SEMICONDUCTOR DEVICE AND METHOD OF FORMING COMPLIANT STRESS RELIEF BUFFER
AROUND LARGE ARRAY WLCSP Field of the Invention The present invention relates in general
to semiconductor devices and, more particularly, to a semiconductor device and method of forming a
compliant stress relief buffer around a large array WLCSP and 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
semiconductglEag\ﬁgé‘?@S%% BN hﬂ&ré&?g%"%ﬂs%qwcaq%%w 1 ﬁ?‘ples of
integrated semiconductor d8vicEEh dYde ﬁﬁcé%SH??&@éﬁﬁEré&%%&?&fS? harged-coupled devices

(CODs), solar cells, and digital micro-mirror devices (DMDSs).
Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a compliant stress relief buffer

around a large array WLCSP and 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 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. 5™+ COBERTESIHULOF deviceRexpiditithe eléttficafprdpefties of semiconductor

materialsg Thewateomic structuresofrsempicepductiormpterial allows jtstalectigalconsiyctivity to be
manipulated by the application of an electric field or base current_or through the process of doping.

Doping iftfSdttés MAparificd int8 &8 §&micondHRoT fatERAIT Maripdiate &b TOREGI the conductivity of

the semicenductor, devicen s f ormi Agseaiconguetot dewice contains activenand passive glectrical
structures. Active structures,, inclug%ré%bi‘gééar and field %ﬁec transistors, control the flow of electrical

current. By Vaving TeVes Of ddpihg &id abplicatioh Bt ah'aiBctit Field oF Base Ear& the transistor either

promotesierrestricta the ffowof electricad carfrent] Passiverstructuresmiastuding resistors, capacitors, and

inductors cref\%g% 9cr§Laltigrqship t?)evgwgzen 3’8529% fmg currlreg[q necessary 11%10 B%ggrém a vna(giety of electrical
functions. The passive and dctive structires aré e?ec’trica?ly Connetted toTorm ciréuits, which enable the

semicondunterdevice tooperfarsm highespesthcalculationsand othermusedul dundtiomsd in
Semiconduqtor devices are genelrarqg manu.fa%tured using two tcoméoleé manufacturing processes, i.e.,

a T avliarlion o) T UsS.LY1
front-end manufacturi , an ‘ack-end manu acturing, each nvo ving potentlaﬁy hundreds of steps.

Front-end emanufactaring irvoivesithe fernsatiorrofea plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and cgg(ﬂr&segir%giglfgggeglpg_eég%tg'%@%%olnnecting active and

passive components. Back-end manufacturing involves singulating individual die from the finished wafer
and packagitiectheidie to pravade stuctu sl suppeit ehdeervironiientaltisslatiost ructure 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 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



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 [%assive components. Back-end processes may result in

semicondiAEA&ViCE packagesvitid 8 siralfkr TGStPHACHY improveRents ireladtitafinterconnection and
packagingdaaterialsl 1v hundV@SPandkOpW L CSR- eften €antain large array semicarnduciersdie that
redistribute signal paths from fine pitch bonding pads of the die to the periphery fan-out area for higher
functional iHtedrafioA td 8Rterhaltievicds ThEYargk &gy WLCSH ard kh6\wh t8 ExPerience reliability
problemss; émpauicalas wath selderjoint failtkesi during temperasure,cyctiag and £rop impact testing. In

addition, the large array WICSPs tend to have a warpage issue due to the |arge die size. Summary of the
vention A hEBY i b Fobe A ot (LS v hrge 1. Sy P il FOwRiED,

€
Accordinglysiniere embodiments the presentimtention iSsa semicondictos devicestcomprising ag

semlcondluc gr qlguagf %riegstr]_glllenl‘ t%%gerﬂsrpiosg%;)avgg Q’ aré)ugd tge Egmicnondtuﬁ%orgdje |r]C% location
deS|gnate(§1 or bump formation. AR encapsulant is deposi &d betwed the stress relisf buffer and
semicondustoridie. Anhintercommectsippcturte isrfdrmed dventhersemicondletol die.and stress relief

buffer. The mterconnegﬂstruc(tjuarf |n<§u%1%§n§§(lj%r lity, of bumps formed aver theS s%}gss reollgf ngfer and

. % g O uetor manufactu lﬁﬁnl roducs . .
electrically connected to the semiconductor die. In another embo ent, the E)Dresent invention is

a semicoatdadtbe devier copmptisiigthedsteps of a sefiniedniductoredie o somponent amd stress relief
buffer disposedat locations araynd the semicandyctgr die gr component. An encgpsylant s degosited
around the semiconductor die or component.
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. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

WLCSP and FO-WLCSP often contain large array
semiconductor die that redistribute signal paths from fine pitch
bonding pads of the die to the periphery fan-out area for higher
functional integration to external devices. The large array
WLCSP are known to experience reliability problems, in
particular with solder joint failures during temperature cycling
and drop impact testing. In addition, the large array WLCSPs

tend to have a warpage issue due to the large die size.
Summary of the Invention

A need exists to reduce solder joint failure in large



An interconnect structure is formed over the semiconductor die or component and stress relief buffer. The
interconnect structure is electrically connected to the semiconductor die or component. In another
embodiment, the present invention is a semiconductor device comprising a semiconductor die or
component and stress relief buffer disposed outside a footprint of the semiconductor die or component.
An encapsulant is deposited around the semiconductor die or component. An interconnect structure is

formed o%&rthe $BrhicBnddctor die"Br comporfert ahd-Stes¥ relid uffer SmPCdiMantyothdiembodiment,

the present dnuention is; arsemisonduciorsderice, samptisingresemicopdustor giengr gomponent and stress
relief buffer disposed around the semiconductor die or component. An encapsulant is deposited around

the semiCSHULICEOIBE P Bofbonaht BfiefSEsdriptionof the BrawigePCsed HRES 1afidstrates a PCB
with diffeeert dypesofpackages moutted talits sufaece; &st 2ar2cidystsate fudhendetailabthe

formation. An encapsulant is deposited between the stress
relief buffer and semiconductor die. An interconnect structure
is formed over the semiconductor die and stress relief buffer.
The interconnect structure includes a plurality of bumps formed
over the stress relief buffer and electrically connected to the
semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising the steps of a semiconductor die
or component and stress relief buffer disposed at locations
around the semiconductor die or component. An encapsulant is
deposited around the semiconductor die or component.

An interconnect structure is formed over the semiconductor die
or component and stress relief buffer. The interconnect
structure is electrically connected to the semiconductor die or
component.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and stress relief buffer disposed outside a footprint of the
semiconductor die or component. An encapsulant is deposited
around the semiconductor die or component. An interconnect
structure is formed over the semiconductor die or component and
stress relief buffer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and stress relief buffer disposed around the semiconductor die
or component. An encapsulant is deposited around the

semiconductor die or component.



representative semiconductor packages mounted to the PCB; FIGs. 3a-3f lllustrate a process of forming a
compliant stress relief buffer around a semiconductor die; FIG. 4 lllustrates a FO-WLCSP with the stress
relief buffer around the semiconductor die; FIGs. 5a-5b lllustrate the stress relief buffer extending
partially or completely along a side of the FO-WLCSP; FIG. 6 lllustrates a multi-layer composite
stress relief buffer; FIG. 7 lllustrates a stiffener mounted over the stress relief buffer and
semiconductor die; FIG. 8 lllustrates a circuit layer formed in the stress relief buffer;

Brief Description of the Drawings

FIG. 1 illustrates a 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-3f illustrate a process of forming a
compliant stress relief buffer around a semiconductor die;

FIG. 4 illustrates a FO-WLCSP with the stress relief
buffer around the semiconductor die;

FIGs. 5a-5b illustrate the stress relief buffer
extending partially or completely along a side of the FO-WLCSP;

FIG. 6 illustrates a multi-layer composite stress
relief buffer;

FIG. 7 illustrates a stiffener mounted over the stress
relief buffer and semiconductor die;

FIG. 8 illustrates a circuit layer formed in the
stress relief buffer;

FIGs. 9a-9b illustrate a stiffener formed over a
stress relief buffer that is thinner than the semiconductor die;

FIGs. 10a-10c illustrate a process of forming a
compliant stress relief layer around a semiconductor die; and

FIGs. 1lla-11b illustrate the FO-WLCSP with the stress

relief layer around the semiconductor die.

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



FIGs. 9a-9b lllustrate a stiffener formed over a stress relief buffer that is thinner than the semiconductor
die; FIGs. 10a-10c lllustrate a process of forming a compliant stress relief layer around a semiconductor
die; and FIGs. lla-llb illustrate the FO-WLCSP with the stress relief layer around the semiconductor die.
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
thesamé%%%ﬁﬁmgﬁ' 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-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
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



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-endthamGratiuring dritFbdcdiREn® &S tEARG FroRt-ERl maMAactulifig #FeStheFBrmation of

a plurality, ef dieconsthesurfacerafa semicopdyetor waferm Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.

Active electrical compdHenty SuRR A PansiEr< QHe AibHRE Shave theABify tBtontréfthe fisw of

electricahcutrent. Rassive: elegtricake@mnponeris: suclnas sapaeitors dBductors; resistors, angch

transfornijers, create a relationship between voltage and currenthne,cessary to tperform electrical circuit
e f 1%%

functions®® O MBAsEVe AndEctive CorpoHEnts afe-fomed BVat T Surfade b the Semitonductor
wafer by pzserids of frecasgsieps inciuding dopingi depasitiors, iphwadolithegrapby aetching, andn
pIanarizaPoTmD%gingsingo%%cegaimpurrlitigf irgeto élpl(ee Igegnét‘londalljctc%r nﬁ]gteéigl. Q;_(L é%Chg:% s such as ion
implantatloln Or thermal dittusion. The d‘épln‘@ proces§ modified the electneal conductivity 8f semiconductor
material inhactive alevicesptradsioomingithe semitonducterctnateriat into mhansulatoraconductor, or

dynamlcal%cchcapgineqstshe sleﬂlggnductgrc repse%(eerlsat.l coggu%tlvitg In response tg raanlellectrlc field or base

current. Transistors contain regloﬁs of varying types an degré/eesrof1 5’0[%ng arranggd as necessary to
enable theatrassistertd-prohtate areestrictthecfov of eleetricainpurmenttuporcthesaipplication of the electric

field or base current. . . Agtive and passive comnonents,are formed by layers of materials with

different electrical properties. The layers can be formed by a variety of deposition techniques determined
in part by the type of m@terial beiFdepasited. For exampie, wsihfiimdepositivhimay #nilve chemical
vapor depgsition (GVB)~Rhysisal vappi-dsposition,(PVD)yelectigiic nlating, and, slestroless plating
processes. Each layer is generally patterned to form portions of active components, passive components,

or electri®al Tonheétidiis bétirentdoingongits.to e PridRyeRfcan BepatteAicd dsing

photolithegraphy.cwhich invelyes the-depasition efdight sepsitive, materal, &.9:.Rhotergsist, over the layer
to be patterned. A pattern is transferred from a photomask to the photoresist using light. The portion of

the photorésisPpatteriTsubfectéd tlightds Ferhdved BSHEH sGVENE 8XF6siRG pbitibHs dfthe underlying
layer to be-patterned.skhgremainder gt thephotaresist isremoved, dgaving behind.a patteyned layer.

Alternatively, some types of materials are patterned by directly depositing the material into the areas or

voids forr@dby & BreéviodddésdsiishietchfrotESd<iAG fechnidits SUEh-8E 8etfiblets and electrolytic

plating. 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



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 wafePdi plishivty. SthelCsibined hEcHENEA attidn Bf tHePdBrakive%nd ddifosive action of the

chemicaldemeves anydregular topogranhys resulting inna vaiferraly flat sudaee sive adBacksend
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging

the die fo? struefural SUpbortatd Bvirohrdhtal b RESH >Fo SHYUEERRAY did, TiT& Watdi%s Stofed and

broken alongmomiuyctional regions ©f the wafer called saw streets or scribes. The wafer is singulated
using a laser cutting to]gl o%siaw lade. After sin]igulation, e indjvidual die are mounted to a package
substrate that includes & of BontAdl BadS toFintdrbonmetticn With Dthér-&7téh components. Contact
pads formed guenthersemicenductosdiecaredien connected 4o contact pads within thedpackage. The
electrical conQectlons %??n bg lrr(leadfe \éwth tsoldetr bunlpsé gtudog%mg;sldconductlve Igagtceé pr wirebonds. An

encapsul%ﬁ? or ather mo (%ng material is dre%%s}férél over the package t6 %Y&\ﬁ&él pﬁysmal support and

electricalisalatian.crhe firfished packagesistthen dnisertedhintovart electricas systerh amd! the-fuetionality of

the semiconductor dev%ce is.made §vailable to the otpgr s%st m compane ts. FIG. 1 illustrates
. = t . il . . 5 .
electronic device IEji(f)nhavlllr?gcalc ?pacarﬂee?éaggtra%e or perlntea 8|Fcucftabo§r§(§>?3vi§)55t2rv%ﬁh F pﬁarahty of

sem?concﬁﬂﬂdﬁ@@ckag@b@nm_ed oha'tsss’urmcbé}Ed?e:btmlimde\acéSeaﬁa}thaﬁe@@iewpelobﬁ _
semiconductor package, gLmultipls fypes of semicenducior packages. dapending gn the agplication. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronié devickBrmayibeta stamdtalene systend tratRises tive semidonductorpackages to perform one

or more electrical funetions, Alternafively, electronic. device 50,may be a suhcomponent of a larger

system. For example, electronic device 50 may be a graphics card, network interface card, or other signal
processing EarRthalan b snserteriptsla ebfipuierc TheserieandritocpaciagecarrinEree

MICroprocessors,{Memeries aprlication spesific integrated cigUits,(ARIC) 119diS Circyitsanalag circuits,
RF circuits, discrete devices, or other semiconductor die or electrical components. In FIG. 1, PCB
52 providesaigEneraPSubBtrRE forsstHittiralBEppsiP aAY efectifcdt It foonPe ctofthBSefficonductor

packages mawnted,an the PCR. Ganductive signaltraces 54 are farmeg.evera suifaca-or within layers of

PCB 52 usin% evaporation, electrolytic plating, electroless plating, screen printing, or other suitable metal
depositionJTOEESs. Sighdl trates 5aTprovicefor BRRECa eBMNTUfiCAtor Betwie Each Bt the
semicondugctorrpackaiges, MoYRtagkCampanets.iand othed externalsystarn companents; diages 54 also

provide power and ground Fonnegions 1 &ach of e SSmicenaveol PAckasss: . ge

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



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. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and electrically mounted directly to the PCB. For the purpose of illustration,

several tfffeLofTitEaeTRIPEEkag, chidiAg WirkYsdrid packaye 56°aR8 Hip cifip 58t afd'sfown on PCB
52. Additipnally.cseveraldypesobsegonsevel packaginge inghuding hakk grid asrayA(BGAR0, bump chip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,
quad flat honSBaded Packaye(GENY 76, & Guad Aiht fackade 72 %ré Shdwhth6urited on PCB 52.
Dependingtport #1e. system reguirements; ey gentdinatiorn-ahsemicdadactor packages, configured with
any combination of first and second level packaging styles, as well as other electronic components, can
be conneliad BPPEE 2 T SomEBmbodinerts deci o detiie 50 Melddes HMBfe attached
semiconduictarupackageswhile otheriemhddimentss calbfor hadtiplerntetrconnekted-packages, By
combining .osngr%rtrgo(rjeesergicgndg%tog ngléa%%s over %sigglers@sgatef rgi\g%fggtu(gerf can incorporate
pre-made (l:omponents into elaétronic devices an%lsys ems. Bécause the semiconductor packages
include sophisticated sunctionality, electronic devices can be manufactured using cheaper components

and a streamlined mgwﬁg%t%r]g Pro%eég. EEe rer%l%;ti'%%ge\éicgsﬁﬁrer !ﬁe;s Iiggl%ttg af%\ile a@%l less expensive
to manufacture resulting in a lower cost for consumers. S. 2a-2c show exempl%try
semiconductorcackages vbi®2a iHostrates ftnthiaradetaih b DR BA9nsumtéd omePCB 52. Semiconductor

die 74 includes. an active regian coptaining analog ar digital Gicuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed within the die and are électrically
interconneetetkaccotdimgo the eiettiicet desighof e died For ekhiiple, akie eircaif niiyBinekide one or

more wransisiges, dadss: Induisiors sapaciors, fesisiors.-andothet clieyibelements farmeg within the

active region of semiconductor die 74. Contac pads 76 are one or more layers of conductive material,
such as @GrAIMPAL) eopPer (Cu) BRTSNY ke ki) "gola YASE R SHerAJ rasd afe electrically

connecteglitgfhe cirewitelements formedhwitBin serpiconductor disqfd, Dwing assemhly of DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-
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.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid



silicon eutectic layer or adhesive material such as thermal epoxy. The package body Includes an
insulative packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electrical Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the
package for environmental protection by preventing moisture and particles from entering the package and
contaminating die 74 or wire bonds 82. FIG. 2b lllustrates further detail of BCC 62 mounted on
PCB 52. Sefmidoridiitidr §ié 88" hidurtBdverdarter 8<Using &n underilforEdpdxyiedimistitiésive
material 92.0¥irgongisd4 proyideniirstleyel packing liercganect, befweenicontachpads &6 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to

provide phyBicarsupptrPand L& trEAT isotdtion P 1 dévias ' E6MERE fad$ 182 GrE R &Ver a

surface of PGRBh2 usindia Suitaple dnaigd depesitian pracesswiueh asmslecisalyticiplating os £lectroless
plating to_prevent oxidation. Cf%rziact ads 102 are electric Iéy connecte%ﬁg one or more conductive signal
traces 54 PCBBY BURTE 104 816 forkied Bstwadn Tontact pads 98%r BEE 6274 contact pads 102
of PCB 521 ect ronlicFane, sentiegndteiorigie &8risanounied facecdovsn to internsedhate carrier 106
with a fIipechig E I% rfli£5§ Ievell é)agkagling. éctiv.e reg%%n 108c ](_)11_‘1 aeergiconductoI giea g% co ta(%ns analog or

. . C ©) evice n S, 11 a .
digital circuits Tmp ementec?as acﬁve evices, passive &ewces, conauctlveglayers, ana d‘?e ectric layers

formed aeeordingntduthe etegtrcd desigrwbfithe dieHear esainaple rthetcircoi May includel orig oemore
transistorshgiodes InduEto(gs ca%aé:itgrs, re 'sto(r:sd a}ond oth§r circuit elements within acti(ygcrggilpn 108.

Semiconductor die 58 is electrica y and mechanica ylc%ﬁﬁ cted o %]érr?eorrl%ftﬁrrnolucg nbumps 110.

BGA 60 is&téctreallycaret mechanically comnrdcted to PGBIBZ svithuer BGA siyte secoriddeveltgackaging

using bumps 112, Semigondctor.die 58 s elestrically connegted.to cgngugtive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is

deposite@oversemicondaetor diens8 ahd caPder<EIB® provitledshysivall sappere aAd electrical isolation
for the device. (The:flip chip semicopductor dguice pravides ashartelgetrical candugtion path from the

active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal
propagatigrediBtance Ot Sapacitdite? aRl TInproviE e rafi Biré At perarmiaite? ¢ AAothef he

embodiment, the semicerduciar die 58;cansbe mechanically and electriqally.connected: diegtly to PCB 52
using flip chip style first level packaging without intermediate carrier 106. FIGs. 3a-3f illustrate, in

relation t8EIGE 2L BHADaE2E W process bf forhfiiF EomphiantstressTefefsiffer around a semiconductor

die. In FIG. 3a, a substrate-0r catrier-120, gantains,temporary-erisasrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass ep§% beryllium oxide, or other suitable

low-cost, i nfateridl ot bulié SEmicortibiefor nisteAatfoP Striiturdl $UPPBRTAR optiohafintetface layer
122 can befarmadievercardercl 20ias adenposanyradhesivedbanding film: en etchnsteg layeri og

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
layers of conductive material, such as aluminum (Al), 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-
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Semiconductor die or components 124 are mounted to interface layer 122 with contact pads 126 on
active surface 128 oriented downward toward carrier 120. Active surface 128 contains analog or digital
circuits implemented as active devices, passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the electrical design and function of the die. For
example, the circuit may include one or more transistors, diodes, and other circuit elements formed within
active sufface 428 t6 hpfehiént 5hardy EfcuitSis thyital RirEGits, Shich WS digital 'Sigitdl processor (DSP),
ASIC, mesperyy Or othes signal precessing circuita Sepicenducterdie 124 may rlsgicantain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing. In FIG. 3b, a compliant stress relief
buffer or BRICKStALUTB 3078 prefaPhTed 88 cifEtIaroF squard PREHREE of FéEEngiiar Bfips using a
molding proces$s csitessaeliet-bufierdl 301 cartaing £Lomplieat materal t suehcas palymer, epoxy, polymeric
material, epoxy resjn with filler, or_epoxy acrylate with filler. Alternatively, stress relief buffer 130 can be
poIytetraﬁ%%gﬁweun%tﬁr%-iﬁ%p ed at%é/oﬁa}?e%p%eg)z\/vith %nc%?ﬁﬁiﬁlﬁ%ﬁ of ghéﬁol%ec%?t%htfa%er, epoxy,
resin, wover gladse mattekglges, fanly ester] androtherareinforceseant dibers;optabries,tREB board material
with core I%er or otheradam irt1q n}fateri%l. Stress {elief bufngllBO is Epounted %) interface layer 122 in
locations'L Séélsrléenéatg f6¢ rumﬁ grsfnatlroonl?i.%.rf at the. 3dge§e of eorhers of the completed FO-WLCSP.
In FIG. 3ccart endapsulary of soldihgeccompaund286iss deposited between stress relief buffer 130 and
semiconductor die 124.and over the semiconductor die fo 2 level even it the stiess reliet buffer using
paste printing, compressive molding, fransfer mol ing, ﬁlqwd encapsulant molding, vacuumelamlnatlon,
spin coatinyg, B BtHet suitébleliapplidatorostréssrdlief baffaol3d edn beahickerthadrseiiconductor die
124 so eqeapsylant 136 covers back surface 138 of fhe die. Encapsplant, 136,capy be pglymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsula@nds6 ¢ nomneondactiieratd éaviednmentally prote&tsthe seaticortictsredevice from external

clements 2t contaminantss ang oS- 3eshows,adenviewf & grauplag offou semjgonduictor die

124, stress relief buffer 130, and encapsulant 136 over carrier 120. Stress relief buffer 130 is mounted to
Location$' 282 HeSrpatstbfor PR forfiation at He edesafd Eobrrerdor e RO-WR.CBPVide  |n

FIG. 3e, temparapy cariisr 420 andontional interface;layer, 122 are-rgmeyed by Ghemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet stripping. A

bottom-sfeeBuidtup fftercbArne trut BB SIA A% $6rmie & BYérsémicbnblitior die'E241 Stress relief buffer

130, and gncapsulant,236. 1Thesbuild-up dnfefconpeststiuctures IAQ includesian insulating of passivation
layer 142 containing one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicoo2n oxynitride

(SION), tantafulrfi penhtobdde (Fa2d5) dubindih DKde (A28 ol - Contact pads

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
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 within active
region 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.
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temperature (<250C) cured polymer photoresist, such as benzocyclobutene (BCB), polybenzoxazoles
(PBO), epoxy based photosensitive polymer dielectric, or other material having similar insulating and
structural properties. The insulating layer 142 is formed using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. A portion of insulating layer 142 is removed by an etching process
to expose contact pads 126 of semiconductor die 124. An electrically conductive layer 144 is

formed over insulating Fifer A% 2 ghEeGthétpads Y26 Sing e paternint and ATEtE epfdsition process
such as R¥B, €YD, sputteringzeleetyalytic plating, ard elecyalessplating: Saondustive ayer 444 can be
one or more layers of Al, Cu, Ti, TiW, Sn, Ni, Au, Ag, or other suitable electrically conductive material.

ConductivE Tye? 144 T peratésas’d redistribGfion fayet tRDEY OfRE portidn o yndictive fayer 144 is

electricallyiepnnectachtoscorsactipadsciE2 Gof semicagduciongdie 124 Othegpartions:of condugtive layer
144 can be (%I?gtricallylc??mon or efgtricallg isolated de endin(%g on the designgand function of the
semicondUttorddice. 2+ InAinstiating S HAReRAOR I18/EF 1284 Fotmed Sveriinsulating layer 142
and condiictive layed 144aising:RY s @M tprintiie SPif coading aspray coatling tsintering iat¢hermal

oxidation, ghe ins Iatgn la grtlgerilgan Pec(%r}eio%Tor%(ljayeés 8f SB%Zf S%‘th\éd"ds@i\ld Ta20 eAI203, low
temperat}arey (S<]2%% )C & polymer p%o?oresnsf Suchas B B; = , or epoxyebasea photosensitive
polymer digélgetrid) op otherimatediathaving simitar insulating and stiucturalegrepéertiesaA portion of

insulating. Jayer, 1463 remoyed-by, an.sfehing process 19 xpose conducive Jayer 144, . 55 An

y conductive bump material Is geposued over -up Interconnect structure _dLﬁS a?l?j electrically
connectedaoconductiveolayer 244 sising atr Bvaporatiow,electralytic plating, electreléss plating, ball drop,

or screen printing progess; ;The hump material can be Al SncNi, Ay, Ag, Pb, Bi, G, Solder, and

combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, hightead sokky forrleadfree soldera Thelimemzedalds bonted t¢ evnductivedayear 144 using a

suitable aftachment or bonding progess; J pne embadiment, the hump material is reflowad by heating the

material above its melting point to form spherical balls or bumps 148. In some applications, bumps 148
are refloéd BGecend fifrie't imprBveeligetidal tBnfact - level packaging without

intermediate carrier 106.

FIGs. 3a-3f illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming compliant stress relief buffer around a
semiconductor die. In FIG. 3a, a substrate or carrier 120
contains temporary or sacrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, or other suitable low-cost, rigid material or
bulk semiconductor material for structural support. An optional
interface layer 122 can be formed over carrier 120 as a
temporary adhesive bonding film or etch-stop layer.

Semiconductor die or components 124 are mounted to
interface layer 122 with contact pads 126 on active surface 128
oriented downward toward carrier 120. Active surface 128
contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected

according to the electrical design and function of the die. For
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conductive layer 144. The bumps can also be compression bonded to conductive layer 144. Bumps 148
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.
FIG. 3f shows a top view of a grouping of four semiconductor die 124, stress relief buffer 130, and

encapsulant 136 with contact pads 126 electrically connected to bumps 148 through conductive layer
144.  ©*aRRLSmaf 8emicondtttor patkage SHEGdMY SsetmicBAdGetor 8l SEH: @hEapsulant compound

136, stregs krliet puffer13@.rand wieregnnect stustine 140risssingulatedhalepg Jines d49with-saw blade
or laser cutting device 150 in FIGs. 3e and 3f into individual semiconductor devices. FIG. 4 shows

FOWLCSP 151 4fteFRirglifation® S2hiiforddctordie 124 iS tfectidally donhetd t8'Hotiontside build-up
Interconnect structurs 340 anddaraps 448. (Dyr pre-femed casmpliant stress telief buffen330 is disposed
around edges, corners, and other package integrity critical. regions of FO-WLCSP 151 to prevent failure of
bumps 178 GITG eitp6ratirb icyting TAsig SHt SiHer Hidchuh el SHodd S nfiitt ot & refiablity or
drop test tyrahsoshing thermorxtechanical stiess: Strass, reliefbufter 180das, a fow YRBng's modulus, i.e.,
less than engt;r?g ulant 136, q_ood elasticity and resiliency characteristics, and coefficient of thermal
expansio?\]( I )?siﬁwrn%(r:?osgr gl?ghtly less than the encapsulant. Stress relief buffer 130 also serves to
reduce die shifting durihg tiié @ncapsulatioprocesst stresBlGs: Bacdndbl Showaer clossegectional and

o v A ool shess el ol LR g et ol gpna e o
rectangular strips using a molding process. Stress relief
buffer 130 contains compliant material, such as polymer, epoxy,
polymeric material, epoxy resin with filler, or epoxy acrylate
with filler. Alternatively, stress relief buffer 130 can be
polytetrafluoroethylene pre-impregnated (prepreqg) with a
combination of phenolic cotton paper, epoxy, resin, woven glass,
matte glass, polyester, and other reinforcement fibers or
fabrics, PCB board material with core layer, or other damping
material. Stress relief buffer 130 is mounted to interface
layer 122 in locations 132 designated for bump formation, i.e.,
at the edges or corners of the completed FO-WLCSP.

In FIG. 3¢, an encapsulant or molding compound 136 is
deposited between stress relief buffer 130 and semiconductor die
124 and over the semiconductor die to a level even with the
stress relief buffer using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator. Stress
relief buffer 130 can be thicker than semiconductor die 124 so
encapsulant 136 covers back surface 138 of the die. Encapsulant
136 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper

filler. Encapsulant 136 is non-conductive and environmentally
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the structure described in FIGs. 3a-3f, with pre-formed composite stress relief buffer 156 containing
multiple layers. In one embodiment, composite stress relief buffer 156 has a compliant material layer 158,
silicon layer 160, and compliant material layer 158. Alternatively, the layers of composite stress relief
buffer 156 are metal/compliant material/metal, or silicon/compliant material/silicon. Composite stress relief
buffer 156 reduces warpage in FO-WLCSP 154. By reducing warpage and CIE-induced stress,
FO-WLCBFPISFRSs Feduceersotdetdsmt filure parfcdiaty afcthfer the peribBRN6ftha st miconductor
die. corftl&m iirshows, an embodiment of FO-WLCSP 162, similar to the structure described in FIGs.
3a-3f, with metal stiffener or layer 164 mounted over stress relief buffer 130 and encapsulant 136. An

adhesive layer is depoSitét over Sthé¥&Fefleftitfef 136 B setufe Stiffert? 18%. Stitener 164 reduces
warpage #hQ-YALSR 3624 Stiffenear, 164 ean be usedas atieaksink )uth amaptenal thermal tnterface
material ﬁ'l; ) 166 for heat,dissiﬁ téon from semiconductor die_124. Agis ? heat sink, stiffener 164 can be
Al, Cu, or anothér matérial With i% therndl CoRdhiEtvity” TIV 168 aids in the diSHibLfion aRd dissipation
of heat generatecbby seficanhekictoradie d 24 oStiffener Itd-eat dlso aperatecas-anekectnothagnetic
interference (rlliel\/rll oggadﬁ%éreﬂg%%ggerference (RFI) shielding layer. As an EMI or RFI shielding layer,
stiffener 164 can be u, Al, ferrite or carbonyl iron, stainless steel, nickel silver, low-carbon steel,
silicon-iron steel, foil, epoxy,Icondictive egsiorand other metalslarid eompositesocepiable of blocking or

absorbingn I\/eIIrBFI, arld otehrer inztgr-g%vice interfggerlg:e. Tﬂf%jshielﬂingtla er can also be a noq—metal

material such as 8§r on-black or aIumiﬁur%eﬁna?(\é to reéuge tnél %? ects o ?éng%ﬁégﬁf?gner 164 can

b_e grounﬁedlodﬁlért tﬁMEEI\/_Imalﬂ:c_HlmFi @ifghal&inéing,FI@hSIS“h@ﬂNsb@rke_mbb@iﬁﬁent of FO-WLCSP 170,
similar to the sirygture gesgribed in FlGs; 3a-3f, with Are-formad; stress relief, buffer, 172 contajning circuit

layers 176 embedded within compliant stress relief material 178. Circuit layers 176 may contain analog or
digital cirstGits mplemehféd as attvanddviess passivecdevices; eondaetiveldayerst and dielectric layers

formed witbin;stsess,efietmatarial 118, orcap B a shows anembodigient,of FO-WLCSP 180

similar to .the structure described in FIGs. 3a- f, with stress relief buffer 184 made thinner than
semicondutisr@ierizACA metal Shffeer drlayercI8ZiR mainted vkt Skadgs palic? dEffer 230 PFior to

depositing.gncapsulant- 136 A adhesive layer s depasitpd-aves stress religf huffsy 184 to secure
stiffener 182. Stiffener 182 can be formed as a window completely around semiconductor die 124, as
shown in Ei&09h: ShfféASCIB I rdditites werpade in FOLWA€Zp @8gnitride (SiON),

tantalum pentoxide (Ta205), aluminum oxide (A1203), low

temperature (£250°C) cured polymer photoresist, such as
benzocyclobutene (BCB), polybenzoxazoles (PBO), epoxy based
photosensitive polymer dielectric, or other material having
similar insulating and structural properties. The insulating
layer 142 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 142 is removed by an etching process to expose
contact pads 126 of semiconductor die 124.

An electrically conductive layer 144 is formed over
insulating layer 142 and contact pads 126 using a patterning and
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer

144 can be one or more layers of Al, Cu, Ti, TiW, Sn, Ni, Au,
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FIGs. 10a-10c lllustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a compliant stress relief
layer around semiconductor die. Continuing with the structure described in FIG. 3a, a compliant stress
relief layer 190 is formed over Interface layer 122 around semiconductor die 124 using spray coating or
screen printing. Stress relief layer 190 can be deposited prior to mounting semiconductor die 124. There
may be a gap or there may be no gap between stress relief layer 190 and semiconductor die 124. In the
case of &§ap, ¥ GHd¥Tfill fatératlsudhlas Bpdsior Bolg Rt Thaterialdd Sppiidd: over die edge to cover
the gap to prexent die shifting-during epcapsubations Stress gelief layer.00canbe a compliant material,
such as polymer, epoxy, polymeric material, _epoxy resin with filler, epoxy acrylate with filler,
photosenditivet85ist, Yr other cBHipiHnt WattAdfaviry high &dfgation: fow miiis dribdilnced CIE.
In one embediment stressrelefdayerciOtisraninsulatingsnatedal, suehas polyimide, PB@, silicon base
elastomer, or other similar materi%I, with a low CIE %20 m/C or less) and low mlCJdqus,(Czl%%MPa or less).
Stress reliZr VST 196 s GBEAlly 1100 micTomETars (3 I GkHERE" © © L Ef Fobl A
encapsulanbaametting cempound I92tia depeositechowerdstrassaelieflayer 13and semiconductor die
124 usin%gnpiacséengrigté%gﬁ, C m‘plrggsive molding, transfer molding, liquid encapsulant molding, vacuum
lamination, spin coaﬁng, or othér Stitable applicator. Encapsulant 192 can be polymer composite
material, such as epoximresinsuiletiliergepaxycacrylate withrfillés yor palyrhen with propet fiteer
Encapsulant 192 is non-conductive.and environmentally protects t emicond device from external
elements and' gg&té&?na%tg.e P I%nl—SIG?%%%{:?J'%%g%ra;ya aerﬂe?(_algo%%ﬁng{)mfirmce layer 122
are removed by ichemicallietching fieghasicakbpeeatwoif, OMP, mechamicabgrindind,sheadal bake, laser
scanning, 9t el spping: 4.batiasida byild-updoterepnnect sEUCtHe. 134 s formed et o
semiconductor die 124 and stress relief layer 190. The build-up interconnect structure 194 includes an
insulatingér passivatindisyer F9®Tontaatad pne bk dorelayers o023 1S13N4,(SEIN,°Ta205, Al203, or
other material having similar insulating and structural pr tie e insulating layer 196 is formed using
VD, VD, SRR S o, ey Bt Sinteng SF el o e pEta of inoulating
layer 19608 vemoved byiareetehingnerocess iceexpose, cantactyjads 1R6 efrsemicoaductor die 124.

An electricaly endyeiive layer, 198 Joupedl ovgr inpulating Jayer 196 and santagt pads126 using a
patterning and metal deposition process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating i0enductive laydr 198 cambe onelnr moresiagbrsief ArcassSa, Nd AXs ©r other
suitable egg%tgg@l&yig%ndl%igg material. Conductive layer 198 operates as an RDL. One portion of
conductive layer 198 is electrically connected to contact pads 126 of semiconductor die 124. Other
portions of conductive fdye? 198cahdzel éléciicathy edmntorPBrelctfically fsbldted tripendirr on the

deggna@@@%“%ﬁ@IEUH%S§W¥§¥@HHK%&@Vggructure 140 and electrically
connected to conductive layer 144 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 layer 144 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 148. In some applications, bumps 148

are reflowed a second time to improve electrical contact to
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An insulating or passivation layer 200 is formed over insulating layer 196 and conductive layer 198 using
PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation. The insulating layer 200
can be one or more layers of 5102, SI3N4, SION, Ta205, Al203, or other material having similar insulating
and structural properties. A portion of insulating layer 200 is removed by an etching process to expose
conductive layer 198. An electrically conductive bump material is deposited over build-up

Interconrfett SHGEUTE 194 %Rl eléctrically CorfiEdtsd 7o five FayeP IRBS S An '2vap6fation,
electrolyticoplatingi glectieless plating shall dropnes secreenrptingdiecess Thedunp material can be Al,
Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bump-Material 2BfDe UtEEHE8hfPY: High-ftHy Sidr DR ehdRifeé sofier fite BEmpaterial is
bonded to £onductive layee12B Hsivgta suitable attachiaantarsbonding precessi lreene embodiment, the

bump material is reflowe(sjbb heating the material aE)ove itofnmeltin% goint to form spherical balls or bumps
202. In sOMEHpPlit&tichs BlR1p 202 A feffoned d s&6ond time s MPFsve electrical contact to
conductive layer 198. Fheshumps tamwalsa be gomjpression bondedde topdudtivedayer 198. Bumps 202

represent one type of interconnect structure that can.be formed over ductive layer 198. The

interconnsé%%t%%%ﬁ}lecggﬁ aﬁ{s]%)eus{eglgfdndS évﬁ%éq Sstud th(?npp ,@ﬁg%ﬁurﬁ%{,} or %fh%r %¥ecc?ﬁés’é1 ift8connect.

Semiconduactondiehl b artessingplated with sahehlade o ldser cottimgedendce: 204 imtp sndiviglual

semicondc%ctor d vices.olfIG ha sh9ws a c?ﬁl-sectional view of FO-WLCSP 206 after singulation. FIG.
ie

tivy . .
llb shows a bottom view of semiconductor 24 and stress relief layer 190 with contact pads 126

e!ectrically connected_tﬂ?@uﬁpgaﬂ_}Z ?zhmijghrcﬁmduguiy@@qug& 'Eh?@égmpﬁant stress relief Iayer 190 is
disposed_araund semicondugtor dig 124 1q prevent failure gf bumps 20g.during temperature £ycling

testing and other mechanical shock or impact of a reliability or drop test by absorbing thermo-mechanical
stress. Stredd raliet yer 490 hastelowoyoany's vhadftsitie. 1e8s thah encapsliditd 921 go0d elasticity

and resiliengy, charagteristigs .and CIE similar t9 ot slightly less thap.theencapsulant -Steess relief layer
190 also serves to reduce die shifting during the encapsulation process. While one or more
embodim@nts éfthepresémdnvartivh harBea iustrateddn deess the BRiffed artaavFill Bppreciate that

modificatjpnssand adaptatians w;those smbedimestsmay;hemade without dgparting from the scope of
the present invention as set forth in the following claims.
electrically connected to bottom-side build-up interconnect

structure 140 and bumps 148. The pre-formed compliant stress
relief buffer 130 is disposed around edges, corners, and other
package integrity critical regions of FO-WLCSP 151 to prevent
failure of bumps 148 during temperature cycling testing and
other mechanical shock or impact of a reliability or drop test
by absorbing thermo-mechanical stress. Stress relief buffer 130
has a low Young’s modulus, i.e., less than encapsulant 136, good
elasticity and resiliency characteristics, and coefficient of
thermal expansion (CTE) similar to or slightly less than the
encapsulant. Stress relief buffer 130 also serves to reduce die
shifting during the encapsulation process.

FIGs. 5a and 5b show a cross—-sectional and top view of
pre—formed compliant stress relief buffer 130 extending
partially or completely along a side of FO-WLCSP 152.

FIG. 6 shows an embodiment of FO-WLCSP 154, similar to
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Claims What is claimed: 1. A semiconductor device, comprising: a semiconductor die; a stress relief
buffer disposed partially around the semiconductor die in a location designated for bump formation;
encapsulant deposited between the stress relief buffer and semiconductor die; and

the structure described in FIGs. 3a-3f, with pre-formed
composite stress relief buffer 156 containing multiple layers.
In one embodiment, composite stress relief buffer 156 has a
compliant material layer 158, silicon layer 160, and compliant
material layer 158. Alternatively, the layers of composite
stress relief buffer 156 are metal/compliant material/metal, or
silicon/compliant material/silicon. Composite stress relief
buffer 156 reduces warpage in FO-WLCSP 154. By reducing warpage
and CTE-induced stress, FO-WLCSP 154 has reduced solder joint
failure, particularly around the periphery of the semiconductor
die.

FIG. 7 shows an embodiment of FO-WLCSP 162, similar to
the structure described in FIGs. 3a-3f, with metal stiffener or
layer 164 mounted over stress relief buffer 130 and encapsulant
136. An adhesive layer is deposited over stress relief buffer
130 to secure stiffener 164. Stiffener 164 reduces warpage in
FO-WLCSP 162. Stiffener 164 can be used as a heat sink with an
optional thermal interface material (TIM) 166 for heat
dissipation from semiconductor die 124. As a heat sink,
stiffener 164 can be Al, Cu, or another material with high
thermal conductivity. TIM 166 aids in the distribution and
dissipation of heat generated by semiconductor die 124.
Stiffener 164 can also operate as an electromagnetic
interference (EMI) or radio frequency interference (RFI)
shielding layer. As an EMI or RFI shielding layer, stiffener
164 can be Cu, Al, ferrite or carbonyl iron, stainless steel,
nickel silver, low-carbon steel, silicon-iron steel, foil,
epoxy, conductive resin, and other metals and composites capable
of blocking or absorbing EMI, RFI, and other inter-device
interference. The shielding layer can also be a non-metal

material such as carbon-black or aluminum flake to reduce the
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an interconnect structure formed over the semiconductor die and stress relief buffer, the interconnect
structure including a plurality of bumps formed over the stress relief buffer and electrically connected to
the semiconductor die. 2. The semiconductor device of claim 1, wherein the stress relief buffer includes a
multi-layer composite material. 3. The semiconductor device of claim 1, wherein the stress relief buffer
includes: forming a first compliant Ia)éer; formin% a silicon layer over the first compliant Iaﬁr; and forming

a second*dorfipiiaht Myer over ittt Shidon layel-4STRe sémicdriickst deviiensidaiP1 SfviREF including

a stiffener layeriarmedioverithe siiess selief buffer and encapsulant. 5. The semiconductor device of
claim 1, wherein the st%elsg relief buffer is disposed along a side of the semiconductor die.

shows an embodiment of FO-WLCSP 170, similar to
the structure described in FIGs. 3a-3f, with pre-formed stress
relief buffer 172 containing circuit layers 176 embedded within
compliant stress relief material 178. Circuit layers 176 may
contain analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within stress relief material 178.

FIG. 9a shows an embodiment of FO-WLCSP 180, similar
to the structure described in FIGs. 3a-3f, with stress relief
buffer 184 made thinner than semiconductor die 124. A metal
stiffener or layer 182 is mounted over stress relief buffer 130
prior to depositing encapsulant 136. An adhesive layer 1is
deposited over stress relief buffer 184 to secure stiffener 182.
Stiffener 182 can be formed as a window completely around
semiconductor die 124, as shown in FIG. 9b. Stiffener 182
reduces warpage in FO-WLCSP 180.

FIGs. 10a-10c illustrate, in relation to FIGs. 1 and
2a-2c, a process of forming a compliant stress relief layer
around semiconductor die. Continuing with the structure
described in FIG. 3a, a compliant stress relief layer 190 is
formed over interface layer 122 around semiconductor die 124
using spray coating or screen printing. Stress relief layer 190
can be deposited prior to mounting semiconductor die 124. There
may be a gap or there may be no gap between stress relief layer
190 and semiconductor die 124. 1In the case of a gap, an
underfill material, such as epoxy or polymeric material, is
applied over die edge to cover the gap to prevent die shifting
during encapsulation. Stress relief layer 190 can be a

compliant material, such as polymer, epoxy, polymeric material,
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6. The semiconductor device of claim 1, wherein the stress relief buffer is disposed at a corner of the
semiconductor die. 7. A semiconductor device, comprising: a semiconductor die or component; a
stress relief buffer disposed at locations around the semiconductor die or component; an encapsulant
deposited around the semiconductor die or component; and an interconnect structure formed over the
semiconductor die or component and stress relief buffer, the interconnect structure being electrically

connectetit8tHe S8micoritiuictordié bF Eonfponént, acrylate with filler, photo-

sensitive resist, or other compliant material having high
elongation, low modulus, and balanced CTE. In one embodiment,
stress relief layer 190 is an insulating material, such as
polyimide, PBO, silicon base elastomer, or other similar
material, with a low CTE (20ppm/°C or less) and low modulus
(200MPa or less). Stress relief layer 190 is typically 15-100
micrometers (pm) in thickness.

In FIG. 10b, an encapsulant or molding compound 192 is
deposited over stress relief layer 190 and semiconductor die 124
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 192 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 192 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 10c, temporary carrier 120 and optional
interface layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A bottom-side build-up interconnect
structure 194 is formed over semiconductor die 124 and stress
relief layer 190. The build-up interconnect structure 194
includes an insulating or passivation layer 196 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 196 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation. A
portion of insulating layer 196 is removed by an etching process

to expose contact pads 126 of semiconductor die 124.
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8. The semiconductor device of claim 7, wherein the stress relief buffer includes a multi-layer composite
material. 9. The semiconductor device of claim 7, wherein the stress relief buffer includes: forming a first
compliant layer; forming a silicon layer over the first compliant layer; and forming a second compliant
layer over the silicon layer. 10. The semiconductor device of claim 7, further including a stiffener layer

formed over the stress relief buffer and encapsulant. 11. The semiconductor device of claim 7, further
including a circuit layerformed Withit tie- &réSBfef biffferaver 198 1s formed over

insulating layer 196 and contact pads 126 using a patterning and
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer
198 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 198 operates as an RDL. One portion of conductive layer
198 is electrically connected to contact pads 126 of
semiconductor die 124. Other portions of conductive layer 198
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

An insulating or passivation layer 200 is formed over
insulating layer 196 and conductive layer 198 using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 200 can be one or more layers
of Si02, Si3N4, SiON, Taz205, Al1203, or other material having
similar insulating and structural properties. A portion of
insulating layer 200 is removed by an etching process to expose
conductive layer 198.

An electrically conductive bump material is deposited
over build-up interconnect structure 194 and electrically
connected to conductive layer 198 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 layer 198 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 202. In some applications, bumps 202
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12. The semiconductor device of claim 7, wherein the encapsulant is disposed over the stress relief
buffer. 13. The semiconductor device of claim 7, further including a plurality of bumps formed over the
stress relief buffer. 14. A semiconductor device, comprising: a semiconductor die or component; a
stress relief buffer disposed outside a footprint of the semiconductor die or component; an
encapsulant deposited around the semiconductor die or component; and an interconnect structure

formed 0F&FthESSehMtGAdACSFEIR S coMforient HRBStEes Tefidhbuffer. contact to

conductive layer 198. The bumps can also be compression bonded
to conductive layer 198. Bumps 202 represent one type of
interconnect structure that can be formed over conductive layer
198. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated with saw blade or
laser cutting device 204 into individual semiconductor devices.
FIG. 1la shows a cross-sectional view of FO-WLCSP 206 after
singulation. FIG. 1lb shows a bottom view of semiconductor die
124 and stress relief layer 190 with contact pads 126
electrically connected to bumps 202 through conductive layer
198. The compliant stress relief layer 190 is disposed around
semiconductor die 124 to prevent failure of bumps 202 during
temperature cycling testing and other mechanical shock or impact
of a reliability or drop test by absorbing thermo-mechanical
stress. Stress relief layer 190 has a low Young’s modulus,
i.e., less than encapsulant 192, good elasticity and resiliency
characteristics, and CTE similar to or slightly less than the
encapsulant. Stress relief layer 190 also serves to reduce die
shifting during the encapsulation process.

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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15. The semiconductor device of claim 14, wherein the stress relief buffer includes a multi-layer
composite material. 16. The semiconductor device of claim 14, further including a stiffener layer formed
over the stress relief buffer and encapsulant. 17. The semiconductor device of claim 14, wherein the
stress relief buffer is disposed along a side or at a corner of the semiconductor die or component. 18.
The semiconductor device of claim 14, wherein the encapsulant is disposed over the stress relief buffer.
19. The semiconductor device of claim 14, furthepﬂﬁﬁfbﬁwg a plurality of bumps formed over the stress
relief buffer. 20. A semiconductor device, comprising:

What is claimed:

1. A semiconductor device, comprising:

a semiconductor die;

a stress relief buffer disposed partially around the
semiconductor die in a location designated for bump formation;

an encapsulant deposited between the stress relief buffer
and semiconductor die; and

an interconnect structure formed over the semiconductor die
and stress relief buffer, the interconnect structure including a
plurality of bumps formed over the stress relief buffer and

electrically connected to the semiconductor die.

2. The semiconductor device of claim 1, wherein the stress

relief buffer includes a multi-layer composite material.

3. The semiconductor device of claim 1, wherein the stress
relief buffer includes:

forming a first compliant layer;

forming a silicon layer over the first compliant layer; and

forming a second compliant layer over the silicon layer.
4. The semiconductor device of claim 1, further including a
stiffener layer formed over the stress relief buffer and
encapsulant.
5. The semiconductor device of claim 1, wherein the stress

relief buffer is disposed along a side of the semiconductor die.
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a semiconductor die or component; a stress relief buffer disposed around the semiconductor die or
component; and an encapsulant deposited around the semiconductor die or component. 21. The
semiconductor device of claim 20, further including an interconnect structure formed over the
semiconductor die or component and stress relief buffer, the interconnect structure being electrically
connected to the semiconductor die or component. 22. The semiconductor device of claim 20, wherein

the stres$ relief buffeP Rk IRRE MURFIa8Y CoMposite hiatBridl: 282 ThedentitendidtsSdevice of claim
20, whereiathe stress relief buffer iscdispesed-along aside of at arcornenafibe seaicanductor die or
component. 24. The semiconductor device of claim 20, further including a stiffener layer formed over the
stress relief buffer and encapsulant.

7. A semiconductor device, comprising:

a semiconductor die or component;

a stress relief buffer disposed at locations around the
semiconductor die or component;

an encapsulant deposited around the semiconductor die or
component; and

an interconnect structure formed over the semiconductor die
or component and stress relief buffer, the interconnect
structure being electrically connected to the semiconductor die

or component.

8. The semiconductor device of claim 7, wherein the stress

relief buffer includes a multi-layer composite material.

9. The semiconductor device of claim 7, wherein the stress
relief buffer includes:

forming a first compliant layer;

forming a silicon layer over the first compliant layer; and

forming a second compliant layer over the silicon layer.
10. The semiconductor device of claim 7, further including a
stiffener layer formed over the stress relief buffer and

encapsulant.

11. The semiconductor device of claim 7, further including a

circuit layer formed within the stress relief buffer.
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25. The semiconductor device of claim 20, wherein the encapsulant is disposed over the stress relief
buffer.

12. The semiconductor device of claim 7, wherein the

encapsulant is disposed over the stress relief buffer.

13. The semiconductor device of claim 7, further including a

plurality of bumps formed over the stress relief buffer.

14. A semiconductor device, comprising:

a semiconductor die or component;

a stress relief buffer disposed outside a footprint of the
semiconductor die or component;

an encapsulant deposited around the semiconductor die or
component; and

an interconnect structure formed over the semiconductor die

or component and stress relief buffer.

15. The semiconductor device of claim 14, wherein the stress

relief buffer includes a multi-layer composite material.

16. The semiconductor device of claim 14, further including a
stiffener layer formed over the stress relief buffer and

encapsulant.
17. The semiconductor device of claim 14, wherein the stress
relief buffer is disposed along a side or at a corner of the

semiconductor die or component.

18. The semiconductor device of claim 14, wherein the

encapsulant is disposed over the stress relief buffer.

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

plurality of bumps formed over the stress relief buffer.
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20. A semiconductor device, comprising:

a semiconductor die or component;

a stress relief buffer disposed around the semiconductor
die or component; and

an encapsulant deposited around the semiconductor die or

component.

21. The semiconductor device of claim 20, further including an
interconnect structure formed over the semiconductor die or
component and stress relief buffer, the interconnect structure
being electrically connected to the semiconductor die or

component.

22. The semiconductor device of claim 20, wherein the stress

relief buffer includes a multi-layer composite material.

23. The semiconductor device of claim 20, wherein the stress
relief buffer is disposed along a side or at a corner of the

semiconductor die or component.
24. The semiconductor device of claim 20, further including a
stiffener layer formed over the stress relief buffer and

encapsulant.

25. The semiconductor device of claim 20, wherein the

encapsulant is disposed over the stress relief buffer.
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