SEMICONDUCTOR DEVICE AND METHOD OF FORMING
INTERCONNECT STRUCTURE FOR ENCAPSULATED DIE HAVING
PRE-APPLIED PROTECTIVE LAYER Field of the Invention The present
invention relates in general to semiconductor devices and, more particularly,
to a wafer level chip scale package (WLCSP) with interconnect structure, in
which a semiconductor die is %r&%ared from a semiconductor wafer having
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Inventiont Semiconductor devicesare, ,Jany products in thetields of
entertainment, communications, networks, computers, and household
markets. Semiconductor devices are also found in military, aviation,
automotive, industrial controllers, and_ office ecéui ment. The semiconductor
devices perform a variety” bF &b ficPinttBRE S e ssary for each of these
applications. The manufacture of semiconductor devices involves formation

of a wafer Baving,a plurality of die. Faeh semiconductor die coptaing quctor

hundreds or thousands of transistors and other active and passive devices
ABErforming @ valiety ot electhcaf fuhctibis FF Bogiveniwafer each diéFrom
pthe amafernypically perforins the same electrcalfunetionn Frontrend

smanuiaging generally refers fo.formation of the semicqnducigrdevices.on,

the wafer. The finished wafer has an active side containing the transistors
PAREGthéY actidd dndhdssive Eoftpstentst BAEkSend manlfaktiiig Tefers to
cutting or singulating the finished wafer into the individual die and then 1

packaging the die for sirygtyral spRat ARd VGRSl

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



isolation. 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 or wafer level packages (WLP) 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
facedown toward a chip carrier substrate or printed circuit board (PCB). The

Pafetdcaand éctartical mtéreontiett BERiEa the Achits deides bit'the die

iandaoongduction tracks on the carrier substrate is achieved through a solder

bump, strugiure campuising adarge, pumberaf condyesive solder bymps. or

balls. The solder bumps are formed bﬁ: a reflow process applied to solder
PrfAteAEl d8pbsited orPEontatt padsiihichlare digfoséd orfthe Higher-
dsemiegnductos substrate r the isolderchumpsi are thenssolderad to the parrier

ofubstrate. e, fip chip. semiconduslor package provides f ehart fleelrical
concaluctlon 'pat% f_rom the active _dewces on the die to the carrier substrate in
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¢l encansulated by a molding material 11sing 2 pracess which leaves, the
active surfaéce of the semlconductopdle_ exposeé after engapsu%tlon. An
citertonriett BUiloEGH layerl iscladitiy diekebtic tayeish Afetafizegnterconnect

peadisttibution layerscand undes bumpmetalunslayerdisdispased oves the
ctive surface of the chip and the . molding. compound. Solder bumps or other
B e e o

slayet faking e semigoaduetoradiewsdpsable ofceletdcallieconneeting tors
oexiernakdeviees. solder bumps are formed by a reflow process

applied to solder material deposited on contact pads which are
disposed on the semiconductor substrate. The solder bumps are
then soldered 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, lower capacitance, and
achieve overall better circuit performance.

In a semiconductor package, a semiconductor die 1is
encapsulated by a molding material using a process which leaves
the active surface of the semiconductor die exposed after
encapsulation. An interconnect build-up layer, including
dielectric layers, metalized redistribution layers, and under
bump metallurgy layer, is disposed over the active surface of
the chip and the molding compound. Solder bumps or other
electrical interconnections are then formed on the interconnect
build-up layer, making the semiconductor die capable of
electrically connecting to external devices.

The encapsulation of the semiconductor die includes using
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The encapsulation of the semiconductor die includes using 2 a substrate on
which the die is set facedown and allowing the molding compound to flow
around and over the die without coating the active surface. In the resulting
semiconductor package, the molding material is thinner over the
semiconductor die than the surrounding area. Thus, delamination can occur
between the semiconductor die and encapsulating material as a result of the

2differahta et et tHe coéfficierits ‘ot tReFmAaf expaHsio C TE) “ofthe the
mmiolding materahand the semiconductardieofemismateh of CEs cancalsoing
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build-up layer. Solder joints are fragile elements of a semiconductor package
Myhe 18It Sl sizé drid i88 atHigh teffperared Yeraihvig to'tiveit eIty
spointsndotdergord failute.ean @ctan fora matiety of ckeasonse Onre category of
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temperature swings and the erent CTEs of the solder joints an

JappREALGIT bBRAFHCAS S6RIeT 6t failrescat réd\ At vt Starfddracdailf TE)
o€Vents, msuch 85 pewering vaadwft electricahequipment; solder joint

reliability,is Important in.the. manufacture of WL CSBs. Aneed exists to
resolve sold%rjomt failure and intermediate | erconnectebuimq-upﬁayer
S @eRminAtivRSisSaRs B WP CIPs Hiiector CTE ftiskiateR betweertthe diecan¢r

JEoWRing-board, gr lintercensect build-Up; layero Summary ©f dhe Javentionr dn

pne embog'ﬁment theIPJesent ir]cv ntian is a method of maliing.a .
thelr sm slze.a use. a ﬁg tem%ﬁra ures relative to, their
semiconductor device comprising steps prOV|d|ng a carrier made o

melectricalipeonductitg Materiad forming Legstact padsorr the tamrierféoming £
radyenapplied proteetivery of failure arises from the application of

cyclical stresses, primarily from temperature swings and the
different CTEs of the solder joints and application board. As
solder joint failures can result from standard daily events,
such as powering on and off electrical equipment, solder joint
reliability is important in the manufacture of WLCSPs.

A need exists to resolve solder joint failure and
intermediate interconnect build-up layer delamination issues on
WLCSPs due to CTE mismatch between the die and mounting board or

interconnect build-up layer.
Summary of the Invention

In one embodiment, the present invention is a method of
making a semiconductor device comprising the steps of providing
a carrier made of electrically conducting material, forming
contact pads on the carrier, forming a pre—-applied protective
layer over an active surface of a semiconductor wafer, removing

a semiconductor die with the pre-applied protective layer from
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layer over an active surface of a semiconductor wafer, removing a
semiconductor die with the pre-applied protective layer from 3 the
semiconductor wafer, mounting the semiconductor die with the pre-applied
protective layer on the carrier, encapsulating the semiconductor die and
contact pads on the carrier, removing the carrier, forming a first insulating
layer over the pre-applied protective layer and contact pads, forming vias in

Cite AR Tayt iid pre-dpplied protective 16 &¥peke with the
pirtergarnest sitester therserigenduatoridie cand ferminghaap nteeconneathe

sSHyCig, Quar.the.first insulating layer.in  electical contact with the, 5, +ne

interconnect sites on the semiconductor die and contact pads. In another
cehibddimerit! the' Brésentifventii 18 almiéthad *5f M&king ASséthfcatitict6r
pdevi@etq@mpristhstepsmbcmopmﬁg areaffietgfarmingicontaet padson

s he.cavier, and, mountng g semiconduton die pnhe LArTr The. oo
e

'semlconductor '|e has a pre-appl . protectlve Iayer over Its actl_ve Surface.
1ThehRetiGd furthéfinchidés the steps Bf BREAPsaisting?ttié SeffiebAdattor
idie-andcontactspads onheckantierheemovig thes cartendormyrg aifirst

cinsulating layer quer.the pre-applied protective ayer,and conjact pads,
orming vias in the first Insulating Tayer and pre-applied protective layer to

sgxpesedintervortieet sites B Serii€dnductor die, and forming an
interconneebstuetroventbednsulatinglayenin electrieab contact withitbe

otersonnedt siteg,on the, sericanductor die and contagt pads, In another
em Odin'l%rﬁ, e present invention Is a meIﬂﬁ)od' Ofnﬁ'la Ing a Sé)mICOI’]dUC'[OI‘
pyeviceleemprisiy five stefps ofl providing atcatie?, fornting cortacepadsoh
mtN@ EAHIEr2 886 i conductor die on the carrier. The semiconductor
die has a pre—-applied protective layer over its active surface.
The method further includes the steps of encapsulating the
semiconductor die and contact pads on the carrier, removing the
carrier, forming a first insulating layer over the pre-applied
protective layer and contact pads, forming vias in the first
insulating layer and pre-applied protective layer to expose
interconnect sites on the semiconductor die, and forming an
interconnect structure over the insulating layer in electrical
contact with the interconnect sites on the semiconductor die and
contact pads.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a carrier, forming contact pads on the carrier, and
mounting a semiconductor die on the carrier. The semiconductor
die has a protective layer on its active surface. The method
further includes the steps of encapsulating the semiconductor
die and contact pads on the carrier with a molding compound,

removing the carrier, forming vias in the protective layer to
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mounting a semiconductor die on the carrier. The semiconductor die has a
protective layer on its active surface. The method further includes the steps
of encapsulating the semiconductor die and contact pads on the carrier with
a molding compound, removing the carrier, forming vias in the protective
layer to 4 expose interconnect sites on the semiconductor die, and forming
an interconnect structure over the protective layer in electrical contact with

S ftfterabrifect Eies tor? #i€ Ssémiddti B 88 ana ContdeEpads dint anbtHes
aembodimentpthe presentinventior is ehsemiconductor desjee comprising a

$8Mmicondyctop die having g pratective layar formed over it agfive surface.

An encapsulant is formed over the semiconductor die. A first insulating layer

SRforRTEtP6VEr the protedtivetayert At fhterconnect structure is formed over
the protective: layer émeleatricat contact withs datercanaect sites onsthe
semico uetor dcil%.VBlrigf Description of the Drawin(gg FIG. Lisa ﬂigﬁ%pa

sSemicon c omprIsing a semliyn ctor’. die ha
semiconductor device with solder bumps providing electrical interconnect

PhetResn dh achive afea"6rthevaie ang LLehip'Carfief subRitratd FRE§ PP ant
i Blustrate the veethagobmaking @a\MHCESRiwith andnteseonnect build-ypllayer;
:E1G8-Jaand 30 ilystrate an gltematve smbodiment.of. the WLESE madein
FIGs. Da- i; FIG. El iifustrates an embodiment of a WLCSP where the
1redistritritiotiRiyet is applied difsily vthe strfaee of the amotdingredmpobind
iandpretective layes of the semicondustendies FlGi S.illustrates the
embodiment of FIG. 4 where an additional metallized redistribution layer and

insulating layer
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-2i illustrate the method of making a WLCSP with
an interconnect build-up layer;

FIGs. 3a and 3b illustrate an alternative embodiment of
the WLCSP made in FIGs. 2a-2i;

FIG. 4 illustrates an embodiment of a WLCSP where the
redistribution layer is applied directly to the surface of the
molding compound and protective layer of the semiconductor die;

FIG. 5 illustrates the embodiment of FIG. 4 where an
additional metallized redistribution layer and insulating layer
have been added; and

FIGs. 6a-6b illustrate a redistribution layer formed in

the molding compound of the semiconductor package.



have been added; and FIGs. 6a-6b illustrate a redistribution layer formed in
the molding compound of the semiconductor package. 5 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 wil BE- bt EcREEFHIPIHLYR §811E8 T 8% Fat it is intended

to cover alternatives, modifications, and equivalents as may be included
withinTthe spirtand scopeofitie inveltionradeefipedobhy the appended
figims.and their eguivalents,as sypported by the fpllowing disclosure andh e

drawings. The manufacture of semiconductor devices involves formation of a
FivaférRaving &'pharality 6F didEaen tid CotamE nGRGré s 6r tHodsahdS b
eframsisters ahd other active vand passive devicespperformirgrone ©f moee best

mBlectical fngctions, Fana given wafer eachdie-frog.the wafer typigally

performs the same electrical function. Front-end manufacturing generally
aPéi‘E?ﬂ&F&‘?n&ﬁfoﬁ%?fﬁe Senitthdittdrdevicés oifthe water. - 8%?&1&?
cwader has amactive sidencantainkngithestransistersu andlethies activeaande

188%'&{@&%9999”{%3%9‘1 end manuiaciyring, refers tR&éﬁ%@%r‘Pr%ﬂ%‘é‘ﬂ'HQd

the finished wafer into the individual die and then packaging the die for
PEtrhbfuraPEGpAGit anaidteirorehtalSsoiafions A SefitcSHERCDr Safey the
fgeneralhyincludes anractivedsuifage n@ving semiconductor devices disposed

there% And ahackside syrface formed with bulk semicopductor material,
fgé%aiyggnof 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 variety of semiconductor
processes, including layering, patterning, doping, and heat
treatment. In the layering process, semiconductor materials are

grown or deposited on the substrate by techniques involving



The active side surface contains a plurality of semiconductor die. The active
surface is formed by a variety of semiconductor processes, including
layering, patterning, doping, and heat treatment. In the layering process,
semiconductor materials are grown or deposited on the substrate by
techniques involving 6 thermal oxidation, nitridation, chemical vapor
deposition, evaporation, and sputtering. Photolithography involves the
CAfKing OF Sr84< Ot the Surfatetand etChing avay itesifsd Wateridl to form
especifiststructures] Eie doping process tinjects cgneentrations ofdopart
Jatefig! by thermal diffusion or ien implagtation, fFlip ghin semicandugtor
packages and wafer level packages (WLP) are commonly used with
NiHtegrated [Grcuits(1ERT dehtanding Aigh Speed! AfyifaBAEHY PaRd Yi€ater pin
iegunt &lipoehipn shde semiconductemdevieeckl Hivabye s mauating anractiven
area 12 of gie ggtfggﬁdown toward a chip carrier substrate or printed circuit

O!Soé%](lil’m a1I16, as shown in FIG. 1. Active area 12 contains active and

passive tevites corfitetivedayers, ki dfisfectic |ajErs ackdrihgrrtes es
(elecirical-designoftheudied The erlectrieal-and aegchanicak interconnectdsding

achieved through.a solder bump structure 20 comprising a large number of
ST Hor e EABGH bUiEs 32 EATEiad e St haich arart
sforhted BRISANPISAGS of terCorNecliSIfeS 24, WS aPd disphastd \n atfive

1ares 12: 4 hesbump-pads 24-cenaect terthe active: Gircuitsdy eenduetioR i nted

cyracks in active a{Sé‘B]gzalE*)e solder. bumps E?G?fel‘?'ecz&[é%a'b’ea”‘%ea 12
mec anlcalf‘y connected to contact pads or Interconnect sites 2% on carrier
csubstrate 26yva solderrefioveprbvesse Thecflipehip semitanduetorrdevice

dpeoMddes acsharfslectiicab candyction path diemdheactiveesign 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. 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 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, lower capacitance, and
achieve overall better circuit performance.

FIGs. 2a-2i illustrate the method of making a wafer level
chip scale package (WLCSP) with an interconnect structure, in
which the semiconductor die is prepared from a semiconductor
wafer having a pre—applied protective layer on the active side

of the wafer. 1In FIG. 2a, a metal carrier 40 is shown having a
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devices on die 14 to conduction tracks on carrier substrate 16 in order to
reduce signal propagation, lower capacitance, and achieve overall better
circuit performance. FIGs. 2a-2i illustrate the method of making a wafer level
chip scale package (WLCSP) with an interconnect structure, in which the
semiconductor die is prepared from a semiconductor wafer having a
ﬁgapplied protective layer on the active side of the wafer. In FIG. 2a, a

P

8F E&riidr 40 ShwnWaVingh 7pHotbresistialer a2 appfiéd to Fiop S*
asurfateofmetal caxrier «40.4Dhe metal canierc40ie made pf coppet (CGu),(A1),

oglurpinum (AD...qrather eleciically Gondudting metal, Garriey 40.acts as.a,

support member to hold a semiconductor die and plated metal pads in place
SHERAG thBSTHaRGFAGURRGDrocesSE . DRiffig A Stibdeguent slettdplatiigt Pads
iprecess; metal carrer40alsa setves as afalating currentipathsosforseplatad

-Metel pads O the.garier, In FIG, 20, Ay of gnenings rvigs afe made

in the photoresist layer 42 using a pﬁoto patterning process such as
PlhRtfavidlet V) Expustte dhd BeVefobtheft. FHe bpeaitig L HefiHe aredas for-
selective platingpandcas be strategicallypplacegs allowing the:areasqwhen

Iateg I;Co act as fiducial marks, interconnection contact pads, and saw
R b { KISy nea Qfact b
aﬁgﬁmen?rnﬁgr Ss. ae%aelffconta%t ﬁ%%lsaﬁf a(r)e %e%%sn%anmr}[ﬂe%poecrﬁﬁasSa{lnc

agntel thetd Cerfiel YO using Hit efectitpl86iNG HPBEESS. - CoRtact JRfist 4 can
dbe made.with efectreless hickel/ipimersigngeld {AWAL o otheymetahor

lloy having low resistivity. Once contact pads .44 have been depgsite
bR I B SE AT o WReE CBres 45 e S har TN B
MEHETMal CUrTG; asskhewan it FIG2 2€. Rrdsseparate pareof thenprocessy s -

MBFQIECHY@ 4AYRT iISads 44 are deposited in the openings and onto
metal carrier 40 using an electroplating process. Contact pads
44 can be made with electroless nickel/immersion gold (Ni/Au) or
other metal or alloy having low resistivity. Once contact pads
44 have been deposited, photoresist layer 42 is stripped off
metal carrier 40 through either UV or thermal curing, as shown
in FIG. 2c.

In a separate part of the process, a protective layer is
pre—applied to the active surface of a semiconductor wafer
containing a plurality of semiconductor die. The protective
layer is a lamination or coating adhesive applied by spin
coating or screen printing. The protection layer is an
insulator and can be made with polyimide (PI) film having a low
coefficient of thermal expansion (CTE), such as 20ppm/°C or
below, or a low modulus silicon base elastomer, under pressure
of less than 200MPa.

Vias or openings can be formed in the active surface of
the semiconductor wafer by laser drilling or deep reactive ion

etching (DRIE). Photo vias can be formed if photosensitive
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pre-applied to the active surface of a semiconductor wafer containing a
plurality of semiconductor die. The protective layer is a lamination or coating
adhesive applied by spin coating or screen printing. The protection layer is
an insulator and can be made with polyimide (PI) film having a low
coefficient of thermal expansion (CTE), such as 20ppm/C or below, or a low

modulus silicon base elastomer, under pressure of less than 200MPa. Vies
2BPBpERTgSEan bePfathted fit'the Atfive $titface®of tHE Semitohatttorwarers™
dbytaser drllingortdeep sedctive ion etching (DRYE ) IRheto viascarkbend
oformed fahatagenaitive & adheniie,\ayerds anplied. The walerg placed
protective layer down to dicing tape and cut with a dicing blade. A pick and
PhRIcE-tobl Fer(@s thetindhidaal dietwithstoprétappliedprotettivé layer and
pl_ace$ tlze dzel ommﬁalr@a;réier 4 FHen 2d-dlustrates senﬁcﬁndpe@raﬂgﬂﬁed
pWith.pre-gpplied profective lyer 46 mounted face down on metal cagier 40,
The protectivelayer 46 can be used as the die attach material. The

Pirftéfonnett S50 elecficAly edRfetftdattife anttpassiveadavices-on The

isesrconductor gie 48 thoough conduction tracks et layeks-farmred nithia dbeve

adie, The conductive maferial canbe Al G, fip, (3), piekel (N1 gold (Ay). or
silver (SAgO) In one embodiment, metal carrier 40 has one or more passive

Legfriponetitsd B2 Withhelectroted 54 eledificaly €ofhetredrabshetdl pats 22

awjthcegnductivesaghesivexet. Rassiyegeompengntsa2 sanaelugegesistors,
capac}tgr%higdgrgt%ré trartlsformaerﬁ, \éoltq:g% soyrces, cuorrento§o%rcc):lgg, or
similar devices. il ormed in FIG 24 is

G- 26! the sfructure
passive components 52 with electrodes 54 electrically connected
to metal pads 44 with conductive adhesive 56. Passive
components 52 can include resistors, capacitors, inductors,
transformers, voltage sources, current sources, or similar
devices.

In FIG. 2e, the structure formed in FIG. 2d is
encapsulated with a polymer molding compound 58 down to metal
carrier 40. The molding compound 58 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants. Molding compound 58 can be made with
epoxy acrylate or other polymer material and applied by transfer
molding, liquid encapsulant molding, or other molding process.

Carrier 40 is removed by an etching process, exposing
protective layer 46 of semiconductor die 48 and metal pads 44.
With metal carrier 40 removed, molding compound 58 provides
rigid support for the semiconductor device.

In FIG. 2f, the semiconductor package is inverted such
that interconnect sites 50 and active surface of semiconductor

die 48 faces upwards. An insulating layer 63 is applied to

contact pads 44, protective layer 46, and molding compound 58.
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encapsulated with a polymer molding compound 58 down to metal carrier
40. The molding compound 58 is non-conductive and environmentally
protects the semiconductor device from external elements and
contaminants. Molding compound 58 can be made with epoxy acrylate or
other polymer material and applied by transfer molding, liquid encapsulant
molding, or other molding&?\:ocess. Carrier 40 is removed by an etching

TBfocdss Expothd Frotective Byt Uo Bf §BnfidGndctor di€%48 and metal
ppads Z&h sWithrmetal garriend@ semoveds maelging eompeund b8provides
21igid support,for, the semicondygtor device,, Iny EIG..2f, the semicondugtor
package is inverted such that interconnect sites 50 and active surface of
SEEMEoNRctdr [die 48 FAEES tpattls. ArFnShltiny Rlyer 637" dppifed (6
ue@ntaci padsnd4.iproteative layer 46,zanrd solding eompoisid 58t BeThe ocess
nifighating layer,63 is made,with diglectric or, phojosensitive polymer material
aving low cure temperature, e.g. less than 200C. A process carrier 62 is
appliethtd’ aCsurdce ARGl compoiid SB8L ppbiiterproteétive layer 46,
pusing-an ashesie layerie).Capierd2 facilitates the presessdandlingin the

-Sybsequentinterponnect puild-up process.In.FiG, 20.4 pottion of insulafing.
fayer 63 and protective fayer 46 is removed to form openings and expose

feontitt patdiss drtlirte loonFrRCE Site s CRTE openimgsiéan ve foaned ©3
aHaingraphote patterping peocass ibinsWating laye63 anddqratection layer s
R olosantog thb-Jpenitgs arer WmRed by AL g of DI BIgEEsS T
fatetallized redistribdtiohlaper (RDRY B4 iformed-by depositing thin layers of

metalg qver the swuface-af nstlafing on layer (RDL) 64 is formed by
depositing thin layers of metals over the surface of insulating
layer 63 and protection layer 46. Multiple metal layers are
typically required to meet the different functional requirements
of the metallized RDL such as adhesion, barrier, conductor, and
protection. Accordingly, RDLs 64 can be made with layers of Al,
titanium (Ti), and titanium tungsten (TiW). RDLs 64 provide
electrical contact between metal pads 44 and interconnect sites
50 and subsequent layers.

In FIG. 2h, an insulating layer 66 is formed over
insulating layer 63 and RDLs 64. The insulating layer 66 is
made with dielectric or photosensitive polymer material having
low cure temperature, e.g. less than 200°C. A portion of
insulating layer 66 is removed using a photo patterning process
such as UV exposure and development to expose RDLs 64. The
insulating layers 63 and 66 and RDLs 64 constitute at least a
portion of the interconnect build-up layer. Additional
photosensitive insulating layers, metalized RDLs, and other

conductive layers can be added as needed to expand the
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layer 63 and protection layer 46. Multiple metal layers are typically required
to meet the different functional requirements of the metallized RDL such as
adhesion, barrier, conductor, and protection. Accordingly, RDLs 64 can be

made with layers of Al, titanium (Ti), and titanium tungsten (TiW). RDLs 64

provide electrical contact between metal pads 44 and interconnect sites 50
and subsequent layers. In FIG. 2h, an insulating layer 66 is formed over

LiHstiay fifer®3 and RDLSY64 SThE ifSatinglayer 6658 fidde with
rdiglectsiccorphatosensitiveapolymermatedabhavings éov chitedemperatures 8 .

e.g. less,(han 200C. A portion f. ingulating,layer, 66.s removed uginga

photo patterning process such as UV exposure and development to expose
MRDLS BAIThe? isulatify layérs 63 antbs6 ahd"RDUE 6B Tortitie atleast a
epettion of the intergennectiouildsup layerAdditippal photasensitive insulatings

-|avers, metalized RDLs. and pther. copductive layers can be added a5,
needed to expand]tche 10 interconnect uﬁg-up layers to meet the

LiHtertiHR S tretjifdmehts st thefeme@tenal désigh-éfsémiconductor die 48.
i htercarneciioineentact passe kaewivas &n under bunie dnetaliagydayer om
UBM) 68, are deposited and patterned to electrically contact RDLSs 64.
B 6 SR bl Do eAte 1o the S oo St st
sinteface betweerrthe stercenieclsiteés 508nd BtibsequeRAtelsttteal (4) 2
piterconnectionsa£2) pratection of intescensesksitas pASTomMndhes) a seed
environment, (3) low resistive contact een interconnect sites 50 and the
e o O e e AR o
stiecAfetalpad2dad 5y b seed layey feirsslter wettalsility UBMB68 aré thade

d@Yf@gEHEqunction. These layers may include an adhesion layer,
diffusion layer, solder wettable layer, and protective layer.

In FIG. 2i, solder bumps 70 are formed on UBMs 68. The
solder bumps 70 electrically connect interconnect sites 50 and
metal pads 44 with other electrical devices. The solder bumps
70 may be deposited through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process and are formed from any metal or electrically conductive
material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite
(Bi), and alloys thereof. The solder bumps 70 represent one
type of electrical interconnect structure. Finally, carrier 62
is removed either after attaching solder bumps 70 or after wafer
singulation.

FIGs. 3a and 3b illustrate an alternative embodiment of
the WLCSP made in FIGs. 2a-2i. As with the previously described
semiconductor package, a metal carrier having a photoresist
layer is used as a support member. Openings are made in the
photoresist layer to define the areas where metal pads 44 are

deposited and, once deposited, the photoresist layer is stripped
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successive layers of metals by sputtering, each layer having a different
function. These layers may include an adhesion layer, diffusion layer, solder
wettable layer, and protective layer. In FIG. 2i, solder bumps 70 are formed
on UBMs 68. The solder bumps 70 electrically connect interconnect sites 50
and metal pads 44 with other electrical devices. The solder bumps 70 may
be deposited through an evaporation, electrolytic plating, electroless plating,
°pal drop, or screen printing process and are formed from any metal or
electrivally condisctivel msateriabre. gorSn fleatk(Ph)y Nir Ate &g, €eu layer 46

+pismyttunite (BI), and, alloys fhereof ,The splder bumps, [0 representong

type of electrical interconnect structure. Finally, carrier 62 is removed either
ngftar attatRirg Solter burfips 7o°6r aftef watef SiAylldtion: FIes. 3xand 3b

eillustrate ancaliermnadive embodiment o theWH:CEPsmazle niklGsdar2haAS
C\(/Dvriﬂtgotgg  preyiously ge%:tri%?d semiconductar package, a metal carrier having

) cdrrier 1 Ppe rom .
a photoresist layer is used as a support member. Openings are made in the

sphéforesict taye 'R define tHe Hress WHere Atarpads 42 & tRshosited and,
conea depositeds tha photerasistlayer isistipped,. 11woft InHIG. Saywias /2 16.
re pre-formed.in protective.layer 46 to expose interconnect sites 50. .The
Camicondicior die 815 Prguntec tothe raetay Catrior m & facedown basition
PAAECeRcapsdiatéd, HOrpwithFassive cOmisomams B2, With saéklingourling
veamppung 58. Thednetalicarpes is stripped from the semicongducton device

.and iniulating Iaggr gg IS forrped.on JGontact pads 44 and proteicatirve Iayerr1 ﬁ?

Vies 74, SRownin FIG. 3b; aré'made X insulating layer 63 Using & photo

vpafterfingn protective layer 46. Vias 74 are aligned with vias
72 to expose interconnect sites 50. As with the previous
embodiment, metallized RDLs and additional insulating layers are
formed as needed for the interconnect build-up process and,
finally, the electrical interconnections are formed, see FIGs.
2g-21.

FIG. 4 illustrates another embodiment of a semiconductor
package. A metal carrier having a photoresist layer is used as
a support member. Openings are made in the photoresist layer to
define the areas where metal pads 44 are deposited and, once
deposited, the photoresist layer is stripped off. A
semiconductor die 48, having a pre-applied protective layer 46
on its face, is applied facedown to the metal carrier. The
semiconductor die 48 may optionally have pre-formed vias similar
to the embodiment illustrated in FIGs. 3a-3b. The semiconductor
die 48 is encapsulated, along with passive components 52, with
molding compound 58. Next, the metal carrier is stripped from
the semiconductor device.

Vias are formed in protective layer 46 if semiconductor

die 48 does not have pre-formed vias. Unlike previous
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process, such as UV exposure and development, directly coupling vias 74
with vias 72 in protective layer 46. The vias 74 in insulating layer 63 are
typically the same size or larger than vias 72 in protective layer 46. Vias 74
are aligned with vias 72 to expose interconnect sites 50. As with the previous
embodiment, metallized RDLs and additional insulating layers are formed as
needed for the interconnect build-up process and, finally, the electrical
eittertotitdctionstare forfisty %é&ﬁﬁs&?%gzéi.lﬁ@%ﬁlh%ﬂa?& anbttielto the
sembadimentof e semicenductor package.cAnpetalgastierhavingaad contact
toresj er.is a It - Qpeni ar in th
ator oot Iaor o aoirehe. alons Whers el baus 4 are epashed ke
d8Reé *dépssited the ﬁﬁ@%‘t‘és&% taydrasistApped off. A Sseémicoritucter die’sr
648 baving apre-applied pretestve tayer.46 ron itsfaceais appheddacedown
tot etal carrier, The semiconductor.die 48 ma tignally have, .
et e SHEIAL 6 the cpodment ILGratde m PG 3o g8 e =
Re&micéndictoy 1die 48 s ERERPSulRECaIHY Withassive Coifpditeta 52
pWithe nalding eampaeund b81 Next atheometak-earsier issthipped frgr e are
fEQ,Smei%lor(\)du<E}j9Dr4 gleyéce. Vias are formed in protective layer 46 if
semiconductor die 48 does not have pre-formed vias. Unlike previous 12
embodimEats, FIG. &4 SherRthat RDE Z8lisfapplicd direéfyiethe surface of
ipeRtestivadayer 46, molding campounar58..ang contaci-pads4s rsing/a. an
.chemical vapor dispgsition (CVD), physical vapqr. depgsition (PVD d/or
T B e T e st Do LB e i b a e S Yo
SRDLS 76 carrbéanhade ofsAkIT TV aresther midtal iR nsulatingdayer 84 is

paPpiediQitive polymer material having low cure temperature,

e.g. less than 200°C. Vias are formed in insulating layer 92 to
expose portions of RDLs 86. Optionally, UBMs 88 can be plated
to form the final metal pad areas. Solder bumps 90 are formed
on UBMs 88.

In FIGs. 6a and 6b, openings are made in photoresist layer
that has been applied to the metal carrier. The openings define
the areas where metal pads 44 are deposited and, once deposited,
the photoresist layer is stripped off. A semiconductor die 48,
with optional pre-formed vias in the protective layer 46, is
applied to the metal carrier in a facedown position. The
semiconductor die 48 is encapsulated, along with passive
components 52, with molding compound 58. The metal carrier is
stripped from the semiconductor device and insulating layer 63
is applied to contact pads 44 and protective layer 46. Vias are
formed in insulating layer 63 and protective layer 46, if
protective layer 46 did not have pre-formed vias.

As can be seen in FIG. 6a, a metalized RDL 104 is formed

on insulating layer 63 and protective layer 46. A second
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RDLs 76 and vias are formed, exposing RDLs 76. UBMs 78 can be plated to
form the final metal pad areas. Solder bumps 80 are formed on UBMs 78.p
In FIG. 5, a second metalized RDL 86 is formed on insulating layer 84 and is
electrically connected to RDL 76. An insulating layer 92 is formed over RDL
86 and insulating layer 84. The insulating layer 92 is made with dielectric or

ghotosensjtive polymer material having low cure temperature, e.g. less than
P5ObEs Was et Formedlininsdiatimgtayel 921t ExpbsehitiohSbfRDLS 86.
1 Optivnallyg UBMs:88 8andesplated tforn the final metalk pad@aneas. Solder

1RUMPS 99 are formed, on UBMs 88, In FIGs. 6a.and 8b, openings are made

in photoresist layer that has been applied to the metal carrier. The openings
Laefing tHe'larsds'whiete metal pats 28 steWepssitedraAa onte depbsitad,
ithe-photaresistiayerisgirippedraif. A semiconducior, died 8 witthaptionals
1Rre-formed Vziaa,t% inthe qutgscgyg Jayer ‘f6yiesr a]p@(gi(?d to the metal carrier ina
acedown position. The semlcondluq%or die 48 Is encapsulated, along with
passive ‘CHRPpBRENLS 52T With Aotding compotnhd™ss ke tréttatrigrisot
msiripped ronpthe sepicasductas desdce anddnsulatingl @yer 68hds applieddoy
contact 44 and protective layer 46. Vias are. formed in insulating layer
B e Ho oo AR brctodhos e T I o his BB foray 2nd
foras! Ascas beseén irp FIGRBS B mietalizetPRDIC103sisTermed on the top

sinsehaling fayer 163 agdJetective kyer 46.A secopdsk3 photesensitiveied
<SR 00 s sl b 2L palng v s 0L
lingefatiiyg L 1 or DRIE process. Another metallized RDL 110 is
formed on the top surface of molding compound 58 and the vias
made in molding compound 58. An insulating layer 112 is applied
over RDLs 110. The insulating layer 112 is made with dielectric
or photosensitive polymer material having low cure temperature,
e.g. less than 200°C. Next, vias or openings are made in
insulating layer 112, exposing portions of RDL 110. Finally, in
FIG. 6b, process carrier 108 is released and solder bumps 114
are formed on UBMs 102. Optionally, UBMs can be plated to form
the final metal pad areas in insulating layer 112.

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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layers and metalized RDLs may be added as needed to form the
interconnect build-up layers. Additionally, an optional UBMs 102 can be
plated in insulating layer 100. A temporary carrier 108 is applied to the
bottom side of molding compound 58 using an adhesive layer 106. The
temporary carrier 108 can be made of a stiff material or flexible tape and
facilitates the interconnect build-up process formed on the top surface of
molding compound 58. Vias or ope ijr@’sméfre formed through molding
compound 58 to expose metal pads 44 using a laser drill or DRIE process.
wAnother metallized RDL 110 is formed on the top surface of molding
compound 58 and the vias made in molding compound 58. An insulating
layer 112 is applied over RDLs 110. The insulating layer 112 is made with
1dielectriacamphiotosensitiveypalysaern matariak bavingove cure-ternpetattire,
e.0. legs than, 200¢. Next, vias,gropenings are made:in insulatipg layer 112,
exposing portions of RDL 110. Finally, in FIG. 6b, procCess carrier 188 IS
medledséd and solder bumps 114 are formed on UBMs 102. Optionally, UBMs
can be plateghta-faror dhedinal reatalipad-areasin; insulating layer 112. While
one ot more,empodiments of (e presentinvention. haye heen ilusfrajed in
detail, the skifled artisan wi appreciate that modifications and a%aptatlons to
sthdse=erfbodimentsSrtagisé pradeé Without departing from the scope of the
presentinventionas set forithin the folawing elaims. 34Llaips: What is
cl imegi\}é gneé@ogrofmm in grg,{argircl: nggtorw%%\éice, comprising:
pﬁ?ovelccling a carrier made of elec rlcal?y conaucﬁng ma}iérial;
mounting the semiconductor die with the pre-applied

protective layer on the carrier;

encapsulating the semiconductor die and contact pads on
the carrier;

removing the carrier;

forming a first insulating layer over the pre-applied
protective layer and contact pads;

forming vias in the first insulating layer and pre—-applied
protective layer to expose interconnect sites on the
semiconductor die; and

forming an interconnect structure over the first
insulating layer in electrical contact with the interconnect

sites on the semiconductor die and contact pads.

2. The method of claim 1, further including:

forming a redistribution layer on the first insulating
layer;

forming a second insulating layer on the redistribution

layer; and
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forming contact pads on the carrier; forming a pre-applied protective layer
over an active surface of a semiconductor wafer; removing a semiconductor
die with the pre-applied protective layer from the semiconductor wafer;
mounting the semiconductor die with the pre-applied protective layer on the
carrier; encapsulating the semiconductor die and contact pads on the carrier;
removing the carrier; forming a first insulating layer over the pre-applied
protectR/g"ay/@r %&88%&%5‘?%&&%@2\%%%?}1 the ¥t métfatint 183/t
iprerapplied pegtective layerto-expose intescanmectsites-ondhestribution
; §¢miconductor die; and forming an interconnect structure over the first
insulating layer in electrical contact with the interconnect sites on the
semiconductor die and contact pads. 2. The method of claim 1, further
3including: fesntng acredistiibution layer partheditst insitdating layer; forming a

seconghinsplafing layer on ihe rgdisibution Javer and, i3 forming.apyder
bump metallization ayer over the second Insulating layer In electrical contact
aWith the redistribution layer. 3. The method of claim 1, further comprising:

forming adfirstvia iscthenpre-applied pretectiverlayesuafting layer aligned
with the first via in the pre-applied protective layer to expose

the interconnect sites.

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

passive component on the contact pads.

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

bump on the under bump metallization.

6. A method of making a semiconductor device, comprising:

providing a carrier;

forming contact pads on the carrier;

mounting a semiconductor die on the carrier, the
semiconductor die having a pre—applied protective layer over its
active surface;

encapsulating the semiconductor die and contact pads on
the carrier;

removing the carrier;

forming a first insulating layer over the pre-applied
protective layer and contact pads;

forming vias in the first insulating layer and pre—-applied
protective layer to expose interconnect sites on the

semiconductor die; and
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forming a second via in the first insulating layer aligned with the first via in
the pre-applied protective layer to expose the interconnect sites. 4. The
method of claim 1, further including mounting a passive component on the
contact pads. 5. The method of claim 1, further including forming a solder
bump on the under bump metallization. 6. A method of making a
semiconductor device, comprising: providing a carrier; forming contact pads
on the Raftield méunting 2 SeMicondiicttr tie 6nthecarhier, theu Lating
1sgmicandector die daving agprecapplied pretectivedayenoever istaetive: the
<SHrface encapsulating t ec%q{pgcgp%cégr_ die and contact pads on the
carrier; removing the carrier; forming a first insulating layer over the
pre-applied protective layer and contact pads; forming vies in the first
7insulating layenanddqire=appted , proiective: layertacexpase interconnect sites
on the: semiconductar die: and, 16 forming g0 interegnpect styeture over the
insulating iLayer in electrical contact with the interconnect sites on the
SEBATIEONHGEF dié &7l cortact pads. 7. The method of claim 6, further
includirgidorming the prateciivedayer ovee aniactivensugace Qi@ ied
semicondyctpt wafer, and removing the semisonductor die with the
lopre-appi'lea prgtective(fayer from the semiconductor wafer.

8. The method of claim 6, further including:

forming a redistribution layer on the first insulating
layer;

forming a second insulating layer on the redistribution
layer; and

forming an under bump metallization layer over the second

insulating layer in electrical contact with the redistribution

layer.
9. The method of claim 6, further comprising:

forming a first via in the pre-applied protective layer;
and

forming a second via in the first insulating layer aligned
with the first via in the pre-applied protective layer to expose

the interconnect sites.

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

passive component on the contact pads.

11. The method of claim 6, further including forming a solder

bump on the under bump metallization.
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8. The method of claim 6, further including: forming a redistribution layer on
the first insulating layer; forming a second insulating layer on the
redistribution layer; and forming an under bump metallization layer over the
second insulating layer in electrical contact with the redistribution layer. 9.
The method of claim 6, further comprising: forming a first via in the
1%re-applied grotective layer; and forming a second via in the first insulating

yer &ligFéd With theFrst dicfincthe preiappiied protedive R98PT0 expose
the interconnecatsites.al@.i Ere method of claim 6, further including mounting

a pa§§g\£§1ggg1%%qlet@thn ﬁg%gogﬁa%t}ga%%rjrji.eﬂ)e method of claim 6, further

including forming a solder bump on the under bump metallization. 17 12. A
methStP b aking e sBAficondGetor device cdmpriSiig: *providing a carrier;
stormingdointact pads invtheycarrieromattiting assemicanduciondieior the

<Gawrier, the semiconductor die having a protective layer on its active surface;

encapsulating the semiconductor die and contact pads on the carrier with a
moldifig coripoahd ferrbYint the CafIET - forming ies i thé protetire lajer
tt:expose cinterconnechsiteson thenseatiegnductor die; and

removing the carrier;

forming vias in the protective layer to expose
interconnect sites on the semiconductor die; and

forming an interconnect structure over the protective
layer in electrical contact with the interconnect sites on the

semiconductor die and contact pads.

13. The method of claim 12, further including forming a first

insulating layer over the protective layer and contact pads.

14. The method of claim 12, further including:

forming the protective layer over an active surface of a
semiconductor wafer; and

removing the semiconductor die with the protective layer

from the semiconductor wafer.

15. The method of claim 12, further including:

forming a redistribution layer on the first insulating
layer;

forming a second insulating layer on the redistribution
layer; and

forming an under bump metallization layer over the second

insulating in electrical contact with the redistribution layer.
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forming an interconnect structure over the protective layer in electrical
contact with the interconnect sites on the semiconductor die and contact
pads. 13. The method of claim 12, further including forming a first insulating
layer over the protective layer and contact pads. 14. The method of claim 12,
further including: forming the protective layer over an active surface of a
semiconductor wafer; and removing the semiconductor die with the protective

Layer Tromthe SEmitorfduttsr wWafer: 5:Pife AM8RDU T @aim 12, further
including rfonming airedistribution layer pndbedirstinsulating layer; forming a

second.insulating layey,on the registripution layer and.forming an pnder .

bump metallization layer over the second insulating in elecfrical contact with
vt rédistribtition ayer18-16. PhetfRethod of el4im 12, fiffisicdmprising:
itoreringranfiest \da tre ¢he protective layer; and forming a second via in the first
insulating layer aligned with the first via in the protective layer to expose the
interconnect sites. 17. The method of claim 12, further including mounting a
1 dassivé eofifporentdn tHe 8ntact pads-"m8. ThE hiethiod sPERIM R, Further
piedudingderming a-seldet Haurapren the pigler bump metallization. 19. The
method of claim 12, further including: forming vies through the molding

compound to expose the contact pads; and
18. The method of claim 12, further including forming a solder

bump on the under bump metallization.

19. The method of claim 12, further including:

forming vias through the molding compound to expose the
contact pads; and

forming a redistribution layer over the molding compound

in electrical contact with the contact pads.

20. A semiconductor device, comprising:

a semiconductor die having a protective layer formed over
its active surface;

an encapsulant formed over the semiconductor die;

a first insulating layer formed over the protective layer;
and

an interconnect structure formed over the protective layer
in electrical contact with interconnect sites on the

semiconductor die.

21. The semiconductor device of claim 20, wherein the
interconnect structure includes:
a redistribution layer formed on the first insulating

layer;
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forming a redistribution layer over the molding compound in electrical contact
with the contact pads. 20. A semiconductor device, comprising: a
semiconductor die having a protective layer formed over its active surface;
an encapsulant formed over the semiconductor die; a first insulating layer
formed over the protective layer; and an interconnect structure formed over
the protective layer in electrical contact with interconnect sites on the
semiconttctor die? 21! hie Senfiddiddctor évice b eldifrf26 -wheréinthe
luercormect structure includes: a redistribution layer formed on the first

insulating, Jayer; 19,2 seeend fasulating layer formed on the.redisiribution, ;

layer; and an under bump metallization layer formed over the second
isulating fayetifTeléetrichf chhtact witlh thé Fedistibufich Byel S22 PrE1on
1se@rconductor device of claim 20, further including: a first via formed in the
protective layer; and a second via in the first insulating layer aligned with the
via in the protective layer to expose the interconnect sites. 23. The
23emicortluttsY-device Bidlait 20; furthef ricltidifty a f86ldlep burip fofnmed on
the underibumpvmetallizatian i20the protective layer; and

a second via in the first insulating layer aligned with
the via in the protective layer to expose the interconnect

sites.

23. The semiconductor device of claim 20, further including a

solder bump formed on the under bump metallization.
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