps. Stud bumps have conventionally been gold, but copper and
plated-type stud bumps have also been used recently. The stud bumps may actually comprise short
wires or wire stubs 30 applied to a semiconductor dieising a conventional wire bonding process. Stud
bumping has the advantages of using a more cost effective wire bonding process for application of

the bumps in compatisenitmplacaefampaxaBlultiztepaaldiee by aping RioERES adhbitiemppnductive
and conductor-filled adhesives haye also been employed to attach the -4- conductive bumps to a
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redistribution ah&ignabi@cartrstiandevitescofithesialiopscrige to pradace, convemens, possibly
denser, and o tiona%staﬂdar configyration for attachment to a carrier substrate, the redistribution
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of usable packages 15 anpd, thus, improving the efficiency and cost effectiveness asspciated with
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multilayer systepi@midyciipdelliaigdasreaieninbgeatondsatepsplishedisiagiaributality and
\éﬁgeéi); :Jirnova 100 sglgr?abﬂgglh?g ina ggﬁéﬁg;psfg%gflgg%trl% ntgeg silicon substrate containing at least
Finally, it would be advantageous to provide a system on a chip packaging
solution using known good dice, such use thereby increasing the yield of usable packages
15 and, thus, improving the efficiency and cost effectiveness associated with producing such

packages.

DISCLOSURE OF INVENTION
The present invention provides a multichip multilayer system on a chip solution.

20  Greater integration is accomplished using a plurality and variety of known good dice
applied in a flip-chip configuration to a silicon substrate containing at least one circuit
redistribution layer. This allows the use of manufacturing processes and geometries for
silicon for creating the redistribution and interconnect layers for the multichip
configuration.

25 The redistribution layers may be terminated with conductive bumps, perhaps in a
standard configuration, at the top layer such that the multichip package may be used in a
typical flip-chip application to a carrier substrate such as a printed wiring board or other
multichip module.

In accordance with one aspect of the invention, a substrate, such as a silicon wafer,

30  is coated with a layer of dielectric material. A first conductive trace layer is deposited and
patterned atop the dielectric layer. Circuit connection elements, such as metal columns,

are formed upon the first conductive trace layer at various locations. Conductive bumps



redistribution layer. This allows the use of manufacturing processes and geometries for silicon for
creating the redistribution and interconnect layers for the multichip configuration. 25 The redistribution
layers may be terminated with conductive bumps, perhaps in a standard configuration, at the top layer
such that the multichip package may be used in a typical flip-chip application to a carrier substrate
such as a printed wiring board or other multichip modsile. In accordance with one aspect of the
invention, a substrate, such as a silicon wafer, 30 is coated with a layer of dielectric material. A first

conductive trage: layaeis siepesitediasshiRatieirediap thersielechisdoygecfonchiticanpaetan
elements, such as metal columns, are formed upon the first conductive trace layer at various

locations. Condte6ESUSHAHHR CHTISFSYSIRY on the circuit connection elements to provide
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semiconductor device Pack%qﬁs max. t:ie farmed on a silico?l wafer Wlltlh
various dice andthe top dielectric layer to protect them from the elements. However, the

encapsulation layer is configured so that portions of the circuit connection elements are

exposed therethrough. Conductive bumps may then be applied to the exposed portions of
15  the circuit connection elements, thereby providing an external connection mechanism for
electrical interconnection with, for example, a carrier substrate or another multichip
module.
Multiple semiconductor device packages may be formed on a silicon wafer with
each package functioning as a system on a chip module. Each individual package may be
20  tested through appropriate electrical connection with the conductive bumps prior to the

packages being singulated.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate what is currently considered to be the best mode
25  for carrying out the invention:

FIGS. 1A and 1B show a perspective view and a cross-sectional view,
respectively, of an exemplary semiconductor die which may be used in conjunction with
various embodiments of the present invention;

FIGS. 2A-2F show cross-sectional views of a semiconductor device package

30  according to an embodiment of the present invention at various stages of fabrication;

FIG. 3 is a plan view showing a substrate having a plurality of semiconductor

device packages formed thereon according to an embodiment of the invention;



each package functioning as a system on a chip module. Each individual package may be 20 tested
through appropriate electrical connection with the conductive bumps prior to the packages being
singulated. BRIEF DESCRIPTION OF DRAWINGS In the drawings, which illustrate what is currently
considered to be the best mode 25 for carrying out the invention: FIGS. 1A and IB show a perspective
view and a cross-sectional view, respectively, of an egemplary semiconductor die which may be used
in conjunction with various embodiments of the present invention; FIGS. 2A-2F show cross-sectional

views of a semicondudigr 4avigsapagkaghodtnaccardingldavice mbrdimenhritopipresent invention at
various stages of fabrication; FIG. 3 is a plan view showing a substrate having a plurality of

semiconductoFﬁ@{ﬁegdﬁﬁa{élﬁ&c?&‘?ﬁlé@%@&*%@o?ﬂiﬁB AReah i SRS EYAINEMHORHSh: -6- FIG.
4 is a plan view showig & Rerpiskdryseaningludingpuip tighdmsasncondyaiaridayice package
according to an embodiment of the present invention; and FIG. 5 is a block diagram of a computing
system incIudiﬁ%cmﬁﬁ'ﬁfpd?’é?ﬁiﬁg‘i]li‘}ﬁ%ﬁ?fcﬂgiﬂkget%ﬁ%l@&é’ Wﬁ&?&&%%‘%ﬂ&%‘%ﬁ of the
present ingention. 5 BEST MODE(S) FOR CARRYING OUT THE INVENTION Referring first to

With he precent mvention ERDAROTHES CEVIT A O Hob TRGLEL ISR creuiry (ot show
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is noted that th SRS G AR BeBAGUASAIRRIE S Vet from that
depicted in draiigdnta&od &) nBledewitda 4 ppradigtatbbyhthvasewbicardicarylskid i the art. For

cxammie e i ey pimes L2 e el 2 houn a5 sphee bl such mey
Furthermore, whileridw gesnigledaudidiond pads 104 which are formed on the active surface 106 of the
die. It is noted that the semiconductor die 100 may exhibit a configuration which is
different from that depicted in drawing FIGS. 1A and 1B as will be appreciated by those
of ordinary skill in the art. For example, while the conductive bumps 102 are generally
15  shown as spherical balls, such may actually be formed in other shapes such as, for
example, stud bumps or columnar members. Furthermore, while the semiconductor
die 100 is shown to have only a single row of conductive bumps 102 which extend
longitudinally along the active surface 106 thereof, varying arrangements of the
conductive bumps 102 may be employed which might include, for example, an
20  arrangement of conductive bumps 102 around the periphery of the active surface 106 or an
array of conductive bumps across the field of the active surface 106.

Referring now to drawing FIGS. 2A through 2F, the process of fabricating a
semiconductor device package according to an embodiment of the present invention is
shown. Referring first to drawing FIG. 2A, a substrate 110, such as, for example, a silicon

25  wafer, is coated with a layer of dielectric material generally referred to herein as a first
dielectric layer 112. A first conductive trace layer 114, which may also be referred to as a
redistribution layer, is formed over the first dielectric layer 112. The first conductive trace
layer 114 may be formed using a conventional metal deposition and patterning process to
create a desired configuration of metal interconnect lines.

30 As shown in drawing FIG. 2B, circuit connection elements 116 are electrically
coupled to the first conductive trace layer 114 at various locations. The circuit connection
elements 116 may be configured and arranged for electrical connection with an external

device as shall be discussed in greater detail below. While the circuit connection



die 100 is shown to have only a single row of conductive bumps 102 which extend longitudinally along
the active surface 106 thereof, varying arrangements of the conductive bumps 102 may be employed
which might include, for example, an 20 arrangement of conductive bumps 102 around the periphery
of the active surface 106 or an array of conductive bumps across the field of the active surface 106.
Referring now to drawing FIGS. 2A through 2F, the prpcess of fabricating a semiconductor device
package according to an embodiment of the present invention is shown. Referring first to drawing

FIG. 2A, a subgtiated 10 osuekasriny axpictpdensasHiRRn v Waiais iseeatodiviihadaysnpbdielectric
material generally referred to herein as a first dijelectric layer 112. A first conductive trace layer 114,

which may alsBBEGE IR JRa L lireh A B ITARESGeROANDE BUSPHRE-firdChigicttfic layer 112. The

first conductivedraeetidayaerhdstsnay haoufetnddiog Rronvemionaleaialaanapioncamecpatterning
process to create a desired configuration of metal interconnect lines. 30 As shown in drawing FIG. 2B,
circuit connectiSMBRSHERts ﬁl%tggélg cerildhy C%BI&W‘EH%WM%H%Iﬁ&%\%af’r%é’]l%ffzé“ﬂh at

various losationsIMBaSiEEUits; oRnEMBIIaple mpiatslt beingay arsafiguibthanch afaitgeashfor electrical
connection with an external devl%e as shall be gggcussed in greater detail bﬂ%]\%} &%&Iéﬁ the circuit
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plurality of viasheréhe cqesig diplecilils Efyemnh2fion areas 124 associated with the first conductive
trace layer 114. The second conductive trace layer 122 may then contact the first
15  conductive trace layer 114 through the plurality of connection areas 124.
If desired, a predetermined number of additional circuit redistribution layers may
be formed by disposing, in a laminar fashion, additional dielectric layers and conductive
trace layers over existing layers and electrically coupling each new conductive trace layer
with an adjacent underlying conductive trace layer. Thus, while only one additional
20  circuit redistribution layer is shown in drawing FIGS. 2B-2F, the process of forming
additional redistribution layers may be repeated a desired number of times to form
multiple redistribution layers. Multiple circuit redistribution layers may be desired to
create power planes, ground planes, and/or difficult signal interconnections not easily
accomplished on only one or two layers. It is further noted that, in some embodiments, no
25  additional circuit redistribution layers may be required. Thus, only the first conductive
trace layer 114 may be required as will be recognized and appreciated by those of ordinary
skill in the art.
A final dielectric layer 126 is formed over the second conductive trace layer 122
and second dielectric layer 120 (or the outermost circuit connection layer if additional
30  circuit connection layers are utilized). A plurality of vias 128 is formed in the final
dielectric layer 126, such as through a conventional etching process, to expose the second
conductive trace layer 122, creating a plurality of exposed connection areas 130 associated

with the second conductive trace layer 122.



thereby exposing a plurality of connection areas 124 associated with the first conductive trace layer
114. The second conductive trace layer 122 may then contact the first 15 conductive trace layer 114
through the plurality of connection areas 124. If desired, a predetermined number of additional circuit
redistribution layers may be formed by disposing, in a laminar fashion, additional dielectric layers and
conductive trace layers over existing layers and electgcally coupling each new conductive trace layer
with an adjacent underlying conductive trace layer. Thus, while only one additional 20 circuit

redistribution layer is ‘showasind awisigel] @fndBd Ahd i PEosese obipeminglpdditonah igdistribution
layers may be repeated a desired number of times to form multiple redistribution layers. Multiple
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layer 126 and over the metallization layer 132 formed on each exposed connection
area 130 of the second conductive trace layer 122. In another embodiment, the attachment
15  Ilayer 134 might be formed to cover the entire surface of the final dielectric layer 126. The
attachment layer 134 may be formed of, for example, anisotropic conductive film,
anisotropic conductive paste, nonconductive film or nonconductive paste.
Next, as shown in drawing FIG. 2D, a plurality of semiconductor dice 100, such as
those shown in drawing FIGS. 1A and 1B, may be attached in a flip-chip configuration to
20  the substrate 110 and its associated layers, with the conductive bumps 102 being aligned
with the plurality of exposed connection areas 130 of the second conductive trace
layer 122. After placement of the semiconductor dice 100, the attachment layer 134 is
cured, thereby forming a reliable electrical and mechanical bond.
The electrical connection mechanism is somewhat different depending on whether
25  anisotropic or nonconductive material is used. When anisotropic materials are used to
form the attachment layer 134, the unidirectional conductive properties of the material
provide for electrical conduction along an axis between the conductive bumps 102 and the
metallization layer 132 while preventing conduction in a direction which is substantially
transverse thereto.
30 On the other hand, if a nonconductive adhesive is used to form the attachment
layer 134, the conductive bumps 102 are pulled firmly against the metallization layer 132
due to the reduction of volume or the shrinking of the attachment layer 134 during curing,

resulting in a secure electrical connection therebetween.



exemplary UMB layer may include alloys of various metals, such as nickel-gold alloys, 10
titanium-nickel-gold alloys, etc. Referring to drawing FIG. 2C, in accordance with one embodiment of
the present invention, an attachment layer 134 may be formed over a portion of the final dielectric
layer 126 and over the metallization layer 132 formed on each exposed connection area 130 of the
second conductive trace layer 122. In another embodignent, the attachment 15 layer 134 might be
formed to cover the entire surface of the final dielectric layer 126. The attachment layer 134 may be

formed of, for example/RAIBHSRIC£ABRCHY R I 3 A0iABNRIE caREuGive RAdIsicRnconductive film
or nonconductive paste. Next, as_ shown in drawing FIG. 2D, a plurality of semiconductaor dice 100,

such as those"SAGMTHARRANYIRHES CPRUREVEBU MRS e TRYEREPIRS HipSABREHRtration to 20

the substrate kbgpadilsiassoa@aiadpayrsss Wik tbecapshisivenlopsthizebringiabigopid vith the
plurality of exposed connection areas 130 of the second conductive trace layer 122. After placement
of the semicomd%ﬁ%vﬁg&tetﬂ@l ﬁ%ﬁﬂhﬁ?ﬁ%ﬁ@f&%%%?é&}%BFBW%H#% RYEIBE electrical

and mechgnicabhonevides eletiitalicennedtipn Mmechrnismdmrompwbaddiéfeoent depending on
whether 25 anisotropic or nonconductive erial js used. When anisotropic. materials are used to
form the attachment yEF SoBAUSIE 6 AR ORI CBREISEAS HHBAE S Bre RS 50ide for
electrical condfigtionsalorianaxislkaveeniheteoneticthiabuivpsiliidrang the andetallization layer 132
while preventing, conductjon in a direction which is substantially, fransverse thereto..30 On the other

8 TR b e ich

hand, if a noncGRIREVE AHRYIGEIEY Pt AR HIF AR Y & 8Huctive bumps
102 are pulleddiinityllagaiiBiptee etatizati004ayehidd g dua tdithe i dLctioncohdotume or the

shrinking, f the attachment layer 134 during curing, resulting in ure electrical conngection
herobeoilon DEMGOA 16 o a2 SO A Do DT S R e
nonconductivephagderfiahe theaclamneidiiyer 18 psilORavpycc borpase tHohekaspieicgaloh cfapper or other
plated-type alloys. As noted above, regardless of whether anisptropic or .ngnconductive material is
e o attaCA PSP 10 SO AL A0 AE i aprap. he cnaart ettt iEipito

protect the signal connection devices from the surrounding environment and, in some

cases, reduces stress that may be generated in the resulting soldered connections due to a
15  mismatch of coefficients of thermal expansion between the semiconductor die 100 and the
substrate 110 with its various layers.
Referring now to drawing FIG. 2E, with the semiconductor dice 100 being
electrically coupled to the second conductive trace layer 122, an encapsulation layer 140
may be applied over the semiconductor dice 100 as well as the final dielectric layer 126 to
20  protect them from the surrounding environment. A portion of the circuit connection
elements 116 including the UBM layer metal 118 remains exposed through the
encapsulation layer 140.
Referring now to drawing FIG. 2F, a plurality of conductive bumps 142 may be
formed with each conductive bump being disposed on, and electrically coupled to, the
25  exposed portion of a respective circuit connection element 116. The conductive
bumps 142 may be formed as, for example, solder bumps or stud bumps comprised of
gold, copper, or other plated-type alloys. With the conductive bumps 142 formed, testing
of the resulting semiconductor device package may be conducted through appropriate
electrical connection with the conductive bumps 142. It is noted, however, that testing
30  might occur at other stages of fabrication as well through appropriate electrical connection
with the circuit connection elements 116 prior to formation of the conductive bumps 142.
Referring now to drawing FIG. 3, a wafer assembly 150 is shown having a

plurality of semiconductor device packages 152 according to an embodiment of the



5 bond between the final dielectric layer 126 and the semiconductor dice 100. If the conductive bumps
102 are formed as solder-type connections, the process of forming an electrical interconnection
between the semiconductor die 100 and substrate 110 may be accomplished by reflowing the solder
material such as with controlled collapse chip connect (C4) technology. Additionally, if the conductive
10 bumps 102 are formed as solder-type connectionsj@n underfill material may be used in place of
the attachment layer 134 to fill the space between the active surface 106 of the semiconductor dice

100 and the finpédiglestegdayert i2hothenbinge diiatRlisiheipsdoparrieed thie sigsrbwannection
devices from the surrounding environment and, in some cases, reduces stress that may be generated

in the resulting 28108 EY EBFARSEHGINY GE P LPHEPAYSTRAR ALY 'cgé?ﬁcﬁ‘é‘ﬁfgoé‘f]ﬂ%‘?ﬁﬁjﬁl"é%?pansion

between the spmiegrdscteidiedRAdangltigigwpstiateohdQewitidits veriRUS D/ eTheRefRITINg Now to
drawing FIG. 2E, with the semiconductor dice 100 being electrically coupled to the second conductive
trace layer 12ﬁ5%%5g%méﬁgﬁqé%rlﬂ%l A RSP RANSEN RS Eﬂ?ﬁlig(ﬁ Hi€e 100 as well

as the final dielegiviadalyend2éntn@orpkoiretpigayorpihel sUHO LI e BiiTamMeRs: A portion of the
circuit connectign e 16 including the UUBM layer. metal 118 remains exposed through the
Cmcapsutation 151D TR AR G R TR Oh R 6 A 142
be formed withgpamconductvesbuningn beihigp dispoiked-ore-anthRiegifcaihdcavplid 100N amign exposed

portion of a respective circuit connection element 116, The conductive bumps 142 may be formed as,
For example, <BRAEPHBIAE-GF CAGE DD b DSBS B U P BB bys. with

the conductiveditenpsQ 4zifonoreehifestbegnahthe deipy/tingiseEhdeiG] Beibs Wevisariaakagemay be

conducted through appropriate. electrical connection with the. co tive humps . Itis noted,

owever that (St S HEy BEELIHD B SRR LS OH roprinte

electrical connedigstowndtthiin eheiradibeondict avitkie mesitscdduprivdivite paetiore abthmiebndective

bumps 142. Referring now to drawing.FIG. 3, a wafer assembly 150 is shown having a plurality of
ol FRAACSR (RErogb. T AR oléd

semiconductor 48YieH A RREE TR AR PR 1555 RSLSS greqp. ft1s turthier

that while the circuit connection elements 116 have been shown to be located and
arranged generally adjacent the periphery of the semiconductor device package 152, other

15 arrangements and configurations may be used as will be appreciated by those of ordinary
skill in the art.

Referring now to drawing FIG. 4, a memory device 200, also referred to as a
memory module, is shown which incorporates at least one semiconductor device
package 152 according to the present invention. The memory device 200 includes a

20  carrier substrate 210, such as a printed circuit board, to which one or more semiconductor
device packages 152 may be electrically and operably coupled. A plurality of electrical
connectors 220 is formed on the carrier substrate 210 to provide input and output
connections from an external device, such as, for example, the motherboard of a
computer, to the one or more semiconductor device packages 152.

25 Referring now to drawing FIG. 5, a computing system 300 is shown which
includes a carrier substrate 302 such as, for example, a motherboard. The carrier
substrate 302 may be operably coupled to at least one processor 304, such as, for example,
a central processing unit (CPU) and at least one memory device 200. The memory
device 200 may include one or more semiconductor device packages 152 such as

30  described above. The carrier substrate 302 is operably coupled with at least one input
device 310 such as, for example, a keyboard, a mouse, a sensor or another computing
device. The carrier substrate 302 is also operably coupled with at least one output

device 312 such as, for example, a printer, a monitor, an actuator or another computing



present invention. It is noted that the semiconductor device packages 152 are shown without the
encapsulation layer for purposes of clarity. Each semiconductor device package 152 may include a
plurality of semiconductor dice 100A-100D. The wafer assembly 150 is sawed into individual
segments along sawing lines 160 to form the 5 individual semiconductor device packages 152. Having
multiple semiconductor dice 100A -100D in each package 152, each individual semiconductor device
package may function as a system on a chip module. For example, semiconductor die 100A might be

a processor, sggvicendueionaiel}00B prightdEndmempsysieotalesand semioangysisowhea 1000 and
100D might be memory chips. Although FIG, 3 shows a semiconductor 10 device package 152

containing foufSEFESAtIERT S THBKA*0UB: it should be understood that the number of dice within
a semiconductor deviggepifickagBolreniighive®csarIRWHIEY WainbrRixdepenifg: arthiadesign and

intended use thereof. It is further noted_that while the circujt connection elements 116 have been
shown to be I0BASRA® Wi?ﬁ@éla‘&é‘ﬂ STF M ARKEHT RS RYINER BHRS SeirRRBRE e idbice
package 152, aibgifitxisrangeimentgiantoennfiyyhatinhseriayebeodaenhamwil\eatapakasiated by those
of ordinary skill in the art. Referring now to.drawing FIG. 4, a memory device 200, also referred to as a
memmory moculBCTASH G UEF b OHp B i A B S URIF G pBER A Ao
according to thadaiesefitrnpveiianedthiademanaiiac¢ald0xibludes piZ Lrriepswishate 210, such
as a printed circuit board, to which one_or more semiconductor device packages 152 may be
electrically andné/ﬁg?%I@Séggﬁﬁddcl?%ﬂbﬂ%ﬁlﬂvwgf@ﬁ%%q Cl%ﬁﬁectors 220 is formed on the carrier
substrate 210 to provide input and output connections from an external device, such as, for example,
the motherboard of a computer, to the one or more semiconductor device packages 152. 25 Referring
now to drawing FIG. 5, a computing system 300 is shown which includes a carrier substrate 302 such
as, for example, a motherboard. The carrier substrate 302 may be operably coupled to at least one
processor 304, such as, for example, a central processing unit (CPU) and at least one memory device

200. The memory device 200 may include one or more semiconductor device packages 152 such as
30 described above. The carrier substrate 302 is operably coupled with at least one input



device 310 such as, for example, a keyboard, a mouse, a sensor or another computing device. The
carrier substrate 302 is also operably coupled with at least one output device 312 such as, for
example, a printer, a monitor, an actuator or another computing -11- device. Alternatively, the
packaged multichip semiconductor device 152 may be coupled directly with the carrier substrate 302.
Specific embodiments have been shown by way of example in the drawings and have been described
in detail herein; however, the invention may be susceptible to various 5 modifications and alternative
forms. It should be understood that the invention igng{ivended to be limited to the particular forms
disclosed. Rather, the invention includes all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the following appended claims. -12- CLAIMS What
is claimed is: SMhAi@tihaddakimanufacturing a semiconductor device package using a substrate
having a surface comprising: forming a first dielectric layer on the surface of the substrate; forming a
conductive trace layer on the first dielectric layer; forming a plurality of circuit connection elements and

electrically coupling ench cirsuiiethldConmastiorelaipantafictbadatisalipyicctparandushya trace layer,
forming a second dielectric layer qver the conductive trace layer; forming a plurality of vias in the
second dielect? W&?%Xﬁ%%@}@%?ﬁﬁ%‘&%nnecuon areas on the conductive trace layer;
providing a plukatityngfasertianelsatae gicen eirchusoeiod fauaibitaie;of the plurality 15 having a
plurality of signal connectiop devices; and electrically coupling the plurality of signal connection
devices of eacl BRI SIOPANE t?e%?%‘?{éﬂlc ?%gegfﬁrﬁ‘ftﬁ'\ I8¥&Fality of connection areas on the

conductive tragerniayet @0r2lity g ¢hethasaiciedmelsfisiibendaeprikiag 2pppling audaysicoft
10 connection element of the plurality to the conductive trace layer;
forming a second dielectric layer over the conductive trace layer;
forming a plurality of vias in the second dielectric layer exposing a plurality of connection
areas on the conductive trace layer;
providing a plurality of semiconductor dice, each semiconductor die of the plurality
15 having a plurality of signal connection devices; and
electrically coupling the plurality of signal connection devices of each of the plurality of
semiconductor dice with the plurality of connection areas on the conductive trace

layer.

20 2. The method of claim 1, further comprising applying a layer of
encapsulation material over the plurality of semiconductor dice while leaving a portion of

each of the plurality of circuit connection elements exposed therethrough.

3. The method of claim 1, wherein electrically coupling the plurality of signal
25  connection devices further comprises forming a metallization layer on the plurality of

connection areas on the conductive trace layer.

4. The method of claim 1, further comprising depositing a barrier metal layer
on a surface of each of the plurality of circuit connection elements.
30
5. The method of claim 4, further comprising forming a plurality of
conductive bumps wherein each conductive bump of the plurality is disposed on the

barrier metal layer of each of the plurality of circuit connection elements.



encapsulation material over the plurality of semiconductor dice while leaving a portion of each of the
plurality of circuit connection elements exposed therethrough. 3. The method of claim 1, wherein
electrically coupling the plurality of signal 25 connection devices further comprises forming a
metallization layer on the plurality of connection areas on the conductive trace layer. 4. The method of
claim 1, further comprising depositing a barrier metal {gyer on a surface of each of the plurality of
circuit connection elements. 30 5. The method of claim 4, further comprising forming a plurality of

conductive bumps whgrein eagheanstustivRiBUR v RéHiR Piuialiby islcishesadeniteavbatngismetal

layer of each of the plurality of circuit connection elements. -13- 6. The method of claim 5, wherein

forming a plurdHEP6F SYRBURH L BRRHD RN Both SPRUC DG RRE SRIPRERF S LERERR%i9E bumps to
comprise at le@st @aPEoRB @I Up LANSIBAGDQlSMdRIDNNAS, Geipstitddbinps, sappraregtud bumps,

and plated a||0ﬁ stud %mps. 5 7. The method of claim 5, further comprising singulating the substrate
into a_plurality6P¥iitichis Béickages wherein each multichip package of the plurality includes at least
two semic®nductor dice. 10 8. The method of claim 7, further comprising arranging the plurality of

semiconductor dice syuch that the at least two semiconductor dice of each multichip package are of at
oast two functional virieties 8 THLHAHAABY AP (OGN EiOEE AR UG SR e ity of
signal 15 conpagtitity devik@schipaeipethehplerakincphaatiicpnsiukioe dicgavithrtnieyahaalitg of
connection areas on the conductjve trz\:lﬂce layer includes forming a soldered connection between each

of the plurality B SR CEANERNONCEENGEEs and each of the plurality of connection areas. 20 10. The
method of claim 1, further comprising forming an attachment layer over at least a portion of the first

dI(_:‘IecmCll(?yer prior t%.eleCt%ael %e%ﬁgg I(I)?%lgfr% 9,| l%lrl?tlf}gr comprising arranging the plurality of
semiconductor dice such that the at least two semiconductor dice of each multichip

package are of at least two functional varieties.

9. The method of claim 1, wherein electrically coupling the plurality of signal
15  connection devices of each of the plurality of semiconductor dice with the plurality of
connection areas on the conductive trace layer includes forming a soldered connection
between each of the plurality of signal connection devices and each of the plurality of

connection areas.

20 10. The method of claim 1, further comprising forming an attachment layer
over at least a portion of the first dielectric layer prior to electrically coupling the plurality

of signal connection devices with the plurality of connection areas.

11. The method of claim 10, wherein forming an attachment layer includes
25  forming the attachment layer of a material comprising at least one of an anisotropic
conducting film, an anisotropic conducting paste, a nonconductive film, and a

nonconductive paste.



of signal connection devices with the plurality of connection areas. 11. The method of claim 10,
wherein forming an attachment layer includes 25 forming the attachment layer of a material
comprising at least one of an anisotropic conducting film, an anisotropic conducting paste, a
nonconductive film, and a nonconductive paste. -14- 12. A method of manufacturing a multichip
semiconductor device package using a substrate havipg a surface comprising: forming a first
dielectric layer on the surface of the substrate; forming a first conductive trace layer on the first

dielectric layer; 5 forming a plurelityPbCiredifeonnastion eiRmprisARI G IREH puikaganection
element is electrically coupled with the first conductive trace layer; forming at least one additional

dielectric layer"SU AR BAUIR R A RBIS A$iming at least one additional conductive trace

layer over the airlaast onseddidanalgiglesitie sayRcastirieotically: coupling the at least one
additional con%étjcti_ve 10 trace layer with the first con _uctﬁ/ig trace layer; forming a final dielectric layer

over the at leaSt'8H FibrUGHYE EaGe e s s SIS ETAC YKty of vias in the final dielectric
layer, thergby sxpasing puphlitaldy GfcgobhamiionmERagan e Rileashenerdditinnalganeustive trace
layer; forming a metallization layer on the plurality of conpection arefjls; 15 providing a plurality of
semiconductor dice, &4 Cé%?ﬁ%’oﬁ‘ﬂi?&?gr‘ﬁfg &etﬁ‘ésb‘fﬁ HSH YFAG ‘@Yfarality of signal connection
devices; electricaliyngal pling @rchidititialplislabitiobhsigvatcorastioshdesticesrniddre; metallization
layer on eachét)f the&gurﬁli%of 0041 1ectiqn areas; and forming an enca sulationalé%/.er over the plurality
of semiconductSF Uik hid thE iRl DO gy H%“I‘éi/gf“fﬁﬂﬁ%efe%‘?ﬁf&%%%%%HIB"f OB} cuit
connection element afighe uptUEskiyaad pasetctsrethpdinghhd & [Ehe e tiddtiohal atndli2iifierther

comprising forming a plurality of . conductive bumps with each conductive bump of the plurality being
disposedqgn a 25 reégae? %%Bﬁvéﬁbfﬂﬁilrﬁhﬂ%}ﬁli}c 1EiFATk @88hection elements.

forming a final dielectric layer over the at least one additional conductive trace layer;
forming a plurality of vias in the final dielectric layer, thereby exposing a plurality of
connection areas on the at least one additional conductive trace layer;
forming a metallization layer on the plurality of connection areas;
15  providing a plurality of semiconductor dice, each semiconductor die of the plurality
having a plurality of signal connection devices;
electrically coupling each of the plurality of signal connection devices with the
metallization layer on each of the plurality of connection areas; and
forming an encapsulation layer over the plurality of semiconductor dice and the final
20 dielectric layer while leaving a portion of each circuit connection element of the

plurality exposed therethrough.

13. The method of claim 12, further comprising forming a plurality of
conductive bumps with each conductive bump of the plurality being disposed on a

25  respective one of the plurality of circuit connection elements.

14. The method of claim 13, further comprising forming a barrier metal layer
over the plurality of circuit connection elements prior to forming the plurality of
conductive bumps.

30

15. The method of claim 13, further comprising forming an attachment layer

over the final dielectric layer prior to electrically coupling the plurality of signal

connection devices with the metallization layer on the plurality of connection areas.



14. The method of claim 13, further comprising forming a barrier metal layer over the plurality of circuit
connection elements prior to forming the plurality of conductive bumps. 30 15. The method of claim
13, further comprising forming an attachment layer over the final dielectric layer prior to electrically
coupling the plurality of signal connection devices with the metallization layer on the plurality of
connection areas. -15- 16. The method of claim 15, wjgerein forming an attachment layer includes
forming the attachment layer of a material comprising at least one of an anisotropic conducting film,

an anisotropic condugiéng pasienrmeaepamietiVe HiferantamionaondusiverPRSE ifcided method of
manufacturing a semiconductor device package comprising: providing a substrate; forming a first

dielectric layer SFAn& s RlasRiR Sl MpseRrh P RERGE il Qos Pﬁf@r%ﬁ?ﬁgm%t dielectric
layer; 10 formiaghaueluiglifinphairsuibeopioeciancaianants anoelakiaaltyfiaypliag each circuit
connection element of the plurality to the conductive trace layer; forming a second dielectric layer over
the conductivenﬁﬁ%‘?élfé&é‘ﬁ‘%?ﬁ’ﬁng a plurality of vias in the second dielectric layer exposing a plurality
of connecgon areas on the conductive trace layer; 15 providing a plurality of semiconductor dice, each
die of the plurality having a plurality of signal connection devices; and electrii%lly coupling the plurality

of signal connection dévices bPSHEN' Sf (RAPHIAFHD S CUHARB IR Rt P TR & PIrAitLof
connection argasoditbe copitagdive trace layer. 20 18. The method of claim 17, further comprising

zgf’t'%':%f‘ O G hirg & Tt Ao T s Suriace o e Sistragay conductor dice while leaving a
forming a conductive trace layer on the first dielectric layer;
10 forming a plurality of circuit connection elements and electrically coupling each circuit
connection element of the plurality to the conductive trace layer;
forming a second dielectric layer over the conductive trace layer;
forming a plurality of vias in the second dielectric layer exposing a plurality of connection
areas on the conductive trace layer;
15  providing a plurality of semiconductor dice, each die of the plurality having a plurality of
signal connection devices; and

electrically coupling the plurality of signal connection devices of each of the plurality of

semiconductor dice with the plurality of connection areas on the conductive trace

layer.
20
18. The method of claim 17, further comprising applying a layer of
encapsulation material over the plurality of semiconductor dice while leaving a portion of
each of the plurality of circuit connection elements exposed therethrough.
25 19. The method of claim 17, wherein electrically coupling the plurality of

signal connection devices further comprises forming a metallization layer on the plurality

of connection areas on the conductive trace layer.

20. The method of claim 17, further comprising depositing a barrier metal

30 layer on a surface of each of the plurality of circuit connection elements.



each of the plurality of circuit connection elements exposed therethrough. 25 19. The method of claim
17, wherein electrically coupling the plurality of signal connection devices further comprises forming a
metallization layer on the plurality of connection areas on the conductive trace layer. 20. The method
of claim 17, further comprising depositing a barrier metal 30 layer on a surface of each of the plurality
of circuit connection elements. -16- 21. The method ofglaim 20, further comprising forming a plurality
of conductive bumps wherein each conductive bump of the plurality is disposed on the barrier metal

layer of each of the plurality Dhciediba@mrestoroeferptompaintermebhegiafHgine 21, wherein
forming a plurality of conductive bumps further comprises forming the plurality of conductive bumps to

comprise at leSSPUHL Y BHERS BF e8It AEPEREOT A B Gl b HUOSSL 8P AT stud bumps,

and plated alleyrgtsareumpgedlsr 2&nTdranvpihed9iglairua boiutbescompeiaing singulating the
substrate into a plurality of multichip packages wherein each multichip package of the plurality
includes at least two semiconductor dice. 24. The method of claim 23, further comprising arranging

the pluraligy of 15 semicondueéanétienl schthat thetaldeasiiniaseplieangustossticeiat eaaipmultichip

package are of at least twaq functional varieties, 25, The method of claim 17, wherein electrically
Coupiing the PRI S GO BANEAHGH HEiEea! SPALLRISE BT AT B RRASH dice with

the plurality 2ghefkeainastiniageds el iepRdustiutacenlay eoppeludesHoripingnd phidared
connection between each of the plurality of signal connection devices and each of the plurality
connection areaé .yfél.“i%@m%thod of claim 17, further comprising forming an attachment layer 25 over
at least a portion of the first dielectric layer prior to electrically coupling the plurality of signal

connectign devices w'? the pluralit och nection areas. 27. The methqd of claim 26, wherein forming
an attacHent layer indluded HoPIRG 1AL LHBCAISRT Sy BP Y et h AR AR M S4Ed8Bhe of an
anisotropic  plurality of multichip packages wherein each multichip package of the plurality includes

at least two semiconductor dice.

24. The method of claim 23, further comprising arranging the plurality of
15  semiconductor dice such that the at least two semiconductor dice of each multichip

package are of at least two functional varieties.

25. The method of claim 17, wherein electrically coupling the plurality of
signal connection devices of each of the plurality of semiconductor dice with the plurality
20  of connection areas on the conductive trace layer includes forming a soldered connection
between each of the plurality of signal connection devices and each of the plurality

connection areas.

26. The method of claim 17, further comprising forming an attachment layer
25  over at least a portion of the first dielectric layer prior to electrically coupling the plurality

of signal connection devices with the plurality of connection areas.

27. The method of claim 26, wherein forming an attachment layer includes
forming the attachment layer of a material comprising at least one of an anisotropic
30  conducting film, an anisotropic conducting paste, a nonconductive film, and a

nonconductive paste.



30 conducting film, an anisotropic conducting paste, a nonconductive film, and a nonconductive paste.
-17- 28. A method of manufacturing a multichip semiconductor device package comprising: providing
a substrate; forming a first dielectric layer on a surface of the substrate; 5 forming a first conductive
trace layer on the first dielectric layer; forming a plurality of circuit connection elements wherein each
circuit connection element is electrically coupled withjthe first conductive trace layer; forming at least
one additional dielectric layer over the first conductive trace layer; forming at least one additional

conductive trace layepver thengiHeast anmadeliiionah haldigipcsiaiayrinand ®lectisalngoupling the

at least one additional conductive trace layer with the first conductive trace layer; forming a final
dielectric layer"8Y81'tHB&t least one additional conductive trace layer; forming a plurality of vias in the
final dielectric {ayeiditiessysexresing a plurality of connection areas on the at least one additional
conductive trace layer,; (1165 for in%@metallizatio layer on t{ll?e plurality of connection areas; providing a

plurality of semfeBhdRi2 YSHfE%}F BEME i Srality having a plurality of signal
connectiop devigasnglefitkicadhdaotndingceasieobihativsaliy@isidagtconnection devices with the
metallization layer on each qf the plurality of connection areas; and 20 forming an encapsulation layer
over the plurallly BTG PHLAAHRCIBFEREY SR RHFHAPoRElS SRE A5 GF B YU BB HIBR ¥ the

circuit connection elefpeRrtsrivdnosedpiberathiaugh 2ohdusevaathedagéglaim 28, further comprising
on' respect S BHREATEMLISING B BRI EER e TEREAIS: UKL R LARE A e ciim 2. frther
comprising forroinga halEist snetaldaj@nl evadibevel utrbtitia pdraifeyithecin hestioneelédneiis prior to
forming tT(? plurality O(Iielectric layer and electrically coupling the at least one additional conductive
trace layer with the first conductive trace layer;
forming a final dielectric layer over the at least one additional conductive trace layer;
forming a plurality of vias in the final dielectric layer, thereby exposing a plurality of
connection areas on the at least one additional conductive trace layer;
15  forming a metallization layer on the plurality of connection areas;
providing a plurality of semiconductor dice, each semiconductor die of the plurality
having a plurality of signal connection devices;
electrically coupling each of the plurality of signal connection devices with the
metallization layer on each of the plurality of connection areas; and
20  forming an encapsulation layer over the plurality of semiconductor dice and the final
dielectric layer while leaving a portion of the circuit connection elements exposed

therethrough.

29. The method of claim 28, further comprising forming a plurality of
25  conductive bumps with each conductive bump of the plurality being disposed on a

respective one of the plurality of circuit connection elements.

30. The method of claim 29, further comprising forming a barrier metal layer
over the plurality of circuit connection elements prior to forming the plurality of

30  conductive bumps.



30 conductive bumps. -18- 31. The method of claim 29, further comprising forming an attachment layer
over the final dielectric layer prior to electrically coupling the plurality of signal connection devices with
the metallization layer on the plurality of connection areas. 5 32. The method of claim 31, wherein
forming an attachment layer includes forming the attachment layer of a material comprising at least
one of an anisotropic conducting film, an anisotropic. ggnducting paste, a nonconductive film, and a
nonconductive paste. 10 33. A semiconductor device package comprising: a substrate; a first

dielectric layer disposgd overi swiasesdlcibensehstiate; eprsustiveniiacalayatilisprsagover the
first dielectric layer; a second dielectric layer disposed gver the conductive trace layer, the second

dielectric 15 I&)&t ﬁ]@fﬁﬂﬁ]gdglﬁﬁ}%i@yﬁ RS iR stesitotiph eup e B AN 1o #8inection areas on

the conductivectiaee fidyiele donekallizas alayenebadiieaty aaupledinitbriamunalitreiconnection
areas; a plurality of semiconductor dice, each semiconductor die having a plurality of signal

connection devices wherein the plurality of signal connection devices is 20 electrically coupled with the

metallizatidn layer; annEncapsidatiandayet kispssedryean tenph alityelsericaidrondise; and a
plurality of circ%,lit conn ctioni%%me ts electrically. coupled to the conductive trace layer, wherein each

of the plurality SFEIPE8HH heh iR RLSRPOYH tHdCa < Sl AR &hd the second
dielectric layercandubasgfipartianitneiasyi2 doadposed fiveLghdne anetpsyiatiomtbyer. 34. The
semiconductor device package of claim 33, further comprising a plurality of conductive bumps
wherein each 88Hfﬂf§ & E)t?s electrically coupled with the exposed portion of one of the plurality
of circuit connection elements. 30 -19-

10 33. A semiconductor device package comprising:
a substrate;
a first dielectric layer disposed over a surface of the substrate;
a conductive trace layer disposed over the first dielectric layer;
a second dielectric layer disposed over the conductive trace layer, the second dielectric
15 layer defining a plurality of vias therethrough exposing a plurality of connection
areas on the conductive trace layer;
a metallization layer electrically coupled with the plurality of connection areas;
a plurality of semiconductor dice, each semiconductor die having a plurality of signal
connection devices wherein the plurality of signal connection devices is
20 electrically coupled with the metallization layer;
an encapsulation layer disposed over the plurality of semiconductor dice; and
a plurality of circuit connection elements electrically coupled to the conductive trace layer,
wherein each of the plurality of circuit connection elements extends through the
first dielectric layer and the second dielectric layer and has a portion thereof

25 exposed through the encapsulation layer.

34, The semiconductor device package of claim 33, further comprising a
plurality of conductive bumps wherein each conductive bump is electrically coupled with
the exposed portion of one of the plurality of circuit connection elements.

30



35. The semiconductor device package of claim 34, wherein the plurality of conductive bumps is
selected from the group consisting of solder bumps, gold stud bumps, copper stud bumps, and plated
alloy stud bumps. 5 36. The semiconductor device package of claim 35, wherein the plurality of signal
connection devices comprises solder bumps. 37. The semiconductor device package of claim 33,
further comprising a final dielectric layer disposed adjgcent the metallization layer and an attachment
layer 10 overlaying at least a portion of the final dielectric layer and the metallization layer. 38. The

semiconductor devicgpackagf eflaindddonterRinphie altaghimpnBayekisiselrgiRgdiemdthe group
consisting of anisotropic conducting film, anisgtropic conducting paste, nonconductive film, and

nonconductive BALIE T SDYPHE 5§ Hancter SovRePakag e srMaR Bty B tha BB ality of

signal connectioppieviaadisngeleateplftedlloe gralbuspasisting of gold stud bumps, copper stud
bumps, and plated stud bumps. 20 40. A semiconductor device package comprising: a substrate; a

first dielectric layer disposed over a surface of the substrate; a first conductive trace layer disposed

over the figst dielectrigdayer;Taicleastconeuadditionat gilegisioflavemdispeatediavae ferdiist sponductive
trace layer; 25 at I?ast one additional conductive}%? e layer disposed over the at least one additional

dielectric layer> #8'SOIEESHOR & At SARPHRIR L eing electrically coupled with the first

conductive trace layer; a final dielectric layer disposed over the at least one additional conductive trace
layer; a plurality of semiconductor dice, each semiconductor die.haying a_ plurality of signal 30
comnection devices whbrem 1HE BRI o1 SR OHBEEO R GUUIe 1 IRE E RS it the a
least one addidgnedtcionghetiieptadathyent i artdapsulationyayeddisposatheyverde plurality of

semiconduyctor dice; and -20- a plurality aof cirgui nection elements electrically coupled with the first
condu Ctigg over ay%lg at least apport?ory 0? the ﬁnatl ?e ectlglc?ayer am(i3 the meta Hza% n ayeP.

38. The semiconductor device package of claim 37, wherein the attachment
layer is selected from the group consisting of anisotropic conducting film, anisotropic

conducting paste, nonconductive film, and nonconductive paste.

15
39. The semiconductor device package of claim 38, wherein the plurality of
signal connection devices is selected from the group consisting of gold stud bumps,
copper stud bumps, and plated stud bumps.
20 40. A semiconductor device package comprising:

a substrate;
a first dielectric layer disposed over a surface of the substrate;
a first conductive trace layer disposed over the first dielectric layer;
at least one additional dielectric layer disposed over the first conductive trace layer;
25  atleast one additional conductive trace layer disposed over the at least one additional
dielectric layer, the at least one additional dielectric layer being electrically
coupled with the first conductive trace layer;
a final dielectric layer disposed over the at least one additional conductive trace layer;
a plurality of semiconductor dice, each semiconductor die having a plurality of signal
30 connection devices wherein the plurality of signal connection devices is
electrically coupled with the at least one additional conductive trace layer;

an encapsulation layer disposed over the plurality of semiconductor dice; and



trace layer, wherein each of the plurality of circuit connection elements extends through the first
dielectric layer, and the at least one additional dielectric layer and has a portion thereof exposed
through the encapsulation layer. 5 41. The semiconductor device package of claim 40, further
comprising a plurality of conductive bumps wherein each conductive bump is disposed on and
electrically coupled with the exposed portion of a onexf the plurality of circuit connection elements. 10
42. The semiconductor device package of claim 41, wherein the plurality of conductive bumps is

selected from thengraupotensistiognataidIdmnrel gt atyd suprRpSyitaRP e steshdumps, and plated
alloy stud bumps. 15 43. The semiconductor device package of claim 41, further comprising a plurality

of openings in the findPER R eP &30 Sl P B ANt oH SRR RIS MSA & P fSast one

additional conductiveriaaeHayeriandivibarrimite phdreditviaé sional adanngatiorideyices,is shactrically
coupled with the plurEIity of exgo ed connectign areas. 20 44. The semiconductor device package of

claim 43, further comptistRy At ﬁﬁ%ﬁﬂ’rﬁ’?%f&?@%@&%@ﬂ%@}ﬂ%l?}fﬁﬁrality of signal connection

devices agd the plurality of exposed connection areas. 45. The semiconductor device package of

claim 44, further comprising.an 25 attachment layer disposed over the final dielectric layer and the
metalizaton layer. 481 The J0FEBHERA DB DA Of SEih Ao ARSI SHAHE Sk nrment Tayer

is selected froplihgigrotipaansisinguabanibeispniactarsidatngflumpaniskpopia woaddlcting paste,
nonconductive ]’i%ﬁm,.a no‘s:éondu ti\a{}e paste. 3047. T semi%o dugo .device %acka e of claim 46
wherein the pIGIEIRFBrYSg F%Hﬁb ?d?%‘%%%?fi@gr%"ge‘l B FPOMSR Yj‘ﬁgﬁﬁ ORI HEIEEYON stud
bumps, coppaiigiwddumps, and plated stud bumps. -21- 48. A memory device comprising:
10
42. The semiconductor device package of claim 41, wherein the plurality of
conductive bumps is selected from the group consisting of solder bumps, gold stud bumps,

copper stud bumps, and plated alloy stud bumps.

15 43. The semiconductor device package of claim 41, further comprising a
plurality of openings in the final dielectric layer exposing a plurality of connection areas
on the at least one additional conductive trace layer and wherein the plurality of signal

connection devices is electrically coupled with the plurality of exposed connection areas.

20 44, The semiconductor device package of claim 43, further comprising a
metallization layer disposed between the plurality of signal connection devices and the

plurality of exposed connection areas.

45. The semiconductor device package of claim 44, further comprising an

25  attachment layer disposed over the final dielectric layer and the metallization layer.

46. The semiconductor device package of claim 45, wherein the attachment
layer is selected from the group consisting of anisotropic conducting film, anisotropic
conducting paste, nonconductive film, and nonconductive paste.

30

47. The semiconductor device package of claim 46 wherein the plurality of

signal connection devices is selected from the group consisting of gold stud bumps,

copper stud bumps, and plated stud bumps.



a carrier substrate; a plurality of electrical contacts coupled with electrical circuitry formed in the carrier
substrate; and 5 at least one semiconductor device package coupled with the electrical circuitry in the
carrier substrate, the at least one semiconductor device package comprising: a substrate; a first
dielectric layer disposed over a surface of the substrate; a conductive trace layer disposed over the
first dielectric layer; 10 a second dielectric layer dispagsed over the conductive trace layer, the second
dielectric layer defining a plurality of vias therethrough exposing a plurality of connection areas on the
conductive trace layesga mesailizatieh dayre elaapisally: coupled with the plurality of connection areas;
a plurality of semiconductor dice, each semiconductor die having a plurality of 15 signal connection
devices wherefF #eSh I GF signal connection devices is electrically coupled with the metallization

layer; an encapsiliadian iyescdisapsadeuerdiadalwialiyl@bsemiceadtciomiiaan andcarplurality of
circuit connection elements electrically coupled to the conductive trace layer, wherein each of the
plurality of circuit con éﬁ@ﬁe‘i‘&%ents 20 extends through the first dielectric layer and the second

dielectric lnyer.andsthas sepatiatitiereel R¥pasrsivougbdthele feagsttatiorilayary id2hed9. A
computing system comprising: a carfier substrate; a proécl;(s?ﬁssor erably coupled tq gircuitry formed in

[
the carrier substrate; S TEASPBHENFIHE AL FiseiaBIS HRCRAKASLFNP RS in the carrier

5 substrate; at least anaiedstpig} device operably coupled with the circuitry formed in the carrier
substrate; and a memory device operably. coupled to the circuitry formed in the carrier substrate, the
memory device inclu&i%%&'l‘éﬁ%ﬁrf@%ﬁﬁ%ﬁ 2tk ?:i%'{f%ﬁep%@égﬁég H& St least
a conductive trace layer disposed over the first dielectric layer;
10 a second dielectric layer disposed over the conductive trace layer, the second
dielectric layer defining a plurality of vias therethrough exposing a
plurality of connection areas on the conductive trace layer;
a metallization layer electrically coupled with the plurality of connection areas;
a plurality of semiconductor dice, each semiconductor die having a plurality of
15 signal connection devices wherein the plurality of signal connection
devices is electrically coupled with the metallization layer;
an encapsulation layer disposed over the plurality of semiconductor dice; and
a plurality of circuit connection elements electrically coupled to the conductive
trace layer, wherein each of the plurality of circuit connection elements
20 extends through the first dielectric layer and the second dielectric layer and

has a portion thereof exposed through the encapsulation layer.



10 one semiconductor device package comprising: a substrate; a first dielectric layer disposed over a
surface of the substrate; a conductive trace layer disposed over the first dielectric layer; a second
dielectric layer disposed over the conductive trace layer, the second 15 dielectric layer defining a
plurality of vias therethrough exposing a plurality of connection areas on the conductive trace layer; a
metallization layer electrically coupled with the pluralippof connection areas; a plurality of
semiconductor dice, each semiconductor die having a plurality of signal connection devices wherein

the plurality of signal gennetiesmpeayicrsels elegpicall/ coupled with the metallization layer; an
encapsulation layer disposed over the plurality of semiconductor dice; and a plurality of circuit
connection elehf@HS SeiisHy coupled to the conductive trace layer, wherein each of the plurality of

circuit connectigst@lesuig iseraile baspibiaugh dherfisi-aiglastie Ryesandsirgsecond dielectric layer
and 25 has a portion thereof exposed through the encapsulation layer. -23- 50. A computing system
comprising: a arAtONGHRRLECY ‘E‘Tecﬁ’gfﬁﬁﬂbﬁ%&%%% %W&%HBFIE%"@\/% ciftiGttry formed in the
carrier sulsstragabsahieast one output device operably coupled with the circuitry formed in the carrier 5

substrate; and at least one semjcanductor device package operably coupled with the circuitry formed
i the carmier SUISTbRE Bt Rt ST R Ak e ER D RS S substrater o

first dielectric laygtdispased over a surface of the substrate; 10 a conductive trace layer disposed
over the first dielectric layer; a secqnd dielectric layer disposed oyer the conductive trace layer, the
cecondt dielect RS QEr e HTLFARGP VRN U JERTE bR BT TARG bt Lonection
areas on the conductiientkageldayerincluding at least one semiconductor device package, the at least
10 one semiconductor device package comprising:
a substrate;
a first dielectric layer disposed over a surface of the substrate;
a conductive trace layer disposed over the first dielectric layer;
a second dielectric layer disposed over the conductive trace layer, the second
15 dielectric layer defining a plurality of vias therethrough exposing a
plurality of connection areas on the conductive trace layer;
a metallization layer electrically coupled with the plurality of connection areas;
a plurality of semiconductor dice, each semiconductor die having a plurality of
signal connection devices wherein the plurality of signal connection
20 devices is electrically coupled with the metallization layer;
an encapsulation layer disposed over the plurality of semiconductor dice; and
a plurality of circuit connection elements electrically coupled to the conductive
trace layer, wherein each of the plurality of circuit connection elements
extends through the first dielectric layer and the second dielectric layer and

25 has a portion thereof exposed through the encapsulation layer.



a metallization layer electrically coupled with the plurality of connection areas; 15 a plurality of
semiconductor dice, each semiconductor die having a plurality of signal connection devices wherein
the plurality of signal connection devices is electrically coupled with the metallization layer; an
encapsulation layer disposed over the plurality of semiconductor dice; and a plurality of circuit
connection elements electrically coupled to the conduggive 20 trace layer, wherein each of the plurality
of circuit connection elements extends through the first dielectric layer and the second dielectric layer

and has a portion thexgof expesaghifiougiidhe-empapiigation layer. 25
a carrier substrate;
at least one input device operably coupled with circuitry formed in the carrier substrate;
at least one output device operably coupled with the circuitry formed in the carrier
5  substrate; and
at least one semiconductor device package operably coupled with the circuitry formed in
the carrier substrate, the at least one semiconductor device package comprising:
a substrate;
a first dielectric layer disposed over a surface of the substrate;
10 a conductive trace layer disposed over the first dielectric layer;
a second dielectric layer disposed over the conductive trace layer, the second
dielectric layer defining a plurality of vias therethrough exposing a
plurality of connection areas on the conductive trace layer;
a metallization layer electrically coupled with the plurality of connection areas;
15 a plurality of semiconductor dice, each semiconductor die having a plurality of
signal connection devices wherein the plurality of signal connection
devices is electrically coupled with the metallization layer;
an encapsulation layer disposed over the plurality of semiconductor dice; and
a plurality of circuit connection elements electrically coupled to the conductive
20 trace layer, wherein each of the plurality of circuit connection elements
extends through the first dielectric layer and the second dielectric layer and

has a portion thereof exposed through the encapsulation layer.

25



