SYSTEM AND APPARATUS FOR WAFER LEVEL INTEGRATION OF COMPONENTS Field of the
Invention The present invention relates in general to semiconductor devices and, more particularly, to
wafer level integration of components. Background of the Invention Semiconductor devices are found
in many products in the fields of entertainment, communications, networks, computers, and household
markets. Semiconductor devices are also found in military, aviation, automotive, industrial controllers, and

office equipment. The semicondyaipkepiee aPEKiNtha Ye agkalegiRieal functions necessary for each
of these applications. The manufagiviecxrsaroic @¥d udeb olexiaes involves formation of a wafer having

a plurality of die. Each semiconductor die contains hundreds or thousands of transistors and other active
and passive devices performing a variety of electrical functions. For a given wafer, each die from the
wafer typically performs the same electrical fyngopnErent-epdipanufacturing generally refers to
formation of the semiconductor devices on the wafer. The finished wafer has an active side containing the
transistors and other active and passive components. Back-end manufacturing refers to cutting or
singulating the finished Waferinteetie individuatdie @nd-packagigthe die for structural support and

enV”onn“Hua”S@Emg%%nductor devices and, more particularly, to wafer

level integration of components.
Background of the Invention

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices
are also found in military, aviation, automotive,
industrial controllers, and office equipment. The
semiconductor devices perform a variety of electrical
functions necessary for each of these applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of
transistors and other active and passive devices performing
a variety of electrical functions. For a given wafer, each
die from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to
formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the
transistors and other active and passive components. Back-
end manufacturing refers to cutting or singulating the
finished wafer into the individual die and packaging the
die for structural support and environmental isolation.

One goal of semiconductor manufacturing is to produce

a package suitable for faster, reliable, smaller, and



One goal of semiconductor manufacturing is to produce a package suitable for faster, reliable, smaller,
and higher-density integrated circuits (IC) at lower cost. Flip chip packages, chip scale packages (CSPs),
or wafer level chip scale packages (WLCSPs) are ideally suited for ICs demanding high speed, high
density, and greater pin count. Flip chip style packaging involves mounting the active side of the die face
down toward a chip carrier substrate or printed circuit board (PCB). The electrical and mechanical

interconnect betwegp dhe active devices0n the die and condegtion tracks pnthe carrier substrate is
achieved through a solder bump structure comprising a large number of conductive solder bumps or balls.

The solder bump&'are formed By Pefiow Procedsappied t6 Sofddr fiatttiaPHepdsited on contact pads
which are disposédweri tlvé sensicohe uctok sabstraté.ChRe solder baawps are sotderetbto the carrier

substrate. The flip.chip semiconductar package proyides ashort elggtrical conduction path from the active
devices on the die to the carrier substrate in order to reduce signal é)rg 1fit%ation length, lower capacitance,
ions, i

and achieve overali Bétter tirchit performance i Mishy Apptica i$Yeditkble to achieve wafer
level die integrationtbetveenswotorthoreisemicondigetor devdees.aSotmiecapplications, for example,

require the integration-otlargs.integrated circkit GhipsJuith packaged knewd geed wiits. Alternative

applications may require further inte%ration of gassive or other components to form a system-in-package
and, ﬁscranl al 1 t?rconn ct between the active de%ices on .
module. Summary of the Invention n one embodiment, the present invention is a method of making a

semiconductor p&tkage scemprising providing e stibstrate aving areactivé strface éontaining a plurality

of active circuits, forning an-adbesive-laysr @uerihgactive,surface Qf-theisubstrate, Jpgunting a known
good unit (KGU) to t%e adhfesive %yetr, and folrmingban interco n(ftft struc%ure tol(ejlectrically connect the
KGU and active SIFEUIES oR the“sibstrate by {a) providing a wird bord between a contact pad on the
substrate and a contaet pad drthe KBY,{by farmingracedistribpitiohsldyep orcadrack surface of the

substrate, opposite the active-sudaced (Q-foraing & thyaugh.hele.via-a Y3 thraugh the substrate to
electrically conne% the redistrirgution layer and wire bogd, angd(glg fgrming solder ?%Q&Sdin electrical

contact with the r%d‘?st?i%rﬁjti%%na@%trf) r substrate. Ihe so umpsTare so
to the carrier substrate. The flip chip semiconductor
package provides a short electrical conduction path from
the active devices on the die to the carrier substrate in
order to reduce signal propagation length, lower
capacitance, and achieve overall better circuit
performance.

In many applications, it is desirable to achieve
wafer level die integration between two or more
semiconductor devices. Some applications, for example,
require the integration of large integrated circuit chips
with packaged known good units. Alternative applications

may require further integration of passive or other

components to form a system—-in-package module.
Summary of the Invention
In one embodiment, the present invention is a method

of making a semiconductor package, comprising providing a

substrate having an active surface containing a plurality



In another embodiment, the present invention is a method of making a semiconductor package,
comprising providing a substrate having an active surface containing a plurality of active circuits, forming
an adhesive layer over the active surface of the substrate, mounting a known good unit (KGU) to the
adhesive layer, and forming an interconnect structure to electrically connect the KGU and active circuits
on the substrate. In another embodiment, the present invention is a method of making a

semiconductor package ; cemprising providing @ substrate.cmnounting, a first surfage of a known good unit
(KGU) to a first surface of the substrate, forming a first interconnect structure to electrically connect the

KGU and substrat& - fofmifigra $6tond intercoHiect Stfuctlird dn4 et dht &lirfak8of thesubstrate,
opposite the first st¥face of the safistratecandyer fopming athirdsinterdorisectostngcture on a second

surface of the K%@rgpwgettgeefirég@[f@gﬁ9f the . KGY. 1 he IR@nNother embodiment, the present

invention is a semi,cond,utctor IE)acklfage, cot_(nprisin a substrate having an active sudrface containing a
plurality of active CIFSUIts; SaR adhissive 18y er fSrmidd verth@ Active sirfice of the substrate, a known

good unit (KGU) mdunrted to theradhesivel layert andsak stitertonnedt stracturecsleetdcalty connecting the

KGU and active ¢ireuits:on the)substrate, BriekDescriptioniofithe-Deawings, packI1G. Lis aflip chip
semiconductor device with solder bumps providing electrical interconnect between a(ncz)active area of the

die andachip ca?HéF‘C%ﬁ%s?rgtet;he substrate, opposite the active surface,
forming a through hole via (THV) through the substrate to
electrically connect the redistribution layer and wire
bond, and (d) forming solder bumps in electrical contact
with the redistribution layer.

In another embodiment, the present invention is a
method of making a semiconductor package, comprising
providing a substrate having an active surface containing a
plurality of active circuits, forming an adhesive layer
over the active surface of the substrate, mounting a known
good unit (KGU) to the adhesive layer, and forming an
interconnect structure to electrically connect the KGU and
active circuits on the substrate.

In another embodiment, the present invention is a
method of making a semiconductor package, comprising
providing a substrate, mounting a first surface of a known
good unit (KGU) to a first surface of the substrate,
forming a first interconnect structure to electrically
connect the KGU and substrate, forming a second
interconnect structure on a second surface of the
substrate, opposite the first surface of the substrate, and

forming a third interconnect structure on a second
surface of the KGU, opposite the first surface of the KGU.

In another embodiment, the present invention is a
semiconductor package, comprising a substrate having an

active surface containing a plurality of active circuits,



FIGs. 2a-2d illustrate a method of manufacturing a semiconductor package; FIG. 3 illustrates a
semiconductor package with a redistribution layer; FIG. 4 illustrates a contact pad configuration
for a semiconductor device; FIG. 5 illustrates a semiconductor package with an inner package
having input-output terminals; FIG. 6 illustrates a semiconductor package with backside
rerouting; FIG. 7 illustrates a semiconductor package containing a low-profile, fine-pitch internal

stacking module; |G -8 dlusfirates @ meunied; sepucopducionnackaglirace of the

substrate, a known good unit (KGU) mounted to the adhesive
layer, and an interconnect structure electrically

connecting the KGU and active circuits on the substrate.
Brief Description of the Drawings

FIG. 1 is a flip chip semiconductor device with
solder bumps providing electrical interconnect between an
active area of the die and a chip carrier substrate;

FIGs. 2a-2d illustrate a method of manufacturing
a semiconductor package;

FIG. 3 illustrates a semiconductor package with
a redistribution layer;

FIG. 4 illustrates a contact pad configuration
for a semiconductor device;

FIG. 5 illustrates a semiconductor package with
an inner package having input-output terminals;

FIG. 6 illustrates a semiconductor package with
backside rerouting;

FIG. 7 illustrates a semiconductor package
containing a low-profile, fine-pitch internal stacking
module;

FIG. 8 illustrates a mounted semiconductor
package;

FIG. 9 illustrates a semiconductor package with
attached discrete components;

FIG. 10 illustrates a semiconductor package with
a single attached discrete component;

FIG. 11 illustrates a stackable semiconductor
package;

FIG. 12 illustrates a semiconductor package with

attached discrete components and wafer-level molding;



FIG. 9 illustrates a semiconductor package with attached discrete components; FIG. 10
illustrates a semiconductor package with a single attached discrete component; FIG. 11 illustrates a

stackable semiconductor package; FIG. 12 illustrates a semiconductor package with attached
discrete components and wafer-level molding; FIG. 13 illustrates two stacked semiconductor
packages; and FIGs. 14a-14d illustrate a second method of manufacturing a semiconductor

paCkage- Detailed Descriptior‘FQf}t.he_Lpr@MﬂQ%rates two stacked semiconductor

packages; and
FIGs. 1l4a-14d illustrate a second method of

manufacturing a semiconductor package.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to
the Figures, in which like numerals represent the same or
similar elements. While the invention is described in
terms of the best mode for achieving the invention’s
objectives, it will be appreciated by those skilled in the
art that it is intended to cover alternatives,
modifications, and equivalents as may be included within
the spirit and scope of the invention as defined by the
appended claims and their equivalents as supported by the
following disclosure and drawings.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other
active and passive devices performing one or more
electrical functions. For a given wafer, each die from the
wafer typically performs the same electrical function.
Front-end manufacturing generally refers to formation of
the semiconductor devices on the wafer. The finished wafer
has an active side containing the transistors and other
active and passive components. Back-end manufacturing
refers to cutting or singulating the finished wafer into
the individual die and packaging the die for structural
support and/or environmental isolation.

A semiconductor wafer generally includes an active

surface having semiconductor devices disposed thereon, and



The present invention is described in one or more embodiments in the following description with reference
to the Figures, in which like numerals represent the same or similar elements. While the invention is
described in terms of the best mode for achieving the invention's objectives, it will be appreciated by
those skilled in the art that it is intended to cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined by the appended claims and their

equivalents as supported hy-the following disclosyrerand drawings.. nquEhemanufacture of
semiconductor devices involves formation of a wafer having a pIuraIit% of die. Each die contains hundreds

or thousands of tFafsistts™ard dther B6ti06 ant passive devites FeHofmitg Bne or more electrical
functions. For a givenadafer, eachediedfronthieowalere typicaly performs tivd same electrical function.

Front-end manufagtuyring generally refers e formationat-the-semicenductorideviges o the wafer. The
finished wafer has an active side containing the transistors and other active and 1]?assive components.

Back-end manufactliFing refefé 16 Thiing or STRglAting he fiished™ Wafsrinto the ihdfidual die and
packaging the die doestruocturad sepporsandiomemironmentak isolatieme grAwsemiconductor wafer

generally includesy active surface having semicgpductordevices:disposeddthereon.and a backside
surface formed with bulk semiconductor material, e.g., silicon. The active side surface contains a plurality
of semiconductor die: The Attive Suffade i formed by a VA of €emicondlctor processes, including
layering, patterningadopiig,cand diedt treathrentidn thelayeringhprocessy semiedndectdrematerials are
grown or depositgdan the stbstate hyrteghnigues dpvolying thermakoxigafion nitridation, chemical vapor
deposition, evaporation, alnd sputtering. Photolithql%ra hl}/ invoIveT?hthe masking of areas of the surface
and etching away Undesired matefial to form specific structures. The dOpInG process fjects
concentrations of.dopant nvateriah byethernral diffdsiornor ot impfaintationh e rm&emiconductor packages,

wafer level packages(\WiLR) and chipisgale packages (CSP) are commonly used with integrated circuits
(ICs) demanding high sg)eed, hl%h deonjfsg%%]g ggeategpm count F“g&ha{% stylz semiconductor device 10

) . lecon ﬁé . water level es’ (W P{ . .
involves mountlng an aclive area 0 ce’ down toward a IPp carrier subs rate or prlnted circuit

board (PCB) 16, a8sitdwhR ARG, PaAkave areaSE) containsmactivey andgsassivé devices, conductive
layers, and dielectriclayers aceording:to the-glecidcaldesignotthesdia i he electrical and mechanical
interconnect is ac ig:-g?g thI’OLrJl ha SO derr bumpcstlglrjlgtureﬁO cog’}lﬁrisig%ﬂéarge number of individual
conductive solder%umpg’oraba 1s725%The $older %umps are formed on ump pads or interconnect sites
24, which are dispoisedoon aetive aeal 2. BUmp pads 24" somiédtaotherattive cresifts 18y conduction

tracks in active arga d2-= The selderdaumpsoz aleLlestricalyr-and mechanically cennected to contact
T o I 20 e el Lo s e, Rt
area 12 contains active and passive devices, conductive
layers, and dielectric layers according to the electrical
design of the die. The electrical and mechanical
interconnect is achieved through a solder bump structure 20
comprising a large number of individual conductive solder
bumps or balls 22. The solder bumps are formed on bump
pads or interconnect sites 24, which are disposed on active
area 12. Bump pads 24 connect to the active circuits by
conduction tracks in active area 12. The solder bumps 22
are electrically and mechanically connected to contact pads
or interconnect sites 26 on carrier substrate 16 by a

solder reflow process. The flip chip semiconductor device

provides a short electrical conduction path from the active



devices on die 14 to conduction tracks on carrier substrate 16 in order to reduce signal propagation
length, lower capacitance, and achieve overall better circuit performance. Turning to FIG. 2a a first
step in a manufacturing process for a chip scale package (CSP), or wafer level chip scale package
(WLCSP) is shown. Wafer or substrate 30 is formed with passivation 32 disposed over its top surface.
Passivation 32 may include polyimide, benzocyclobutene (BCE) or polybenzoxazoles (PBC)). Wafer 30

includes a siliconsar,other bulk semiconducton material and includgs arelatively large die such as one for
a processor, microcontroller, or digital signal processor (DSP). An active area formed within wafer 30

contains active and pas$ive Hevites SEGTGUENTE Ty &rs” BHPAitBethit A Rts Hetdtding to the electrical
design of the devie@aAntadhesiverldyerBisgaispesedlovertpassivationi32 of wafer 30 and includes a
thermal epoxy. Inaltemnative.embodiments, wafer 30 is replaced with a wafer level package or other
semiconductor die package. ,ContactEpads 534 are formed over wafer 30 u§in an electrolytic plating or
electroless plating procé¥s antfincludé % coRdiclivé hateral. Contalt PRGEE 64 aréth electrical
connection with ave o srofeof theldavices iermedivaithin ((BeFactive avedof waferl3@:HTke formation of
contact pads 64 may furtheningcluderetehing:passivation 32 te foyn apenings:vesgwhich conductive
material is depos%ted. Contacktl pads 64 may be3fur(tjher optigﬂzed for, 1g’]oIoLbondin by forming an additional
metal layer over COREAEE pads64° The additional metlifayer iheiddes %Iur?‘ﬁnﬁ%r%ﬁl%/%'r another common
contact pad matéetiad thatis-bondabie withngoldicAaR Iirning toF=G. 2y drdwhegeod units (KGUS) or
packages 40 and4tmreattached dq adhssive dayerd4 angglestrigally connected to wafer 30 (as shown
in FIG. 2¢). Packagﬁ 40 and 41§ormgri e one or mare Ere-packargieaglsemo'\cond%?r die and include

S COF or oﬁ(e 2 k ﬁfﬁjgonduc or, mate ﬁn inc es i
contact pads for connecting packages 40 an to external systems. The packages include general
application integrated circeits suctyasdiltersy pemory chipsrandiprocessors. After the packages are

connected using the present method, the deyicgs and,systems containeghwithin pagkages 40 and 41 are

put into commun[acggion Wit@etge %evicgs Wfortpied \v’avétpér} v%abfe(r: o3r9t B%causce% :EQ;% fu%tionality of packages 40
and 41 is made available 10 Wafer 30 and the devices therein, warter 30 Reed nét include that additional

functionality and itssdesignds sheplifiedousing thie present methbd!ithéreforecalwafers30 that requires
specific functionality. aleady provideddy:anaxistingpackage-candngerparate that functionality directly
without the need afg&ggggieorlgal cigfc itry if(s)rrgleg v(yitgiop tr\l]e Wafeg. iv 'E'-Goh292d%l%i0t% ?Qrexemplary
construction of packages 40 and'ar. ackageg 40 and 471 include ‘dual-row quad-ﬁa non-leaded (QFN)
molded packages anthdre ighyrdssemblednd paekaged Beforé Yssingtintesgrated with wafer 30.

Packages 40 and-4ddachde semigepdustoridie-421Sesucondrctordie-42 iagkide an active surface
containing active an% gggsi\ée ggggces conducﬁive agers, and dielectric éa%etrs %ccoréiiing to the design of

I
semiconductor die 4 %emlconfjué’c?glrl die’ 5%8 ud%lgoﬁ?acctapgaeds 43 Slectrical contact with the

active area of sefificarduétoidié 42 Corntdctpads 43iae firnfed byra tepositidin prdeess such as an
electrolytic plating:oreeleetrolass plating process coptactpads 46sand 4&are fermed on an exterior

surface of paCkaglg%éipig’Tq 4%0\94-!%%5(:4355 £m6%n aerlg(:t{ir(l:aellectrical connection
with one or more of the devices formed within the active
area of wafer 30. The formation of contact pads 64 may
further include etching passivation 32 to form openings
over which conductive material is deposited. Contact pads
64 may be further optimized for gold bonding by forming an
additional metal layer over contact pads 64. The
additional metal layer includes aluminum (Al) or another
common contact pad material that is bondable with gold
(Au) .

Turning to FIG. 2b, known-good units (KGUs) or

7



connection between contact pads 43 and contact pads 46 and 48. Contact pads 46 and 48 form an
outer and inner row of connection pads, respectively, that electrically connect packages 40 and 41 to
other components. Contact pads 46 and 48 are connected to other components using solder bumping or
wire bonding. Die-attach adhesive 52 connects semiconductor die 42 and die-attach paddle or die pad
54. Die pad 54 and contact pads 46 and 48 form part of the copper leadframe of packages 40 and 41 and

facilitate electronic,cpnpectiop of fhe,packages g other systemLompongpts. Bnacapsulant or mold
compound 56 is deposited over semiconductor die 42 and wires 44 to provide further mechanical support

and protection toThe¢Smpdhents St packageatishd 41° (@Swith¥&ferdhde to FIE) 2b, solder bumps 50
are formed over €enhectsn pads 484 Bumpsbare fermedusingra solderkefiow process applied to

solder material dgpgsited 4pon contactpads 48; lnone gmbaediment, humps 30 are formed on contact
pads 48 before packages 40 and 41 are connected to wafer 30. In an alternative embodiment, bumps 50

are formed after BACKAJEE 40’ aRd 41 ar& TonHected o Waks?™S0. ThEdIa6F Afaterial is deposited using a
ball drop or stencihprinting proeess. Fhelsolder pnateria usedttb formbumpsBirciudes Au, or Cu

structures or another eendugtiye Matalial such,as gin/leads (31/Pb)a £eppeniding (Guény, or Copper/Silver
(CuAg) solder, each containing an optional flux material. An optional under-bump metallization (UBM)

may be formed beh2ath Blimps 50 over contalt pAa8 48" 8rhancathe physicarAnd electrical
connection between tontactopads d8landhumps56.2The UBM isifarmed byofitst etthing a portion of

contact pads 48 ang-applying ene.ar-moredngtallayers usingiavaguum,depesition by evaporation or
sputtering process or a chemic@%a}jn%{)r cess. The UBM la s Lanr%u% a condyctive material such as
iV), u

titanium (Ti), nickel Vanadate { Phaving thiERNESSES of approximately TU00A, 3250A, and

8000A, respectiveliz Hardepper,etEhantd irclddehk7 dsvitly ab ot 112189 witfieracid (HNO3) and 6.3%

acetic acid (CH3¢QQH)ar AXewith about 7oid % phoespharic-acichtH3PP4hand /535% acetic acid
(CH3COOH). The etchant for titaql#]é%%zn be 1.67% lgydrorgen fluoride Wgh 1.67% l]:'g/drogen peroxide and

.. n,1s sim . Using, ths. esent metho therefodre
remaining water. |thgreference ]?O C,a eregbonalr% ! !

a wafer 30 that requires specific functionality already
provided by an existing package can incorporate that
functionality directly without the need for additional
circuitry formed within the wafer.

FIG. 2b depicts an exemplary construction of packages
40 and 41. Packages 40 and 41 include dual-row quad-flat
non-leaded (QFN) molded packages and are fully assembled
and packaged before being integrated with wafer 30.
Packages 40 and 41 include semiconductor die 42.
Semiconductor die 42 include an active surface containing
active and passive devices, conductive layers, and
dielectric layers according to the design of semiconductor
die 42.

Semiconductor die 42 include contact pads 43 in
electrical contact with the active area of semiconductor
die 42. Contact pads 43 are formed by a deposition process
such as an electrolytic plating or electroless plating
process. Contact pads 46 and 48 are formed on an exterior

surface of packages 40 and 41. Wires 44 form an electrical



interconnect is formed between packages 40 and 41 and wafer 30. Wires 60 electrically connect contact
pads 46 of packages 40 and 41 and contact pads 64. Accordingly, devices formed within wafer 30 are
connected to the devices formed within semiconductor die 42. Wires 60 connect directly to contact pads
64, but connect to contact pads 46 via bumps 62. Bumps 62 are formed using a solder bump process as
described above. Wires 60 are connected to bumps 62 using a process that uses heat, pressure, and/or
ultrasonic energy.tg.form aimechanical and electrical bondl. 1n alterpative embodiments, wires 60 connect
directly to contact gads 46 with no intervening bumps. Encapsulant or conformal coating 66 is deposited
over packages 4G%nd 41, wafer 30, and wires 60 to provide physical support and electrical isolation.
Encapsulant 66 includeScart etectrieally 4esistivedthaterial andds deposited usig prnting or compressive
molding processes,-/Abaptionalsesin dam 65 is,deposited over packages 40.ang 4l:before the deposition

of encapsulant 66 to control the placement of encapsulant 66. In FIGs. 2c and 2d, resin dam 65 controls
the flow of encapRtfaRt66 and prevents ehCapSiilant B G flowing Ovar oottt pads 48. Turning
to FIG. 2d, wafera3QlistSingidatethteseparate iwdividuabdie fermed o wafep 83@=and packages 40 and 41.
FIG. 2d shows a single die30 having a-single package 68 connected thereon. In alternative
embodiments, however, a siingLe dkile isdgonnectedz to multiglte packages viatone or more adhesive layers.
FIG. 3 shows package B8 Connected O Watd®30 Wit Adhesive AVE°34 "ERghpstifant” mold compound, or
dam fill 70 is formed oVt pecikade B8t provide physicalsuppadrt anekeélectrieabinsulation. Encapsulant

70 is deposited asa full- copfermakcaating and is, accordinglynformed arovad bumps 52 as shown on

FIG. 3. An RDL 73 isﬁformeqlé)n th \Eﬁlcksigefof Wflf@cr %O to connect,wafern%o to .otpler ystem
components. Through fisie viasafﬁeil s) 72%are formed in wafer 30°By etChing or laser drilling and
depositing conduetivennateriglsover the holes usirgranevaperation, dlectoliieplating, electroless plating,

or screen printing,precess o electsically cannact contact pads 64 angusemicenductor dig 42 to RDL 73.
Accordingly, THVs 725elggtr|tcag§/¥%%n§ect the gewces fkg)grrﬁec%wthln semlconéjuctor die 42 to RDL 73 and

external compongﬁfseconnec?e o RDE ﬁr&n %rrgra[{ﬁf:c €poxy mgyéjﬁéﬂrr%a?/rbe deposited within THVs 72

to provide additiorat rReEhanicat supporerredatact pad® &4k AuditiéAakntechanical support may be

important, for example,iifi the farmation of JHYS2 sesults inian wnstable substructurebelow one or more
contact pads 64. To facilitate connection to ?xter]gal ccs)n%%onents solder bumrp contact pads 74 are

formed on the backside of wafer 30 and in 4e éctrical connection \fvﬂﬁnis L'73" Eontact pads 74 are formed

by a deposition p?ee€ss stehlay arreleetrolyie pldthd or elecirslesstsiating protesst Contact pads 74
include a conductivermaterial-sugh.as Ak aluminym:aleyscCopper (GupNickel{Ni), Au, Silver (Ag),
salicide, or polysilicon. Contact pads 74 may further include an optional UBM, Bumps 76 are deposited on
contact pads 74 5[? Brﬁ(ﬁé:ng?ucé) F%Cutmﬁag&% gr%clgagoé: %o?cfec?%agr%% g@téﬂ%l gé cfé:s%ibed above and are
reflowed to form &areleetifchlend atéehanical EBnARclibhsBemiceis corbactiiads 74°4R8 bumps 76.

50 are formed after packages 40 and 41 are connected to
wafer 30. The solder material is deposited using a ball
drop or stencil printing process. The solder material used
to form bumps 50 includes Au, or Cu structures or another
conductive material such as tin/lead (Sn/Pb), Copper/Zinc
(Cuzn), or Copper/Silver (CuAg) solder, each containing an
optional flux material. An optional under-bump
metallization (UBM) may be formed beneath bumps 50 over
contact pads 48 to enhance the physical and electrical
connection between contact pads 48 and bumps 50. The UBM
is formed by first etching a portion of contact pads 48 and

applying one or more metal layers using a vacuum deposition

S



FIG. 4 shows an example pin configuration for a KGU or package having a QFN connection configuration.
In FIG. 4, the KGU or package includes a dual row of connection pads with an internal row including
connection pads 71 having an approximately circular shape. The circular shape facilitates the mounting of
balled devices to the KGU or package. FIG. 5 depicts an exemplary embodiment of device 10
showing a KGU that has ball grid array (BGA) packaging and is mounted over wafer 30. Within the KGU,

contact pads 78 ate g;),rgg%g m@@@{a%gﬁ§gp§y(§tglqgogrggtegfcigc%ggggg l(P&%)@Qg Semiconductor
die 42 is physically mounted on substrate 80 with die-attach adhesive 52 and is electrically connected to

contact pads 78 Viawies 44 M5t Jr&'coRNEERed 15 tohtadt 5RESUE O 4'8666na sUtfle of substrate 80,
contact pads 82 are farmedu@oniact padsi#8. andreoiitaet pads)82 dmclideha comauctive material and are
formed by an electrolytic-plating.er glgctrolessplating pyegess, Sontagt,pads @z may further include a
UBM formed over the surface of contact Cpads 82. Contact Ea,ds 718 and (7:(8ntact }Pads 82 are in electrical
connection depehdifiy GpoRThE coRfiGuratidrtor intsreshectidh of Condlictive tayars ¥ormed within
substrate 80. Buhpsl84 aretformettuponitieKGluUrand. dfe eoahected 1ol coOrmection pads 82 or optional
UBM. Bumps 84 facilitaterthgglectrical-connection of the KGU @rpagkagedoextesnal components of the
system. In this configuration, semiconductor die 42 may be connected to external components without
the formation of & ﬁ‘%\ﬁn Wafer 30 tvergby simpli ?ntgcﬁ%l manifactife sFthe devie.  FIG. 6 shows
device 10 with an iftégratetr K&U Having bicksidé inpat/dutputnressatingr Withia thedkK GU, semiconductor
die 42 is electricalbrconnesteghta.contact pads 78 formed on a surface of substrate or PCB 90 via wires
44. On a second surfac%,c%%substrate 90, gon%al%t p%ds 92 are for e%.,Contact pads 92 are in electrical
connection with contact pads 78 Gepending uponthe interconnection stiticture of substrate 90. Contact
pads 92 are conrigdtedorone orirmofe ofithedeviees fornkdanithifdsemicdnadactordié«2. Contact pads
78 and contact pads 92;include @ condustive materialand arg.forrpedlay anglestrolytic plating or
electroless platin acp’cr]g)cess. Oonta t Q?ds %2 may fur'tther(ijpcl(?gie aZ&JBM f rmeld over a surface of
contacts pads 92. ontact padsa§ are formed on the S6cond surface of Substrate 90 and are in electrical
connection with ctaitaee padis 78 and therebyadive of inere of the devices formhed dFithiresemiconductor die
42. Bumps 62 are formed.qnthe KGk: apdare-cenaectehto cantact pads:93-usiag a suitable deposition
process and matgriigle% destcribed gbove. ireg 460 re connect%d tto burrrlmgg 6(2 an sc%%tact pads 64 that

are formed over passwa%l%n 32 %?r\llvaaf%tf 30-THVs' 72 are Tormed in wafer 30 and’ ae%ctrlcally connect

contact pads 64 dad RBEP?3 fermeBusrs & batkside ofovafer 307 Conrtaktpads 7@ are formed over the
backside of wafep30-using-a depasition prasess.. Bumps 4 6earescenpested-te goptact pads 74 or an

optional UBM forgued over confact pads 74. FIC‘%. ?l Sgleespi(E:jtesalgw- rofile, fine-%t internal stacking

module (LFISM) 435 thé inr?elrnﬁagkgég(fﬁsasK that is connected to wafer 30. Within the KGU, contact

pads 95 are formebt&a 3l FaceGlF SMI9ArCantactgadsal and electrical bond.

In alternative embodiments, wires 60 connect directly to
contact pads 46 with no intervening bumps. Encapsulant or
conformal coating 66 is deposited over packages 40 and 41,
wafer 30, and wires 60 to provide physical support and
electrical isolation. Encapsulant 66 includes an
electrically resistive material and is deposited using
printing or compressive molding processes. An optional
resin dam 65 is deposited over packages 40 and 41 before
the deposition of encapsulant 66 to control the placement
of encapsulant 66. In FIGs. 2c and 2d, resin dam 65
controls the flow of encapsulant 66 and prevents

encapsulant 66 from flowing over contact pads 48.
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95 are in electrical contact with one or more of the devices formed within LFISM 94. Contact pads 95
include a conductive material and are formed using an electrolytic plating or electroless plating process.
Contact pads 96 are formed proximate to an outer surface of the KGU over encapsulant 100. Encapsulant
100 includes an insulative material as described above and is deposited over LFISM 94 to provide
physical support and electrical insulation. Wires 98 are bonded to contact pads 95 and 96 and provide for

electrical connectivity betwgen canfast pads 96 ane.devigesformed within LEISM 94. Bumps 62 are
formed on one or more of contact pads 96 using a suitable solder bump deposition and reflow process.

Outside the KGUSWiré§ 6D are'csnseted ts btiips 6 2 and ortacl pats 4 f6vied ot wafer 30. THVs
72 are formed in avafet BO praximate tehcortact padsled doelébtricallyrcornedtnesrtact pads 64 and RDL

73. Contact pads 74 argfosmed qna bagkside gt wafer 30.and arg electrically Ganpnected to RDL 73 and
bumps 76 that are formed over contact pads 74. Additional system components may be connected to

bumps 76 and pl38&a i eledtricdl Commiinia&ich Wity e devids formedRiithinihe KEU and,
specifically, LFISM®@4or mdngrnidd¢s FIS. Byvdevdice 10 is shown mounted to PCB 110. PCB 110 includes

laminate materials such-ag FR-4,1Relyirpide, BT-eroxy: andcenductive matesials, sugh as Cu foll,
conductive inks, Au, or Ag. Contact pads 112 are formed on a surface of PCB 110 usi,nq an electrolytic
plating or electrofS8s 5iating process. Cohtact pads 112 ifitide s tondlictive miatsrial such as Al,
aluminum alloys, QuNifAunAg, saticide, drepelysilicon. e optionat IWUBNemaybedormed over contact
pads 112. Bumps 59 are-cepnested 1o ¢ontactpads 48.3ad contach padsdkl ysing a.solder reflow
process. Turnin tf) FIG. % add:lLtionaIts, stem %omgonents]%[e Cc nne(%ted to wafer 38 and are placed
in electrical comMuhication With the devices formed within the KU ‘Eomponent 11415 discrete
component that iS\wwormetted toskafer 30 antbmaly- inchad&d-memopy forfiker 1@, afierocontroller,
processor, CSP, os waferdevel chipsscale packagedWLGSR): Componentdl4isseennected to wafer 30
using a EGA, PGA, flig-chie desi%q, other %urlface ,moun%(\a/cr;nglggg/ %SI\%IT orflead-based mounting
technology. In FIG.Y, cnoerﬂp?)hen 14E connected to éontasct pads 118'6f wafer 30 via bumps 116.
Contact pads 118dfcladela eordluctiveomateriaband drelforredosSintpaddegosition process. Contact pads
118 are in electricahconnectionyvith devicrs formed withinuwafey 30, RRIxé3a01dHVs 72. An optional
UBM may be forrgfg (,gtr)lr gf)n&ct g?g&lw t% fghgpg ethe g*ﬂg%ifgl ang elsegyeicaﬁl connection between
contact pads 118 and bumps 116, Passive device 120'1s connected t6 contact pads 122 using an
appropriate SMTPPESSIVE device 1 20tAckides: Fesistors, eapatitors;dndaetokadiodds, filters or
combinations thesgef. Lcontasipads, 122 :aresformeckon a surface-ef-wafen 30 amg inclpde a conductive
material such as Al, aluminum alloys, Cu, Ni, Au, Ag, salicide, or palysilicon. Contact pads 122 are in
electrical contacté\alivﬁﬁlcornlec(‘—J:Itl%rT orceél g\%ﬁ:l%est o?n:ééea’ \%kit Sln%%%?%dfllgét%& or THVs 72. Component
124 is mounted GVABHWaRSH B vitli L derfilt thaterial 1 281 UkdeMiPmatefaPre26prdvides physical support
to component 124an@ acts asA keat tridge. hebweenwateyo30 angeemponent 124. Over component
124, component 128 is.similarly. mou usjng. underfill. material. 130. Contact pads 131 are formed on a
surface of compo%neéonotsf}g. |fyet§1 ﬂ;lt aﬁr%sbsc’)gdga t%rggﬁt%%t %Olla% sjtff?f aa%ciﬂ Sgntaélcltcgjalils 133. Contact
pads 133 are forfigePsi ta SarfaeeGi-compdnemt 124 Wifes° 134 drePended toTomatt pads 133 and
contact pads 135ithatiareifosmed.an,a surface-abwafer 30t ontaethpadsril 3k, I3¥sand 135 include
conductive materligls% cchS aisnAIa r@lumsirt]gghgllcs)}g%s(%yhc iuAéJ’bA‘ ,oswali(g:}%e,oor Bol esilicon. Contact pads 135
are formed in electrical contact with one or more devices formed within wafer 3 , RDL 73, or THVs 72.
Encapsulant or cBRf$#&l €586n§ 136 <Cdépesitéd Bvercompoherts 1242887128, Encapsulant 136
provides physicatprgtectinnsand €leetricahigolatapdfot conaponents-124anc428n Indternative
embodiments, difigrentcompinafigns of somponents indyding passiyeand acliye, cqgponents are
connected to wafer 30 using flip-chip, wire bon , BGA, or PGA mounting processes. Turning to FIG.
10, device 10 is shownGfibtntéd RAFPCE 12#0° Conaet padst14oraelfotrfedBRAE SBirface of PCB 140 by
an appropriate depesition processcsueh asian electralytierplatingraioelectraless phating process. Bumps 76
are connected to contact pads 74 and contact pads 142, Bumps 76 ate formed using a solder bump

material as described above. External package 144 is mounted to bumps 50 formed over connection
pads 48. Bumps 50°&re*in &fectAcalMeonReétion ¥iith WikrsS 44 &id deVices foriéd within semiconductor
die 42. In an alternative embodiment, package 144 is mounted to contact pads 48 using BGA, LGA, flip
chip or other mounting process. Package 144 includés a CSP, WLCSP, package-in-package (PIP), or
other package or IC containing one or more active or passive devices.



In FIG. 11 bumps 150 are connected to contact pads 92. Bumps 150 are formed using a solder reflow
process applied to solder material deposited upon contact pads 92. The solder material is deposited using
a ball drop or stencil printing process. The solder material used to form bumps 150 includes Au, or Cu
structures or another conductive material such as Sn/Pb, Cuzn, or CuAg solder, each containing an
optional flux material. An optional UBM may be formed beneath bumps 150 over contact pads 92 to

enhance the physical and glectrical,gonngction betweemcentact pads:92and.bumps 150. The UBM is
formed by a process that includes first etching a portion of contact pads 92 and apg%gng one or more

metal layers using'd VAThuhi Geposifidn By e7aporation or SpikiEriRy Broces®or A themical plating
process. Encapsularntartothetdam fillkmatetiahd 52UsMNepdsited over substidte DBand<over and around

bumps 150. Encapsilant 452 includes epoxyacrylale.Qr atherpolymenmatarial,apd,is deposited using
transfer molding, liquid encapsulant molding, or other moldin ﬁprocesses. During deposition, a creeping

or capillary actior 2atis2s Bncapsiant 152t 16w in“ahd %?Bg 8 BUENPEI56°R~IG 12 shows the
embodiment of FI&d5 wWithaadditiomakc@mponents 114, 120, 124, and 128. In FIG. 12, encapsulant 136 is

not deposited over the gampanents, instead.waferdeyehmoldarieneapsyant 160 iscdeposited over
components 114, 120, 124, and 128 and wafer 30. Encapsulant 160 includes an insulative material and is

deposited using prinfing or Compredsivé molding Processs” " H18&- 13 8hows'devics 162 and 163 in a
board-level stackéd torfiffGration. [Bgps84 provitle aameéchanical arfd etectrical eonnection between

contact pads 82 and £ontagt padsHid. BUmps,34:arefermes bya selderdepasition and reflow process. In
FIG. 13, no bum(?ls are formed on a top surface of d%vice JhGZ. In an_alternative embodiment, however,

contact pads and BUMS are T6rmad o atop SUrfate Bf devies 162 t6 conhedt devics 162 to additional
system componefitsilitfISs, thrandehitlistraté dmakerhatiia arandfactiming Proeess for a CSP or
WLCSP. Wafer oy substeate 200 has passivation 204 formed over its top surface. Passivation 204
includes polyimide, BCE or PBO, Wafer 200 includelsaa silicon or othterosyitgble gglligemiconductor

. . I6G. 1CLGS an exem emoo men eVl
material. Wafer 200 includes a re(fgtlvetly large dié'such’as onéor a processor, microcontroller, or DSP.

Over passivation=204'adhésivelayer 206 s depdsited OnrtheybaBksidecatwadén20ena wafer level RDL

202 is deposited.iRDlo2Q2dAcChides passivation, Gu traces; endkiBMoma laminated flex tape or PCB

such as bismaleimige%triazier(lie é%T Iamil}%teePg: . ﬂglsecs are f%rrmed inw er.ZQ:Cl)lyging etching or laser

f
drilling. A conductive matenal stich as’ u, Au, or ,&g IS deposited ihto the hdles using evaporation,
electrolytic platingoelksttrdleBs platingSersersehy printingl prdcessesiy forat THVE208.Accordingly, THVS
208 form an electical ggymnegationsbetwesncontact padsa208 andRPL 202. Qver wafer 200, contact pads
209 are formed ugig%tarq%g%itiogog ocess a d ma bec {urthgrS oprgrqfi%ed for <9°|C1£|Otrhdai1@g by forming an

r
additional metal layer over contact pS%% Zedjg. hec%cfdﬁtlongﬁmeta Iayear includes Al or another common

contact pad matetid tharisbondabte #itH-Agt rads 43. On a second surface of

substrate 80, contact pads 82 are formed. Contact pads 78
and contact pads 82 include a conductive material and are
formed by an electrolytic plating or electroless plating
process. Contact pads 82 may further include a UBM formed
over the surface of contact pads 82. Contact pads 78 and
contact pads 82 are in electrical connection depending upon
the configuration of interconnection or conductive layers
formed within substrate 80. Bumps 84 are formed upon the
KGU and are connected to connection pads 82 or optional
UBM. Bumps 84 facilitate the electrical connection of the
KGU or package to external components of the system. In

this configuration, semiconductor die 42 may be connected
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Furthermore, an organic epoxy material may be deposited within THVs 208 to provide additional
mechanical support to contact pads 209. Contact pads 209 are formed by etching an opening in
passivation 204 and depositing a conductive material over the opening. Turning to FIG. 14b,
packages 218 and 219 are connected to adhesive layer 206 and, thereby, to wafer 200. Packages 218
and 219 include any KGU that includes a fully assembled package, as described above. For example,

packages 218 and,219.include prapaaauiactyred K Usbat were fahiicated angds packaged before the
formation of wafer 200. The pre-manufactured KGUs or packages are connected to wafer 200 and put

into electrical coMifiiicalioh Vith ‘e HeWices ¥oRAet WitRi WatsF 200 &id HfuifisHAlSystem components
in accordance with the pigserit metheddeviFGl 14bidepiots antexampld cotifiguration of packages 218

and 219. Packaggs 218 and; 219:nclude,semicondugtor dig:22(Q which ielyde an active surface
containing active and passive devices, conductive Ia%/ers, and dielectric Ia)%ers according to the design of

semiconductor dig320°Patkages ™18 dhd 518 iRGide™a échaRisii 1or conngdting o external
components suclrassflipScHiproerhections, QEN-packagiiy wirebondiRgR fleX tape input/output rerouters,

or BGAs (including RGAs, BGAsg, anddovnprafiledine piehBEAS)ate SEMicandugtor die 220 include

contact pads 222 fo&m%% bX a degosit(ijon process tsuchdas an electr,olyticl Ieétin,g or electroless plating
process. SemicoRauctordie 220 AréTountsd over sibstrate 225 using dis-attach adhesive 223.

Substrate 225 incladesca isadfratie, sermiconducter Hfatésise NPOBR material oz other structure or material

for mounting semigendustardie 220 and.farmingglestiical.contagh padsdhereon,Gontagt pads 226 are

formed on a first gyrface ofe %Légstr%te gIZlEeS V¥ires 2@246 1‘or{rk11 gndglveicctzreigalf%orr]nréectvm b,ergween contact pads
222 and contact pads 2365 ContadtPads 257 &ré formed Bn aSecond Surface of Substrate 225 using

a suitable depositiohigrocésstand condtictiveCaraterial. Wires /228 ele ciricatly tcaravect Contact pads 227

and contact pads; 209u&onactpads22/£ further include bumps22%and-9ptianal UBM formed over
contact pads 227. Wires %28 connlect to bump31229 anﬂ% are thlerebl)( electricallsy and mechanically bonded

to contact pads Zez]f%ﬁr%p%tigo%r%tallgg formed Over the setond SUrface of - -
Contact pads 92 may further include a UBM formed over a
surface of contacts pads 92. Contact pads 93 are formed on
the second surface of substrate 90 and are in electrical
connection with contact pads 78 and thereby one or more of
the devices formed within semiconductor die 42. Bumps 62
are formed on the KGU and are connected to contact pads 93
using a suitable deposition process and material as
described above. Wires 60 are connected to bumps 62 and
contact pads 64 that are formed over passivation 32 of
wafer 30. THVs 72 are formed in wafer 30 and electrically
connect contact pads 64 and RDL 73 formed over a backside
of wafer 30. Contact pads 74 are formed over the backside
of wafer 30 using a deposition process. Bumps 76 are
connected to contact pads 74 or an optional UBM formed over
contact pads 74.

FIG. 7 depicts low-profile, fine-pitch internal

stacking module (LFISM) 94 as the inner package in a KGU
that i1s connected to wafer 30. Within the KGU, contact

pads 95 are formed on a surface of LFISM 94. Contact pads
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substrate 225 over contact pads 231. Bumps include a conductive material such as Au, or Cu structures
or Sn/Pb, CuZn, or CuAg solder, each containing an optional flux material. Contact pads 231 are formed
using a deposition process such as an electrolytic plating or electroless plating process. Bumps 230
facilitate connection of the device to external components. Turning to FIG. 14c, encapsulant or
conformal coating 232 is deposited over packages 218 and 219. Encapsulant 232 includes epoxy acrylate

or other polymer gaaterial and.is.deposited Using transfer, malding., liguid epcapsulant molding, or other
molding processes. Depending upon its method of application, encapsulant 232 may be deposited over

the second surfaf& 6f Substraao2% Bt Bulips307 HowelErGh theisresent ¥mboaifent, encapsulant
232 is deposited ovetwires 2 28toe picvidenweghanicalrsispport mnceelectdcalinsutation. Additional

components 234, are-moynted overRDL.202,Compgngnts.234 includeg filter ghips,gpemory ICs,
microcontrollers, CSPfs, WLCSPs, and the like. Com onentsf234 are mountKed to RDL 202 using an SMT
such as BGA, or PEAT TG, 4E E8hiBohentd 234 8fe MOTEd Gding Bumps 236 Bumps 236 include a

conductive materalcard @arerformed. usivigrasoldenrefloW processeBumps 236 etectrcally connect RDL

202 and contact pads.of gcomponents 234: Componants 238 are alse mavated ta RPL 202 using
electrically conductive contact points 239. Contact ggints 239 include a conductive material. Components

238 are connected t6 RBL 202 U&ihg an SMF ShehHS BGAC6F Hils' chip Mountisg. Turning to FIG. 14d,
encapsulant or mbldirg é8mpouri24€distde posited bver&oriponeats 234rane 238, RDL 202 and

for electrical connectivity between contact pads 96 and
devices formed within LFISM 94. Bumps 62 are formed on one
or more of contact pads 96 using a suitable solder bump
deposition and reflow process. Outside the KGU, wires 60
are connected to bumps 62 and contact pads 64 formed on
wafer 30. THVs 72 are formed in wafer 30 proximate to
contact pads 64 to electrically connect contact pads 64 and
RDL 73. Contact pads 74 are formed on a backside of wafer
30 and are electrically connected to RDL 73 and bumps 76
that are formed over contact pads 74. Additional system
components may be connected to bumps 76 and placed in
electrical communication with the devices formed within the
KGU and, specifically, LFISM 94.

Turning to FIG. 8, device 10 is shown mounted to PCB
110. PCB 110 includes laminate materials such as FR-4,
polyimide, BT-epoxy and conductive materials such as Cu
foil, conductive inks, Au, or Ag. Contact pads 112 are
formed on a surface of PCB 110 using an electrolytic
plating or electroless plating process. Contact pads 112
include a conductive material such as Al, aluminum alloys,
Cu, Ni, Au, Ag, salicide, or polysilicon. An optional UBM
may be formed over contact pads 112. Bumps 50 are
connected to contact pads 48 and contact pads 112 using a

solder reflow process.
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wafer 200. Wafer 200 is singulated to separate the individual die formed on wafer 200. In summary,
the semiconductor package includes a substrate that has an active surface containing a plurality of active
circuits. Over the substrate, an adhesive layer is formed. A KGU is mounted to the adhesive layer and an
interconnect structure electrically connects the KGU and the active circuits formed on the substrate. In
this configuration, the active circuits of the substrate are in communication with the devices formed within

the KGU and thereby can.yse,the furctionality provided, by the KGU . Using the present method, therefore,
the incorporation of a KGU into a semicaonductor package simplifies the design of the substrate and its

active circuits. InSEEH 6F ffeIGdinG E6mplex Tireuitry itinthe Subsrate. S£RGU containing the same
functionality can berimgofperated intd-the semieondectdropaekage tRon exaenplel) a semiconductor device

manufacturer wishing dadnelude:functionality. providedpy anather, manufagturer's device can directly

incorporate the othgfr manufacturer's fullylp%ckaged deviceI.cIn t?i,slmannler, complex functionality provided
by other packagetf §5&tems Tah B&Ync8ipdtated iAf"s serhiconduidtSF pAtkage without having to

duplicate that furrctionedity: within <an active stgface 668, subsstratesr - 1 avhiledne of radre embodiments of

the present invergion hagve heenr tiustrateddndetail; the skilled,adisan; will, appreciatg that modifications
and adaptations to those embodiments may be made without de artin% from the scope of the present

. . BEAr PGA, F110- a S otk £ £
invention as set fo7th i the foltowing’ claims. Cldims Wil is Ciaimed 't face moun
technology (SMT) or lead-based mounting technology. 1In

FIG. 9, component 114 is connected to contact pads 118 of
wafer 30 via bumps 116. Contact pads 118 include a
conductive material and are formed using a deposition
process. Contact pads 118 are in electrical connection
with devices formed within wafer 30, RDL 73, or THVs 72.
An optional UBM may be formed on contact pads 118 to
enhance the physical and electrical connection between
contact pads 118 and bumps 116.

Passive device 120 is connected to contact pads 122
using an appropriate SMT. Passive device 120 includes
resistors, capacitors, inductors, diodes, filters or
combinations thereof. Contact pads 122 are formed on a
surface of wafer 30 and include a conductive material such
as Al, aluminum alloys, Cu, Ni, Au, Ag, salicide, or
polysilicon. Contact pads 122 are in electrical contact
with one or more devices formed within wafer 30, RDL 73, or
THVs 72.

Component 124 is mounted over wafer 30 with underfill
material 126. Underfill material 126 provides physical
support to component 124 and acts as a heat bridge between
wafer 30 and component 124. Over component 124, component
128 is similarly mounted using underfill material 130.
Contact pads 131 are formed on a surface of component 128.

Wires 132 are bonded to contact pads 131 and contact pads

15



1.A method of making a semiconductor package, comprising:
surface containing a plurality of active circuits;

the substrate;

124. Wires 134 are bonded to contact pads 133 and contact
pads 135 that are formed on a surface of wafer 30. Contact
pads 131, 133, and 135 include conductive material such as
Al, aluminum alloys, Cu, Ni, Au, Ag, salicide, or
polysilicon. Contact pads 135 are formed in electrical
contact with one or more devices formed within wafer 30,
RDL 73, or THVs 72. Encapsulant or conformal coating 136
is deposited over components 124 and 128. Encapsulant 136
provides physical protection and electrical isolation for
components 124 and 128. 1In alternative embodiments,
different combinations of components including passive and
active components are connected to wafer 30 using flip-
chip, wire bond, BGA, or PGA mounting processes.

Turning to FIG. 10, device 10 is shown mounted on PCB
140. Contact pads 142 are formed on a surface of PCB 140
by an appropriate deposition process such as an
electrolytic plating or electroless plating process. Bumps
76 are connected to contact pads 74 and contact pads 142.
Bumps 76 are formed using a solder bump material as
described above. External package 144 is mounted to bumps
50 formed over connection pads 48. Bumps 50 are in
electrical connection with wires 44 and devices formed
within semiconductor die 42. In an alternative embodiment,
package 144 is mounted to contact pads 48 using BGA, LGA,
flip chip or other mounting process. Package 144 includes
a CSP, WLCSP, package-in-package (PIP), or other package or
IC containing one or more active or passive devices.

In FIG. 11 bumps 150 are connected to contact pads
92. Bumps 150 are formed using a solder reflow process
applied to solder material deposited upon contact pads 92.
The solder material is deposited using a ball drop or

stencil printing process. The solder material used to form
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providing a substrate having an active
forming an adhesive layer over the active surface of
mounting a known good unit (KW) to the adhesive layer; and forming an
interconnect structure to electrically connect the KGU and active circuits on the substrate by,
providing a wire bond between a contact pad on the substrate and a contact pad on the KGU,

(b) forming a redistributien layer. op.a backsurface of the substraig, epposite the-active surface,

(@)



(c) forming a through hole via (THV) through the substrate to electrically connect the redistribution layer
and wire bond, and (d) forming solder bumps in electrical contact with the redistribution layer.
2.The method of claim 1, further including forming the KGU by the steps of providing a KGU substrate for
supporting the KGU, disposing a semiconductor die over the KGU substrate, and forming an encapsulant
over the semiconductor die. 3.The method of claim 1, further including forming an encapsulant over the

KGU. 4. The methad.of glaim,L,whesein forming the THV: includes depasiting an organic epoxy material

into the THV.

conductive material such as Sn/Pb, CuZn, or CulAg solder,
each containing an optional flux material. An optional UBM
may be formed beneath bumps 150 over contact pads 92 to
enhance the physical and electrical connection between
contact pads 92 and bumps 150. The UBM is formed by a
process that includes first etching a portion of contact
pads 92 and applying one or more metal layers using a
vacuum deposition by evaporation or sputtering process or a
chemical plating process. Encapsulant or other dam fill
material 152 is deposited over substrate 90 and over and
around bumps 150. Encapsulant 152 includes epoxy acrylate
or other polymer material and is deposited using transfer
molding, liquid encapsulant molding, or other molding
processes. During deposition, a creeping or capillary
action causes encapsulant 152 to flow in and around bumps
150.

FIG. 12 shows the embodiment of FIG. 5 with
additional components 114, 120, 124, and 128. In FIG. 12,
encapsulant 136 is not deposited over the components,
instead wafer level mold or encapsulant 160 is deposited
over components 114, 120, 124, and 128 and wafer 30.
Encapsulant 160 includes an insulative material and is
deposited using printing or compressive molding processes.

FIG. 13 shows devices 162 and 163 in a board-level
stacked configuration. Bumps 84 provide a mechanical and
electrical connection between contact pads 82 and contact
pads 74. Bumps 84 are formed by a solder deposition and
reflow process. In FIG. 13, no bumps are formed on a top
surface of device 162. In an alternative embodiment,
however, contact pads and bumps are formed on a top surface
of device 162 to connect device 162 to additional system

components.
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5. The method of claim 1, wherein the KGU includes a quad-flat non-leaded package. 6. The method of
claim 1, further including mounting a discrete component to the substrate. 7. The method of claim 1,
further including mounting the semiconductor package to a printed circuit board. 8. The method of claim
1, further including forming solder bumps on the KGU. 9. A method of making a semiconductor package,
comprising: providing a substrate having an active surface containing a plurality of active circuits;

fO”nng”1adhegvela%%kgveﬁqgiﬁggvgfﬁﬁ§%¥%9£ﬂ§%SQP@Q@“@kive manufacturing

process for a CSP or WLCSP. Wafer or substrate 200 has
passivation 204 formed over its top surface. Passivation
204 includes polyimide, BCB or PBO. Wafer 200 includes a
silicon or other suitable bulk semiconductor material.
Wafer 200 includes a relatively large die such as one for a
processor, microcontroller, or DSP. Over passivation 204,
adhesive layer 206 is deposited. On the backside of wafer
200, a wafer level RDL 202 is deposited. RDL 202 includes
passivation, Cu traces, and UBM or a laminated flex tape or
PCB such as bismaleimide-triazine (BT) laminate PCB. Holes
are formed in wafer 200 using etching or laser drilling. A
conductive material such as Cu, Au, or Ag is deposited into
the holes using evaporation, electrolytic plating,
electroless plating, or screen printing processes to form
THVs 208. Accordingly, THVs 208 form an electrical
connection between contact pads 209 and RDL 202. Over
wafer 200, contact pads 209 are formed using a deposition
process and may be further optimized for gold bonding by
forming an additional metal layer over contact pads 209.
The additional metal layer includes Al or another common
contact pad material that is bondable with Au.

Furthermore, an organic epoxy material may be deposited
within THVs 208 to provide additional mechanical support to
contact pads 209. Contact pads 209 are formed by etching
an opening in passivation 204 and depositing a conductive
material over the opening.

Turning to FIG. 14b, packages 218 and 219 are
connected to adhesive layer 206 and, thereby, to wafer 200.
Packages 218 and 219 include any KGU that includes a fully
assembled package, as described above. For example,
packages 218 and 219 include pre-manufactured KGUs that

were fabricated and packaged before the formation of wafer
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mounting a known good unit (KW) to the adhesive layer; and forming an interconnect structure to
electrically connect the KGU and active circuits on the substrate. 10. The method of claim 9, wherein
forming the interconnect structure includes: providing a wire bond between a contact pad on the
substrate and a contact pad on the KGU; forming a redistribution layer on a back surface of the
substrate, opposite the active surface; forming a through hole via (THV) through the substrate to

electrically conneg she redistribution Jayer and.wiresband: apd. . fosming solder bumps in electrical

contact with the redistribution layer. , , ' ' ,
to wafer 2007and put into electrical communication with the

devices formed within wafer 200 and additional system
components in accordance with the present method.

FIG. 14b depicts an example configuration of packages
218 and 219. Packages 218 and 219 include semiconductor
die 220 which include an active surface containing active
and passive devices, conductive layers, and dielectric
layers according to the design of semiconductor die 220.
Packages 218 and 219 include a mechanism for connecting to
external components such as flip chip connections, QFN
packaging, wire bonding, flex tape input/output rerouters,
or BGAs (including PGAs, BGAs, and low profile fine pitch
BGAs) .

Semiconductor die 220 include contact pads 222 formed
by a deposition process such as an electrolytic plating or
electroless plating process. Semiconductor die 220 are
mounted over substrate 225 using die—-attach adhesive 223.
Substrate 225 includes a leadframe, semiconductor material,
PCB material or other structure or material for mounting
semiconductor die 220 and forming electrical contact pads
thereon. Contact pads 226 are formed on a first surface of
substrate 225. Wires 224 form an electrical connection
between contact pads 222 and contact pads 226.

Contact pads 227 are formed on a second surface of
substrate 225 using a suitable deposition process and
conductive material. Wires 228 electrically connect
contact pads 227 and contact pads 209. Contact pads 227
further include bumps 229 and optional UBM formed over
contact pads 227. Wires 228 connect to bumps 229 and are
thereby electrically and mechanically bonded to contact
pads 227.

Bumps 230 are also formed over the second surface of
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11. The method of claim 9, further including forming the KGU by the steps of providing a KGU substrate
for supporting the KGU, disposing a semiconductor die over the KGU substrate, and forming an
encapsulant over the semiconductor die. 12. The method of claim 9, further including forming an
encapsulant over the KGU. 13. The method of claim 9, wherein forming the THV includes depositing an
organic epoxy material into the THV. 14. The method of claim 9, wherein the KGU includes a quad-flat

non-leaded packaggs+13.+Ehe spethed of claim.9, further including,mounting,adiscrete component to the
substrate. 16. A method of making a semiconductor packagte comprising: providing a substrate;

mounting a first SUHAEE bt BkABWR gSod TRt (KE U o &ir U iFAGE O thE Stfostrate””

CuZn, or CuAg solder, each containing an optional flux
material. Contact pads 231 are formed using a deposition
process such as an electrolytic plating or electroless
plating process. Bumps 230 facilitate connection of the
device to external components.

Turning to FIG. 1l4c, encapsulant or conformal coating
232 1is deposited over packages 218 and 219. Encapsulant
232 includes epoxy acrylate or other polymer material and
is deposited using transfer molding, liquid encapsulant
molding, or other molding processes. Depending upon its
method of application, encapsulant 232 may be deposited
over the second surface of substrate 225 and bumps 230.
However, in the present embodiment, encapsulant 232 is
deposited over wires 228 to provide mechanical support and
electrical insulation.

Additional components 234 are mounted over RDL 202.
Components 234 include filter chips, memory ICs,
microcontrollers, CSPs, WLCSPs, and the like. Components
234 are mounted to RDL 202 using an SMT such as BGA, or
PGA. In FIG. 14c, components 234 are mounted using bumps
236. Bumps 236 include a conductive material and are
formed using a solder reflow process. Bumps 236
electrically connect RDL 202 and contact pads of components
234.

Components 238 are also mounted to RDL 202 using
electrically conductive contact points 239. Contact points
239 include a conductive material. Components 238 are
connected to RDL 202 using an SMT such as BGA, or flip chip
mounting.

Turning to FIG. 14d, encapsulant or molding compound

240 is deposited over components 234 and 238, RDL 202 and
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forming a first interconnect structure to electrically connect the KGU and substrate;

forming a second

interconnect structure on a second surface of the substrate, opposite the first surface of the substrate;

and

a redistribution layef on adack ﬁgg@ge@fothgssgtgﬁggﬁ_%t%pQgt% gg)%gggige@;gface;

individual die formed on wafer 200.

In summary, the semiconductor package includes a
substrate that has an active surface containing a plurality
of active circuits. Over the substrate, an adhesive layer
is formed. A KGU is mounted to the adhesive layer and an
interconnect structure electrically connects the KGU and
the active circuits formed on the substrate. 1In this
configuration, the active circuits of the substrate are in
communication with the devices formed within the KGU and
thereby can use the functionality provided by the KGU.
Using the present method, therefore, the incorporation of a
KGU into a semiconductor package simplifies the design of
the substrate and its active circuits. Instead of
including complex circuitry within the substrate, a KGU
containing the same functionality can be incorporated into
the semiconductor package. For example, a semiconductor
device manufacturer wishing to include functionality
provided by another manufacturer's device can directly
incorporate the other manufacturer's fully packaged device.
In this manner, complex functionality provided by other
packaged systems can be incorporated into a semiconductor
package without having to duplicate that functionality
within an active surface of a substrate.

While one or more embodiments of the present
invention have been illustrated in detail, the skilled
artisan will appreciate that modifications and adaptations
to those embodiments may be made without departing from the
scope of the present invention as set forth in the

following claims.
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forming a third interconnect structure on a second surface of the KGU, opposite the first surface
of the KGU. 17. The method of claim 16, wherein forming the first interconnect structure includes:
providing a wire bond between a contact pad on the substrate and a contact pad on the KGU;

forming



forming a through hole via (THV) through the substrate to electrically connect the redistribution layer and
wire bond; and forming solder bumps in electrical contact with the redistribution layer. 18. The
method of claim 16, further including forming the KGU by the steps of providing a KGU substrate for
supporting the KGU, disposing a semiconductor die over the KGU substrate, and forming an encapsulant
over the semiconductor die. 19. The method of claim 16, wherein the KGU includes a quad-flat
non-leaded package. 20. The method of claim 16;{fysther including mounting a semiconductor device to
the second interconnect structure. 21. A semiconductor package, comprising: a substrate having an
active surface containing a plurality of active circuits; an adhesive layer formed over the active surface
of the substrate; What is claimed:

1. A method of making a semiconductor package,
comprising:

providing a substrate having an active surface
containing a plurality of active circuits;

forming an adhesive layer over the active surface of
the substrate;

mounting a known good unit (KGU) to the adhesive
layer; and

forming an interconnect structure to electrically
connect the KGU and active circuits on the substrate by,

(a) providing a wire bond between a contact pad
on the substrate and a contact pad on the KGU,

(b) forming a redistribution layer on a back
surface of the substrate, opposite the active surface,

(c) forming a through hole via (THV) through the
substrate to electrically connect the redistribution layer
and wire bond, and

(d) forming solder bumps in electrical contact

with the redistribution layer.

2. The method of claim 1, further including forming the
KGU by the steps of providing a KGU substrate for
supporting the KGU, disposing a semiconductor die over the
KGU substrate, and forming an encapsulant over the

semiconductor die.

3. The method of claim 1, further including forming an

encapsulant over the KGU.
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a known good unit (KW) mounted to the adhesive layer; and an interconnect structure electrically
connecting the KGU and active circuits on the substrate. 22. The semiconductor package of claim 21,

wherein the interconnect structure includes: a wire bond coupled between a contact pad on the
substrate and a contact pad on the KGU; a redistribution layer formed on a back surface of the
substrate, opposite the active surface; a through hole via (THV) formed through the substrate to

electrically connect the redistabytigndayen and wire.pndi;and o rming the tav

includes depositing an organic epoxy material into the THV.

5. The method of claim 1, wherein the KGU includes a

quad-flat non-leaded package.

6. The method of claim 1, further including mounting a

discrete component to the substrate.

7. The method of claim 1, further including mounting the

semiconductor package to a printed circuit board.

8. The method of claim 1, further including forming

solder bumps on the KGU.

9. A method of making a semiconductor package,
comprising:

providing a substrate having an active surface
containing a plurality of active circuits;

forming an adhesive layer over the active surface of
the substrate;

mounting a known good unit (KGU) to the adhesive
layer; and

forming an interconnect structure to electrically

connect the KGU and active circuits on the substrate.

10. The method of claim 9, wherein forming the
interconnect structure includes:

providing a wire bond between a contact pad on the
substrate and a contact pad on the KGU;

forming a redistribution layer on a back surface of
the substrate, opposite the active surface;

forming a through hole via (THV) through the
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a plurality of solder bumps in electrical contact with the redistribution layer. 23. The semiconductor
package of claim 21, wherein the KGU further includes: a KGU substrate for supporting the KGU; a
semiconductor die disposed over the KGU substrate; and an encapsulant formed over the semiconductor
die. 24. The semiconductor package of claim 21, further including an encapsulant formed over the KGU.
25. The semiconductor package of claim 21, wherein the KGU includes a quad-flat non-leaded package.

substrate to electrically connect the redistribution layer
and wire bond; and
forming solder bumps in electrical contact with the

redistribution layer.

11. The method of claim 9, further including forming the
KGU by the steps of providing a KGU substrate for
supporting the KGU, disposing a semiconductor die over the
KGU substrate, and forming an encapsulant over the

semiconductor die.

12. The method of claim 9, further including forming an

encapsulant over the KGU.

13. The method of claim 9, wherein forming the THV

includes depositing an organic epoxy material into the THV.

14. The method of claim 9, wherein the KGU includes a

quad-flat non-leaded package.

15. The method of claim 9, further including mounting a

discrete component to the substrate.

16. A method of making a semiconductor package,
comprising:

providing a substrate;

mounting a first surface of a known good unit (KGU)
to a first surface of the substrate;

forming a first interconnect structure to
electrically connect the KGU and substrate;

forming a second interconnect structure on a second
surface of the substrate, opposite the first surface of the

substrate; and
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forming a third interconnect structure on a second

surface of the KGU, opposite the first surface of the KGU.

17. The method of claim 16, wherein forming the first
interconnect structure includes:

providing a wire bond between a contact pad on the
substrate and a contact pad on the KGU;

forming a redistribution layer on a back surface of
the substrate, opposite the active surface;

forming a through hole via (THV) through the
substrate to electrically connect the redistribution layer
and wire bond; and

forming solder bumps in electrical contact with the

redistribution layer.

18. The method of claim 16, further including forming the
KGU by the steps of providing a KGU substrate for
supporting the KGU, disposing a semiconductor die over the
KGU substrate, and forming an encapsulant over the

semiconductor die.

19. The method of claim 16, wherein the KGU includes a

quad-flat non-leaded package.

20. The method of claim 16, further including mounting a

semiconductor device to the second interconnect structure.

21. A semiconductor package, comprising:

a substrate having an active surface containing a
plurality of active circuits;

an adhesive layer formed over the active surface of
the substrate;

a known good unit (KGU) mounted to the adhesive
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layer; and
an interconnect structure electrically connecting the

KGU and active circuits on the substrate.

22. The semiconductor package of claim 21, wherein the
interconnect structure includes:

a wire bond coupled between a contact pad on the
substrate and a contact pad on the KGU;

a redistribution layer formed on a back surface of
the substrate, opposite the active surface;

a through hole via (THV) formed through the substrate
to electrically connect the redistribution layer and wire
bond; and

a plurality of solder bumps in electrical contact

with the redistribution layer.

23. The semiconductor package of claim 21, wherein the
KGU further includes:

a KGU substrate for supporting the KGU;

a semiconductor die disposed over the KGU substrate;

and an encapsulant formed over the semiconductor die.

24. The semiconductor package of claim 21, further

including an encapsulant formed over the KGU.

25. The semiconductor package of claim 21, wherein the

KGU includes a quad-flat non-leaded package.

26



