SEMICONDUCTOR DEVICE AND METHOD OF FORMING THE DEVICE
USING SACRIFICIAL CARRIER Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a
semiconductor device and method of forming the device using a sacrificial
carrier. Background of the Invention Semiconductor devices are found in
many products in the fields of entertainment, communications, networks,

computers, SN XFSC%&HBOHHE@B‘? oY QR%ENC‘HSO found in
military, aV|at|0|TH§u1]8ﬁ1Vo]i% Mﬁlzﬁﬁ%ﬂ%ﬁg@%nﬁhgﬁw%qument The

semiconductor devices perform a variety of electrical functions necessary for
each of these appllcatlorissield of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device and method of forming the device using a

sacrificial carrier.
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 then packaging the die for



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
enerally refers to formation of the semiconductor devices on the wafer. The
Sf%ﬁi%ﬁé&WdfeFHH?%ﬁta&% Side contaifmthe tishsidtorsand other active
and passive £9mpanenis.i Baekiesddnandfacturing.refers toscuting 8sduce a
sin%gjlating the f'LFJshefd wafer into the ingi.vi(%)tial die and.then pacgaain the
Pdiefor structura sﬁpp8r and envifonmentar isolation: erOn%ngoa of <F
dsemicondicterananefacturimgristte produce a packagecsuitable forifasterip

pieliable. smaller, and highgridensity i%%@te&a@ is{IG)atlomer gost. Flip

_chip packages or wafer level chip scale packages (WLCSP) are ideally suited
ot AES detiandifigHigh Spéed cRighcdersity Shd Yreater pit eBuREFiptchip
astyleypackaging invalves:mountingtheragtive iside opthecdigifagedewns toward
a ch{_ﬁp, carrie}g substrate or Qrintedfcirtckyit board (PCB). The electrical and .
MathaRal Hieftonhdtt BéfWedh the ScfivVe dévices Sl the die Bha® 1P
ceonductioniracksaor the carrier tsebstrateisiachiewed thibGgh a sdlder bump
~glluctuce. comprising. alargeumbec gt conductive, sgiderumps orballs, The

solder bumps are formed by a reflow process applied to solder material

dgEpESifedPON EBRAtEE: ParisWiER HHE S SerP6H the Sefficoriuctdrer
ssthstratec The solderdwmps are then soldsred to the.garsier substrate. The

flip chip semiconductor package provides a short electrical conduction path

CRERI the'adtive déViess BHTRE tic o fid'caiier SabStratt™h StiBPfo féduce
bsighal. propiagationdlowercapacitance cancachigve avefalbhetieociecist

a %rlfgre ar%%e'foldlenrm 1y eaLpipaltlf ag%n%,slglée%ﬁ%?%% EOC gtca’gkipvé(& g: SwFflsi' ch
propriate electrical interconnect must be provided for complete device
ajfteGratibA STHe dMteFdon et iypiealicinvolvesdermation of Fédistibudon

playgts (RRL}Y and othereonductivedines and tracks; Jhase-metal lings have,

limited pitch and line spacing due to etching processing. The formation of the
ClitErcdRMeCOSIGRE rdtitfifed?s higPdeégied 6F dligritertt dicuradin
cattaching dhe olie to theowafer<catrer for stbseqeeniencapsulatiorcand he
nggﬁ%gQ%%hg%@%%%p§§e§§ %r to reduce signal propagation,
lower capacitance, and achieve overall better circuit
performance.

In many applications, it is desirable to stack WLCSPs.
Appropriate electrical interconnect must be provided for
complete device integration. The interconnect typically
involves formation of redistribution layers (RDL) and other
conductive lines and tracks. These metal lines have limited
pitch and line spacing due to etching processing. The
formation of the interconnect structure requires a high

degree of alignment accuracy in attaching the die to the

wafer carrier for subsequent encapsulation and further RDL
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A need exists to form the interconnect structures for WLCSPs while
accounting for the interconnect alignment requirements. Summary of the
Invention In one embodiment, the present invention is a method of
making a semiconductor device comprising the steps of providing a metal
carrier, forming a photoresist layer over the metal carrier, forming openings in
the photoresist layer extending to the metal carrier, selectively electroplating
Dy fitstdoridifetiGe Thaterial in the openings of the photoresist layer using the
metal cafkexas an electreplating curent path-tosformavetablecantact pads,

roviding a. first semiconductor die having a_plurality of bumps forme% ona

e Ot res SEe Tk e oG REtrepd or BT

regmicorteictor die directly to the wettable contact pads to align the first
semiconductor die with respect to the wettable contact pads, depositing a first

encapsulant over the first semiconductor die, removing the metal carrier,
forming an interconnecE¥i@t¥e 8fethe fRYEREASSUIant and electrically
connected to the wettable contact pads, forming vias through the first
encapIsuIant over angl,extendin to the wettable contact pads, and de }?si#in "
a secOfid RBRATERE MAtEYial i the MiasS The d406H4 coRtUCtive Materialin
mifleivigs s akgrnec hyithe avettébie contastypads with respest tptheofirst
pSemicendyictor, die to reduce interconpect pitch, ., Jo angther embadiment, .

the present invention is a method of making a semiconductor device
nESmMprisiAg e stéps B provititiy Adhetdl darfiePrandsefdctivelypyer
eelestroplating conduetive material @verdbedvetalcayriel te form contact pads.

«Themetal arter provides a electioplating cunient path o fom the contact
paas on t. e metal carrier. e methog fuﬁher mc?u est e sl?eps O¥ mounting
Laxirst SEAMCONAGCDE tie of TORFENENt R thelE6itareP paklsn® aligit te firstth

rsemicanductos die or compengatwjthgespest 1o the eontact pads: slepositing
a firﬁt encapsulaﬂtJ over the fi%stbsemico duct%r die or comfoonent apgle

dl‘loermlﬁ\gflanr%>J intefconnect structure over the firs encapsulant and Hectiica 3l/rSt

sepanectdit-tortheléontate paidsng the bumps of the first semiconductor
die directly to the wettable contact pads to align the first
semiconductor die with respect to the wettable contact pads,
depositing a first encapsulant over the first semiconductor die,
removing the metal carrier, forming an interconnect structure
over the first encapsulant and electrically connected to the
wettable contact pads, forming vias through the first
encapsulant over and extending to the wettable contact pads, and
depositing a second conductive material in the vias. The second
conductive material in the vias is aligned by the wettable
contact pads with respect to the first semiconductor die to
reduce interconnect pitch.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a metal carrier, and selectively electroplating

conductive material over the metal carrier to form contact pads.
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In another embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a metal carrier, and
selectively electroplating conductive material over the metal carrier to form
contact pads. The metal carrier provides an electroplating current path to
form the contact pads on the metal carrier. The method further includes the
steps of mounting a first semiconductor die or component over the metal

TearME ARigriet to-tHe RORAAE Padys! dejfusitig a°first encapsafntisvet the
thirst semiconduetar giecer compionenttand farming-an Thtercennect structuse

1 Quer e ficst encapsulant %%%r?é%t!%i%'% conpegted 0 the coptact,pads.

In another embodiment, the present invention is a semiconductor device
CRIREBY @ proddss Comprising e stépsof provilifhg"amistal Tatfier &d ©*
dselestivelyrelectrioplating condpetive thatetial over dhe metad catdepta farhy a

sgontact pads. The metal carrier provides an electroplating current path to
s erncapsuldant over tne ﬁrs sémicondutctor ddie or %Tpo ent,
orm the contact pads on the metal carrier. The process further includes the

agtepLEMHTlIMting a FrSCSemicon dUCtBF Big 6r eBfRiporentitorihe otaetpagst

atoialige ¢he first semiconduaton die ot eempenenitwithdespect to the contact
pads, depositing a first encapsulant over the first semiconductor die or
component, and forming an interconnect structure over the first encapsulant
and electrcallyconnecked tonthetcoritact pads.BriefiDesceription dfthe method

oPrawingsy o i dds@flipship semicondycion device with seldgrbumps
providing electrical Interconnect between an active area of the die and a chip
p&%¥%$%ﬁgsﬁaugetal carrier, and selectively electroplating
conductive material over the metal carrier to form contact pads.
The metal carrier provides an electroplating current path to
form the contact pads on the metal carrier. The method further
includes the steps of mounting a first semiconductor die or
component over the metal carrier aligned to the contact pads,
depositing a first encapsulant over the first semiconductor die
or component, and forming an interconnect structure over the

first encapsulant and electrically connected to the contact

pads.

In another embodiment, the present invention is a
semiconductor device made by a process comprising the steps of
providing a metal carrier, and selectively electroplating
conductive material over the metal carrier to form contact pads.
The metal carrier provides an electroplating current path to
form the contact pads on the metal carrier. The process further
includes the steps of mounting a first semiconductor die or
component to the contact pads to align the first semiconductor
die or component with respect to the contact pads, depositing a

first encapsulant over the first semiconductor die or component,



FIGs. 2a-2f lllustrate formation of a semiconductor package using a sacrificial

carrier, FIG. 3 lllustrates the semiconductor package with solder

bumps and wire bonds; FIGs. 4a-4c lllustrate an alternate

formation of the semiconductor package with a sacrificial carrier;

FIG. 5 lllustrates the semiconductor package with wire bond Interconnects to

the semiconductor die; FIGs. 6a-6b lllustrate the semiconductor
2Backagd With font-3ide andbackside iftetebnngets; the tirsigieppsulant
aHlustrates the semiconduetorquackagenwithiopilars updes the contact pads;

FIG. 8 lllustrates the semiconductor package with solder bump and wire bond

Interconnects to the die;
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-2f illustrate formation of a semiconductor
package using a sacrificial carrier;

FIG. 3 illustrates the semiconductor package with
solder bumps and wire bonds;

FIGs. 4a-4c illustrate an alternate formation of
the semiconductor package with a sacrificial carrier;

FIG. 5 illustrates the semiconductor package with
wire bond interconnects to the semiconductor die;

FIGs. 6a—-6b illustrate the semiconductor package
with front-side and backside interconnects;

FIG. 7 illustrates the semiconductor package with
pillars under the contact pads;

FIG. 8 illustrates the semiconductor package with
solder bump and wire bond interconnects to the diej;

FIG. 9 illustrates the semiconductor package with
underfill material disposed under the semiconductor die;

FIG. 10 illustrates the semiconductor package with
secondary die mounted to the front-side interconnects;

FIG. 11 illustrates the semiconductor package with
the sacrificial carrier left intact for heat dissipation; and

FIG. 12 illustrates the semiconductor package with

photoresist left intact between the contact pads.



FIG. 9 lllustrates the semiconductor package with underfill material disposed
under the semiconductor die; FIG. 10 lllustrates the semiconductor
package with secondary die mounted to the front-side Interconnects;

FIG. 11 lllustrates the semiconductor package with the sacrificial carrier left
intact for heat dissipation; and FIG. 12 lllustrates the
semiconductor 'gacka e with photoresist left intact between the contact pads.

Detailed Descripfi@ bt &tk BREFHIRELONTRE JrBSeRERVERESH is described

in one or more embodiments in the following description with reference to the

Figures,dn mhiclk like numeralsorepresenithe Samae on sindkarelements. While

tk%a inventi%n is. de%%ribep in.terms of éhe best gmde fo e
embodimen . e. ftaollowin e n

.1n ) SC on wr?ﬁhgé@g%g‘c to.
Invention's objectives, it will be apgreuateé Jb@ those skilled in the art that It is
timeddet t=covermaltgraativest rmodifivationss arebequivalents as paayeber

singluded withinthespiritand scepe of theipveption asdefinedythg, terms
appended claims and their equivalents as supported by the following .
oéBER%uﬁ?ﬁﬁd%ﬁgﬁMRﬁf 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 then packaging the die for structural support and/or
environmental isolation.

A semiconductor wafer generally includes an active
surface having semiconductor devices disposed thereon, and a
backside surface formed with bulk semiconductor material,
e.g., silicon. The active side surface contains a plurality

of semiconductor die. The active surface is formed by a



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
VivatérasCan aetive B Eaaiding i fransistors it othet 2¢hve And
ppassive cogpanemisBackend saanufastringrefersit autting ey singudating
the finished wafer inéo thce indivigual.dii and then packa in%the dietfo(r11
PStriictardl support and/or environmental isdlation. °"" A'semiconductor water
tgeneradfly imeclbde $ antactive isurfaceimavifny Semicbrductor devides disposed
n1Ere0n.a0, 2 badkside.surage. formasbwith Dk semisanduciolnata(il

e.g., silicon. The active side surface contains a plurality of semiconductor die.

SPHE HRAive SurfabBas farhté P By 2P Variety of semicoRtiut profesdesrreas
oincluding layesing, patterting.idepingaand heat treatment 4n the layeringrm
grocef%s, semiconductor mategials are grown or deposited on the substrate by
StSehhiquesSintBVinY thermal BkidatiBh! Hitkd&iSH: theligaapor deposition,
cevaporatien iand sphttérpgrPhototithographby Invalves thedmaskimgoof areason
the surface and etching away undesired material to form specific
uctures. The doping process injects concentrations of dopant material by
therm&l dirfusiviPosihliffplaitatien. PaciiphipsentiédriductrSackages
pakd wafer leyebpackages-(WLR) are semmenty usedwith irtegrated cireyits
S{Cse% demanding high speed, high density, and greater pin count. Flip chip
(dfyR s@r%?@dﬁ%h%?oaﬂﬁ}'icesﬁﬁﬁ volved MmETfiTg & aRlide AL 1370fiE 14
ctacedowrrtowardai chiptcareessutisirate or tpsinted circeit boatch (PCB3 46, as
<10, FIG. 1-pelive ares 12 confains actiye ANCARSANG deViCES, cnip
con&uctﬁ/e ayers, and dielectric layers according to the electrical design of
cthierdier Apalu-girduitsomay becredted bywhé coafsinatidiy B oAé or arorghown
ipagsive devicexformed withip active area L-and-may:be elegtrically; e
Interconnected. For example, an analog circuit may Include one or more
Ifntitictor; capacitsrEntPresistor Fdrn?éﬂg/\ﬂﬁ tacive &reb s S thé efetiicdtd
tand maechianical intercornreactis achieveddheoughna solderbiump stractibe 20-
SampL3ing.a arge pymber.ofindividual conduiciive solder bumps,r bals 22.
The solder bumps are ormed on bump pads or Interconnect S|te5924, which
farandisposéd on activevarearkz The bumhprpads24 ebanectitorthevactive
1 Gircuits Ry, conduction-tracks inagtive area:12The solder bumps,22 a8 1 ge
electrically and mechanically connected to contact pads or Interconnect sites
096 orcatHER stBStrateCT8 b BPSOIHEFFeffR protesst The fig BRfp within
asemieongustoridevicer peovides arshest elestricad canduction pathsfromthect
;ctive deviges on.die 44 to condyctio (acks.on,carier sypstiate 16 in order
fo redlice S|gn§1 propggatalonﬂower capagitance, and achieve overall better
leircusit parfoamande.individual conductive solder bumps or balls

18
Str

22. The solder bumps are formed on bump pads or interconnect
sites 24, which are disposed on active area 12. The 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
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Further detail of forming a semiconductor package in accordance with
semiconductor device 10 is shown in FIGs. 2a-2f. In FIG. 2a, a dummy or
sacrificial metal carrier 30 is shown. Metal carrier 30 is made with copper
(Cu), aluminum (Al), or other stiff material. Carrier 30 can also be flexible
tape. A photoresist layer 32 is deposited on metal carrier 30. A plurality of
openings is formed by a photo patterning process to define areas for
28elBEtiVE platit. BITActiTatsI84 Bre thetPsERELVEN {t4ted 5iF BRGtoredist
fdefineth openingiareasucontad padss34ean beanade wihr Eue tin {Bn),dzckel
g\“%" %:oldéAuJ]D, Qr sil er%A%)n‘lMetaJCcarrie 30.serves as a support member
“an % é:tllngnc r?er}ft partﬂ or the 3I%cﬁ8%la |%\élﬁ:r%3e§§1 t6'form wetidble metal
coontact pads Bdarktheometalwarser. Rersor all of photoresisti82 is remevede
shy afesist siipper: Allernatively, alayer of phatoresist 32 may,temain, o1 1
between contact pads 34. In FIG. 2b, semiconductor die 36 and 40 are
Piotmted td EdrtacP pads 3°6iF firetal carrier 30 with solder bumps 38 and 42,
respegtively cAltenadivelys discseteicomporents irather semicondugtori n
packages can be mounted to contact pads . 34. A oPtion | underfill material,
“can B%gaf%ﬁ%e%i below LBhTicSRATEF die36 %%dlz%o. moldifig compddiid 44°
2is .formedEareund seniconductordies3s and 40 toleneapsulaterthéadie 30 is
sinigreonngetions. and qaiaghpads. e mefal CABLIS. 19mOyed DY A
etching process to expose contact pads 34 as shown in FIG. Zc. In FIG.
(2d) the“Serficdhtiuélot e Bré Rivetted sicH thik Eodtact pads FPfdee
rupward.AAn gptionalpresess sayiesd0 isymeunted;to abackside pfdhemetal
semiconductor die using adhesive layer 48 to support the package. The

CadResive Tayer darPodhidde Witk thefiAy 8F utfavidial iV Pilght réfsdlsable
pwmmnaty@dbesiwesyp&@altydﬁxmg arglass ﬂaasii@hdeﬂpwa@&at@g);of at
c'c?lr?é% 1§0r§aés° uctly eéi@éer 46 Is.3puttered and patierned, 85%8']?&“{%'%
p ate(f, on a surface of molded compounJ44 using an adhesion layer, suc
da$ Hitmtlur@) ngopdactive ldyend8ds nvade with CarAbamatalleysh Cu,

tthereaf, Conduckive layer 46 glectrically connects; to,contagtpads B4t a1
according%‘to the electrical function and Interconnect requirements of

CEEMIcINdUCtoidiE 3B &td 205 UPP IR FIBSBBE An IMSUIBLAY dyfér 5175 F8med
paver molding coaipatincbdd andrepnductive fayes 4to heviasulating layern51

can be made with,single or multiple layers of photosensitive polymer material
e ot matbre Rt v S perahars, £, o e 200G
PAQIortien of instiatirmy lagee Bads pemoved biysan etching process, such as

Photo patterning or.chemical giching,(g form.apenings, and &xpose et ween
conductive layer 46. A conductive layer 52 is formed over insulating layer 51

cRrérRetridaiy tonfact conductive layer 46. An insulating layer 54 is formed
over canductive tayer &nand insiwating ayer 54. Ihe insulatingdayertHcan

cfie made wih.single o muliole leyers of Phgiosensitye polymer materal or
other dielectric material having low Cure temperature, €.9. less't 200C.
4gortionsgfansulating layeriB4isremovedrby anhstching protess,such ag
OQ@@P semiconductor packages can be mounted to contact pads
34. An optional underfill material can be formed below
semiconductor die 36 and 40. A molding compound 44 is formed

around semiconductor die 36 and 40 to encapsulate the die,

interconnections, and contact pads. The metal carrier is
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patterning or chemical etching, to form openings and expose conductive layer
52. Conductive layers 46 and 52 and insulating layers 51 and 54 constitute a
portion of an Interconnect structure which routes electrical signals between
semiconductor die 36 and 40, as well as external to the package. Additional
insulating layers and conductive layers can be used in the Interconnect

structure. In FIG. 2f, an electrically conductive solder material is
L8608t dPEvercSiduetive Igﬁé%%?’f&rBBgﬁ%oé\?apﬁ%ﬁéﬁ,tel%ﬁﬁlyﬁé as
splating electrolessqalating, ball drop, or screen printing process. The solder

material ¢ e any metal or electrically conductive material, e.g., Sn, lea

(P, 10 s A DR ARG (B3 Tl (et THE Seer e ar®
CirsrTEHQWeldd@ﬁhédtirf@ﬂm comductive mat_en'ai_, abowé itsrmetting pointtosformO
18pheyical balls or bumps, 2640 gme,applicgtions, foldey,bymps 56;are

reflowed a second time to Improve electrical contact to conductive layer 52.
2AR%tiditforat (et Buhtp ABEMZALIGH BaR ptidoAaHy bETErmed THtEr sbiier™

chumps 5@ ddhesinterconaectians,can beisolderiburaps arbondivites.

Pﬁocess clarrier 50 and adh%ﬁive I,a\yer 48 are remov d. Alternativelly, process
L EartieT B0 and SHRESITE Yayst 48 ¢ remiin atacKed T tHE sémitondtictor
tdevieé ahohopenate: as tauhlreat Sink farfthermakdissipaiion®r eléctromagnetice

1igerference (EMI) barrier, ,, FIG, 3. Iuglrates the semiconductor device,
from FIGs. 2a-2f with semiconductor device 58 electrically connected to
o8oldleP BaAIESE dniiditch, wiFe pends 60 areldlechicafifebRhestettver

seenductiveilayer: 92. Bend wiresH2 extencframywire bonds 6Q:itp-othern cu,
semiconductor devices or external electrical connections. Solder bumps 56

Pand Bondkiréd 62Y frovide BRectrical TtRornETt 16 SémitondbEtor die 36 Y

cantddOts to contact pads 34 according to the electrical
function and interconnect requirements of semiconductor die
36 and 40.

In FIG. 2e, an insulating layer 51 is formed over
molding compound 44 and conductive layer 46. The insulating
layer 51 can be made with single or multiple layers of
photosensitive polymer material or other dielectric material
having low cure temperature, e.g. less than 200°C. A portion
of insulating layer 51 is removed by an etching process, such
as photo patterning or chemical etching, to form openings and
expose conductive layer 46. A conductive layer 52 is formed
over insulating layer 51 to electrically contact conductive
layer 46. An insulating layer 54 is formed over conductive
layer 52 and insulating layer 51. The insulating layer 54
can be made with single or multiple layers of photosensitive
polymer material or other dielectric material having low cure
temperature, e.g. less than 200°C. A portion of insulating

layer 54 is removed by an etching process, such as photo
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Another embodiment of the initial stages of making the semiconductor device
is shown in FIGs. 4a-4c. In FIG. 4a, a dummy or sacrificial metal carrier 70 is
shown. Metal carrier or foil 70 can be circular or rectangular and made with
Cu or Al. A process carrier 72 is mounted to carrier 70 with adhesive layer
74. A photoresist layer 76 is deposited on metal carrier 70. A plurality of
openings is formed by a photo patterning process to define areas for
Padleefive Prating. EYtitactPadst78 ahg thérP sélettivaly Plated orf pHoforesISE
cdefined openingyareas2Contact padsik@can herpade withuCez SandNi, Au, or
.Ag. Metal carrier 70 serves as a_support member and plating current path for
e diRE BRating Hrcats £ forit weHABle mAtal cortad padh 78 ofthe
imetglccarrier tPhotoresistrzs ishrephovediby a resist stripper. sigir F$G. 4b,
pSerisonductor dis 80.and 84 arejpounted,te contagtnads. z8 opmetal; o

carrier 70 with solder bumps 82 and 86, respectively. Alternatively, discrete

LesSmpaRkAE or other seAficerductsrpackdgesiCaitbé attathed e tontad
1pads ¢8cAn aptionad underfilliaateriad £aphe-tormedr-helewrsemiconductor
die 80 and 84. AZrPoIding compound % IS formdgd all aroundl%emicongluctorl
die 80"8nd 82 to“ericapsufats thé i intercShetionsS afd contadlpads:
iBrotgsscarder #2andcadhesive V4 areyeleasedtfirst folloveed by aemovai of,
cmetal,caftier, 20 by.an gtching processto expose gontagt pads,78,as shown
inFIG. 4c.  The Interconnect structure is then formed using the steps
S@ESEThEF IS Zel-2F Mdre spetificatly adirsedciohretive 3ayerdikerds is
mSputiered and-patterned; or salectively; plated on aisurface . of maldetb 2 g
compound 88 using an adhesion Iaxée,r, such as Ti. The first_.conductive layer

(ERbtriddily Ohnetts to dbntBeCPids 78 Hetording t6 tie BlettiEal tiReTon

Tard dntedeonnect sequitementssaflsermitonduttor die §0tand 84nAdicsti ve

insulating layer like 51 is formed over.molding compound 88 and the first
e ot Tl TG Ean b Al e B0 S, e
bigpees 6P photbseAsitive FohrmeER ricteral Grodther dieledtfic Material Kafihgred

alove eurestemperature; g,0- Jess than-200C A pastien of the first insulating
layer is removed by an etching process to form openings and expose the first

Ledfductive laj8r. A'Sedditl edndictie IBYBPIRE 52 is fdritedBvérthe first

oinsutatingllayertoreleatrically contact the firstieonsustive layes. A second

s nsulatingayer, ke 54 1 formed ower the frst.conductive Iayer.and firs
msuifa%ingnlayer.olrhe second insulating Iayerpcan be made With single or
multipfe feyers of photosensitivensolyhes piateridboreothe? dielectriermatetial

Aﬁ%@?ﬂd@é’\%’f?}e%@%@%‘a’c%Qr@é? tban 200G, A, partion atthe second,

insulating layer is removed by an etching process to form openings and
r&xFose tHetséctitt Condiiveqayéer SoidérBumpg tike 58'CaryBetffied dré
htherexpasedrsecantkeanduciivedayer: The first and second geaductive layers
.l%rtmé EiESGtraendcsec ins !aati]pg Igyers constitute a portion of an Interconnect

Strictureé which rot e% eléctrical signals between semiconductor die 80 and

84, ag’'wel a3 exténrl te the pabkagerAdditionaltinsuldting dayersand IGs .

2gonquctiveJayers;can, Re used indhe iteeconnect sirucrey, o FlGePeq o

lllustrates an embodiment of the semiconductor device. Contact pads 94 are
Sﬂ*ﬁﬁﬁi@ﬁﬁﬁ%ﬁééﬂ”ﬂfﬁraddition' wire bonds 60 are electrically

connected to conductive layer 52. Bond wires 62 extend from
wire bonds 60 to other semiconductor devices or external

electrical connections. Solder bumps 56 and bond wires 62

10



sacrificial metal carrier as described in FIG. 2a. Semiconductor die 90 and 98
are mounted to contact pads 94 on the metal carrier with wire bonds 96 and
100, respectively. A molding compound 101 is formed all around
semiconductor die 90 and 98 to encapsulate the die, wire bonds, and contact
pads, similar to FIG. 2b. The metal carrier is removed by an etching process
to expose contact pads 94, in the same manner as described in FIGs. 2c.
PADFOEESS Caftfer 1S apphied & aBdeksidetorthesdemicBRBGERT die Bisiny atd
aadhesive layer to support the package. A conductive layer 102 is selectively
plated on a surface of molded ¢ ound 101 using.an adhesion layer, such
T Tt T Bty oot o SOacH PaqBeh no Ehe
saccordingtotthre electrical functibnvandiimtéltéanedereuirements bF. 4a, a
aSemiconductor,die 90,and 98, .1 An-insulating layer.103 is forped.quer
molding compound 101 and conductive layer 102. The insulating layer 103
cear beimade With'matefahaving dietectfie propértiesaAPorfion Bt thstidting
wiayer 4Q3ds removed byranetehing pracessto fogmopenings and expeser 70
conductive layer 102. A conductive layer 104 is formed over insulating layer
305 16 Gl o thot donc bRR IafaT Tl Tttty Ier T8 TE o
oformedadveracondeictiVe layex Idand insulatinglayet 103. Thefinsulatingy a
olf¥eL 106.canba mads with suatedialbaying dieleelricpoperies. A partion of

insulating layer 106 is removed by an etching process to form openings and
PeRpascondirdtivedayer1o4. 'Conrdactiveciay e fsl £64 BREL106° aRd s iating

players 403 and 106 ganstiipte.a portior gt an latereannegt strsicturedgfoyte
electrical signals between semiconductor die 90 and 98 as well as external to

M p ARy e” Wdditional insuliing Tayafs ant® E8rd @ive 18y ercars b8 sed®
ainstedotercornéetrsteuciurel a t i AN electrcallyceorduttive sedder material is

site er conductive layer 104 through an,evaparation, electrolyii

T e e g, 7o

omdtésaltairrbe anymetal or Blettiedyicondifetive materiat®.§y Sh, s Nit

sAU; ABeCU, El, and alloys thereof. The solder material is reflowed by heating
the conductive material above its meltin% point to form sEhericaI balls or

bumps 108 fin sdfire SFPlicaRIBRE S el bEinps 108 are réffdwdlP B'8ecdnt®
cthimedodmprove efectricalaxontactadeconduttiver layer lddi&n additienalk and
snderoump metaization.can optianally.be formed.under.solder bumes, 108
he IntGECOHI’IEC?IOﬁS canlbe SO%EI’ %urﬁ/ﬁs or Song wires.
other semiconductor packages can be attached to contact pads
78. An optional underfill material can be formed below
semiconductor die 80 and 84. A molding compound 88 is formed
all around semiconductor die 80 and 84 to encapsulate the
die, interconnections, and contact pads. Process carrier 72
and adhesive 74 are released first, followed by removal of
metal carrier 70 by an etching process to expose contact pads
78 as shown in FIG. 4c.
The interconnect structure is then formed using the

steps described in FIGs. 2d-2f. More specifically, a first

conductive layer like 46 is sputtered and patterned, or
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FIGs. 6a-6b lllustrates an embodiment of the semiconductor device using a
front-side and backside process carrier. In FIG. 6a, contact pads 124 are
formed using a dummy or sacrificial metal carrier, as described in FIG. 2a.
Semiconductor die 120 and 126 are mounted to contact pads 124 on the
metal carrier with solder bumps 122 and 128, respectively. A molding
compound 130 is formed around semiconductor die 120 and 126 to .
SEHEAPSUSEYthR Idié SitertdnAe E ahd Corftactadie SirftaPOEG . &b, Tha 9
ametalrcastienisiremavedsby rnLiching proeess ta-expess eantacy pads 124,
in the same manner as described in FIGs. 2c. rocess.carrier is
LS (0 DLckBER ot tho EenRBAGoF B g S SaEde e 16
eduepport the package. A cendudtivechayen 186 tis selectivelyglatedodn a
=Shlacs glmolded gompoung L, using 3 2dResian Iauer; Sych a5l 11k

Conductive layer 136 electrically connects to contact pads 124 according to

Stheléletficat furictioh dtl ftereonrRePHElireems otendiédrductor die
cb20@peik26.1ayeAN inswating tayer 1:38.is fermed oyver maldingzompasnd
1% and colnductive Ia:tLye,r 1136.1The insula%inghla er 138 can be made with
"iateriall Faviry diffectri€ properties “Aportion of fitduiating fay_P 13898
megraoved by anceichingiprotess 16 foma openmigstand expasercondective
claysr 136, conductive layer 140.is fomed over insulating layer 1380, .
_electrically contact conductive layer 136. An insulating layer 142 is formed
Loverleondiuctive Yayer  PAG aRaVITsUIRNING Taye AB8 ThetiASEIREiNG Jayertiy 2

ol bedpade withimaterialihaving dielectrig prepertiess Adportion of insilating
layer 142 is removed by an etching process to form gpenings and expose

cedrdctivEdayér 40, 'ChftductiveTlayerd"tss aht 140 Snd isthatinty tayerd "9

1238 anddl42 eonstitutela poction efa frant-sider bitercommect stractusg athich A

Qules eleclrical signals betyeen semicondudigr fie, 120,200 426, g5l as
external to the pac gge. Additional insulating layers and conductive layers
ceanthetused ihahefrontside iférconpiettsStructuteyer - A fidist-side process

i carties d464s mounted 1 gondugtive Jayer 140-and insulating-layer 142 using
adhesive layer 144. The adhesive layer 144 can be made with thermally or

oG\PligHt T8feaSable’terkyordly adiesive - fpicdily Having 2 g 6F&E st

mi50C i T heHerontrsida procassccareapean berfiexikledape of stiffmateziab. °the

backside pro carrier is removed. Vias are formed through maldin
Sesanctibtagstoli o batiaieR kil L i L
egxposwcontacepads 4240 Oondoetive arateridl B4® issdepdsitetkinathe vias

-and-gleciyecally.connects tg gantach pads 124. Atpinsulating 1ayen ol s, the
formed over conductive

exposed second conductive layer. The first and second
conductive layers and first and second insulating layers
constitute a portion of an interconnect structure which
routes electrical signals between semiconductor die 80 and
84, as well as external to the package. Additional
insulating layers and conductive layers can be used in the
interconnect structure.

FIG. 5 illustrates an embodiment of the semiconductor

device. Contact pads 94 are formed using a dummy or
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layer 148 and molding compound 130. The insulating layer 150 can be made
with material having dielectric properties. A portion of insulating layer 150 is
removed by an etching process to form openings and expose conductive
layer 148. Conductive layer 148 and insulating layer 150 constitute a portion
of a backside Interconnect structure which routes electrical signals between
semiconductor die 120 and 126, as well as external to the package.
sagaitiohal sulitinyiagers arnd coRddeie yers ¢an beUsetfin the
sbackside inierconnest struetie 98 aheFiGubhcan electicallygonsiugctive 4 on
older material is deposited over conductive layer 140 through an .
B At on BoE S Bt e BrElots Hadiiy, bl Chop L5 S5 ebreLY -
Aprintheg processpIhesolder materiatcan belany metatioselectriallyctor die

ogonductye material e,g.,1S.PhNI. M Ag, GU, El,aRd alloys thereof..the

solder material is reflowed %heatmg the conductive material above its
Prfetting pdint t6 fdrfn SpRerical balld'sh Bufes 1527 §dmeappiieatishs, Py an

eseldenhupps-ia are reflowed aseconddinme 4@ Improve.elegtrical gentach 1 -
conductive Iaﬁer 140. An adglgional under bump metallization can optionally

aBe $6rHTEd BRder

erlrsloFdIe?%Umps' 152. For the backside Interconnects, solder
bumporpwice bonddatercemnects awe farmied onacoratictiveldayer 148=or the

SQHIELMOSLIAYSE 4 o ThE SEMicondugtor deyicein FIG. _@Hgyg&sm@r
construction as described In"FIGs. 6a-6b, with the exception that metal pillars
Pe5ka9€ forrfed By Sefective etehing, tSnglcoritaetyads $24 aRletERifgen 2

snaskePillars 15418 made wWittuCupAl, of alloys thereof Metal pillars 154 cn
facilitate depositing molded underfill material below semiconductor die 120

28nd 126 JUE' B e dievaftthierionfieS tFcitre: YMetAriffars 154 firtHe?Ct

ptatilitate thedormation of vidsby laset drittng duRE qrocess ds theviannect

r%' th_can Q% S[edl%cesde.m'l'ihceﬁg%\lrlyiccoonrduﬁoer @%vi%% gxg@rjences less thermal

stress or thermal strain with the %lgher Interconnection structure.

An insulating layer 103 is formed over molding compound
101 and conductive layer 102. The insulating layer 103 can
be made with material having dielectric properties. A
portion of insulating layer 103 is removed by an etching
process to form openings and expose conductive layer 102. A
conductive layer 104 is formed over insulating layer 103 to
electrically contact conductive layer 102. An insulating
layer 106 is formed over conductive layer 104 and insulating
layer 103. The insulating layer 106 can be made with
material having dielectric properties. A portion of
insulating layer 106 is removed by an etching process to form
openings and expose conductive layer 104. Conductive layers
104 and 106 and insulating layers 103 and 106 constitute a
portion of an interconnect structure to route electrical

signals between semiconductor die 90 and 98 as well as

external to the package. Additional insulating layers and
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FIG. 8 shows the semiconductor device of FIG. 7 with contact pads 124 and
semiconductor die 120 elevated by metal pillars 154. Semiconductor die 158
is mounted to insulating layer 138 with die attach adhesive 160 and
electrically connected to contact pads 124 and metal pillars 154 with wire
bonds 162. The die attach adhesive 160 can be made with epoxy based or
film based adhesive. In FIG. 9, the semiconductor device of FIG. 6b has
cGRdertill nistetaY $64. TRE UnderfMPMatériditan b RiER WitA reSinhav/ing © -
propershealegical and tieleetticyropediess 1 dednldGe s the s deposited
semlcond#ctor.devui[e of FI(%.O(Zb h}?s ser?llconductor die %elsg hysically

°rounted o and electiically connected tirough Sold&rbiamps 152,

eSenticonductor dieal68is, plyyisicallyorheanted totinsulating layeir 42 with die
satach, "&%H@'ﬁé‘) apd glectrically, connacied to copductve. layey 140 with

wire bonds 172. A molding compound 174 is applied over semiconductor die
n¢E6 ant 168 SAd asseeibted teitohhéet BRicttes.: ©- FG. 11/shiows the

asgmiconduetorsleviee af EIG o2fwith precass carrier 146and adhesive layer
r172% rtvavrvr\lﬁliningﬁs a ant si}rllk for trp rmal dissi a?iorniorlEMI s\rflield. m FIG.
T2 sROGS thE SETRicORAUCEST delite SFRIE JFwitH a Tdyet ot Photbredist 1'std
premaining betweerrtentactpats 124. or Bnmpmmasy, theé seanicenductor
2HEVIEE SMRIOYS acanper sheel as fhdumpmy oL sacificial.carper, £ piuyaiity;of
improve electrical contact to conductive layer 104. An
additional under bump metallization can optionally be formed
under solder bumps 108. The interconnections can be solder
bumps or bond wires.

FIGs. 6a-6b illustrates an embodiment of the
semiconductor device using a front-side and backside process
carrier. In FIG. 6a, contact pads 124 are formed using a
dummy or sacrificial metal carrier, as described in FIG. 2a.
Semiconductor die 120 and 126 are mounted to contact pads 124
on the metal carrier with solder bumps 122 and 128,
respectively. A molding compound 130 is formed around
semiconductor die 120 and 126 to encapsulate the die,
interconnect, and contact pads, similar to FIG. 2b. The
metal carrier is removed by an etching process to expose
contact pads 124, in the same manner as described in FIGs.
2c.

A process carrier is applied to a backside of the
semiconductor die using an adhesive layer to support the
package. A conductive layer 136 is selectively plated on a
surface of molded compound 130 using an adhesion layer, such

as Ti. Conductive layer 136 electrically connects to contact
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wettable contact pads is patterned on the sacrificial carrier. The individual
semiconductor die are mounted to the sacrificial carrier and are electrically
connected to the contact pads. The semiconductor die and contact pads are
encapsulated with a molding compound. The sacrificial carrier is removed to
expose the metal pads. An interconnect build-up layer is formed on the
contact pads. The wettable contact pads are selectively plated on the
PealSifictal rAeP Tt tbrovidesa Righty: aéduraté alighmeRtof the bonding
i pad pesttipnstfor tha.elestticat intercannect acearding taithe electricall 126 .
functlgn of H}geu ﬁ@lcondluaﬁ:tor di 3§y fgrr?lr}gmc%tact Qagnsogg the sacrificial q

carrier’ a pl)remse pfb%%mer?[tearn allgnmentO ['the Tater formed- r%%u?s?frép oun

lm®emdneemumm®céﬂberadrﬁéved._MddiﬂgM¢h@s¢M&muﬁ§r can
pRagkage as greater inferconnect dengit.and lower lne piteh fardndividual

traces. While one or more embodiments of the present invention have
PB&&n Afustrated itdétalinthel skifiéd AftfsahwillFappretiake tiat hbdHitations

pandadaptafionsie thpse empodimentsprayebe made-witheut departingdroma
cthedsc_otpievc_)f t{le r}tfas?qt iml/entiorg as seg \tce)rgh il‘rll thelfotllgr\{vingl glaeirPs.l 3Claims
{MIAL S ciAfmedY TA method of AiAKiNg R semicdhdtctor Hevice! Comprising:
electrically contact conductive layer 136. An insulating
layer 142 is formed over conductive layer 140 and insulating
layer 138. The insulating layer 142 can be made with
material having dielectric properties. A portion of
insulating layer 142 is removed by an etching process to form
openings and expose conductive layer 140. Conductive layers
136 and 140 and insulating layers 138 and 142 constitute a
portion of a front-side interconnect structure which routes
electrical signals between semiconductor die 120 and 126, as
well as external to the package. Additional insulating
layers and conductive layers can be used in the front-side
interconnect structure.

A front-side process carrier 146 is mounted to
conductive layer 140 and insulating layer 142 using adhesive
layer 144. The adhesive layer 144 can be made with thermally
or UV light releasable temporary adhesive, typically having a
Tg of at least 150°C. The front-side process carrier can be
flexible tape or stiff material. The backside process
carrier is removed. Vias are formed through molding compound
130 using laser drilling or deep reactive ion etch (DRIE).
The vias expose contact pads 124. Conductive material 148 1is
deposited in the vias and electrically connects to contact

pads 124. An insulating layer 150 is formed over conductive
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providing a metal carrier; forming a photoresist layer over the metal carrier;
forming openings in the photoresist layer extending to the metal carrier;
selectively electroplating a first conductive material in the openings of the
photoresist layer using the metal carrier as an electroplating current path to
form wettable contact pads; mounting a first semiconductor die directly to the
wettable contact pads with a plurality of bumps to align the first

Lseimfcohtitictortid with respeet it thetwittlble ddtitactsads: depositing"a fitst?

cancapsuladtcoverdhefisstesericonductoy digielectric properties. A
portion of insulating layer 150 is removed by an etching
process to form openings and expose conductive layer 148.
Conductive layer 148 and insulating layer 150 constitute a
portion of a backside interconnect structure which routes
electrical signals between semiconductor die 120 and 126, as
well as external to the package. Additional insulating
layers and conductive layers can be used in the backside
interconnect structure.

In FIG. 6b, an electrically conductive solder material
is deposited over conductive layer 140 through an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The solder material can be
any metal or electrically conductive material, e.g., Sn, Pb,
Ni, Au, Ag, Cu, Bi, and alloys thereof. The solder material
is reflowed by heating the conductive material above its
melting point to form spherical balls or bumps 152. In some
applications, solder bumps 152 are reflowed a second time to
improve electrical contact to conductive layer 140. An
additional under bump metallization can optionally be formed
under solder bumps 152. For the backside interconnects,
solder bump or wire bond interconnects are formed on
conductive layer 148 or the outermost layer.

The semiconductor device in FIG. 7 follows a similar
construction as described in FIGs. 6a-6b, with the exception
that metal pillars 154 are formed by selective etching, using
contact pads 124 as etching mask. Pillars 154 are made with
Cu, Al, or alloys thereof. Metal pillars 154 facilitate
depositing molded underfill material below semiconductor die

120 and 126 due to the elevated interconnect structure.
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removing the metal carrier; forming an interconnect structure over the first
encapsulant and electrically connected to the wettable contact pads; forming
vias through the first encapsulant over and extending to the wettable contact
pads; and depositing a second conductive material in the vias, the second
conductive material in the vias being aligned by the wettable contact pads
with respect to the first semiconductor die to reduce interconnect pitch. 2.

M¢hé-methbladtldint 1EWhelsiA foafihbitha ifteréon et iutfitedhcluidas: Py
1osmingiaicontugtive layerrelectricalys capnected«to dhe ayattable coptact

rgg%%ed. The semiconductor device experiences less thermal
stress or thermal strain with the higher interconnection
structure.

FIG. 8 shows the semiconductor device of FIG. 7 with
contact pads 124 and semiconductor die 120 elevated by metal
pillars 154. Semiconductor die 158 is mounted to insulating
layer 138 with die attach adhesive 160 and electrically
connected to contact pads 124 and metal pillars 154 with wire
bonds 162. The die attach adhesive 160 can be made with
epoxy based or film based adhesive.

In FIG. 9, the semiconductor device of FIG. 6b has
underfill material 164. The underfill material can be made
with resin having proper rheological and dielectric
properties.

In FIG. 10, the semiconductor device of FIG. 6b has
semiconductor die 166 physically mounted to and electrically
connected through solder bumps 152. Semiconductor die 168 is
physically mounted to insulating layer 142 with die attach
material 170 and electrically connected to conductive layer
140 with wire bonds 172. A molding compound 174 is applied
over semiconductor die 166 and 168 and associated
interconnect structures.

FIG. 11 shows the semiconductor device of FIG. 2f with
process carrier 176 and adhesive layer 178 remaining as a
heat sink for thermal dissipation or EMI shield.

FIG. 12 shows the semiconductor device of FIG. 2f with a
layer of photoresist 180 remaining between contact pads 124.

In summary, the semiconductor device employs a copper

sheet as a dummy or sacrificial carrier. A plurality of
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forming an insulating layer over the conductive layer; and removing a portion
of the insulating layer to expose the conductive layer. 3. The method of claim
1, further including forming an insulating layer over the conductive material in
the vias. 4. The method of claim 1, wherein the first conductive material
includes tin. 5. The method of claim 1, further including forming a conductive
pillar under the wettable contact pads. 6. The method of claim 1, further

YiHchfinG: O™ higtintig E secomt? SEfictituctordie G ihe Hitéfcdonnect
cstructure; anthe igleposiingla segond encapsulant everibeseoondd to the
S§QP¥3{E&§E”é§%§H£¥”§¥ Ogggdg%gg%gg%ally connected to the
contact pads. The semiconductor die and contact pads are
encapsulated with a molding compound. The sacrificial
carrier 1is removed to expose the metal pads. An interconnect
build-up layer is formed on the contact pads. The wettable
contact pads are selectively plated on the sacrificial metal
carrier to provide a highly accurate alignment of the bonding
pad positions for the electrical interconnect according to
the electrical function of the semiconductor die. By forming
contact pads on the sacrificial carrier, a precise placement
and alignment for the later formed requisite interconnect
structure can be achieved. Accordingly, the semiconductor
package has greater interconnect density and lower line pitch
for individual traces.

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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7. The method of claim 1, wherein the wettable contact pads are separated
with the photoresist layer. 8. A method of making a semiconductor device,
comprising: providing a metal carrier; forming a photoresist layer over the
metal carrier; forming openings in the photoresist layer extending to the metal
carrier; selectively electroplating a conductive material over the metal carrier
and in the openings of the photoresist layer using the metal carrier as an
electroplating current path to form (ﬂﬂé&spads on the metal carrier;
wountisg & firsksemiconductor die or component directly to the contact pads
with a plurality of bumps to align the first semiconductor die or component

with respect to the contact pads;
1. A method of making a semiconductor device, comprising:

providing a metal carrier;

forming a photoresist layer over the metal carrier;
forming openings in the photoresist layer extending to the
metal carrier;

selectively electroplating a first conductive material in
the openings of the photoresist layer using the metal
carrier as an electroplating current path to form wettable
contact pads;

mounting a first semiconductor die directly to the
wettable contact pads with a plurality of bumps to align
the first semiconductor die with respect to the wettable
contact pads;

depositing a first encapsulant over the first
semiconductor die;

removing the metal carrier;

forming an interconnect structure over the first
encapsulant and electrically connected to the wettable
contact pads;

forming vias through the first encapsulant over and
extending to the wettable contact pads; and depositing a
second conductive material in the vias, the second
conductive material in the vias being aligned by the
wettable contact pads with respect to the first

semiconductor die to reduce interconnect pitch.

2. The method of claim 1, wherein forming the interconnect

structure includes:
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depositing a first encapsulant over the first semiconductor die or component;
and forming an interconnect structure over the first encapsulant and
electrically connected to the contact pads. 9. The method of claim 8, further
including forming conductive vias through the first encapsulant and extending
to the contact pads, the conductive vias being aligned by the contact pads
with respect to the first semiconductor die or component to reduce

intePeBHRECtpitcH: 165 THe metved of efdif 62 furth&CmiRidifg fofmingan

insulating layeavertheeanductive vias. 11. The method of claim 8 ,
m”gggﬂlggnyggfggdﬁgyfggn?&%égugggFIQHQ“%%%ductive layer; and
removing a portion of the insulating layer to expose the

conductive layer.

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

insulating layer over the conductive material in the vias.

4., The method of claim 1, wherein the first conductive

material includes tin.

5. The method of claim 1, further including forming a

conductive pillar under the wettable contact pads.

6. The method of claim 1, further including:

mounting a second semiconductor die over the interconnect
structure; and

depositing a second encapsulant over the second

semiconductor die and interconnect structure.

7. The method of claim 1, wherein the wettable contact pads

are separated with the photoresist layer.

8. A method of making a semiconductor device, comprising:
providing a metal carrier;
forming a photoresist layer over the metal carrier;
forming openings in the photoresist layer extending to the
metal carrier;
selectively electroplating a conductive material over the

metal carrier and in the openings of the photoresist layer
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forming a conductive layer electrically connected to the contact pads; forming
an insulating layer over the conductive layer; and removing a portion of the
insulating layer to expose the conductive layer. 12. The method of claim 8,
further including forming a conductive pillar under the contact pads. 13. The
method of claim 8, further including: mounting a second semiconductor die or
component over the interconnect structure; and depositing a second

encapsuldfit GVér e Sdcoid SericORdaRtdT die GrempoRan Bhtient Path

interconnéoctstructurect pads on the metal carrier;
mounting a first semiconductor die or component directly
to the contact pads with a plurality of bumps to align the
first semiconductor die or component with respect to the
contact pads;
depositing a first encapsulant over the first
semiconductor die or component; and
forming an interconnect structure over the first
encapsulant and electrically connected to the contact

pads.

9. The method of claim 8, further including forming
conductive vias through the first encapsulant and extending to
the contact pads, the conductive vias being aligned by the
contact pads with respect to the first semiconductor die or

component to reduce interconnect pitch.

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

insulating layer over the conductive vias.

11. The method of claim 8 , wherein forming the interconnect
structure includes:

forming a conductive layer electrically connected to the contact
pads;

forming an insulating layer over the conductive layer; and
removing a portion of the insulating layer to expose the

conductive layer.

12. The method of claim 8, further including forming a

conductive pillar under the contact pads.
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14. The method of claim 8, wherein the contact pads are separated with the
photoresist layer.

13. The method of claim 8, further including:
mounting a second semiconductor die or component over the

interconnect structure; and

depositing a second encapsulant over the second semiconductor

die or component and interconnect structure.

14. The method of claim 8, wherein the contact pads are

separated with the photoresist layer.
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