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§>repared from a semiconductor
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many products in the fields o?&ﬂ%mml,%gmunications, 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.
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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 prepared from a semiconductor
wafer having protective layer on the front or active side of

the wafer.

Background of the Invention

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

The manufacture of semiconductor devices involves

formation of a wafer having a plurality of die. Each



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
semgenaratly FéterSibTofinaficn bf tHe SEthicoRdGctor BEViEEEOR thé wafér Thetors
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and passive components. Back-end manufacturing refers to cutting or
eleghgafating the fiisRBE wafE Pt tiRaNidit Gle afd tHerfPackagiy e
wa féie forsttuctunal suppaid and erviropmentaliselattiartal fund@Aegoal efront -

semiconductor manufacturing s to produce a package suitableot{,sr aster,
end dlaBi: SFaler BhcGREAdANsib hiEgraied Aretls byt fdwar Sst. Fip
semchippackages dewaterdevel packages QWLP) areidealy shited forl€s has an
accdgmanding high speed. hiah densily, and.greater pin, count. Flip ehip sble,

pacekaglng involves mour%mght%e active side of the die Facedown toward
pasehipecarmernsubstrate. or prntedeirguitdoarfth(RCB). Thereléetricakandut ting
or %ﬁ%hﬁﬂg%yﬁ“”%%$1 E@fgﬁgg]ﬂ&%@%Nﬁﬁ?ﬁ%ﬁ%QnH1id@&ﬁg die and

conduction fracks on the carrier substrate is achieved tﬁroug a solder bump
thestrgetateacomprising adasgef pumber of-tonductivespider bamspscorballsnmhetal
is o§%lg%plqmps are formed by a reflow process applied to so_lder material

deposited on contact pads which are disposed on the semiconductor

substrate CTise soldér biimpsrare ehehvstlderethtorthecariémsubstrate THeoduce
= pliBihip semiconguetor package piovides:a sHod eletdaal cpnduglionpee

rom the active devices on the die to the carrier substrate in order to reduce

dengighal propagarcit Jower apdcitanés) artadiigee overl betfet ERcaiip

pacRelfumance, i a semicondysionpackageyasemicenduetondie iSsyiteq for
encapsulated by a molding material using a process which leaves the active

ICss R 6Fthe sehiiBorfRRE6 diB exPosed attbl enéapssuidifmt & Pin count.
r1iiptereopneatpuildrintayer ircluding tirlgctisayersgmetalized tedistribubienc £
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i neTESemicopdycter die capable of glectrigaly saanesting,to extemal devices.
conduction tracks on the carrier substrate is achieved through
a solder bump structure comprising a large number of conductive
solder bumps or balls. The 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 is



The encapsulation of the semiconductor die includes using 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
SnChEeERthE SehiComfudor die dhdencabstifting ratefiaras 8 réSultss theaves
thediffetenge briwegndhe coeflisientsiotthesmat expansion(GIE3 of thermelding

material and the semiconductor die. . A mismatch of CIEs can also
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f%ﬁure and intermediate interconnect uﬂg-up ayer delamination issues on
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embodiment, the present invention is a semiconductor device comprising a
thesamicdhddctorticohading @ profective fayet formfePBeer &l actiieesuifadeoofc

coatherpricandugtor die; A conductive jayey is formed argund e conquctor

semiconductor die. A first insulating layer is formed overthe protective layer
pPacgrdeondb@ivedayern @ plafahtioflvias isiormeathrolgh the firstSAdamgctor

dielaygrand protegtivelayer and extend togontact padsfermed o the ACtive- -
surface of the semiconductor die. An encapsulant is deposited over the
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resover the figstdnsulating-layer and pretestive, layer irelectrical consact-with the
conductive Lager. The interconnect structure extends into the vias to

exPafgetrically tofned to thE cBthLt pads 8 The Semicthdubfor gt conduqhor

dieanother embodiment, the present invention is a semiconductor device
comprisin%a semiconductor die having a protective layer formed over an

active surfadB'oTRE SBrfidorfdlttor e, A plitafity Bt Itasi8Sothéd tHiBGgR the

solinerprotective dayet @xtending e cantast-padstormedon heactive serface of
Solt(gjg semiconductor die. c,olnducalve layer is {grmed around énlecto

A
serﬁic%%%t%r e Anrgﬁclap%u?an?IPse 55’05‘? dover the Seémiconductor dis 7
dueand cohduativerlaydr. Anzntesicennest strtctuierts fosmedoven thesprotéctiveve
to @Mgg%n%gfgqggiggints. Solder joint failure can occur for a
variety of reasons. One category 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.



the vias to electrically connect to the contact pads on the semiconductor die.
In another embodiment, the present invention is a semiconductor device
comprising a semiconductor die having a protective layer formed over an
active surface of the semiconductor die. A plurality of vias is formed through
the protective layer extending to contact pads formed on the active surface of

the semicBndG&er 8! Ah‘ertcapsGRAt 1 dedsital oVt tHe Sémicohauétst
intdiemAdiBtesconnest skueldee isfeimed.@vern thesprotective layeriand exjends on
into the vias to electrically connect to the contact pads on the semiconductor
WLCHeS due iy GAGtnir ERbotimEnt: tHepresafit iMbEnfidiid™y Semidbhdudtsrd
or deviee eompsisingoa sernicandustosidie having a protective layer formed over
an active surface of the semiconductor die. A plurality of vias is formed
through the protective layer extending to contact pads formed on the active
surface of the semicondintoradie. Afoubactiverieyedd srformed around the
semiconductor die. An encapsulant is deposited over the semiconductor die
and conductive layer. A first RDL is formed over the protective layer and
encapsulant. Phe fisstiRDL extends tinte the ¢fsto electaoaliyoconimect to the

contact pqé:is or&the. semiconductor die. A first insula&ing la erof's formed qver
5“"ihe first RDL Brief Description of the Drawings  FIG. 1is a flip chip

prosemicondudtey devite wititsolterbamps pravidingusiéetricaldfteréennect
semQeRYEER AN actiyg area,of the gig-and a chip, carrier spbsirate: E1GS, 2a-2i,

illustrate the method of making a WLCSP with an interconnect build-up layer;
semiconductor die. A first insulating layer is formed over the
protective layer and conductive layer. A plurality of wvias is
formed through the first insulating layer and protective layer
and extend to contact pads formed on the active surface of the
semiconductor die. An encapsulant is deposited over the
semiconductor die and conductive layer. An interconnect
structure is formed over the first insulating layer and
protective layer in electrical contact with the conductive
layer. The interconnect structure extends into the wvias to
electrically connect to the contact pads on the semiconductor
die.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die having a
protective layer formed over an active surface of the
semiconductor die. A plurality of vias is formed through the
protective layer extending to contact pads formed on the active
surface of the semiconductor die. A conductive layer is formed
around the semiconductor die. An encapsulant is deposited over
the semiconductor die and conductive layer. An interconnect

structure is formed over the protective layer and extends into



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
EheinghRting tayer Have eehladdeR 3Rat t° tRcsoBa®hllbstae? the
semresistabution-layeeformed in the molding compound of the semiconductor

package. Detailed Description of the Drawings The present invention
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manufacturing generally refers to formation of the
die.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die having a
protective layer formed over an active surface of the
semiconductor die. A plurality of vias is formed through the
protective layer extending to contact pads formed on the active
surface of the semiconductor die. A conductive layer is formed
around the semiconductor die. An encapsulant is deposited over
the semiconductor die and conductive layer. A first RDL 1is
formed over the protective layer and encapsulant. The first
RDL extends into the vias to electrically connect to the
contact pads on the semiconductor die. A first insulating

layer is formed over the first RDL.
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



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

Withetie sUHEETEVITS Semitbhdutior Havices disposed thereon, and a
backside surface fosmgdwitbbulk sestcenducior matesiah£.gx SilisaBoligent
active side surface contains a plurality of semiconductor die. The active

of LhifadBHsTormied by Hvariety of éémicbhductor processes, including
layering, patterning; dopisgrane seahtreaimnentmirtbedayering proeessere the
semiconductor materials are grown or deposited on the substrate
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%tgjgergt%daéi-‘?%%\%{t’s (%s demanding high speed, high density, and greater pin
count. Flig'€kip style semic¢dndictordevice 10dmmivesmbunting an<actigermed
in 162 12 0fdie 14 facedawn toward,a chin carersuhsirate ot prited circuit
board (PCB) 16, as shown in FIG. 1. Active area 12 contains active and
passive devices, conductive layers, and dielectric layers according to the
electrical desigp of fie dig- pBs Sla@HsYRWEMenRamcakiRtggeonnect 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 ontBEMPIRRRIYr iRteYESHNER sités 92 Swhitheffe HispoRed Un &dive
emb@E Bk tlhe;bump pags 12A-gannech tosthei agtive Cirguits by copdugian to the

_ tracks in active area 12. The solder bumps 22 are electrically and o
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provides a short electrical conduction path from the active devices on die 14

besiy @Sitfuction tratke BN cafridrSubrats 16 i ofdet 1o Feducersigndlc "1l be

appRopagatian,dowen eapacitance ~and achieve overalhbettercircdit intended to

performance. . , .
cover alternatives, modifications, and equivalents as may be

hav

included within the spirit and scope of the invention as
defined by the appended claims and their equivalents as
supported by the following disclosure and drawings.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other active
and passive devices performing one or more electrical
functions. For a given wafer, each die from the wafer
typically performs the same electrical function. Front-end

manufacturing generally refers to formation of the



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. 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

semiaiRr G 1S Mt dfcopper (GBS allhmtim (AD)Sof othe? BfstticaiiyT has an

actGanrducting metat £altieH40 Retsas a suppertsnembestnbelda-tive and
semiconductor die and plated metal pads in place during the manufacturing

PaS5rhEesS BEG & stibse§aént etlectrotatHy Pocess et Caftier A0%56 119
or SANES Bstaiplating cument patbdoane plated metakpadsion thmearrief.e and
In FIG. 2b, a plurality of openings or vias are made in the photoresist layer 42
theuiRg SRS PatBming brocHss SLEH Se GitrviOITOV) exBLdtb and
envdevelepment. Thecdpeanings. define areas for selective plating and can be
strategicaly placed. alowing the areas. when plated 1o a6t 35 fdudial marks,
interconnection contact pads, and saw ﬁlgnmen marks “Metal tontact pa(lzis
sur{4 are Uepasitedsianthe opénimgsrantkontoanetal cavieedOtusingean, and a
lectraplating process. Contact pads 44. can be made with electroless
o= chekelmmereian ol (AU or other etaFar alloy having Low resisivty.” %
silOnee confidet pads Adchavedseervdépositedoplietoresist layer4? iststripged
sendft DItALcATTIer4Q through either LY o theumal quring, agshown in FIG, 2.
In a separate part of the process, a protective layer is pre-applied to the
of aetivecsurfhtetsfa semicondactor Watdricbnainingyg piuralityfit terning,
dop3efficontucioL die- dherplative Iayeris, g laminalion o gogling dhesive
applied by spin coating or screen printing. The protection layer is an insulator
semar@eal pedhade Withiolyinide (PR $ift Haviree® fow: E6effiekent BPthewpakrate

by ©xRansion (1B suehas, J0RpmiG 91 below; or law medulus silicon base
elastomer, under pressure of less than 200MPa. Vias or openings

chegdirBé fErmed it Attive Stirfatd Bf e SémitondiEtof WS CHY Rider

rho@ding e deapreactivedor etching (RRH): Rhokrvias £ap herformeddiirface
photosensitive adhesive layer is applied, The wafer is placed protective layer

andyGikA e ARG B e A Cdtiith AiGing Blade® A PiER afdtade-tool

st riemaevessthe individuapdiegvigr s pre-appliedpteciivedayer-and places the
die on metal carrier 40. FIG. 2d lllustrates semiconductor die 48 with

APt BRlied protectVe TR W8 mOuARYARE dovn S MR éHier 46 The
protectiverlayer 45 ¢an benusedrasibedie atach maierald The faterdennect

ites 50 electrically connect to active and passive devices on semiconducto
Pa P BT OIS o Tafort Fmad SR ARE G ST ts (ICs)
demeontductive taaterakean, bé AlHCuldins@Sn), nickel (it gotd(Au)norsilver .

FliQAQ%lip style semiconductor device 10 involves mounting an
active area 12 of die 14 facedown toward a chip carrier
substrate or printed circuit board (PCB) 16, as shown in FIG.
1. Active area 12 contains active and passive devices,
conductive layers, and dielectric layers according to the
electrical design of the die. The electrical and mechanical
interconnect is achieved through a solder bump structure 20

comprising a large number of individual conductive solder bumps



In one embodiment, metal carrier 40 has one or more 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

or Rdldifg %8mpo%8 58°AGRR tOHERS e 40k ARIRHGRoRPOBNGSS is

i ntBeR-cpnductiveiandsenvironmentally peotects ghe semiconduetardeyvicesfram.,
external elements and contaminants. Molding compound 58 can be made .

TheyRHBRoRY Qtrytate GHOtRG pdigmel Mt And dppiidt sy fransigrduction

t rantoiding, ligtid eacapsedant moldings os othesmeldingsprogess.e electrically
Carrier 40.is removed by an etching process, exposing protective layer 46 of

andsdiic %861&%? te Eé)%ﬁ/ﬁ%&gl P&dS 48 “Rfith MBEAT cafriet HoTemoveac ™

sitmelding compound &8 provislesaigid sappert fordhe semicartductorndevices s .

In FI1G. 2f, the semiconductor package.is inverted.such that interconnect sites
55 i ackive sufthce of Semiconducior die 48 Tace ipwards. An insulating =

conldyer631s appliedftoccontéaet pacsidd; pretectivsslayer 46cand moddingnduction

£ rafQ/RPYNd 28, The insylating layer, 63 iis?mS‘QSe"Véthc%‘e!:eéé{&%%r signal
photosensitive pol§/mer material having low cure temperature, e.g. less than
pro2eQR LA precessicarricrd2 isiapplied, toansurfadel efmoleittg edrhpband &8,

. ir%%H%SitSe‘}r%eﬁﬂé{ﬁ layer 46, using an adhesive layer 60. Carrier 62 facilitates
the process handling in the subsequent interconnect build-up process.

In FIG. 2¢; 8Gsortida of insulating iaydrsc 3 ard proteetiveclbyar 46 ioremovade r
1eviorfopm Qpenings.and, expose qoptactnads;44,agd intgreonngatsitgs S0. The

openings can be formed using a photo patterning process if insulating layer
strggture, 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 metal.
Carrier 40 acts as a support member to hold a semiconductor die
and plated metal pads in place during the manufacturing
process. During a subsequent electroplating process, metal
carrier 40 also serves as a plating current path to form plated
metal pads on the carrier.

In FIG. 2b, a plurality of openings or vias are made
in the photoresist layer 42 using a photo patterning process
such as ultraviolet (UV) exposure and development. The
openings define areas for selective plating and can be
strategically placed, allowing the areas, when plated, to act
as fiducial marks, interconnection contact pads, and saw

alignment marks. Metal contact pads 44 are deposited in the



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 over the surface of insulating layer 63 and
protection layer 46. Multiple metal layers are typically required to meet the

opegitfereht HctiomaPrdiftiireeits b fhe mMBtaliiZetPRBE suthds adhesiond

probargier, cansietor -and proteation: Aaserdingly, RDLs G can be meade with
. layers of Al, titanium (1), and titanium tungsten (TIW). RDLs 64 provide |
nlcél%?:/rsijc%“?&ﬁé(?tnb&%@n Hetaf PadS 44 Ariefihtétcoatect sitds 50% R V19

lowsuhsensentayers. once doftGc2haninsulatingtayerhisdepoed ower,
insulating layer 63 and RPLs 64. The insulating layer 66 is made with

Pho SR, (Ao Ai p P EE oS ok LT o adp o ua

eitegrlass than 200002A pontitamaof, insslating layer 66ris Gembued using a

photo pat rnng pracess seuchaa%U(\)/fe osure angegevelgpmeg%éo ﬁ)éplosela or
RDLs 64. The msﬁlgﬁng Faye?s and 66 and RDL'S 64 constitute at 1éast a =¥

is portionmdthe thterconhecthuildvap ayef.sAdditidna phatosensitivetinsulatiige r
layers, metalized RDLs, and other conductive layers.can be.added .
) ed,RDL P Y N DE.
con T S T r ) BT B TR T Seet TS IMbhranEiye
layreguirenrentsiforithe functionakbdesign of seimicondectarelle 48, by spin

coaté‘&guk%’BQ%@Pe%‘%P@%@P@'&SUOWWQ a1 under bump mefallurgy layer

68, are deposited and patterned to electrically contact RDLs 64.
1nsyBM=E8 provide mudiplabeénefitsttd the semidsiriuctor)pakageh@yang a low

coelpterface-hetyeen;ihe intercannectsites S0 apd subsequent elegiicaloc o

interconnections, (2) protection of interconnect sites 50 from the environment,
be 1@y jow FesSisth'caaBt betweehiftefcdiheet Sites Boid thesiiisegtieae ure
of ¢lectricalintersgppgstions, (4) a barrier to solder diffusion into the metal pad,

and (5) a seed layer for solder wettability. UBMs 68 are made by forming

successivéiayersof PRSAKREspirterirg, aEH fayet haling & diffeyentsurtace

of funstigamihesedayersymay ingludgs,an agdhesionilayerdiffusigadayer-solder e

~ wettable layer, and protective Layer. . o
ion etching (DRIE). Photo Vvias can be formed 1f photosensitive

adhesive layer is applied. The wafer is placed protective
layer down to dicing tape and cut with a dicing blade. A pick
and place tool removes the individual die with its pre—-applied
protective layer and places the die on metal carrier 40.

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 carrier 40 has one or more



In FIG. 21, 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

PaS it C81G 2 S, Tead (PB) N, A S4G, CG BismitHinife (B1)Cand iIsggnected

to thereaf. The solderbumps-éa sepresert enentypewf electrical dntercannect
structure. Finally, carrier 62 is removed either after attaching solder bumps

COMPOBF Bftr wafdr Eingulatiohi® €S Fi8553a and b tibstrate dif ditdRative

t raembedifaent,of the WESBdnade in Fas: 2an21. Aswibdhe prevdously ar
described semiconductor package, a metal carrier having a photoresist layer

SVisUsed as a support member. Openings are made in the photoresist layer to

define thetareas avhere metakpads 44 are depositecbaridy anee .deposited, the
photoresist layer is stripped off. In FIG. 3a, vias 72 are pre-formed in

o ety RSB IFfor S U S1BL BB TR e bl dig =1

car48 érmélnteditoctheanetah garrienyroa faceodown positioncantbencapsutated,

e 1008 1 RSV companents,2. withmolding pomeaund 58 Themelel o na)
carrier Is strlppé/d from the semiconductor device and insulating layer 63 is

eleformed amcontacttpads4hbnd protectiverfayepdgovias 728 shawnida Figde

wi e FD.emade In insplating layer.63 ysing anhatg palterning process, such gs

UV éxposure and development, directly ’coupling vias 74 with vias 72 in

trapiectivedayerds. Thedvas! 741e anstildtingtlayer 63 age typicallythe sameding

pro%jé‘é 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"RDL s d‘ad diforiad MesifatinglagerscareTofHe @ a8 GRetedIsPos ing

prothedptereonnget build-upLrocess-and. finally, theeleetrigaliniereqnnestigns 4 4 .
are formed, see FIGs. 2g-21. FIG. 4 lllustrates another embodiment

Witht FeEmcHREIR Datkage R Yivstal EstHel RAVIRGEINGSresist IaRiFise s

r i g4sedagBsupPeHmembes. Lpeinas are madeyndae photoresist layer to
define the areas where metal pads 44 are deposited and, once deposited, the

photoresistitayeris stripped i, FESMTSHHGERT die 45 3aving adréSppiigd

sucprotectiveilayen46 an s facg, is applied facedewite the nretakcayrer. The
semiconductor die 48 may optionally have pre-formed vias similar to the ,

semd BBt Fatéd irf BiSs. 436 “Fre séMicohduttor tiwagiyer ©3 1is

appeneapsutatednalang withapassive earopenrerits $2] withrmaldjingaeempoeurd ng
58. N%xt g1e m(fﬁal carrierlis strirp acjba]‘rom t%% semicon ucto,rt ev(ii:e. fr

COMgAs Sre 16rme meprlortlés’é%iv%ﬁéy if Semiconductor die 48 oeslr?ojt ave ©

or piesfosmedadas. nlike previousenhodimehntsy FiG. 4 showsthattRDheitrisure,
applied directly t %q) urface of protective layer 46, molding compound 58,

© - O S tant SOt sy & el Taeay Hmsbeiton (EVER Al ® 2

sur\f@ggf deﬁositibagi(gw D)pandionpldtihig p;pp@%i. ﬂ'et]legilnsmlatimg‘iaa/el ésjﬁeis né6 ,
.used in this embodiment. RDLs 76 can be made,o T1,.TIW, or other

a L D ol b & 20 ks e, process

hang){pasing RDLss7 6 WBNg ¥ ¢antbé plated te fornothefihalmeatalgyas areas.

Solder bUmPSE%Q;ar%@fdep?&%M% %%‘pinsulating layer 63 and

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
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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
200C. Vias are formed in insulating layer 92 to expose portions of RDLs 86.
andophigh&lly; UBM< 88%Fante phfed it foPmahe final metal’padareas 86iber £
thebymhps S0raredomagd endéBMs 8&t phot s EHsEa-and 6Re0PRIAYS §ke are
made_in photoresist layer that has been applied to the metal carrier. The
Forgsehiiygs aéﬁﬁétﬁjerélijaﬁﬁhélr@ MEtEF pRAS 94 Hie deposited and, once
depositedathe=phatoresist layeris strippediofh A semicondoctor die 48, withmed
b optional 1|E)r,e-for{;rjt!é-f,d vias in the protective Igﬁyer 46, ist pplied :f the metal
Y E5HiaP in-a fateddih psifidn The Semitond(dor die#s B éndipsutated,
insalbag with passive 66mpadentsdZ; atithomolding:eompoundb8t Theanetat a1
carrier is stripped from the semiconductor deyice and jnsulating layer 63 is
1oy 2Rt LA F A Soecte Rt S br e IR it Tonal
reqinsukating tayer H53card protedtivedayeRE6, itprotectivedayersdtodid risthaver ,
re-formed vias. As can be seen in FIG. 6a, etalized RDL 104 |
o Pl 1572 B ind BaGR L 1Al 400 A Secan r pe Tiale
w1tphdtesensitive insUlating layerh00(i§ applied dnttop of insulatingolayen63,TiW) .
rD1L.EOVEIING, RDLS 104, Vias, are formed i, insulating Jayer, 190, Additional ;g
photosensitive insulating layers and metalized RDLs may be added as
intggeger o formithe $ntefconnéct Btk ap ¢ayers aXeditionally, an optional
UBMs 102 cap pe plated in insulaling,laygr 100 e 66 A LLTRROIAN CAIE
108 is applied to the bottom side of molding compound 58 using an adhesive
inslayef 106. TR f8mpPorany Earfiek 108 tan Dé'matie Bf ket Hateticbr 66 1s
madfiexiblefape and facilitates therptercennedt byilduppracessfarmed-an the, i ng
top surface of molding compound 58. Vias or openings are formed through
Lovwietdifg EBRIPBUAE BB 0 Skpdse tistal pads 44 Usiry: a Idser it b‘PIE)F@I%

i nskrogess.Anether-metallized-RRA-LL0 isforged oprbe dop suHace ofmolding e s s

compound 58 and the vias made in molding compound 58. An insulating
SUCRyar 1YY iSCEPPIRIGvet RD LS 10 OPRE Hsuldting tayerL £l mAde with™e

i nsdieleetricon petesersitive polymes maaterakhaing tovy euketeamperatisest a
e.g. less than 200C. Next, vias or openings are made in insulating layer 112,

POTERSISING pbitions bt RO T16 Eindliy, it F1E. 66 process Carriet 1081s
photeleasesdiand-soldesbumpsrid daredoumechond 1BMsd 020 Qptionady,d3BMs
conSRfLPE Plated to form the final metal pad areas in {nsylating layer 112
interconnect build-up layers to meet the interconnect
requirements for the functional design of semiconductor die 48.

Interconnection contact pads, known as an under bump
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
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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 semiconductor device, comprising: a

s 1t&emitdnabictof dfe FARG AY50tective Fayet formed bierra aefe Stirface(sf) @
barthessemisorducter-dig; acendustivelayer fasmestarougd dhe samicondugtoseed

layg?;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 off.

In FIG. 3a, vias 72 are pre—-formed in protective
layer 46 to expose interconnect sites 50. The semiconductor
die 48 is mounted to the metal 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
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a first insulating layer formed over the protective layer and conductive layer,

wherein a plurality of vias is formed through the first insulating layer and

protective layer extending to contact pads formed on the active surface of the

semiconductor die; an encapsulant deposited over the semiconductor die

and conductive layer; and an interconnect structure formed over the first
confnafifating fayet arffProtective Tayefin tfetiricat Contatt #fth the cBRauetive
FIGlayes the interconsechstiuciuresexdending jrie the viasitoelectpaalysconnect

to the contact pads on the semiconductor die. 2. The semiconductor device
PatEEERIT'S, Whefeit the fit&ieoffied stitiCiie incudss 4o uepment,
d1ireegistributiomlayer(RRE)xformed iovier the first insulatingdayertandextending4c .
Th intg the \g%s to electricall ,connict to th% ontactgads on the semiconductor,

CdigF afid A°secdndFSUATNG Byer otmetrover thé Tkt RDL.Y3. e Seme size

or Semigondudten deviee of zlaim 23furthertinckiding @rsec®nd RDE formiechre
al lgégegﬁé% Sgﬁoi}‘i Insulpting Jayer; and a third insulating layer formegd overthe ;
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-2i.

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 wvias. Unlike
previous embodiments, FIG. 4 shows that RDL 76 1is applied
directly to the surface of protective layer 46, molding
compound 58, and contact pads 46 using a chemical vapor
disposition (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
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4. The semiconductor device of claim 2, further including: an under bump
metallization layer formed over the second insulating layer in electrical
contact with the first RDL; and a bump formed over the under bump
metallization layer. 5. The semiconductor device of claim 2, wherein the first
RDL extends into the vias to electrically connect to the contact pads on the

me tedmicohBudtor die? T6. Ehe 8dimicontuctor YeRictSst chanR farthér Mefidings
ar e diserele, semiserducioreamporent mepmrteddo dhe coaduativedayes. Zofm

thes%?gg?d%ggggeggg’gﬁggg$ngéolder 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 photosensitive insulating layer 100 is applied on top of
insulating layer 63, covering RDLs 104. Vias are formed in

insulating layer 100. Additional photosensitive insulating

—-14—-



a semiconductor die having a protective layer formed over an active surface
of the semiconductor die, wherein a plurality of vias is formed through the
protective layer extending to contact pads formed on the active surface of the
semiconductor die; a conductive layer formed around the semiconductor
die; an encapsulant deposited over the semiconductor die and conductive

LayRyar: &My me bnlinfsComtiect sHadtre favsodst thegiiechive fyerahtic

intextendingdntodhe Masite electically canrect 10 the contaghpags-erthe. UBMs
semiconductor die. 8. The semiconductor device of claim 7, further including

1025 & s uRRing 1Ay E foed VBT tHe ProtedtifRlayer’and conductive layer,
wherein the plirality of vias4ds faraedi tirough dhe inssdating layer antttom side

ctive layer extendipg to the contact pads on the%semicogggctor ieg. 9.
C

SRt ivchartinh o BV st

temipchleg: 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, wvias 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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a first redistribution layer (RDL) formed over the protective layer and
extending into the vias to electrically connect to the contact pads on the
semiconductor die; and a first insulating layer formed over the first RDL. 10.
The semiconductor device of claim 9, further including: a second RDL formed
over the second insulating layer; and a second insulating layer formed over
the second RDL. 11. The semicon vice of claim 9, further including:
an under bump metallization layer formed over the first insulating layer in
electrical contact with the first RDL; and a bump formed over the under bump
Whahetdllizationayer. 12. The semiconductor device of claim 7, further
including a plurality of vias formed through the encapsulant and electrically

connected to th conducgve Iaé/
semlconductor evi

comprising:

a semiconductor die having a protective layer formed over
an active surface of the semiconductor die;

a conductive layer formed around the semiconductor die;

a first insulating layer formed over the protective layer
and conductive layer, wherein a plurality of vias is formed
through the first insulating layer and protective layer
extending to contact pads formed on the active surface of the
semiconductor die;

an encapsulant deposited over the semiconductor die and
conductive layer; and

an interconnect structure formed over the first insulating
layer and protective layer in electrical contact with the
conductive layer, the interconnect structure extending into the

vias to electrically connect to the contact pads on the

semiconductor die.

2. The semiconductor device of claim 1, wherein the
interconnect structure includes:

a first redistribution layer (RDL) formed over the first
insulating layer and extending into the vias to electrically
connect to the contact pads on the semiconductor die; and

a second insulating layer formed over the first RDL.
3. The semiconductor device of claim 2, further including:

a second RDL formed over the second insulating layer; and

a third insulating layer formed over the second RDL.
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13. The semiconductor device of claim 7, further including a discrete
semiconductor component mounted to the conductive Layer. 14. A
semiconductor device, comprising: a semiconductor die having a
protective layer formed over an active surface of the semiconductor die,
wherein a plurality of vias is formed through the protective layer extending to
contact pads formed on the active surface of the semiconductor die; an
4 . encapsulant depasited eyerdbe semieenduciondie; ame -+ har interconest :
structure formed over the protective layer and extending into the vias to
ele@ftically GonettRo e Gontatthdds on WE Serhiddhdictor ie. 16, T& oA
inssamiconductey device of Claimrlid; furthemineludingia conductiverdayerdformednd

around the semicongductor die
a bump ?orme over the under bump metallization layer.

5. The semiconductor device of claim 2, wherein the first RDL
extends into the vias to electrically connect to the contact

pads on the semiconductor die.

6. The semiconductor device of claim 1, further including a
discrete semiconductor component mounted to the conductive

layer.

7. A semiconductor device, comprising:

a semiconductor die having a protective layer formed over
an active surface of the semiconductor die, wherein a plurality
of vias is formed through the protective layer extending to
contact pads formed on the active surface of the semiconductor
die;

a conductive layer formed around the semiconductor die;

an encapsulant deposited over the semiconductor die and
conductive layer; and

an interconnect structure formed over the protective layer
and extending into the vias to electrically connect to the

contact pads on the semiconductor die.
8. The semiconductor device of claim 7, further including an

insulating layer formed over the protective layer and

conductive layer, wherein the plurality of vias is formed
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16. The semiconductor device of claim 15, further including a discrete
semiconductor component mounted to the conductive Layer. 17. The
semiconductor device of claim 15, further including a plurality of vias formed
through the encapsulant and electrically connected to the conductive layer.
18. The semiconductor device of claim 14, further including an insulatin

' ' | %rél&f to

thrayafforifed dver the prstedtiveiay f WHEEINRRE PItralif st vissisTo

t hethreugh the ipsulating layes anghpretactive tayer @xtending to the contact
pads on the semiconductor die. 19. The semiconductor device of claim 14,
wherein the interconnect structure includes: a redistribution layer (RDL)

9. formed avenihe proiecive layerianrd exteadngiinto, thendas tovetestrically
connect to the contactupads,on &he semiconductor die; and an insulating layer

IRl e R U e tnetudes:

a first redistribution layer (RDL) formed over the
protective layer and extending into the vias to electrically
connect to the contact pads on the semiconductor die; and

a first insulating layer formed over the first RDL.

10. The semiconductor device of claim 9, further including:
a second RDL formed over the second insulating layer; and

a second insulating layer formed over the second RDL.

11. The semiconductor device of claim 9, further including:
an under bump metallization layer formed over the first
insulating layer in electrical contact with the first RDL; and

a bump formed over the under bump metallization layer.

12. The semiconductor device of claim 7, further including a
plurality of vias formed through the encapsulant and

electrically connected to the conductive layer.

13. The semiconductor device of claim 7, further including a
discrete semiconductor component mounted to the conductive

layer.

14. A semiconductor device, comprising:
a semiconductor die having a protective layer formed over
an active surface of the semiconductor die, wherein a plurality

of vias is formed through the protective layer extending to
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20. The semiconductor device of claim 19, further including: an under

bump metallization layer formed over the insulating layer in electrical contact

with the RDL; and a bump formed over the under bump metallization layer.

21. A semiconductor device, comprising: a semiconductor die having a

protective layer formed over an active surface of the semiconductor die,
confyRgteir Apturahty 5Ivigs isHormad thriotigh thé prétettive: layer BXERaiHgtot °F
diegontact pads formed on the active surface of the semiconductor die; a

conductive layer formed around the semiconductor die; an encapsulant

depokifel BT tHe BEmiturdttlor Gi€ BARd coRudREliagatuctgsirsttes and
redistribution-layen (RBL sformethaver the- peaiectivedayercand-eneapsiantl ayer

the first %?L extending into the vias to electricall nnect to the contact
andpgégsﬁ @%éﬁﬁ%ﬁ%&%%ﬁw%ﬁi%u&ﬁ electrlggﬁiy connect to the

contact pads on the semiconductor die.

15. The semiconductor device of claim 14, further including a

conductive layer formed around the semiconductor die.

16. The semiconductor device of claim 15, further including a
discrete semiconductor component mounted to the conductive

layer.

17. The semiconductor device of claim 15, further including a
plurality of vias formed through the encapsulant and

electrically connected to the conductive layer.

18. The semiconductor device of claim 14, further including an
insulating layer formed over the protective layer, wherein the
plurality of vias is formed through the insulating layer and
protective layer extending to the contact pads on the

semiconductor die.

19. The semiconductor device of claim 14, wherein the
interconnect structure includes:

a redistribution layer (RDL) formed over the protective
layer and extending into the vias to electrically connect to
the contact pads on the semiconductor die; and

an insulating layer formed over the RDL.
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a first insulating layer formed over the first RDL. 22. The semiconductor
device of claim 21, further including a second insulating layer formed over the
protective layer and conductive layer, wherein the plurality of vias is formed
through the second insulating layer and protective layer extending to the
contact pads on the semiconductor die. 23. The semiconductor device of

20 claii 21 SRIPHE? MEHGdRG: 488d6Td RDLPMR bver the firde nstidtgd 19
laygr ands secanghingulading 1ayer fermed gver thersesendRRL. 4. The

. semiconductor device of claim 21, further including a plurality of vias formed

InSihiGigh the énépstlant hihd HiectAdaly lOrettdl o the Eondttdve yer.
25 aT hensemicondgeatos deviceref claime2l, Juriberivekiding.a discreteayer .
semiconductor component mounted to the conductive Layer.

21. A semiconductor device, comprising:

a semiconductor die having a protective layer formed over
an active surface of the semiconductor die, wherein a plurality
of vias is formed through the protective layer extending to
contact pads formed on the active surface of the semiconductor
die;

a conductive layer formed around the semiconductor die;

an encapsulant deposited over the semiconductor die and
conductive layer;

a first redistribution layer (RDL) formed over the
protective layer and encapsulant, the first RDL extending into
the vias to electrically connect to the contact pads on the
semiconductor die; and

a first insulating layer formed over the first RDL.

22. The semiconductor device of claim 21, further including a
second insulating layer formed over the protective layer and
conductive layer, wherein the plurality of vias is formed
through the second insulating layer and protective layer

extending to the contact pads on the semiconductor die.
23. The semiconductor device of claim 21, further including:

a second RDL formed over the first insulating layer; and

a second insulating layer formed over the second RDL.
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24. The semiconductor device of claim 21, further including a
plurality of vias formed through the encapsulant and

electrically connected to the conductive layer.

25. The semiconductor device of claim 21, further including a

discrete semiconductor component mounted to the conductive

layer.
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