SEMICONDUCTOR DEVICE AND METHOD OF FORMING BOND-ON-LEAD INTERCONNECTION
FOR MOUNTING SEMICONDUCTOR DIE IN FO-WLCSP Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor substrate
and method of forming a bond-on-lead or bond-on-trace interconnect for mounting a semiconductor die in
a Fo-WLCSP. Background of the Invention Semiconductor devices are commonly found in

modern electrorme DR BRYICHr BERMETHRPINRe TR G PR ¢ trical
components. %MEE&&%tSP&eMQ@E&N&aﬁ& aﬁf&ﬂPHﬁg%}’p&&Paé&r gl'&}rﬁﬁgnent, e.g.,

light emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated semiconductor devices typically contain
hundreds to millions of electrical compphents. &ERagpdeIavetagiaied semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). Semiconductor devices perform a wide range of functions such as signal
processing, high-speed talcplations ;tramsmaittingband edcetving eltectromagneticsignals, controlling
electronic devices,glrar]csforrrgng sunlight t% electricity, and .cre%tiriglvisu%loprojections forolr'ele%/ision
displays.?emrﬁi%%1 uctor devices are found'in'the ﬁe%%ro%le%lfler?amﬁﬁén ) co?n%ﬁﬁﬁ%gﬁgnéfcpo%er
conversicnnetwertks, eomputersoancbf forming a bond-on-lead or bond-on-trace

interconnect for mounting a semiconductor die in a Fo-WLCSP.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and
creating visual projections for television displays.
Semiconductor devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



consumer products. Semiconductor devices are also found in military applications, aviation, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or base current or through the

process of doping. Doping Introduces impurities into the semiconductor material to manipulate and control
the condﬁ&ﬂlﬁk}%??hé’gé)%%?l%lucto?%‘%f‘c%@dmtOr ACSERiEBRdGEr Bevite EOHtIns Active and
passive eleatricalsirugtyes cAetivenstiuciyres: inclyding bipedariand field effeet-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fFa%dwW' 6 Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ giabl ﬁ%%ﬁﬁ&é%b%%? r QRIS to géornt RighSpaetCealcdisiions Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asirgy o camplexocmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

hundredsm(%lfrl sjtgb1 r%nt-kéﬁd méenuafggtuﬁﬁa AVOIVES the Tformation of a pjﬂjeraﬁtyoo]? i€ on the surface of a

semiconductarcwaferrEacir dieds typiealiyridentical @hddcamtaigs cirdwitsi foymedthyoelectrisally connecting
;‘ﬁiﬁs"heegrﬁﬁ%@gﬁﬂ%ﬁ%i%g%?gs‘iéo%ri% fapiadiunng involves singylating indiyidual die from the
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



provide structural support and environmental isolation. One goal of semiconductor manufacturing
is to produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprint, which is desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive
componentS Batk-eiid Broceseds mEyesilt #1'SeRitohtt et dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packagingiuatedals- ing is I eopventional fan-out
wafer level chip scale packages (Fo-WLCSP), a bumped_semiconductor die is typically mounted to a
carrier arrcdnélr]r58§edS By AR BHEAPEaant SFhe Eatrier é‘}%hﬁ/@ddaenvdléf%ﬁ”&%]iﬁﬁejr&gnnect structure is
formed ovemtherencapsulapband senicenductoradie pEhe bumpsan, thersenisanductpr-diguaredypically
bonded to a bump pad formed on the carrier or within the interconnect structure. The bumép pads increase
interconrBet Bite Ardt HeBrelbe npOUGULBa (/D) cothE Surmar) F e HuBtot =7 -2 °A need exists
to provide affinespitcheiniereornedt faria semidonductos die it a HotWLCSP . sAccordingbmndh one
embodiment,o{hegreser}i invenfi n.is g.method of makig% a semicon u%tor device comé)ritsing.the steps of
providingp a 8aﬁ'fér,sfbrm|ngsén %ongﬁctlvleﬁaﬁelrzlﬁcfﬂa%g a pﬁ‘ﬁa fﬁ‘é‘? race lines over fﬁencasfriér, providing
a semiconhdectdr diechaving arplaradity ofecontactrpadsranttifrsivbhampsriermed pverithiescontact pads,
mounting_.the semicaonductar die to the conductive layer with the first bumps directly bonded to an end
portion of ML a0 s, Jepasing o5 CarGOIERe SO the seeondu ol e e eondidive ayer
removingrthelcatrrien andrioming artinterdenmect spractag overnthehercapsalaht andsenricamductor die.
In another embodiment, the present jnvention js a method of making a semicpadyctor device comprising
the steps of providing a carrier, forming a conductive layer including a plurality of traCe lines over the
carrier, previding alsemiconductor die having a plurality of contact pads and first bumps formed over the
contact pads, mounting the-semicopdyctor die to the.capdugctive layer with the firsthumps directly bonded
to the trace lines, and depositing an encapsulant over the semiconductor die and conductive layer. The
conductir2la§epmelude’ Wettable mateRarBTedsca shiftiHg 6Tthe sénficéifductaridie bhying
encapsulgtign. the method further includes.theisieRrs of,remeving the carfier+and farming an interconnect

structure over the encapsulant and semiconductor die.
carrier 1is removed and a build-up interconnect structure is

formed over the encapsulant and semiconductor die. The bumps on
the semiconductor die are typically bonded to a bump pad formed
on the carrier or within the interconnect structure. The bump

pads increase interconnect pitch and decrease input/output (I/0)

count.
Summary of the Invention
A need exists to provide a fine pitch interconnect for
a semiconductor die in a Fo-WLCSP. Accordingly, in one

embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
carrier, forming a conductive layer including a plurality of
trace lines over the carrier, providing a semiconductor die

having a plurality of contact pads and first bumps formed over



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of forming a conductive layer including a plurality of trace lines, providing a semiconductor die
having a plurality of contact pads and first bumps formed over the contact pads, mounting the
semiconductor die to the conductive layer with the first bumps directly bonded to the trace lines, and
depositing an encapsulant over the semiconductor die and conductive layer. In another

embodimeht, tReprésentifrEtioRG8 A sEMicohFuErd&HEE Bomprisiiy=a EBnddi&ive layer including a
plurality ofdracedinese Aisgpaiconducior die has-a plusality ©f eontaet padsand disstthynaps tarmed over
the contact pads. The semiconductor die is mounted to the conductive layer with the first bumps directly
bonded t5 @& r3Be fiheS An BRE&TsuldNtSS deoEited Guerthd SertiCaRaULtar die Rt conifuctive layer.
An interceanecistructirreds foraeghoverdhe escapsulastand semiconddetot ke, Brief Rescription of the
Drawings FIG. 1 illustrates the PCB with different t%]pes of p cka%es mounted to its surface;

FIGs. 2a0IIGStARS Rt detait bf thd ferestntative demidSRaudtar padkaed maiinteds the PCB:

FIGs. 3aBeillustrate @asemicdaductor wafer with a plurality of semiconductor die separated by saw
streets; In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming a conductive layer including a
plurality of trace lines over the carrier, providing a
semiconductor die having a plurality of contact pads and first
bumps formed over the contact pads, mounting the semiconductor
die to the conductive layer with the first bumps directly bonded
to the trace lines, and depositing an encapsulant over the
semiconductor die and conductive layer. The conductive layer
includes wettable material to reduce shifting of the
semiconductor die during encapsulation. The method further
includes the steps of removing the carrier, and forming an
interconnect structure over the encapsulant and semiconductor
die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a conductive layer including a plurality of trace lines,
providing a semiconductor die having a plurality of contact pads
and first bumps formed over the contact pads, mounting the
semiconductor die to the conductive layer with the first bumps
directly bonded to the trace lines, and depositing an
encapsulant over the semiconductor die and conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a conductive layer including a

plurality of trace lines. A semiconductor die has a plurality



FIGs. 4a-4s illustrate a process of forming a BOL interconnect for mounting a semiconductor die in a

Fo-WLCSP; FIG. 5 illustrates the semiconductor die mounted to the BOL interconnect;
FIG. 6 illustrates conductive pillars formed over the contact pads of the semiconductor die; FIG. 7
illustrates a no-flow underfill material deposited over the BOL interconnect; and FIGs. 8a-8c

illustrates the semiconductor die mounted to the BOL interconnect with a masking layer. Detailed
DescriptiBh of tHE-Bfawiiges 219 TheSireSEARAVEMISIFR deéefibéd i 6RE b iforB ¥ foodiments in
the following deseriptionawith sefergnceits the figuees, tvwhich likeaunerals representthe same or
similar

the first bumps directly bonded to the trace lines. An

encapsulant is deposited over the semiconductor die and

conductive layer. An interconnect structure is formed over the

encapsulant and semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates the PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4s illustrate a process of forming a BOL
interconnect for mounting a semiconductor die in a Fo-WLCSP;

FIG. 5 illustrates the semiconductor die mounted to
the BOL interconnect;

FIG. 6 illustrates conductive pillars formed over the
contact pads of the semiconductor die;

FIG. 7 illustrates a no-flow underfill material
deposited over the BOL interconnect; and

FIGs. 8a-8c illustrates the semiconductor die mounted

to the BOL interconnect with a masking layer.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the

figures, in which like numerals represent the same or similar



elements. While the invention is described in terms of the best mode for achieving the invention's
objectives, it will be appreciated by those skilled in the art that it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the following disclosure and drawings.
Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-endh&AGFRERINIng dhd Badiiend WVEHUFAGRTriAG. ﬁ%ﬁ?—@h@?ﬁgﬁﬁa&%ﬁﬁﬁ iMfolV&EtnaF8mation of
a plurality.ebidiesar-thessurtaceref a-semiconduetos watelo Eachdie;ep the waferiqontains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active elESHER Torhshents, diefias transi§orstand Bodes thalé the'dbifity 1o LoRtidFthe fow of
electrical ctikent.Passiveselectical eomponents; sueh as capacitorsadnduetors; sesistorgcand
transformers,_create a rel tionsl(}ip between voltage and current necessary to perform electrical circuit
functions. ST U9CP a8 Hhd AttivE tbporights gfeof%?m%% OVET thé' LaAce 5t the semicdiductor
wafer by layseries ofpysecesscsteps inctuding! dopintyr depaditian,gphotolithograpby retetiingy ande
planarizayggllgo |rr11r% i%ltrog: ces im ugitigsg}tg th?1 sgmiconductor material by techniques such as ion
implantation or thermal diffusion. The d%ping prch)%:egs modifies the electrical conductivity of semiconductor
material in active devicgsntransformingrthésentiesnductoomaterial intoramnnsulatorreohductorg or
dynamicglly.changing.the,semieangygor malerial conductivityip response g an.clegtie figld,gr base
current. Transistors contain regions of var?}iri% types and degrees of doping arranged as r?ecessary to
enable theatrdnsistdr o profactewr Yestrict theciow efidlectrical ewrrantiuponithecapplicatidreof the electric
field or base gurrent, ¢ . Aftiye and passivg components arg formed fyy layers of materials with
different electrical properties. The layers'can be formed by a variety of deposition techniques determined
in part bysteeitgpe @f Alaverial bty depasifedd For exarmbie, whidiimdaposition may inkehanchemical
vapor depgsitign (CYP). hysical vapaidepasition (RMR), electralyticplating, and elegtraless plating

processes. Each layer is generally patterned to form portions of active components, passive components,

or electriéal conRBcHORYBatWeRA COhfSOrierts L Clr cUuifes|ayefséart Be patiefietrdasing

photolithegyapBy.cwhich invplyes, thedepasition,ofdight sensitive materialee gn.Phateresisy, quer the layer
to be patterned. A pattern is transferred from a photomask to the photoresist using light. The portion of

the photdtesist pattérisubjettedto fgttds FerfibveF USHGH solvERES 8xPi6sifig POFIOTSf the underlying

layer to hepaiteraed.sThesremainderabthe photeresist is.remeved, jeaving belinda.patterned layer.
Alternatively, some types of materials are patterned by directly depositing the material into the areas or

voids formea' by & prsvicus Geéssitiorfetch it beesslisiRg Rechtfgies eRittoless Edtelectrolytic

plating. necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of

doping arranged as necessary to enable the transistor to promote



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization involves polishing the surface of
the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of

the wafeCdurfrig®polishing: ihetdotibindd ThECHaNGR actioh b tHe ABIARiIVE S PESHISH?E 48fon of the

chemicalgemeyves anydiegular tepographys sesulting ea uniformly flat surface. Back-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for structural sUpporand*8hvikshiiental iSOIEtsRS TS SiryuTatt thE Gk, ‘te WAY&ETS sddred and
broken alpagaron=fusctional regionsof the wadertaalled saprstreets D& scribes d heawates issingulated
using a laser cutting tool or saw blade. After singulation, the indjvidual die gre mounted to.a package
substrate t%af inchidesPing ol 2ontaty pgées f%? iterdonmectisiT Wﬁhcbl‘iﬁgr g?stigrﬁnﬁjorﬁ?ﬁloﬁerhts. Contact
pads formed overthersemigpadudtondiecaredheebnnected de contact pads withimihespackage. The
electrical £opne tior(ljssc n Q% rrIlnade with Ozfldeer twmnpsé %S#d tglumpsdconodsuc%iv(eD pa 87]9,' wirebonds. An
encapsulaﬁ Or Gther mo &ing materiaf i$ e‘f)osffe over evpfc?(ageﬁg prolwé'e phislcal support and
electricalp$olatiom IThesfirisheld packiageois theivinsertetdntoran glectrigal system amchthe functionality of

the semiconductor-device if ade available to the otEer ystem_ components. FIG. 1 illustrates
electronic 8\%}—35 %]O Sasvh]?g grgcjh?pgcgrﬂgggﬁts)set?a'te or(‘jpcr:'%ted31 (\{i%uitlt%oﬂgn(%](ﬁ?%%%% with a plurality of
semiconductorepackages nfountes ontitsosurface. Eectrohicdavica 50tmay have one type of

semiconduglar package, gr.multiple fypes of semicondygtar packages, depending, og the application. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronic device 50 maiyhela seing-alone sy steat tt ueds tise semidondettor ipagkagdsy'to perform one

or more glgctugalfypgtions; Alietnafively, elactronic-device p0Jnay. he g sucermpenent of alarger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), dighalhades tainera (BYCYI6r dthEFElekfroRie dconhBARatien devieet Afématively, electronic

device 5Q can bea-graphicscard, petwork intgrface caed, or othersignal precessing; card that can be
Inserted into a computer. The semiconductor package can Include microprocessors, memories,

applicatio'S§p&fcinteyrated-cifcURB YAITES 16dic kit it Aanald SRS, RE circdits, discrete devices,

or other serpisorductar dig Qr eleatrical-corapenants.oThe minigiization aadthe yeightfgduction are
essential for these products to be accepted by the market. The distance between semiconductor devices

must be dégreaséd td°achieve Righer dendify; remainder of the photoresist is

removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a

polishing pad. An abrasive material and corrosive chemical are



In FIG. 1, PCB 52 provides a general substrate for structural support and electrical Interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor packages, mounted components, and other external system components. Traces 54

also providsewerPand §rotatésrmettiohs fo Badis bf therdetficBAddEor Packagess In some

embodimesis, arseMiconduetor devise hasitwemackaginglevelscFisstdevel paskagingds ateehnique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level

packagingInVdGes Afdthanically ARd ele ARdall Attt him theSREFhddiate chRferts 1R PEB.3n other

embodiments; ersemiconductendeviee may only have the first level packaging where the die is
mechanically and electricall _mo#nted %%ectl to the PCB. For the purpose of illustration, several

types of first level packaging, TctudiRg Wirs boid BAckage 56 ahd iy Eiip B8, AFe shown on PCB 52.
Additionadlynseveralitypes oé sédonicsleveal padkaging, tncludiag badl gritcareday (BEAR660, htrap chip

carrier (BCCé)kI62 dual jn-line acEa e%DIP 64, land grid array (LGA) 66, multi-chip mqdule (MOM) 68,
quiad flat TOIRSAES paRa fO R 70 A A Bt SEkane 72 hrd MG TSN o PCB 52.
Depending upan thensystém requyements, @ny coimbinaticn ebsemicbaductor packagesprokfigured with

any comblﬂatlon of flrsélalmd seconq level Eg%léagél%g gyles as well gg@t@h r electronic gompgnents, can

be connected t PCB 52. In i—é(la%neaem %&ments, electrgni‘(':va evice 50 includes a Si%é?eeattac?‘led

semicondustompackagéhwhite dtheriemiscdimehts eall fos mdltiplelinteecormectedpatkagesoBy
combining gne qr.more semiconductor packages overa single, substrate, manyfacturers can ingorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sephistitatad fendtpaditys efderonicndavicesscanbe neahufactbipet- using Théaper components

and a sueamliped mandfaciring process.he jesuting deyses ate lessdisabdodalband less expensive

to manufacture resulting in a lower cost for consumers. S. 2a-2¢ show exemplary
semicondiiBiepackages HrG . il aswrates Ferhéldetal 6f DI B4tRomsed Th PCBB2 Stiiconductor

die 74 inclydes gnactive region coptaining anglog-qrdigital circuits jmplemented as active deyvices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconréttdtl &6cataigIBTRE elethichl desigh of tRE A1 For exarple the tirtdit ARgFiRélude one or

more trangisters; ipdes, industors ceapacitons: 1esistess.andiathes cirertelements {rrmed,within the
active region of semiconductor die 74. Contact pads 76 are one or more . .
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.
FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.
Electronic device 50 may be a stand-alone system that

uses the semiconductor packages to perform one or more

electrical functions. Alternatively, electronic device 50 may



layers of conductive material, such as aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembly of DIP 64, semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon
eutectic layer or adhesive material such as thermal epoxy or epoxy resin. The package body Includes an
insulative packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electricalffitefcotHecP BRATEEH séhhicondactdr BieS 74 ARt PCE 82. Bfeapsfant a4 stdeosited over the
package deranvdropmental pretestion bymravenrtingmeistyiesand paiicles from entaring the package and
contaminating die 74 or wire bonds 82. . FIG. 2b illustrates further detail of BCC 62 mounted on
PCB 52. $&icoridUctdr té 88 i€ THotnitéd Buer BarridF 90ushiy an underii ot poxy et atiesive
material @2n\Wire hends Q4 providesfirst leyvekpackaging hereoaaectdeiweer contact pads 96 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to
provide physicaPSdpport &nd &fe tric?éﬂs“é?gtf%nlf%ﬁ{ef agﬁcg.aégmagf p&ds 162 At ftmed over a
surface of PR 52 using-a sditable tmetah depoditicre praeesssuch aseiegtralytic. plating or electroless
plating to ;érevent pé)gid%t(ijorn. Co%%ct JJaggnlOZnarf: %gctgcalrly cgrnrg:ect%d to one or more S():onductive signal
traces 54°in PCB L.%umpg 104 are formed between coﬁfac?%aas 980t BC.C'62"and Sontact pads 102
of PCB 52pp11icatlimRIGie; sémiconduetoratie $8ds mounted faceldown i@ intermediateidarrier 106
with a fip,chip stvle firstIsyel pagkaging. Actve region. 108 of semiconductey dig 78 contains analog or
digital circuits implemented as active devices, passive devices, conductive layers, and dielectric layers
formed aceoidingdo theoaledtricabdesigr of thecdie. Fomprarmpies the Cireuitimayadticlude @heor more
transistors, diodes, indugtors. capacitors, resistors, and,other gircuit elements within,active region 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.

BGA 60 is&deutiieallycand-rechanically cordmected f6 PCB5 R it BGRestifeosecttidoievel packaging

using bumps 112, Semiconductor die 58 electrically.conngetedto canductive signal traces 54 in PCB

52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semicohtuétoF diel58 BRE cafrié o6 rovidePRistchl SUpFert ahd efédtrical isolation

for the device, dtheflip chip-sespiconductor device pravidgs ashortelectrigal gapduction path from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal

propagatittidisinte ClowerRaphéitihcemana hprave dvetal effcuit PEFOIHTANCES 1P aRBther

embodiment,dhe semigonductandie 58can be mechanically apdelactrigally.cannegtest-direcily to PCB 52

using flip chip style first level packaging without intermediate carrier 106. .
using evaporation, electrolytic plating, electroless plating,

screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is

mechanically and electrically mounted directly to the PCB.



FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126 as described
above. FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each
semiconductor die 124 has a back surface 128 and an active surface 130 containing analog or digital

circuits implemented a8 Activé BelicEE5sssie devited ohdbltive RYErS anbXRE&ctit layers formed
within therdies and electrigallyrdptereennected ageergingi todthe electicalidesigneand finctionof the die.
For example, the circuit may include one or more transistors, diodes, and other circuit elements formed
within acfiVe Burfice 736 16 IMPRnEht BhBloy circuite Gt digitaT Situits® SUGH a5 digitf Sighal processor
(DSP), AS¥comenosy,«ar giheksignakbprocassing ciguibSemigonduector die 1ZEmaysalSo Bariain

Integrated_passive devices (IPDs), such as indyctors, capacitars, and resistors, for RF signa| processing.
In one en &(g’lm%%frsle?ﬁicé(ﬁ&& torg gl e i%ﬁa is a fipchipTypé Egé%?@onb%%ér aéisél.’ rand A etectrically
conductivertayer 1321 fosmednavet active purface: 130 (itg)P¥B, CYID; klectealyticoplatirg,delectroless

plating process, or o’@ uitable metal deposition process. Com/glryctive layer 132 can be one or more
ayers of AT 20 G, 1 I, A of Bther Seable Slodf G Conticive mAtBAl CondLts GJer 132
operatesESEcOntact pgaeisssiedtrigallycconnecte dstosthercincaiis dncactive surface 180mBumpsit34 are

formed oyer contact oDa?gs 32. Alterp(ativey, microf-bum S pr st %bumps canbbe fQCrmed qver contact
pads 1327 "IN RIG 8rs siconductér water 120 is sin“élul%atea I’Eﬁroﬁaﬁ saw street 102J§ using a saw
blade or lasestutting teelck3&inteindivideat semiconducicredie 124. well afFlGs.Mae4s lllustrate, in

relation tq FIG5, 1, and 23526, 8 Rracess of forming. g, hondranstrage 4BR1)-or bongson-gad (BOL)

interconnect for mounting a semiconductor die in a FOWLCSP. In FIG. 4a, a substrate or carrier 140
contains ESHPOrERE BE Sacrificidl base matéadlsifchPds silicdmdsolyraes bepyliumtdxdder st other suitable

low-cost, Jigfd materieldar stpctua) suppottan iiterfece lays o dpublecsided tane 142 sformed over

carrier 140 as a temporary adhesive bonding film or etch-stop layer.
interconnected packages. By combining one or more semiconductor

packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active

region of semiconductor die 74. Contact pads 76 are one or more
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In FIG. 4b, an electrically conductive layer 144 is formed over Interface layer 142 and carrier 140 using
PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductive layer 144 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 144 contains contact pads 144a and 144h and signal trace lines or
leads 144b, 144c, 144d, 144e, 144f, and 144q. FIG. 4c shows a top view of a portion of Interface layer
142 with tBHEEEpads T4 AN T/ANSHESIGAAN trat FhesS1 M TAAYCRther p&PRESA is electrically

continuoygwith signal trage Jing 144b; ane contags pad d44dh is electrically-contigyous with signal trace
line 144g. In one embodiment, contact pads 144a and 144h have a width or diameter D of 150-250

micromefet§ firh); Gt Sigratrcetfes adb  fady have & idH R G560-90. Eomtatipads 144a and
144h andssighaldrace-tines Hdb-144g are placgd Llosedoyether androfisef foranfine pieh:dpone
embodiment, tq pitch P of trace lines 144b-%44&\is about 80-11Q gm. dditional contacrthggds and trace
lines for conduttive Tays?144Can e fotmedlin the THtrat afd Vetical ditedtiorsd TPacElines 144b-144g
have an end pordioncarttip-146 termjratingratzal loeatior desigaated] fos atignment withriwmps 134 of

semiconduc('gor dig 124, C,§\>(<1ditilp(gsali(rzlonta%#%ads acnd trgc%(ljiges gorc?nggctive Ia%/er 144 tc:zzmebe formed in
the lateral and-vertical directions, N FG fﬁ,gsemicoﬁducrior e 124" ﬁomnlf’llél.%agc are mounted
over Intedacé layend4@anithractivessurfacesl 3todverited towarsrcartier. 140 asihgca pick laemdsiace

operation, In particular, b mp 134 are aligned Wi§1 tips 146 9f silg al trace lines 144b-144qg. Tips 146 of
signal tr;hcé Ii%égf 1‘%16?1 4% gr%v%%fﬁ@%rﬁegn@[ mar S&d{ﬁlﬁa die mgoeu%%iﬁa?ﬁﬁmpjge%?megfn semiconductor
die 124 asemietalgrgically andeelectrieally €6Rnected t6tips A48 afsigriad tragedinps 14bd44g as a

BOT or B&%W%%’”ﬁ%‘éﬁz%@- 48 Shaws A lopview of bﬁ%“ée]c%%s%gic pduetar die 124

metallurgically and electrically connected to tips 146 of signal trace lines 144b-144g. The diameter of
bump 13293 gitesiter thad the widthlsfiracedinesM4zbi g4 d: ThegidheR of @ade lines 144b-144g can be

reduced ag humps, 134 are hondeg,dirgctly to the trage line, as distinguished from a conventional
dedicated bump pad.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
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In another embodiment, an electrically conductive layer 148 is formed over Interface layer 142 and carrier
140 using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition
process, as shown in FIG. 4f. Conductive layer 148 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive layer 148 contains signal trace lines or
Leads 148a, 148b, 148c, 148d, 148e, and 148f, and contact pads 1489, 148h, 1481, 148], 148k, and
1481. FIGC4GEAWS atop g ot aPorticit of itertace I%§e£§322 With sigha) trafceAiMes A4 8a2F48f and

offset cortagtpads +489-1481.Gentact pads 248148k akei eleetricqlly; coatniousnwith- signal, trace lines
148a-148f, respectively. In one embodiment, signal trace lines 148a-148f have a width W of 60-90 pm,
and contatpaus 4Bl 148T haTE BnidfH 6r Gihhfeter Dot 150- 56 BnT Bfyrfat At RS 198a-148f and

contact pads 148911481 areqplacedh close degether and offsetifor adfinespitch. #maene embodiment, the
pitch P of trace lines 148a-148f is ab%%ft 80-110 pm. Trache Iinqic, 1483-148f have TE) end portion or tip 150

terminatifi &t & TgCationdesigihatsd F5t Alignart With bumMps 13351 2eRitBnauctst die 124. Additional
contact pads and traceBlgrescfor cenductiverdayerili48 eanibedormed insthe latesalrandreettical directions.

An optio ing layer 1 an be.formed over signal trace |ines 148a-148f, as shown in FIG. 4h. A
pluraity O e Eas B Erfed i Mo B T by BT R Ta0 01 Bacg b gagr i
FIG. 4i, seamconduttortdie 124<rdrfi FI6. 8a<8ctareanduntedovet iitedate layendd2twitheactive surface

130 oriented toward carrier 140 using a.pi d place operation. Inparticular,-bumps 134 are aligned
with tips 1500 Véig%éﬁﬁgge ﬁ%eslﬂga- 45? %%s%gg%f %@ﬁ%ﬁtrz}lg&o fingsl%ﬁgal-yﬁ%%l pe)rsovzlid?eﬁélignment
marks during diemyountihg . Bummpscol3iiofsemitpndoctop diectzA areimetdllutdicallysand electrically

connected (9 ips, 100 of signal drace Jines 148a-1A8f asBOT Or BOL. o . 106 FIG- 2 SHOWS a top view

of bumps 134 of semiconductor die 124 metallurgically and electrically connected to tips 150 of signal
trace line8M48acE48fs The elidmeted of bamprid34is greatet tham tHeowidth of trave fires 148&-148f. The

pitch P oftrace linas, 148a:148f can.be reduced as bumps .34 are.honded ditectly fo the trace line, as

distinguished from a conventional dedicated bump pad. FIG. 4k shows bumps 134 of semiconductor die
124 metaHorgicallylaid BrElricRIpEoRRECted ta Yips 80 oi3igrial traeB lines 44814 8f Hiroa§h openings

153 of magking Jayerdddn tracksFie: Fkshews anothes embodimentwith bumps 134 metallurgically
and electrically connected to an intermediate portion of signal trace lines 148a-148f. That is, signal trace

lines 148ATLIBI ExterPbeyioHeBLiRps 1349H befPaifddmee, and improve overall

circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIG. 3a shows a semiconductor wafer 120 with a base
substrate material 122, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 124 is
formed on wafer 120 separated by saw streets 126 as described
above.

FIG. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and an active surface 130 containing analog or
digital circuits implemented as active devices, passive devices,

conductive layers, and dielectric layers formed within the die
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FIG. 4m shows bumps 134 of semiconductor die 124 metallurgically and electrically connected to the
intermediate portion of signal trace lines 148a-148f through openings 153 of masking layer 151.
Continuing from FIG. 4e or FIG. 4j, an encapsulant or molding compound 152 is deposited over
semiconductor die 124, carrier 140, and conductive layer 144 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable
applicatof 4s ?Hﬁﬁﬁﬁ\l@f@ﬂ&h. EHRPSARRE £52 Caf DePdlymer EBmpbsite htéridicedch as epoxy
resin withyfiller gapexiacnylate with filler,carpalynaer with preperiles  Encapsylant 152 imagn-conductive
and environmentally protects the semiconductor device from external elements and contaminants.
Conductive fay&F 44 EanBe RRfEble MatEr il Futh 458 A6 maBHalCtd §écdrely Hbid semiconductor
die 124 ir placerand resitee shifting during encapsulaticiee 130 4B Fepdeneartern 40 and Interface
layer 142 are removed by chemical etching, mechanical geeli g, CMP, mechanical rindin\%, thermal
bake, UVAigHt Tas&r ggan%hggl,to?%vecijsﬂ?ﬁ%iﬁﬁ to 8X5056 Seficondtctor Hi8 124, Condueive layer 144,
and encapsatant 1821C, membrklG.dhp, asolderangsk or insolating dayerclisdes farmed over

semicon ecn'ggrcc(ljie uzgft ggn%g%tiv?ﬁy%ralMé fmg ecnocagglflant 1,';%. A §o(£t(ijon ofssoj!gfer mask layer 154 is
removed by an etching process to exposey conductive ?ayer " 44't6r daditionalStSctical Interconnect.

In FIG. 4dean ekestricaly condactive bump miatetialis deposied ovestheaexpased portiorsof conductive

layer 144a anqb\g.44h uging an evaporation, electrolytic Iagn%,.elect ole slglating balédrop or screen
. . 4 )
printing process: The buip matsrial cai e AT, Sri Ni, AL, Aq b, BL, Cu. solder. and Combinations

thereof, Wit an ®ptiofdliflxhsalution ¢os exampiel thé dunspimaterial can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. g pg&l{rgg m%«;rigloig @L%lggg do fgg)ggctﬂvﬁlgxgrsflodkdmlé%{ng\gesﬁuitable

attachment or bonding process. In one embodiment, the bump material is reflowed by
active surface 130 using PVD, CVD, electrolytic plating,

electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.
Bumps 134 are formed over contact pads 132. Alternatively,
micro-bumps or stud bumps can be formed over contact pads 132.

In FIG. 3c, semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool
136 into individual semiconductor die 124.

FIGs. 4a-4s illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a bond-on-trace (BOT) or bond-on-lead
(BOL) interconnect for mounting a semiconductor die in a Fo-
WLCSP. 1In FIG. 4a, a substrate or carrier 140 contains
temporary or sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 142
is formed over carrier 140 as a temporary adhesive bonding film

or etch-stop layer.
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heating the material above its melting point to form spherical balls or bumps 156. In some applications,
bumps 156 are reflowed a second time to Improve electrical contact to conductive layer 144. An under
bump metallization (UBM) can be formed under bumps 156. The bumps can also be compression bonded
to conductive layer 144. Bumps 156 represent one type of Interconnect structure that can be formed over
conductive layer 144. The Interconnect structure can also use bond wires, stud bump, micro bump, or
other electrical IntercotfedtIG- 40- Inaéhcﬁﬂétcéﬁbﬁailrﬁéfnt?ﬁ%ﬂ&%"lﬁt&ﬁ‘éﬁﬁecﬁ%ﬁutﬁjre 158 is

formed oyer-seipicenducton die-¥24 conglietive layer 144 and-eacapsubant s.b2g aswbpwmnin FIG. 4r. The
buildup Interconnect structure 158 Includes an electricalli conductive layer or redistribution layer (RDL)

160 form&d TRy a PattEriing and Metal G&0<HSH Srdeeds $lieh BE {puttering "ele&P&ftic plating, and
electrolessiplaing <Corductivedayesitbl-eambe ©ne0r marenlayensiofll EueSn; N Ay AgG®r other
suitable electrically conductive mategﬁjal. One ortign of conductive layer 160 ishelectricallty J:Oglnnected to
conductive fay8F 142 Gthet pottiorislof tondubtive’ fayel 1607cRh B&eleStricaiy edmitibn 6r electrically
isolated ddpsniding-an the design @anthfanctioreefisemicoaductordievi24.ayer 144N insoladingor
passivation [aver 162 13 formed,arougd cppductive layer, 160 for electricalfsolation using Ry, CVD,
printing, Spin coating, spray coating, sintering or &rnal oxidation. The |nsuIaQung]1ayer 1&2 coritains one
or more layédrs,of sflicdn digxide (3402, siicon hitrdde (SIBN4), silicarhoxmitside(SIONywantalum
pentoxide,(13208), luminym.qide, (A1203) of gihey shaterialavivg siplar jpsulating ang sipuctural
propertie}g. A portion of insulating ?ayeral% is remove& y an etcﬁingpprocess to expose conductive layer
160 for additionaleledtricablntertomsectl 44b-14d FIG. 4dorarnelectricadlly ¢énductive bump material is
deposited over byild-up Intercannect structute, 158 and elegtrcally connested to the expased portion of

conductive layers 160, I44a, and 1449 using an evaporation, electrolytic plating, electroless plating, ball
drop, or str€en pARtIAG processriive bumprmaterialedn belAlh Sailpiadu, tAg #h, B €Ul Ssiter, and

combinations thereof, with An.aptional, flux solution. For gxample. the,bump material gan be eutectic

Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layers 144 and

160 using'a3uitable &tachmeritof Hondirgr roeess. In ofe)emBadinferilNthe Burs thatéfslSs reflowed

by heating the mategalabovesitsmeklingpojat tofoyn sphericalpalls ar bumps 164 Jdn.some applications,
bumps 164 are reflowed a second time to Improve electrical contact to conductive layers 144 and 160. A
UBM can'ié! forAfed! ridetbuntps €64 TR Bumpsicahdiso e oriptession bomted 29 @bhatictive layers

144 and 160Q. Bumpsd64depresenteng type,of Interconred shuigture that canbe farmedrover conductive
layers 144 and 160. The Interconnect structure can also use bond wires, stud bump, micro bump, or other

electricalIhErEonndets 1 44PThhtifuihg fAGAEIGE 45 of AsPSemidsidtttor e 15274k Sihgulated
through gncapsulaat $52 eadinsidating layep 484 (e buildrup dterconneststrictuierked) with saw blade
or laser cuttingjntool 166 into individual Fo-WLCSP 168. FIG. 5 shows_the Fo-WLCSP 1&38 from FIG. 4q
after singustioh® Sehfidordlittdrdie 122 is Secticaiy tonnetledthrdug-Contadihads #32* a8 bumps
134 to congluetive layet 144 and huipps 156 tBumps di834raye rondeddo dips 4 6cef comndactve layer
144b-144g as BOT or BOL fot &fing intercqnnect pitgh and increased V9, count,, |

Additional contact pads and trace lines for conductive layer 144

can be formed in the lateral and vertical directions.

In FIG. 4d, semiconductor die 124 from FIG. 3a-3c are

mounted over interface layer 142 with active surface 130

oriented toward carrier 140 using a pick and place operation.

In particular, bumps 134 are aligned with tips 146 of signal

trace lines 144b-144g. Tips 146 of signal trace lines 144b-144g

provide alignment marks during die mounting. Bumps 134 of

semiconductor die 124 are metallurgically and electrically
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FIG. 6 shows an embodiment of Fo-WLCSP 170, similar to FIG. 5, with conductive pillars 172 formed
over contact pads 132 while in wafer form, see FIGs. 3a-3c. Conductive pillars 172 contain
non-collapsible or non-fusible material, such as Au, Cu, Ni, high-lead solder, or lead-tin alloy. A
conductive layer 174, such as Ni, is formed over conductive pillars 172. Bumps 176 are formed over
conductive layer 174. Bumps 174 contain collapsible or fusible material, such as Sn, lead-free alloy,

Sn-Ag alley 8RAGEUAIoYL BR-AG-hdidmSHBNdtby Céatettic $Bf@r, ‘otAdrthi Afloys>with A4 Cu, or Pb,
or other relatively low-emperature meltsalderse showSemieopducterdie f124uwith conductive pillars 172
and bumps 176 is bonded to_conductive layer 144b-144g with application of a reflow temperature and
pressure SEBRGIERNEiRArs T72 &&ﬁoﬁﬁé@%%%&ﬂ%ﬁ tR8 Application st preds e dhaTentw

temperature ang setainctheir fermand shagpec Ateordingly, aonductve pitlaes iz ean be dimensioned to

provide g stand istance between active surface 130 of semiconductor die 124 and conductive layer
g L boAnt ot FoaA C P 4 5be STl (G E . Uit Adisulating Iayer
182 formed©vet cehductive layercdd prierdo Mauntingdsemicondactoe dieck2d. Alhedinsplating 4ayer 182

contains one of more Jayers of 5102, 334, SION, 18205, AI203, or otfer Material,having similar
insulating and structural proper ied. The insula Ing layer can be a no-flow underfill material. In
another embodimentrcontinahgcfrarmd-IGurde, aadasking layer 184 is formed over carrier 140, Interface
layer 142, contact pad§ 144%5)t e1r44h]fmg\ng trace.lines 1464 -14ﬁé‘£gi%s ft}ﬂown in FIG, 8a. With a bump

height of 15 pm, the thickness of mas Ing a)}énreféﬁ' is“about 85 pm. Ap Ura |t(§/no %%%ﬁ%%s 186 is formed

in ma_skirﬂgiha@er 1848 over tips 146 q@trace ﬁr}@§1ﬁ41§a4ll@y EIG.M@_ sh@ﬁs aaoms§—se_étﬁcﬂ1al view_of
masking |ayer, 184 fermed grer carrier. 140 with anenings. 186 pxaasing dos 146, Semiconductor die 124

is mounted to trace lines 144b-144g, simifar to FIG. 4h, with the reflow of bumps 134 confined by masking
layer 1840 Eneapsulant152 iedepositedolver seiidoritiofot did 224 ndcsifer 840, Similar toFIG. 4k.

Carrier 149 s rempoved-anthinsulafingligyer L 5is fogped ovepsemicapductor die.124 gad encapsulant
152, similar to FIGs. 40- 4p. A portion of insulating layer 154 is removed and bumps 156 are formed over
contact pads 144a ahtr 144%, shdilarcte Figscgpsuitable electrically conductive

material. Conductive layer 148 contains signal trace lines or
leads 148a, 148b, 148c, 148d, 148e, and 148f, and contact pads
148g, 148h, 148i, 1487, 148k, and 1481. FIG. 4g shows a top
view of a portion of interface layer 142 with signal trace lines
148a-148f and offset contact pads 148g-1481. Contact pads 148g-
1481 are electrically continuous with signal trace lines 148a-
148f, respectively. 1In one embodiment, signal trace lines 148a-
148f have a width W of 60-90 pm, and contact pads 148g-1481 have
a width or diameter D of 150-250 pm. Signal trace lines 148a-
148f and contact pads 148g-1481 are placed close together and
offset for a fine pitch. 1In one embodiment, the pitch P of
trace lines 148a-148f is about 80-110 pm. Trace lines 148a-148f
have an end portion or tip 150 terminating at a location
designated for alignment with bumps 134 of semiconductor die
124. Additional contact pads and trace lines for conductive
layer 148 can be formed in the lateral and vertical directions.

An optional masking layer 151 can be formed over
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4q. FIG. 8c shows Fo-WLCSP 188 with masking layer 184. A gap 190 exists between
semiconductor die 124 and masking layer 184 for mold underfill (MUF) of the semiconductor die. In one
embodiment, gap 190 is about 70-100 pm. A MUF or encapsulant material 192 is deposited through gap
190 around semiconductor die 124, including over and under the die. MUF 192 can be pumped from a
reservoir to a dispensing needle. MUF 192 is injected under pressure from the dispensing needle through

gap 190 Grdérsenitshtuctorai 124 and afdundPups 1341 R Vatduni*assisteandrad MUE 192 to aid
with uniferm distributign. M- 192 eaphespalymes sampgsite aterial sueheas eppxy 1esin yith filler,
epoxy acrylate with filler, or polymer with proper filler. MUF 192 is non-conductive and environmentally
protects ﬁﬁas%%ill:bﬁﬁlfctg)égé\ﬂ&é from external elements and contaminants. While one or more
embodiments of the presemtinvention haveibeeniilusisatediia detall, the skitted artisaniwill appreciate that
modifications and ad%ptations to those e bodimienés may be made withou% de artigg from the scope of

a %dl

the preséhit MiertioR As set 1ot irrthe foltdiving claimts’ “Claftfis WiratT cidim

oriented toward carrier 140 using a pick and place operation.

In particular, bumps 134 are aligned with tips 150 of signal
trace lines 148a-148f. Tips 150 of signal trace lines 148a-148f
provide alignment marks during die mounting. Bumps 134 of
semiconductor die 124 are metallurgically and electrically
connected to tips 150 of signal trace lines 148a-148f as BOT or
BOL.

FIG. 47 shows a top view of bumps 134 of semiconductor
die 124 metallurgically and electrically connected to tips 150
of signal trace lines 148a-148f. The diameter of bump 134 is
greater than the width of trace lines 148a-148f. The pitch P of
trace lines 148a-148f can be reduced as bumps 134 are bonded
directly to the trace line, as distinguished from a conventional
dedicated bump pad. FIG. 4k shows bumps 134 of semiconductor
die 124 metallurgically and electrically connected to tips 150
of signal trace lines 148a-148f through openings 153 of masking
layer 151.

FIG. 41 shows another embodiment with bumps 134

metallurgically and electrically connected to an intermediate
portion of signal trace lines 148a-148f. That is, signal trace
lines 148a-148f extend beyond bumps 134 in both directions.
FIG. 4m shows bumps 134 of semiconductor die 124 metallurgically
and electrically connected to the intermediate portion of signal
trace lines 148a-148f through openings 153 of masking layer 151.

Continuing from FIG. 4e or FIG. 43, an encapsulant or

molding compound 152 is deposited over semiconductor die 124,
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1. A method of making a semiconductor device, comprising: providing a carrier; forming a conductive
layer including a plurality of trace lines over the carrier; providing a semiconductor die having a
plurality of contact pads and first bumps formed over the contact pads; mounting the semiconductor
die to the conductive layer with the first bumps directly bonded to an end portion of the trace lines;
depositing an encapsulant over the semiconductor die and conductive layer; removing the carrier; and

forming drfiter&dnidd suttliré oVer e dfcaRufint ahd semitdndudtérsdis. Printing,

compressive molding, transfer molding, ligquid encapsulant
molding, wvacuum lamination, spin coating, or other suitable
applicator, as shown in FIG. 4n. Encapsulant 152 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 152 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Conductive layer 144 can be wettable material,
such as a flux material, to securely hold semiconductor die 124
in place and reduce shifting during encapsulation.

In FIG. 40, carrier 140 and interface layer 142 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose semiconductor die 124, conductive layer 144,
and encapsulant 152.

In FIG. 4p, a solder mask or insulating layer 154 is
formed over semiconductor die 124, conductive layer 144, and
encapsulant 152. A portion of solder mask layer 154 is removed
by an etching process to expose conductive layer 144 for
additional electrical interconnect.

In FIG. 49, an electrically conductive bump material
is deposited over the exposed portion of conductive layer 144a
and 144h using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The bump
material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layers 144 using a suitable attachment or bonding

process. In one embodiment, the bump material is reflowed by
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2. The method of claim 1, wherein the conductive layer includes wettable material to reduce shifting of the
semiconductor die during encapsulation. 3. The method of claim 1, further including: forming a
masking layer over the carrier and conductive Layer; and forming an opening in the masking layer
over the end portion of the trace lines. 4. The method of claim 3, wherein forming the interconnect

structure includes: forming an insulating layer over the encapsulant and semiconductor die; and
heating the material above its melting point to form spherical

balls or bumps 156. In some applications, bumps 156 are
reflowed a second time to improve electrical contact to
conductive layer 144. An under bump metallization (UBM) can be
formed under bumps 156. The bumps can also be compression
bonded to conductive layer 144. Bumps 156 represent one type of
interconnect structure that can be formed over conductive layer
144. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

In another embodiment, a build-up interconnect
structure 158 is formed over semiconductor die 124, conductive
layer 144, and encapsulant 152, as shown in FIG. 4r. The build-
up interconnect structure 158 includes an electrically
conductive layer or redistribution layer (RDL) 160 formed using
a patterning and metal deposition process such as sputtering,
electrolytic plating, and electroless plating. Conductive layer
160 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. One portion of
conductive layer 160 is electrically connected to conductive
layer 144. Other portions of conductive layer 160 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

An insulating or passivation layer 162 is formed
around conductive layer 160 for electrical isolation using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 162 contains one or more layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Taz205), aluminum oxide
(A1203), or other material having similar insulating and
structural properties. A portion of insulating layer 162 is

removed by an etching process to expose conductive layer 160 for
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forming a plurality of second bumps over the conductive Layer. 5. The method of claim 1, further
including: forming a plurality of conductive pillars over the contact pads of the semiconductor die prior
to mounting the semiconductor die to the trace lines; and forming the first bumps over the conductive
pillars. 6. The method of claim 1, further including forming an insulating layer over the conductive layer

prior to mounting the semiconductor die. 7. A method of making a semiconductor device, comprising:
providingf&'@arriera e f6hfing e Eorductive Tayetidlding a plurality of trace lines over the carrier;

In FIG. 4s, an electrically conductive bump material
is deposited over build-up interconnect structure 158 and
electrically connected to the exposed portion of conductive
layers 160, 144a, and 144g using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layers 144 and 160 using a suitable
attachment or bonding process. In one embodiment, the bump
material is reflowed by heating the material above its melting
point to form spherical balls or bumps 164. In some
applications, bumps 164 are reflowed a second time to improve
electrical contact to conductive layers 144 and 160. A UBM can
be formed under bumps 164. The bumps can also be compression
bonded to conductive layers 144 and 160. Bumps 164 represent
one type of interconnect structure that can be formed over
conductive layers 144 and 160. The interconnect structure can
also use bond wires, stud bump, micro bump, or other electrical
interconnect.

Continuing from FIG. 4gq or 4s, semiconductor die 124
are singulated through encapsulant 152 and insulating layer 154
(or build-up interconnect structure 158) with saw blade or laser
cutting tool 166 into individual Fo-WLCSP 168. FIG. 5 shows the
Fo-WLCSP 168 from FIG. 4gq after singulation. Semiconductor die
124 is electrically connected through contact pads 132 and bumps
134 to conductive layer 144 and bumps 156. Bumps 134 are bonded
to tips 146 of conductive layer 144b-144g as BOT or BOL for a

fine interconnect pitch and increased I/0 count.
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providing a semiconductor die having a plurality of contact pads and first bumps formed over the contact
pads; mounting the semiconductor die to the conductive layer with the first bumps directly bonded to
the trace lines; depositing an encapsulant over the semiconductor die and conductive layer, wherein
the conductive layer includes wettable material to reduce shifting of the semiconductor die during

encapsulation; removing the carrier; and forming an interconnect structure over the encapsulant and

semiconductor die. 8.fhHé méthddVitIdm PHarAerRRiudity Aouiting the L8micoHBttir di€to the
conductivertayeswith the first damnsi dicegtly loondedto anreyydupartionof the trage tings.d9. The method

of claim 7, further including depositing the encapsulant under the semiconductor die with a mold underfill
rﬂoceSS.Whlle in wafer form, “see FIGsS. 3a-3c. Conductive pillars

contain non-collapsible or non-fusible material, such as Au, Cu,

Ni, high-lead solder, or lead-tin alloy. A conductive layer

174, such as Ni, is formed over conductive pillars 172. Bumps

176 are formed over conductive layer 174. Bumps 174 contain

collapsible or fusible material, such as Sn, lead-free alloy,

Sn-Ag alloy, Sn-Ag-Cu alloy, Sn-Ag-indium (In) alloy, eutectic

solder, other tin alloys with Ag, Cu, or Pb, or other relatively

low temperature melt solder.

Semiconductor die 124 with conductive pillars 172 and
bumps 176 is bonded to conductive layer 144b-144g with
application of a reflow temperature and pressure. Conductive
pillars 172 do not deform or melt with the application of
pressure and reflow temperature and retain their form and shape.
Accordingly, conductive pillars 172 can be dimensioned to
provide a standoff distance between active surface 130 of
semiconductor die 124 and conductive layer 144.

FIG. 7 shows an embodiment of Fo-WLCSP 180, similar to
FIG. 5, with an insulating layer 182 formed over conductive
layer 144 prior to mounting semiconductor die 124. The
insulating layer 182 contains one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, or other material having similar insulating
and structural properties. The insulating layer 182 can be a
no-flow underfill material.

In another embodiment, continuing from FIG. 4c, a
masking layer 184 is formed over carrier 140, interface layer
142, contact pads 144a and 144h, and trace lines 144b-144g as
shown in FIG. 8a. With a bump height of 15 um, the thickness of

masking layer 184 is about 85 um. A plurality of openings 186

-20-



10. The method of claim 7, wherein forming the interconnect structure includes: forming an insulating
layer over the encapsulant and semiconductor die; and forming a plurality of second bumps over the
second conductive layer. 11. The method of claim 7, further including: forming a plurality of
conductive pillars over the contact pads of the semiconductor die prior to mounting the semiconductor die
to the trace lines; and forming the first bumps over the conductive pillars. 12. The method of claim 7,

further incRidirfF BRMING am fstidtigiayérovet the BBRdictRR 1ayér prortd #Guntiigitfie semiconductor

die. 144b-144g. FIG. 8b shows a cross-sectional view of masking
layer 184 formed over carrier 140 with openings 186 exposing
tips 146. Semiconductor die 124 is mounted to trace lines 144b-
144g, similar to FIG. 4h, with the reflow of bumps 134 confined
by masking layer 184. Encapsulant 152 is deposited over
semiconductor die 124 and carrier 140, similar to FIG. 4k.
Carrier 140 is removed and insulating layer 154 is formed over
semiconductor die 124 and encapsulant 152, similar to FIGs. 4o-
4p. A portion of insulating layer 154 is removed and bumps 156
are formed over contact pads 144a and 144g, similar to FIGs. 4p-
4qg.

FIG. 8c shows Fo-WLCSP 188 with masking layer 184. A
gap 190 exists between semiconductor die 124 and masking layer
184 for mold underfill (MUF) of the semiconductor die. In one
embodiment, gap 190 is about 70-100 pm. A MUF or encapsulant
material 192 is deposited through gap 190 around semiconductor
die 124, including over and under the die. MUF 192 can be
pumped from a reservoir to a dispensing needle. MUF 192 is
injected under pressure from the dispensing needle through gap
190 under semiconductor die 124 and around bumps 134. A vacuum
assist can draw MUF 192 to aid with uniform distribution. MUF
192 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper
filler. MUF 192 is non-conductive and environmentally protects
the semiconductor device from external elements and

contaminants.
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13. The method of claim 12, wherein the insulating layer includes a no-flow underfill material. 14. A
method of making a semiconductor device, comprising: forming a conductive layer including a plurality of
trace Lines; providing a semiconductor die having a plurality of contact pads and first bumps formed
over the contact pads; mounting the semiconductor die to the conductive layer with the first bumps
directly bonded to the trace lines; and depositing an encapsulant over the semiconductor die and
conductive layer. 15. THe ffetiotf oPElaifn g, firtfet imGading Phodrtgthe Sehticondiictsrdie to the
conductiveskyepwith the first bompsadirectlydonded teran end podionpfthe tracglings. 16. The method
of claim 14, wherein the first bumps are wider than the trace lines.

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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17. The method of claim 14, further including forming an interconnect structure over the encapsulant and
semiconductor die. 18. The method of claim 17, wherein forming the interconnect structure includes:
forming an insulating layer; and forming a plurality of second bumps over the conductive Layer. 19.
The method of claim 14, further including: forming a masking layer over the carrier and conductive

Layer; and )
Claims

What is claimed:

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

providing a carrier;

forming a conductive layer including a plurality of trace
lines over the carrier;

providing a semiconductor die having a plurality of contact
pads and first bumps formed over the contact pads;

mounting the semiconductor die to the conductive layer with
the first bumps directly bonded to an end portion of the trace
lines;

depositing an encapsulant over the semiconductor die and
conductive layer;

removing the carrier; and

forming an interconnect structure over the encapsulant and

semiconductor die.

2. The method of claim 1, wherein the conductive layer
includes wettable material to reduce shifting of the

semiconductor die during encapsulation.

3. The method of claim 1, further including:

forming a masking layer over the carrier and conductive
layer; and

forming an opening in the masking layer over the end

portion of the trace lines.

—-23-



forming an opening in the masking layer over the end portion of the trace lines. 20. The method of claim
14, further including: forming a plurality of conductive pillars over the contact pads of the
semiconductor die prior to mounting the semiconductor die to the trace lines; and forming the first bumps
over the conductive pillars. 21. A semiconductor device, comprising: a conductive layer including a
plurality of trace lines; a semiconductor die having a plurality of contact pads and first bumps formed

over the ontactip&ds e SémidorfatiRtat die bEMGTROUNtETH tRE chbRGuctVeayEr Wit the first bumps
directly bended ta:the trace liess :

forming an insulating layer over the encapsulant and
semiconductor die; and
forming a plurality of second bumps over the conductive

layer.

5. The method of claim 1, further including:

forming a plurality of conductive pillars over the contact
pads of the semiconductor die prior to mounting the
semiconductor die to the trace lines; and

forming the first bumps over the conductive pillars.

6. The method of claim 1, further including forming an
insulating layer over the conductive layer prior to mounting the

semiconductor die.

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

providing a carrier;

forming a conductive layer including a plurality of trace
lines over the carrier;

providing a semiconductor die having a plurality of contact
pads and first bumps formed over the contact pads;

mounting the semiconductor die to the conductive layer with
the first bumps directly bonded to the trace lines;

depositing an encapsulant over the semiconductor die and
conductive layer, wherein the conductive layer includes wettable
material to reduce shifting of the semiconductor die during
encapsulation;

removing the carrier; and
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an encapsulant deposited over the semiconductor die and conductive layer; and an interconnect
structure formed over the encapsulant and semiconductor die. 22. The semiconductor device of claim 21,
wherein the semiconductor die is mounted to the conductive layer with the first bumps directly bonded to
an end portion of the trace lines. 23. The semiconductor device of claim 21, wherein the interconnect
structure includes:  an insulating layer formed over the encapsulant and semiconductor die; and a

plurality of secoh8Blinilss GVer'thé cohaiidi/eayer ucture over the encapsulant an

semiconductor die.

8. The method of claim 7, further including mounting the
semiconductor die to the conductive layer with the first bumps

directly bonded to an end portion of the trace lines.

9. The method of claim 7, further including depositing the
encapsulant under the semiconductor die with a mold underfill

process.

10. The method of claim 7, wherein forming the interconnect
structure includes:

forming an insulating layer over the encapsulant and
semiconductor die; and

forming a plurality of second bumps over the second

conductive layer.

11. The method of claim 7, further including:

forming a plurality of conductive pillars over the contact
pads of the semiconductor die prior to mounting the
semiconductor die to the trace lines; and

forming the first bumps over the conductive pillars.
12. The method of claim 7, further including forming an
insulating layer over the conductive layer prior to mounting the
semiconductor die.
13. The method of claim 12, wherein the insulating layer

includes a no—-flow underfill material.
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24. The semiconductor device of claim 21, wherein the conductive layer includes wettable material to
reduce shifting of the semiconductor die during encapsulation. 25. The semiconductor device of claim 21,
further including a plurality of conductive pillars formed over the contact pads of the semiconductor die,
the first bumps being formed over the conductive pillars.

14. A method of making a semiconductor device, comprising:
forming a conductive layer including a plurality of trace
lines;
providing a semiconductor die having a plurality of contact
pads and first bumps formed over the contact pads;
mounting the semiconductor die to the conductive layer with
the first bumps directly bonded to the trace lines; and
depositing an encapsulant over the semiconductor die and

conductive layer.

15. The method of claim 14, further including mounting the
semiconductor die to the conductive layer with the first bumps

directly bonded to an end portion of the trace lines.

16. The method of claim 14, wherein the first bumps are wider

than the trace lines.

17. The method of claim 14, further including forming an
interconnect structure over the encapsulant and semiconductor

die.

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

forming an insulating layer; and

forming a plurality of second bumps over the conductive

layer.
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19. The method of claim 14, further including:

forming a masking layer over the carrier and conductive
layer; and

forming an opening in the masking layer over the end

portion of the trace lines.

20. The method of claim 14, further including:

forming a plurality of conductive pillars over the contact
pads of the semiconductor die prior to mounting the
semiconductor die to the trace lines; and

forming the first bumps over the conductive pillars.

21. A semiconductor device, comprising:

a conductive layer including a plurality of trace lines;

a semiconductor die having a plurality of contact pads and
first bumps formed over the contact pads, the semiconductor die
being mounted to the conductive layer with the first bumps
directly bonded to the trace lines;

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

an interconnect structure formed over the encapsulant and

semiconductor die.

22. The semiconductor device of claim 21, wherein the
semiconductor die is mounted to the conductive layer with the
first bumps directly bonded to an end portion of the trace

lines.
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23. The semiconductor device of claim 21, wherein the
interconnect structure includes:

an insulating layer formed over the encapsulant and
semiconductor die; and

a plurality of second bumps over the conductive layer.

24. The semiconductor device of claim 21, wherein the
conductive layer includes wettable material to reduce shifting

of the semiconductor die during encapsulation.

25. The semiconductor device of claim 21, further including a
plurality of conductive pillars formed over the contact pads of
the semiconductor die, the first bumps being formed over the

conductive pillars.
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