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 pagiired from a semlconductor wafer havmg
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fields of entertainment, communlcatlons networks, computers, and
household markets. Semiconductor devices are also found in military,
aviation, automotive, industrial controllers, and office equipment. The

semiconductor devices p&rtsia £5ahas SPEREACR functions necessary for

each of these applications. The manufacture of semiconductor devices
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manufacturing refers to cutting or singulating the finished wafer into the
individual die and therhackground 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 structural support and environmental 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
P3CHig tafrier Substate®or printéd erddit Bodta(PCBY THe eféttficatand
imechanieal interconnect between the active devices on the die and
condugtion,tracks, pnthe;carrier substrate is achigved.through 3 solderbump
structure comprising a large number of conductive solder bumps or balls. The
a6l buthps HreFofmed By hSeflolr protesy appiied 6 sofdétr mateal
ddeposied orn=ceatact padsavhich arecdisposeshen the semicpnductorip
ofkslrate. Ihe, selderbuymps are hensolfersd Ip Ine carrer subsale. The
ﬁip ghip semiconductor package provides a short electrical conduction patﬂ
Hreont te aetive deViceSBRYAe diedb tAercHrkier stbstrate it ofdéerto rsdite
rsignat prepagatien plovwercapacitance; andhachieveoverallaetterciscuit of
cRerigrmange. ., /na semjcondyctor package. & semiggndyctor dic s
encapsulateg y a molding materla]i)usmg a process which leav&s the active
c3uffaéé dfneSerRicdhductdredirlexesed after ereapsefdtion. Amterconnect
pitgeconnact build:up layern scluding dielectsicdayers: inetalized radistribution
ayers, and under hump metallurgy layer, is disposed over.the active surface
G b And hS rhORling SoP S B 5 SAFer Sibtionl
siterconTre ctionkrarel the riefor etk ontthedhterEoAneet Build<u s y&e r making
othe-semiconductos slie capabie of glectrcall: goppesting 40 Sxtemal dayices.
Th?,encatpsulatli%n of th% semii:onducto,rtdigI includestusigg adsub trate on
2RI the die i SSt ratedown andAliowing tha molding Corapound toflow ™
darmerig androveretheediewitioat eoating the dctive sUrface Iatherespiting e
rsemiconductos package, the malding, mategialis thinner-gver the
semiconductor die than the surrounding area. Thus, delamination can occur

SHORTEEN e FerMiconadicter did and encaplllatit matenarlas A resuit 6fthe

rdifferénce betweerttireecoefiicierts of theemal expansion (GTE) of tlhebstrate

i molding-materialand the semicondyctor.dig:, 1d%é@i55%%t§9i%fa91—§,5 Gy
also damage the area where the solder bumps connect to the interconnect

260G Up et 2SoIdstjbitts are fragilesemieftd’6fa semiconductor package
due td their smallksizéwanc uspaatkdrgh temperaturesiretative to theis melting

RIS, $Olde gint failiure,Gan QeCUL JQrLa vaLiely of reasens.-one;category, of

failure arises from the application of cyclical stresses, primarily from

CimpErdttife SWings ard the Giffstent EIES bPthe! $61deri6iits ahdtS*
eapplication board. As soldetjoinifailures canresultfrem,standard tadly
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reliability is important in the manufacture of WLCSPs. A need exists to

PrEgbITE solderdintifalitre and ifteirsdiate terédtect buifl-apiager °f
tdelarninatiomdissHes ol WInG SRsndue ta CTEdnismmatehbetween the die and

qu%ggggg90ﬁﬁi8£gggggng§ggn§¥tupﬂgxe%ormed 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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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 the semiconductor wafer, mounting the semiconductor
adiRiththEpretappiiéd profeciive 1ajer Bh the Cairier, éncapsuiatinghe™e
msemiconductos diel and cantack padsdoratie caerer, temouving the catriehating
<ferming a first ipsulating layer over the, pre-applie:pratective Jayerand,. - pe

contact pads, forming vias in the first insulating layer and pre-applied
nErGteRHvaATAVEr flexposd inteFeontiéct Sites GATHE Sethicontiuctsr die2ante
sfarmingam interconnectisiryctued even the firstdasulatingdayet ik elecirieal
SEaniast it e interepnnectsiies 9n e semiopdyctor di and cpntagt r.

paéls. In another em odiment, the present invention is a method of
ARG 2 Se frrcotiictbl Blevie: Eomptishiy tie Steps ot praviaing atarHéeE,)
oforaripgreoriasypads oni the eadierhanddmouptinga semicenductor die on

the caZ{rier. Th% er%igo%gté%ocr ag}:eera:%a%sua arr%%%pe)plé%de pgotectiv\égel%gq:g\e/er its

. mlsma ca
active sur?ace. -F e method furt the steps ofencapsulatlng the

sgéAfEoUUEDr e apEtcontatt padsiGi five eaffier) teAtoviig the Tarriesolder
sforminga-firstiasulatingilayer over the, pseapplieg pratective layer an@d to
ontact , forming vias in the first jnsulating layer and pre-applied .
B D D e L I B A DI APR e
nforiding arvintéfconrfect Struciafe bvér thellitsutating tayer ihcaleetrical tohtactt

rwiththe intesconpect sites anrthe semiconducios die and-cantagh pads: i on 19t
an?therlembodiment, the,prese{wt inventiotn is a m%thod of makin a .
LEmicSndictor tevide gomprising thé ‘Steps Of providing a'carrier, forming
dedhtact padsion thé carders Atk malmitivies assemicontuctéridie drahe carder.
sdhesemicondueton die-has aprotective laysr on s activessurface. Ehe s,

method further includes the steps of encapsulating the semiconductor die
SHAA OntReIpads drthe Bar e with A otding CoMpBURET remaviiTg the -2
redrrir] Iormingsviasin the protectiviec ayen td aexpose mtergoriiect sites on

the SWW@MU&E%@'@' @6‘%@%'{}9 an,nigreonngact SE%M&%og%athe
_protective layer in electrical contact with the interconnect sites on the
L BEESAAGEDr Hié AhtCEatt PAUSS P IhATothet emibodintent, tigues on
WpEssentdneention T8 ansemicorid ustordevicehcompeisinglarsemicong Ucterrdieor
s having.a protective;layer farmed over its active surface. An encapsulant is

formed over the semiconductor die. A first insulating layer is formed over the
protective layer. An interconnect structure is formed over the protective layer
in electrical contact withSnteneegned€t sibes dnvietsemiconductor die.

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

3



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

et 98 pplied dirdctificthe BAHAES B the oG CBMESERd B wth the
pproteptive dayerroftthecsemidenducton digje cadrlzrS illustegtes theing the

sEmbodiment of HG. %W&‘%S%@gdgﬁ)&?' &e@l‘geéjaEef‘l'éﬁf'b%tQ{b@’% anek

insulating layer have been added; and FIGs. 6a-6b illustrate a
Cradistribution Bde? férmédih tﬁ@%Hé%ﬁ&%o%‘?ﬁ&ﬁn&’%ﬁhé%%rﬁﬁ%nﬂ%ﬁd@d

paekageye 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.

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 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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Detailed Description of the Drawings The present invention is described
in one or more embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar elements. While
the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is
intended to cover alternatives, modifications, and equivalents as may be
Sietiided Within the Spiritand Scope drthehvention d<definéd R thef °rm+n9
aappendedwiains andrthetruequivatentsias supperted -y the following
cdisclosyre.and drawings, ., . The;manpfacture of semiconductor devices
involves formation of a wafer having a plurality of die. Each die contains
SRUnAFEYS 6F tRodsands' of fransistorsand other active and passive devices
performingnone or neke-electrecal ftinetipnssEot aigivensnateri eaeh die from
the wafer typically performs the.same electrical fu r&%t(i:oc%rFré)Pé-%nd

semicaon compr a con aving a

manufacturing generacliey refers to formation of the semiconductor devices on
PHfd-fafer THe iRishetFWaferias aht&ctive-Side EoAtalTifg thetransisksrelant
iandothen astive andpassivesomnponents.Back-endanufactusingrefers, to-
;guiing ot sinquiting the finished waletinio the indiyikual die and ther, .,
packaging the die for structura supporf’and/or environmental isolation. A
1sefmearductor vafer gereralf iritdudes an active safateHavingtact with
isemiconguctor devicesdispesesthereanuand.a hackside 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 semiconBaé®f feeessesiiprlrfinghay@sayipagerning, doping,
and heat treatment. In the layering process, semiconductor materials are
grown or deposited on the substrate by techniques involving .thermal
i iRk St b S A W ST
bPhptolithog kg irvotvas the masking ofrareas dfthessurface antdietehingea

cawayundesited material to. form spegific;struetres. The doping process
injects caoncentrations of dopant material by thermal diffusion or ion

implantation. 22~ “Flip thii§ SeftiGondiclor phtkagesand Warer f&el® with
apackages tWisRxake:cdrmmonheused with integrated circuits (ICs) demanding

high speed, high density, and greatetpin,count. Klip.ghip style semicendyctor

device 10 involves mounting an active area 12 of die 14 facedown toward a

CBfip ChrtierGfbstrate ‘or Ptintéd @rcuit board (PCB) 16, as shown in FIG. 1.
Activerarea 12idontainsaactive anehpassive devides, ¢orndiuctiviedayersycand
rgtﬂgfatfifﬂw%a%gg@ng50%%&'%8”@@%98&91? of.the.die; The electrical, .

and mechanical interconnect is achieved through a solder bump structure 20
MESFgHSING APIRYGE ritftfib&r 6F ffdividtal e8Rbuttivé SoIder Bampiiarbals' 22
The sblder Bumpswererformedor bimhp padshor inte Fconnectwitese24,nwhich
2818 disposed oo active area.l2.. The hump pads 24 connegtia the active. o,

circuits by conduction tracks in active area 12. The solder bumps 22 are
heleetfically antsiecRaically connected to contact pads or interconnect sites
26 onrcarser sabstrate 16shy atsolder seflowprocessnTheflip chimed in
cRemicandyctor device provides a shert elactiical 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-21 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. In FIG. 2a, a metal carrier 40 is shown having
a photoresist layer 42 applied to a top surface of metal carrier 40. The metal
carrier 40 is made of copper (Cu), aluminum (Al), or other electrically
conducting metaPEAr iU P a8 3B H 8Rp St eI S a
semiconductor die and plated metal pads in place during the manufacturing
proce$seDpringea subsegquent electropatingpracéss ometal-cawier 40 also

cReNEs s aplatingureent path o ferm-plated spetal pads-en the cardier ne
In FIG. 2b, a plurality of openings or vias are made in the photoresist layer 42

F O8NS phito Patttning’ protEss §dén B8itabiblet (9v§ eXpostre dhu" 2~
edlevelopmentyihieopeaings/definearéasdor seldotiveiplatingrand €antize best

ngfiategically. placed, allowing the areas, whan;plated.to agt ag fiducial marks,
interconnection contact pads, and saw alignment marks. Metal contact pads

SRR ddssited Wﬂ%eoﬁéhiﬁrﬂg%daﬁ& orto ritetal itfier 40hsing @ ded to

ce.te@trqalla&m@@m@ess. @pnﬁa‘ﬁtqmdimﬁé ,caamldemadea/\li#mebecatsols.ss. .be

1 pickelimmersion, apick (NiAu) or ofher.metal ar-alloy haying, low resistiyity.; . q
Once contact pads 44 have been deposited, photoresist layer 42 is stripped

Lyt hetaEFnierd0throlgh ¥ither U ortAeimal tfifg2as SHowh iT&I1&Y 2the

fhl aseparate paticefithe protessaaiprotective 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
Tapphéd By SPinfcoairitf of 8€rékh priRtinga Thevprotectich layetds @htsulator
candcanbeunadenith potyimide(RY) film having adowsceefficient«of theormad

eﬁpansion (%CTE)], such as ZfOp%m/C or below, or a qu mgduluslsigcon base
an asSslvVv evices error lD.ChJ OI&@ or more eleCtricCa unctions.
elastomer, under pressﬂlore of less than 200MPa. Vias or openings can be

FRitnfed i/ fie 4efigs surfde 6FthefS6micORIUCHR WaTeP bydasder BRNFR8E
ceeepseactvedor etching(RiR i) Phatesdas ean be ferraed ifrphotosensitiver y
8 Aok AR B DI, B ARd labe Taot erab e T e
THiRe Withiigpre-apptiedimotéctiviclayer and placesttherdiecort hretal eafiert4gs
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

6



FIG. 2d illustrates semiconductor die 48 with pre-applied protective layer 46
mounted face down on metal carrier 40. The protective layer 46 can be used
as the die attach material. The interconnect sites 50 electrically connect to
active and passive devices on semiconductor die 48 through conduction
tracks or layers formed within the die. The conductive material can be Al, Cu,

tin (Sn}, nickel (Ni), gold (Au), or silver (Ag). In one embodiment, metal
LBERTE 4G HAS e Br midre” passive torfipoheRts 5T MM etédtrodds 84/

eelgetiieallybeon aedte;:bﬁmtmahpads Hidowith jpﬂmj;nﬁ';v@yadhnesjmesﬁ .Passive
nSQINARNENts 52 can include resistors, capacitors,ing U&&%ré’ fransiqrmers,

voltage sources, current sources, or similar devices: In FIG. 2e, the structure

Nfdrtedin FIGT 2Ms Biftapstifatedrwith & polymér mdlainty Compotiits8
idowncto metakeanier 4 sl e molding compatind 581is tofn-eanddative anen

environmer‘h:[all)ég{otects the semiconductor device from external elements
or lon 1mplarr iomn.". i
and contaminants. Molding compound 58 can be made with epoxy acrylate or

other pblyineFR hraterral afacasHifed By traster Asidifef Siuid entapatlaes
(matging; ©r @thee Melding:pracess. i nt eGastien40is camayvedrby arietehag ng
nRIRCasS, EXPOsing Pralective layer;46,of semiconductor, die 48 and mefd

pg s 44. With métal carrier 40 remogeg, moﬁdi‘%g compound pl?ovi es rigid
s§UppoATHE tre deftiesndatiordevicé Vo LT/ F IR Pt tH sémicoridiictorr o2
1package ds inverted such thatitarconnegt sites:5Q anghactives surfacefinted
semiconductor di faces upwards. An in ting layer 63 is applied.t
O e B e L Lo B eri 12
Cirstadtirtg feiferG3 i mhageswithedidtettrie or photesensitive golyntor material

ahavinglov-cuts teraperatiire: @ 4. dess thar 200G. 1A progess garrier 624s qic.
T%gpliﬁd to a surface é)fnrpo dinqggppound 58, og%?site protective 'ayg 46,
ing T

USing ah adhesivé 15yt 60 Caltfer 62 FGilitatas the process AARIing TR 1HE ©

ssubseqbentintérconriact bifldagpprocess: 1a RG22y rapertion of instilatidga 1
cgﬁﬁﬁé%ﬁggdsolder 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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protective layer 46 is removed to form openings and expose contact pads 44
and interconnect sites 50. The openings can be formed using a photo
patterning process if insulating layer 63 and protection layer 46 are
photosensitive. Alternatively, if the protective layer 46 is not photosensitive,
the openings are formed by laser drilling or DRIE process. A metallized
redistribution layer (RDL) 64 is formed by depositing thin layers of metals
PBYEPTifE Shfface Stinsdlating 1ager 63 and protectibniayer 48° Muitipie metal
dlayersiasertypically required40 meenhe differenppamctianal reguirenments @fL ) ,

othe metallized RDL sych as adhesion, bawier, condugtar, angyprotection.
Accordingly, RDLs 64 can be made with layers of Al, titanium (Ti), and
Stiigrfiam fiirgeten (P IRDLSS64 rovidecérectiical citabt Béfifedlt Metapads
ipads #4andintesconnecksites 50uanchsubsequent layRrsing dndds e
<insulating laver 66 I formed pver insulating layer 63 and.RDJ,s.64 . The
msutfatlng ayer 66 is made with dielectric or photosensitive polymer material
PhaviePlow EGFE teipePattfe fe gt |83s #eah RODT. RPoFioR dFifsHatngeT -
layer 66 is remamed usingua Photg pattesping prpcess such asAdVexposute
nd development to expose .RDLs 64. The insulating layers 63 and 66 and
R 8y ot a (o 2t (Moot B T, Fen
apdeiticral phistbséASitivesiRsalatm gayefs inetaliidRD IS arftP6tHerd s
degnductive layers.caitbe added gsneededitoiexpanddhet inteeconnecty

loguild-oyp Ia]yﬁgs fo meet the intercoqpect r?g%ggmgtngs fortthe ft%nc ionall

nggn’o semicomnductor die 48" " htérconnection contact pa&]s}lﬁﬁgwn as

mahimderbermnpametaliurgy lager dENR68; are depusitedand patteracd 1o
velectrically gentact RDLg 64-J.4EMs 68-provide inaultple, bepefits.to the o
se iconductor pﬂfkage: <51) an irllterftace tietween the interconnecttsitets 50d
"Sha subseglent electricar interéonnections. (2) Prote’tion of inteteonnect 2%
4ditee B0 feormethe @AvirorArerity (8)dow resistie’ contact batweehdintéricolmecer
osites Sf-and the subssquent electiical interconnections, (A)-a basrer to sglder
4diﬁ‘usion into thde metal pad, and (5) a seed Ila er for solder Wet,tabiliﬁ/. .

T TENR 68 He BRI By formiing 'siiceesiive %’9%?5 of métatd by Spiittetiy,
meaeh layerhavingla differenit fencticr. These |ayersimaydnclide, an adhiesion
; layef cdiffusion layer, solder wettable layer, and protective layer. In FIG.

21, solder bumps 70 are formed on T.TEMs 68. The solder bumps 70 .

electriCAlly BT iiteredn&ct Sitss BOUIT frietdl Ba0s 44 with dther” *°
relectrcédlidevices tThe solderbampsa¢é may besdepositedt throughranr
ceyaporation, eleetrolyfic.plating selectinlass. plating, ball digp, orscreen.

printing process and are formed from any metal or electrically conductive
Tidterial g8 1RdPB)” NiCALL AY, TR BisiiutAitite 1Bi)>antFafbys
cthereof The soldembpmpst 40 geprelent one: typei ohelectrdcalinterconnect
1Styewwre, Finally, cartier 62 1s remayed eithas after aiaching solder bumps .,

70 or after wafer singulat ion.
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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FIGs. 3a and 3b illustrate an alternative embodiment of the WLCSP made in
FIGs. 2a-21. 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
off.  InFIG. 3a, vias 72 are pre-formed in protective layer 46 to expose
SfHtEfcothecd Sites 50 5P Sethicondticttt die 48 i hittiited 6 the metall 2y er
doatrierdnd taceydowmepasitionand encapsdlatedgalongiwith pagsive and
pEATPANENIS S, Malding, gompgund 8. Themelal.carpier s siined
from the semiconductor device and insulating layer 63 is formed on contact
Ppads 44 dRd irbtectieiayer 46° Vias 74 SHowA it FIGS3bT 57& ntdde in
insulating.layer 631usinga photepatiendingtprocess, sach asmUprexpasure=d
o200 development, directly coupling vias 74 with vias 72,in profective, javer 4,
The vias 74 in insulating layer 63 are typlcaﬁ1 the same size or larger than
PYRSST2 Y profeciive 18y P46 °Vias 74 e alighed fithtliasr2td expase The
idercannect Siteste( A withethe previoys @nbhediment, Jnetalizeth R RS ande
a2ddiional insulating layers are formed as needed for fhe inferconnegt .
ﬁuﬁocl-up process ana, mal?y, tﬁe electrical intérconnections are ?ormed, see
LEMSss2§2med wEIGB1 ifilistrafes: andtieremBodiment B asSemitorriudisr
apackage -Ardnetalcarder bavingia)photeresishlayer és usedas a gupport
member. Openings are.made,in.the photoresist jayer fo define the arcas
where metanags 44 are déposited and, once eposi?e&, the photoresist
PRer TS stripped offt A Sénticdidgctor diedss havirg ajsrelapplied protectived
clayes46 opdtssface, is applied dacedowntethe metalscarries s thee
semiconductg)l% die 48,ma]\1/eo tionall tgave pre-formed vias sjmilar Eo the
“gMbotiment tfustrated i FiGs. 5a-3b" The seicondictor did 4875 >
tencapsulatad, alongwith passivie sonmporenmts 52 witk molkding eorpound
458, 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-fotthéd Vias” Unlikepravislis ‘nbbaifiehts. FIG. %4 shdwsSthat RDL 76 is
cappled tiectlywottheasurfdcenef protettive layper46nmaldingpeompounets8,
-andcontaet pads 46.Using a4 chemicahvaper dispesition (GYD); physical

vapor deposition (PVD), and/or plating process. The insu,latin% layer
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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63 is not used in this embodiment. RDLs 76 can be made of Al, Ti, TiW, or
other metal. An insulating layer 84 is applied to RDLs 76 and vias are formed,
exposing RDLs 76. T.TEMs 78 can be plated to form the final metal pad
areas. Solder bumps 80 are formed on T.TEMs 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
Thsutating fyetB4.27he ifsulafingddyer'92 s Tadé with- ditectric or
pphotosensitivier popmenatatesat havwinghlow cyre temperaturepe«y.dess ¢han
+290C, Mias gre forped in insulating.layer 92 to.expose portions of RDLs 86.
Optionally, T.TEMs 88 can be plated to form the final metal pad areas. Solder
SBUATSE90 ardFormed GRMETEMSs 88  OPRIRSE(Ss F64 BRd6l Sopéritgs‘are
umade imphotoresist layeicthat has beern applied todbeimetalcarties. Fhecess
nQRERiNGS defing the areas where metal pads 44 e deposited and, once
eposited, the photoresis Tayer is strippea off. A semiconductor die 48, with
optiondl préSormed ViaBIR theprofectivetayetr 246, 1S applied t8tfe metal
peafrierdna:facedown posiiormbhe semiconductargdiedd issencapsuated,
-39ng.with passiye components. 52, with melding gompaund 58, The. mefal .
carrier |spstr|ppe from the semiconductor device and msulaﬁng Jla)(;[er 63'is
fapphed t6 tontactpads 44°ane profettvedager 461 Vias até foffieddner 63
ainsUlating layer 63 ang:protective [ayer A dtprotestive Aayer46 did o} have
pre-fomedyias, . As gan be seen In FIG 63, ametalizgd ROL 1047 ..
ormed on msuﬁatlngylayer 3'and proFec?ive layer E136. A second” d
fphorssansithve fsulating iagercr00fs Bppliedwiftop of insulating layer 63,
coverngnRbis 1044 Viasiare farmed in insulatingdaysr 1Q0, Addisional by
dghoto,se,nsitivtehi,nsullatin% Iay%rs ar%d etalizedt%DLs may be added as . .
RBaded t6Form the interconnect buildup 1ayers Additioraify, an optional 9
1TVFEMs3102¢arrbeé plateehinlinsalatiffy: layér 1000 L mAttempareey carrier
308 ds appliedo;thebettomesideofanglding.campeynd S8 Hsing-an.adhesive s
layer 106. The temporary carrier 108 can be made of a stiff material or
“flexibfe t5pé %\%%jzf%% | ﬁgé Sthe'intercdnnett BuildSas prééess Pimisd o tha™
ptopr sutface of molding compeuRd©8. dAasor dpemiags arétformedethsoagh2l,
tmalding.cqmppund, a8 {0 expase metalpads 44:using afaserdrillLor, DRIE
rocess. Another metallized RDL 110 Is formed on the top surface of molding
© L mpotiit! 58 UHd fife GRS YR MOIGRG compdlind 58 AR ThSqating™ ==
Slayerd 12iissappked over RBLs 110. The insulating layer 112 is made with
dielectric pf phojgsensitive polymer material hayving low curg temperature,
~e.g. less than 200C. Next, vias or openings are made in insulating layer 112,
LBRPOSInt FortivHsrof RO $16PEmAlly; in FIG. 6b°procesy cafier168 is S
meeleasedranti sokderbumps Iddbaresforsied on PAEMsr102 tOptiehaly,ving

15, TEMs.can he plated to farm the final metal pagd-areas,innsulating layer
i%%giating 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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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. Claims
What is claimed: 1. A method of making a semiconductor device, comprising
steps in an order of: providing a carrier made of electrically conducting

T RHteRar T6fhirt coRtatt petSan the daffier;tPe foimihg 2 préapplied
rprotéctive tayerrovercar attivetsurface ot aisgmiconcctopwafer,or die 48.

removing g semiconductor die with e pre-gppligd protective;layer from the
semiconductor wafer;
metallurgy layer (UBM) 68, are deposited and patterned to
electrically contact RDLs 64. UBMs 68 provide multiple benefits
to the semiconductor package: (1) an interface between the
interconnect sites 50 and subsequent electrical
interconnections, (2) protection of interconnect sites 50 from
the environment, (3) low resistive contact between interconnect
sites 50 and the subsequent electrical interconnections, (4) a
barrier to solder diffusion into the metal pad, and (5) a seed
layer for solder wettability. UBMs 68 are made by forming
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, 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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mounting the semiconductor die with the pre-applied protective layer on the
carrier, encapsulating the semiconductor die and contact pads on the
carrier, completely removing the carrier; forming a first insulating layer
over the pre-applied protective layer and the contact pads; forming vias
in the first insulating layer and the pre-applied protective layer to expose
interconnect sites on the semiconductor die; and forming an interconnect
&tructure over the first insulating layer in electrical contact with the
interconnectsites pmthesserniconducter die-and the gontactpacds. 2a7he 46

cmethed of %'Ué%cc@%@‘é%'@%‘é‘%o fprming, & redistrinutionlayer on;the

fII‘St insulating layer; forming a second insulating layer on the
mﬁ&ﬂ%ﬁﬁnﬁﬁwF%@emeéﬁ& carrier in a face down position and

encapsulated, along with passive components 52, with molding
compound 58. The metal carrier is stripped from the
semiconductor device and insulating layer 63 is formed on
contact pads 44 and protective layer 46. Vias 74, shown in FIG.
3b, are made in insulating layer 63 using a photo patterning
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 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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forming an under bump metallization layer over the second insulating layer in
electrical contact with the redistribution layer. 3. The method of claim 1,
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. 4. The method
of claim 1, further including mounting a passive component on the contact

SBRAS % e niethiod offdiait 1S Farhel inclldiiy forminga Soffer bump rk e
sther undep bupip etallizationy & A methoddfimaking awsemiconductorcontact

p98¥ME6CQQﬁNg“QQSﬁSR§§3?“UBE§¥5disposition (CVD), physical vapor
deposition (PVD), and/or plating process. The insulating layer
63 is not used in this embodiment. RDLs 76 can be made of Al,
Ti, TiW, or other metal. An insulating layer 84 is applied to
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
photosensitive 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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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 an active surface of the semiconductor die;
encapsulating the semiconductor die and the contact pads on the carrier;
completely removing the carrier; forming a first insulating layer over the
re-applied protective layer and the contact pads; forming vias in the first

PiSutating fdyerand e preXdpplittrprot8tive |ay8H b Bse fiftefonnect
isites onithe Semicortdyctopdie;iand RDLsfariding an intescenectsituctare

10¥en the inpulating laysy in elegtrical contagtwith the interconnect sitas,gn the
semiconductor die and the contact pads.

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 1is 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 openings are formed
through molding compound 58 to expose metal pads 44 using a
laser drill 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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7. The method of claim 6, further including: forming the protective layer
over an active surface of a semiconductor wafer; and removing the
semiconductor die with the pre-applied protective layer 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 ﬁﬁﬂﬁﬁng layer in electrical contact with
the redistribution layer. 9. The method of claim 6, further comprising: forming

wadirst viain the pre-applied protective layer;

1. A method of making a semiconductor device, comprising
steps in an order 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 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;

completely removing the carrier;

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

forming vias in the first insulating layer and the 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 the 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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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. 12. A method of making a
semiconductor device, comprising steps in an order: providing a carrier,
formirg EBRtstt Pads B thE CarriBR 2 1 L hiGimtiiy asémicofiductor digF6R™
ithexcarrierg the gemicanduetardie Aaving eprte-applied iprotectiverlayet ohoan
1§§@£§ surface of the semiconductor die;

3. The method of claim 1, 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.

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
steps in an order:

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 an
active surface of the semiconductor die;

encapsulating the semiconductor die and the contact pads
on the carrier;

completely removing the carrier;

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

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

semiconductor die; and
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encapsulating the semiconductor die and the contact pads on the carrier with
a molding compound; completely removing the carrier; forming vias in
the pre-applied 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 the contact pads. 13. The method of claim 12, further

includig forrfinda firsthsOmtifg-Iayer bver the protective IByeY Ehd Edntact
1pads. 14. Thednethed of claiari2yfurthemiacludiagconndorming-the on the

sRIIEGHNME aver Quer an actiye surface.of g semiconductor wafer; and

removing the semiconductor die with the protective layer from the
semiconductor wafer. 15. The method of claim 12, further including:
7. The method of claim 6, further including:

forming the protective layer over an active surface of a
semiconductor wafer; and
removing the semiconductor die with the pre-applied

protective layer 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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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. 16. The method of claim 12, further comprising:
forming a first via in the protective layer; and forming a second via in the
first insulating layer aligned with the first via in the protective layer to expose

the inferBhnatt §i"fe§?aqi37@rhae HEthea B etaing 125 fditfer rlGding "9
matirting anpassive camponent on the contact pads. 18. The method of
claim 12, gg@ggi@l%gipgifggming a solder bump on the under bump

metallization.
forming contact pads on the carrier;

mounting a semiconductor die on the carrier, the
semiconductor die having a pre—-applied protective layer on an
active surface of the semiconductor die;

encapsulating the semiconductor die and the contact pads
on the carrier with a molding compound;

completely removing the carrier;

forming vias in the pre-applied 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 the 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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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.

16. The method of claim 12, further comprising:

forming a first via in the 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

passive component on the contact pads.

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.
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