SEMICONDUCTOR DEVICE AND METHOD OF FORMING DAM
MATERIAL AROUND PERIPHERY OF DIE TO REDUCE WARPAGE Field
of the Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device and method of
forming dam material around a periphery of a semiconductor die to reduce
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number and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component, e.g., light
emitting diode (LED), snaalLsigngldraisistor, &sisiqL, capacitor, inductor,
and power metal oxide semiconductor field effect transistor (MOSFET).
Integrated semiconductor devices typically contain hundreds to millions of
electrical-gomponents, Examplesiof, integrated semicondyctar, deyices
include microcontrollers, microprocessors, charged- coupled devices (CODSs),
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transmitting and receiving electromagnetic signals, controlling electronic
a segéyiessitrarforthifg Sanfgiitic @letiidsand creating visual projections
for television displays. Semiconductor devices are found in the fields of
entertainment, -1 communications, power conversion, networks, computers,

and consumer prodRASKEEMEA AT HRVERESRE LR found in military

applications, aviation, automotive, industrial

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,



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

mani uéate and control the conductivity of the sepwiconductortdevice. A
CoMSEmiconductor device contains active and %a‘gé]ﬂ:/e “électrical structures.
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s 1 J0UL0f eleoiical cuent. By yaping levels.ofdapina and application,of an
electric or base current, the transistor either promotes or restricts the
contfiow bt ekectrdcal cafrént Pasgiverseoctures, including resistors, capacitors,

and indutors.. create a relationship.between voltage and current necessary

to perform a variety of electrical functions. The passive and active structures
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Semiconductor devices are generally manufactured using two complex
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Back-end manufacturing involves singulatin% individual die from the finished
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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. Each die is typically identical and

contains circuits formed by electrically connecting active and



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
s Bipducts, b smaller die size,may be achieved by improvements.n the, 1 a¢ i
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The electrical interconnection in a fan-out wafer
level chip scale package (FO-WLCSP) containing semiconductor
devices stacked on multiple levels can be accomplished with
conductive through silicon vias (TSV), through hole vias (THV),
or Cu-plated conductive pillars. Vias are formed in silicon or
organic material around the die using laser drilling or deep
reactive ion etching (DRIE). The vias are filled with
conductive material, for example by copper deposition using an
electroplating process, to form the conductive TSVs and THVs.
The TSVs and THVs further connect through build-up interconnect
structures which are formed across each semiconductor die. An
encapsulant is deposited over the stacked semiconductor die.

A common failure issue for the FO-WLCSP is warpage.
When the semiconductor die is mounted to a temporary carrier for
encapsulation, a mismatch between the coefficient of thermal

expansion (CTE) of the encapsulant and temporary carrier induces



WLCSP is formed, a mismatch between the CIE of the encapsulant and
build-up interconnect structure induces stress that can lead to warpage, e.g.,
during temperature cycling or extreme temperature testing. Device failure
due to warpage should be avoided or at least minimized, particularly at the
final stage of the manufacturing process when the defect is most costly.

streZUMmany ofthe nvention A ned exists to redyce warpage 13 FOWLGEP
uring the manufacturing process.” Accordingly, in oné émbodiment, the

WLCSpresentimwention i animethad bf eakingea semicaiitiuctor devices compsisingnt
ana fe:teps,of providing a,lemporary. cartigrhaving . designated areaforafist. .y
semiconductor die, depositing dam material on the temporary carrier aroun
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of thavea Ll LatespegdingdoaCIE, pEthe. gocapsulant. The method further,

includes the steps of removing the temporary carrier to expose a first side of
the encapsulant and active surface of the first semiconductor die, and

forming a first intercong\gainaliyctyie ew thadiesitsids, of the encapsulant. In
another embodiment, the present invention is a method of making a

semiconductor device comprising the steps of providing a carrier having a

designatedasea fena first semicenductor;cempgrent; dgpesitingdam during
material on the carrier -4 around the designated area for a first

the gamichnabtior C8mpoReRt Smoufifitg Tite first ¥emidondigtdr eoftbdkeht o the
prestherdesigratedon is a method of making a semiconductor device

comprising the steps of providing a temporary carrier having a
designated area for a first semiconductor die, depositing dam
material on the temporary carrier around the designated area for
a first semiconductor die, mounting the first semiconductor die
with its active surface oriented to the designated area on the
temporary carrier, and depositing an encapsulant over the first
semiconductor die and temporary carrier. The dam material is
selected to have a CTE corresponding to a CTE of the
encapsulant. The method further includes the steps of removing
the temporary carrier to expose a first side of the encapsulant
and active surface of the first semiconductor die, and forming a
first interconnect structure over the first side of the
encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier having a designated area for a first

semiconductor component, depositing dam material on the carrier



area on the carrier, depositing an encapsulant over the first semiconductor
component and temporary carrier, removing the carrier, and forming a first
interconnect structure over the encapsulant. In another embodiment, the
present invention is a method of making a semiconductor device comprising
the steps of providing a first semiconductor component, depositing dam

arou815/al atound,a peripheny.of the frst semiconductor. gomponent, a0 oo,
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semiconductor component. An encapsulant is deposited over the first
encagéricentductor component. The dam material is selected to have a CIE

corresponding,to-a CIE of the; eneapsulant-Afirst infercoppeststacture is

formed over the encapsulant. Brief Description of the Drawings FIG. 1
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packages mounted to the PCB; FIGs. 3a-3e illustrate a process of forming
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compWAHIRGE inthe FOWLECSRGFIG. ‘éﬂ'@%@tﬂ?a{h@ RQWLERE mounted to a
semiEgE%¥EQor component. The dam material is selected to have a
CTE corresponding to a CTE of the encapsulant. The method
further includes the step of forming a first interconnect
structure over the encapsulant.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor component
and dam material deposited around a periphery of the first
semiconductor component. An encapsulant is deposited over the
first semiconductor component. The dam material is selected to

have a CTE corresponding to a CTE of the encapsulant. A first

interconnect structure is formed over the encapsulant.
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-3e illustrate a process of forming dam



dam material formed around a periphery of the semiconductor die; FIG. 5
illustrates an EMI shielding layer formed around the semiconductor die; FIG.
6 illustrates the semiconductor die supported by the dam material to prevent
collapse of the interconnect bump; FIG. 7 illustrates the dam material
extending up to a top surface of the encapsulant; FIG. 8 illustrates a TIM and

heat_sink forrrpgd over the semlco%ductor die; anglullzl%‘. 9 |Igjsératges a
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FIG. 9 illustrates a semiconductor die and topside

build-up interconnect structure formed over the encapsulant.

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—-end manufacturing and

back—-end manufacturing. Front—-end manufacturing involves the



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
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planphatelithographyboping 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
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components 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 material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and

electroless plating processes. FEach layer is generally



which involves the deposition of light sensitive material, e.g., photoresist,
over the layer to be patterned. A pattern is transferred from a photomask to
the photoresist using light. The portion of the photoresist pattern subjected to
light is removed using a solvent, exposing portions of the underlying layer to
be patterned. The remainder of the photoresist is removed, leaving behind a

atterned layer. Alternatively, some _types of materials are patterned b
22t B dohotih et i o T Biéns 5 oS Rratoct by & previous
compdepasition/etcheprecessiusing techrguesosuchoas sleetrolessamae etectrolytic
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remove material from the surface of the wafer and produce a uniformly flat
trangifaces dPlanatizatigmiaveies polishing thé Batfase ef the waferwithight .

The PQishing,pad: An abrasivematerial apd.GoLrosive icakare, addeg o the
surface of the wafer during polishing. The combined mechanical action of the
remoygidsieldrtl Goresive Attiors 6t Hie BRemital temoves afy fregifigr Ly1ng

Layectopography, tesulting-in a upiformiyflat.sudface cBackepd mandactyring
refers to cutting or singulating the finished wafer into the individual die and

remoRa, pAERIGING tREMiETEr Strcthid ShBFort A EtenvirbhRINAtiSeRtivn. T6me

t ypeSingulate the-dig] theswafes is seored @ngibraker -8 alpnghonsfunctignahe
regions of the wafer called saw streets or scribes. The wafer is singulated

matea§ﬁéaﬂaggr&hﬁnéﬁﬁﬁ%ror 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
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
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 support and environmental

isolation. To singulate the die, the wafer is scored and broken



saw blade. After singulation, the individual die are mounted to a package
substrate that includes pins or contact pads for interconnection with other
system components. Contact pads formed over the semiconductor die are
then connected to contact pads within the package. The electrical
connections can be made with solder bumps, stud bumps, conductive paste,

or wirebands. An encapsulant or otFer olding material is deposited over. the
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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
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,

discrete devices, or other semiconductor die or electrical



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

Compf(% éaII1 cérical communication between each of the semiconductor packages,
mounted components, and other external system components. Traces 54

also provide poWwer landPgouni cormectiens to eacteobthessamsiconductéor
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packaging irst level packaging is a technique for mechanically and
semiglestticallyattaching dive semicoreliictor didto RFFinterfeaibtetcandersignal
tracagCed level packaging involves smeehanically and glectrically attachingthes
intermediate carrier to the PCB. In other embodiments, a semiconductor
us indege praie bhfhavelthetfirstlgvelpackagingcwheresthedie &5 $néchainically

scre@id glectrically moynted directly, tq the,RCB. For the-puypese of illystration,

~ several types of first level packaging, including wire bond package 56 and
Signglih ERiPBBS apé SREWH BFFPEBSE Ifelitiorzdly, SeVerarypes spsebsriecn

eachleyel F%@fé(agmﬁiM@JEQ@ﬁ"ﬂéi@k%f@@/s@%hﬁ@e@”@Bm%[%&&ﬁ%%f (BGE)
62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip
othemogiiieeie M) 685 fEad IAPReATEaded pAtRAGE (QRNY 76CaRd giad flaPover

and Backage % are showndneunted an FCR B2 Pependingponthe system s .
requirements, any combination of semiconductor packages, configured with

any combihatioRof SfirePand'SBESHd feverPackying S6test ¥ Wil 488thkr©
packelgetigniceasponents, can he-genngsied tyPLB 52 18 semeiniiue 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
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other

electronic components, can be connected to PCB 52. In some
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embodiments, electronic device 50 includes a single attached semiconductor

package, while other embodiments call for multiple 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
cbclfglkde sophisteated, functignalty, elegironic deyices can be manufaciured,

using cthe’aper components and a streamﬁlne%l manuf%ctsurlna process. The
semirgsuttingtdevigescduedess likely ¢o failhand lesbeXpersive taahandfacture ltiple
. resulting in a lower cost for consumers,. FIGs. 2a-2¢ show exemplary.
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pre-ANRI00 Qrdigiial gircuits implemented as active deyicespasgive devices,

conductivelayers, and dielectric layers formed within the die and are
Becagleetrichflty irerconneetetd Accoiding 6 thel ridcidcal esiyhsdfithe disl For

func®AYUARIE; e ciccuitipay jnclude.pne-qr more ransisions fdiedes, inductars,
capacitors, resistors, and other circuit elements formed within the active
cheapgforr 6F&smRBRAUEDF die PAICGMAL A0S 76 afé 6h8 bt Plorer RyefSef The

r e sugenduetive ymatetial, such ag aluminum, (A, copper (Gu)1tin (Sn),pickek (), ¢

%old (Au), or silver (Ag), and are electrically connected to the circuit
manugaidhts feriiaelwithin  $émitohadtietor aRS 74 fOurig ASSE1RB of DIP 64,

semicongyetor dig 74ds smeunted dengndnterrediate sarkier 48 ysing agoid-
silicon eutectic layer or adhesive material such as thermal epoxy. The

FIG. hgékate Botyintrides ahtinsdlative packaying hafetial'SueH 88 pBRnieroro2 -
Semiceyamicteenducior/eads 8dwansgks wike bends82 peayide elestical ning analog

or dgéggg;%cfrbgﬂﬁén sSemiconductar die 74 and SCR 52 Encapslant 84 is
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-
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
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-11 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 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 packing
inferconnegt between contact pads 96.and 98, Molding cpmmound or, ;
encaps%?an 90 is &eposnea over semiconductor die 88 andwire bonds 94
mo i stoupreviged physitalsuppoftamnd electricahisoldtionderctteodevicel Contact
contB35,102 g1 lormedover 4 sufage. of PCE 52 using a suitable metal
eposition process such as electro ytic plating or electroless plating to
prevent oXidatierr Gdntastipads=E0Z wre ledectredlyiconmectEdtotdhenorunt ed
on pfore sonductive signal traces,54 inBCB.52, Bumps 104 are farmed. . o,
between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In
usinglGpcisertiéonductst die SBYs hesUrted faresdoen Mdtintermedfde calfiere
bonal08 Withalipghinstyle first level packaging; Aetive-ragion-108.0f yeen
semiconductor die 58 contains analog or digital circuits implemented as
contaeifvergeliices passive tevidés ] EonductivalayEis, ad Brfedtic fegs 100 is
depol®imed aceardingtothe glectrcal designsofihe dig. Ronexaawle.dhe Cirguit; i de
may include one or more transistors, diodes, inductors, capacitors, resistors,
Phy safng bthdrieihetit efétflefts Shithin agtive: Tegidh1U8. @élfni*&gﬁdlﬂffé’rl&% 58 is
contglettrically and meghanicallyconpeetedLo sarerct06threugh bumps119. o
. BGA 60 is electrically and mechanically connected to_ PCB 52 with a BGA .
SULtaliCs ot e PEIRFtkagNG Uiy BimpS 2. *SeMiconthictby ties8 ¢t 1ing

or celeettically cennacted 4@ condustivéent oxidation. Contact pads 102

over

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.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive

signal traces 54 in PCB 52 through bumps 110, signal lines 114,
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signal traces 54 in PCB 52 through bumps 110, signal lines 114, -12 and
bumps 112. A molding compound or encapsulant 116 is deposited over
semiconductor die 58 and carrier 106 to provide physical support and
electrical isolation for the device. The flip chip semiconductor device
provides a short electrical conduction path from the active devices on
semicondyctor die 58 (g conduction tracks on FCB, 32 in grder {0 gedyce
signal” propagation d‘fs]tancéj{ IowePcapacitance, and Improve overall Eircuit
depoperfernancer Irs andthen énmbiooiment; thed semitonauctoe rdié B3 ¢an beovide
mechanically and electrically.connected directly to RCB 52 using flip chip
P e Aot lermise P Tob Fheaiyhgy The
flipillgstiates Fmvietatiohuto G sd ¢ ahte2 @ 12c] adsrocess bbformingedamimaterial
conaiOund,2 peiphery gh a. gemicondyctosdia [ echce NAPRIRIIG: e s
FO-WLCSP. In FIG. 3a, a wafer-form substrate or carrier 120 contains
to ctepporaneeor saerficialdyaseGRatetial such ds silicon rgslpeer, pclypmér
propSYRRosite. metal ceramic, glass. glass epoxy.beryliym axide., or other, 11

suitable low-cost, rigid material or bulk semiconductor material for structural

circyigpdte AHBR 126 can Risc?BOTAR: ARloploRalihterfae IS8 1o eirhber

die fosmedrovier catier 120 as A temporanyrdhesive hgnding filre o gtchrstopr 1y
layer. Carrier 120 has an area 123 designated for mounting??%gsemiconductor
to Phia. Adah hatefial 2418 deposited ober Shtetfate tayet 49229 AP Ragt thout

int cPaidiahy oe completely argynd a periphery of area 123. Dam material 124 can
be an adhesive, polymer, or metallic layer. Dam material 124 is formed by

screen prihtiflg, elécti6lytid pratihg2&Rctrorkss platingC Tspray to&ting, orand 2a-
2c, ethersuitable slepositianprocess depending oAround a periphery of a

and

semiconductor die to reduce warpage in the FO-WLCSP. In FIG.
3a, a wafer—-form 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. Carrier 120 can also be tape.
An optional interface layer 122 can be formed over carrier 120
as a temporary adhesive bonding film or etch-stop layer.

Carrier 120 has an area 123 designated for mounting a
semiconductor die. A dam material 124 is deposited over
interface layer 122, at least partially or completely around a
periphery of area 123. Dam material 124 can be an adhesive,
polymer, or metallic layer. Dam material 124 is formed by
screen printing, electrolytic plating, electroless plating,
spray coating, or other suitable deposition process depending on
the material.

In FIG. 3b, semiconductor die or component 126 is
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the material. In FIG. 3b, semiconductor die or component 126 is -13
mounted to designated area 123 on interface layer 122 with contact pads
128 on active surface 130 oriented downward toward carrier 120. Active
surface 130 contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric layers formed

noun{ifinthe die and.glegtically injerconnected asearding to the glectrigal
esign and function of the die. For examﬁ]e, the circuit me\{y include one or
contmore tradsisicts, diodes;andeother Cixcuwt Eldmentsdfoimdd dvthirnvactivec oward

carrI¥face130 to,implement apalog Giseyits or digital _C%%‘f% 5“8?.""&?%%‘1
signal processor (LD P), A I%, memory, or other signal processing circuit.

circ8eticonuuictoralie 426 avay alsowwontain 1IPBs suchr as intucters, capacitors,

cona@d [esisters, Jor.RF signal pracessing. Atypical, RE System teoyires. o gie
multiple IPDS in one or more semiconductor packages to perform the

and gpdesssanralettricanfutictions datrG. 3ecar ensapsutarither rmdlkdingr1cal

desiERMRAUNG 13245 Seposited over dam material 124 and semicenduciordig,
. 26 using a paste printing, compressive molding, transfer molding, liquid
inclgfeapsifart mélaing, vacdim Iafinatiof 1 §pif Toafing, Grtéher stitablet

e 1em@pRIicator-Eogapsulant,13z2-¢an be pepymer-composite MaleralSUChA810q
epoxy resin with filler, epoxy acrylate with filler, or polymer with Eroper filler.

circphtapsiflant 18258 o E6RdcveS P eMirghifieritally BotEEs the 0cessor

(DspseMicondyctee devige tlemexiernal elemeants andcontaminants dn £1G. 3d,
temporary carrier 120 and optional interface layer 122 are removed b

Senigraitiical-8tchiht’ mechahital eet-off Ehe 'méERaniE A Grirfting; I’fﬁlgﬁﬁﬁr Sr

capabakesdaserand resistors, for RF signal processing. A typical
RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

In FIG. 3¢, an encapsulant or molding compound 132 is
deposited over dam material 124 and semiconductor die 126 using
a paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 132 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 132 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 3d, 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 134 is formed over dam material 124, semiconductor die

126, and encapsulant 132. The build-up interconnect structure
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scanning, or wet stripping. A bottom-side build-up interconnect structure 134
is formed over dam material 124, semiconductor die 126, and encapsulant
132. The build-up interconnect structure -14 134 includes an insulating or
passivation layer 136 containing one or more layers of silicon dioxide (SiO2),
silicon nitride (Si3N4), silicon oxynitride (SION), tantalum pentoxide (Ta205),

aluminum oxide (A1203), or other material having similar insulating and . .
134 0 TR g T T I Tor i PG v n
one prnting; Spirecaatimnge Spraycoatingd simerdrg OF fligtmal exidation. Theride

. Mt om-side build-up.interconnect str re %f rith r includes . 5

(Sl3eleét’ric§1ﬁy égr%c%’uc%%%ﬁéégrll%s #ogrr%%%ﬁr’l i%%ul%ﬁn&%aﬁ%ﬁ%%xulg#g éTa =)
alumpatterningiaied rivetaldepositiono protesssueh BsPVIDYCWD, Sputtérng,
insuSlECYRtIS platng. and glectraless plaling, Conduglive layer, 136, 6an begne, ;¢

or more layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically
is feamisttive MateRAP OrféVportibh bt edbnductieilayerordsivd eleglicaly coating,

s int€QNNeeted to contact pads; 128 of semiconductor die 126. Other portions of

conductive layer 138 can be electrically common or electrically isolated
dependidg®n'thé Hesighidifl furctidonat thée serficoHRE or devite: W F1G 3 4

furt3@ran glectrically canductivebump materialis-depesited.aver bad-Hprmed in
interconnect structure 134 and electrically connected to conductive layer 138

insulgihdBi e9dSoralion, Slaihclyfic BRiRGT SlkbfoRRE piatin bAfRABpLoP™

procSeen PERting pragesscThe bupp matena) canike-Al QP Ni Adh £46: D, and
Bi, Cu, solder, and combinations thereof, with an optional flux solution. For

e lechyrahpies the- Blrhpmaterial Fah beutteli€ Bn HiGh-1&Xd SdlderR ormere
layeEQdJE¥A§¢deh, Sn, Ni, Au, Ag, or other suitable electrically

conductive material. One portion of conductive layer 138 is
electrically connected to contact pads 128 of semiconductor die
126. Other portions of conductive layer 138 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

In FIG. 3e, an electrically conductive bump material
is deposited over build-up interconnect structure 134 and
electrically connected to conductive layer 138 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 138 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 140. In some
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The bump material is bonded to conductive layer 138 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 140. In some -15 applications, bumps 140 are reflowed a
second time to improve electrical contact to conductive layer 138. The
app1 24P G20 250, e campression banded 1o conductive layer 138 Bymps,,, o
PPAAG represen ong?ype of interconnect structurs That can be formed: Over
e lectanductive tayer dB38t T heantérconiteet stryeturel Gan alsbhaseébopd wires, also
be HBAUIIR.JNicke bump. prolhstgledtical iptercenaegt. Sepigonduptpy die
are singulated with saw blade or laser cutting device 142 into individual
reprsemictondoetor devices. FiGe4 shonws FOWLECSPul4 afteitsingulatien formed

overMOURIRA-10;REB 146, Semicondygtor dig 126 15 glectrically 88%%‘%‘;3# 1 aiso

bottom-side build-up interconnect structure 134 and bumps 140.
use faretial Ir2Fhas Andppesite wakpage Bhayacteristie aisencapsalant £32.
intcFoLexample, encapsulant 132 tends to concave and dam material 124 tends
to convex with increasing temperature. Dam material 124 stiffens the

periphery ¥ seRmicBHeuetordie 126 aftef encapsitatiortdu® id- theSeppdsiigle or

1ascWatnageipiopreties.in addition; dam,material 124 s selesied lohaver Cilke s .
that corresponds to the CTE of encapsulant 132, i.e., the CTE of dam

FIG - matetid 13258 sifhitat o bt SlighthFess st EPE Stosndapdulant1ss. 146 -

semiEbe&IE ef-damdnatesial 124 cempensates,for stress irduced hystheom-side
encapsulated semiconductor die 126 mounted to build-up interconnect

bullgriuld t54 FPEGAWE CEP 145 Yufing Sterigtal RS clirPand Bffeterial
124 temperatuspiesinge Byagauging-warage-and CTE-indueed sffesS.ant 132.

For Eggﬁgfgyaéﬁggggulant 132 tends to concave and dam material
124 tends to convex with increasing temperature. Dam material
124 stiffens the periphery of semiconductor die 126 after
encapsulation due to the opposing warpage properties. 1In
addition, dam material 124 is selected to have a CTE that
corresponds to the CTE of encapsulant 132, i.e., the CTE of dam
material 132 is similar to or slightly less than the CTE of
encapsulant 132. The CTE of dam material 124 compensates for
stress induced by the encapsulated semiconductor die 126 mounted
to build-up interconnect structure 134 in FO-WLCSP 144 during
temperature cycling and extreme temperature testing. By
reducing warpage and CTE-induced stress, FO-WLCSP 144 has
reduced solder joint failure, particularly around the periphery
of the semiconductor die.

FIG. 5 shows a shielding layer 150 formed over the top
and sides of semiconductor die 126 and encapsulant 132.

Shielding layer 150 can be Cu, Al, ferrite or carbonyl iron,
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reduced solder joint failure, particularly around the periphery of the

semiconductor die. FIG. 5 shows a shielding layer 150 formed over the top

and sides of semiconductor die 126 and encapsulant 132. Shielding layer

150 can be Cu, Al, ferrite or carbonyl iron, -16 stainless steel, nickel silver,

low-carbon steel, silicon-iron steel, foil, epoxy, conductive resin, and other

.metals an mposrt S apa e of blo krng or bsorbr ctro agnetic
stai r erenge K/II) Tat reqr?éncy fntefﬁerencea}fﬁln—l) nd éthernlin %oge\ﬁgeon
steerhterfereﬁrce @Imewrng:lalyéms@*@anmmrbe a&nadnanétal medterial sughas

compDRODIRk 5 gluminuny figke o reducg e effects o EMLAN REL. 5 o

Ing layer 15 |s grounde rough con uctrve ayer 13 to ps 140.
inteElG e skhews Miérconnedtiiumps 482 formed betweear: coatatRpads 128df

ot neSEMigOndugior die. 126 and copdyctive layer 38 in buildlip intaggonnact ,; 5,

structure 134. Semiconductor die 126 is supported y dam material 124,
be awhighredtieds thetsoteatialfortolipsesfpumpsL 85X FG. alsrr@vwm flake

to rEQaWLCSR 134 mith-damyimaierial, 124 formed ypito 1he K fage ofs o ls
encapsulant 132. Dam material 124 is exposed from FO- LCS 154. FIG. 8

JToUgKRAs BaPMEterP124 $6rved LpX6the top strfacd®fenddbsulant 132
andexp@%ﬁiﬁ@n§ﬂg¢§3yygg§gb§§eg%sqj AN HG. FoAthermal wveen

interface material (TIM) 156 is deposited over the back surface of

contgérhidondctof tie” 26 SBPHGSIEActRE éiﬁ%c@l%oaﬁ‘ﬁvlcf%j@éﬁhé( e layer

138 &'Mrmﬂlimdlxﬂﬁ,lélﬂé%&%@@fo% pithide; or pulverized silvel: AbBeatsink die
158 is mounted over TIM 156, encapsulant 132, and dam material 124. Heat

126 difik T88RAN & ADC T BP dPfottr matetiafwith hgh Teduces the
potential for collapse of bumps 152.

FIG. 7 shows FO-WLCSP 154 with dam material 124 formed
up to the top surface of encapsulant 132. Dam material 124 is
exposed from FO-WLCSP 154.

FIG. 8 shows dam material 124 formed up to the top
surface of encapsulant 132 and exposed from the FO-WLCSP, as
described in FIG. 7. A thermal interface material (TIM) 156 is
deposited over the back surface of semiconductor die 126,
opposite active surface 130. TIM 156 can be aluminum oxide,
zinc oxide, boron nitride, or pulverized silver. A heat sink
158 is mounted over TIM 156, encapsulant 132, and dam material
124. Heat sink 158 can be Al, Cu, or another material with high
thermal conductivity to provide heat dissipation for
semiconductor die 126. TIM 156 aids in the distribution and
dissipation of heat generated by semiconductor die 126.

FIG. 9 illustrates another embodiment of the FO-WLCSP
with dam material formed around a periphery of the semiconductor

die. A dam material 160 is deposited over a temporary carrier
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thermal conductivity to provide heat dissipation for semiconductor die 126.
TIM 156 aids in the distribution and dissipation of heat generated by
semiconductor die 126. FIG. 9 illustrates another embodiment of the
FO-WLCSP with dam material formed around a periphery of the
semiconductor die. A dam material 160 is deposited over a temporary carrier

-17 and optianal interface layer, at least partially or completely around
G e g AEA Tor e L CoRAdar he 164 e Cetely

ar oun@t@ri&idﬁ@piwrbe af adhesiaegpol?&ﬂ,gmh@alﬁo Jtaytdn.eDaEranteriahct or
die 180 s fopmed by.screen pripting, cfl%'e}gg_o'é’%'c Q@@% 9'&“@%?&%%2”%

spray coatfing, or other suitable deposition process depéndi
metahbtariala@ae or nicre |aydrsof pholdrésistarecdeposited over ethe carrierting,

elec?®d 99@9@';&'1@9?8% layer A pogiqn,af the, phatoresistis expgsed agd .
removed by an etch development process to form vias. Conductive material,

othegycad AbIGu,BPONi AR titafigm 9P ursieh (W), Hotdaraterial.
poly-siicon. of,comhination herecieisipposiied i neVigs SiGka tod over
selective plating process. The photoresist is stripped away leaving behind

the ipaRided coRduCiRelpifars 162¢ ¢ An6thet SetRbodinferit C&drigRiEtivé pitiars

phot £62 Gan beformed asstud, humpsmer stacked bHmMps-A semiconduciar die
or component 164 is mounted to the carrier and optional interface layer with

PTocedtattpdds T66 bASactiveXtittack 168 BiidriEd dbwniira téwardithe“y, Sn.
Ni, eaffiendctiversurfage 168 containsaralag on pigitad ceuits ipwlementedas,,

active devices, passive devices, conductive layers, and dielectric layers

O ClIAMERitIR the Bt efettrialy Sihterborectd addording b tHe 2

seleelectricapdesign @ngdfupetion. The photoresist is stripped away
leaving behind individual conductive pillars 162. In another
embodiment, conductive pillars 162 can be formed as stud bumps
or stacked bumps.

A semiconductor die or component 164 is mounted to the
carrier and optional interface layer with contact pads 166 on
active surface 168 oriented downward toward the carrier. Active
surface 168 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 surface 168 to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 164 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing.

A typical RF system requires multiple IPDs in one or more
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of the die. For example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface 168 to
implement analog circuits or digital circuits, such as DSP, ASIC, memory, or
other signal processing circuit. Semiconductor die 164 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal processing. A

iC stem re uirescgnultié)l% IPDs in one or more -18 s%nci%ornducior

semitgg lllgf Siy K S rform th cCcessary € C
pa&ages?o p%?f%rm hé necegsary eléctrical functions. An encapsujranat or
funcmotdisg compound 170 is deposited over dam material 160 and

semicongictor die. Lo U503 PasleRnfing, compressive molding, ransfer,
molding, |qU|oI|1en apsulant molding, vacuum la ination, spin coatlns, or
overothen suitablelagplicatoraEAcassulastrtioccary bd polyhedr compasite paste

prinTAjefial S4eh as.enoxy F?éi’h‘ﬁ’ﬂ% filler, gpoxy Actylate with filer, of polymer

with proper filler. Encapsulant 170'is non- conductive and environmentally
encapRtdcts th&sémicohdudtor devickafiohréxtemal eiememeangng, or other

suitSY¥aminants..Lhe lemperary carrier apd opgiopghinierface 1gyer aresmposite
removed by chemical etching, mechanical peel-off, CMP, mechanical .
mategrrding StAePmarb &k Yaser seanningtor wet Stippif§ ok PoibrYsidee With

fill@qil,d-eﬁi@@&gﬂﬂggcmtﬁ%g&ﬁo{@&isﬂ%wp.ow matgrdl k6% is non-
semiconductor die 164, and encapsulant 170. The build-up interconnect

condgpichiife 274! iRANASS BRIRSAAING BF PasiVationaySeTre ontaring ofgVice

f ronOkROEe layers 0EaiOd, SidlNd, SN a1a2@aA1203, or other material
having similar insulating and structural properties. The insulating layer 176 is

formed ushfy BYER, CVB Ypriitirig: Spift Coafiit; Spray codtiiy’ Sitftering 8Fr 2re
remothetmpl,o¢datidtal etching, mechanical peel-off, CMP,

mechanical grinding, thermal bake, laser scanning, or wet
stripping. A bottom-side build-up interconnect structure 174 is
formed over dam material 160, semiconductor die 164, and
encapsulant 170. The build-up interconnect structure 174
includes an insulating or passivation layer 176 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 176 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect structure 174
further includes an electrically conductive layer 178 formed in
insulating layer 176 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 178 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 178 1is

electrically connected to contact pads 166 of semiconductor die
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The bottom-side build-up interconnect structure 174 further includes an
electrically conductive layer 178 formed in insulating layer 176 using a
patterning and metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer 178 can be one
or more layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically
_canductive material. One_portion of conductive layer.178 is electrjcall
164 S Geract pacls 266 OF SAm O e 10164, AhCH okt
connefotontuctive tayén d78vs efectricatly dérihected teeconductive pilars 162.
conaiferportians.of pondudiyelayenlif can be pleclliglly.COMMONOLc s car1y
electrically iolated epending on the design and function of the
1solsemitordnetod devicenAnletectraedllyrcondictiver bumpmateriahis deposited

semi Vel huild-up interconnect structure 174 and electrically connected to
conductive layer 178 using an evaporation, electrolytic plating, electroless

plating, Ball @rb@,céré_@r@éh_\/pmﬁm@m@s.?m@bm@bemé@he}lléa@l@éq_ﬁﬂ,ited
overcl)}gu NL AW AG L PR B Gk SPIdSY,-and gombinations thereoh with-an pptional

flux solution. For example, the bump material can be eutectic Sn/Pb,
conngighgdad Solferordeadfrebostider! The i nidte fal2RBoHdE to

e 1ece@nductive layerdi8yising asuitableaftachmentor banding precessrined@cn
~ embodiment, the bump material is reflowed by heating the material above its
PT1I0mERhgPGIRtDForm TSEhetitaP bafd 6F BarhpS A80°th ddme Hpplitatiorst A9/

pb, BUMpsdB0saneefloneda secondtimeda dmpreveselectrigakeontactdpt i onal
conductive layer 178. The bumps can also be compression bonded to

FluxcGiiuttiveTayeriv8. BUATERER0 Febie SAMRDARAYHE B inftBofifectutect e
sn/Psifucturgnthat gan efaened even eerductive layelder. The bump material

is bonded to conductive layer 178 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 180. In some applications, bumps 180
are reflowed a second time to improve electrical contact to
conductive layer 178. The bumps can also be compression bonded
to conductive layer 178. Bumps 180 represent one type of
interconnect structure that can be formed over conductive layer
138. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

A topside build-up interconnect structure 184 is
formed over a surface of encapsulant 170 opposite active surface
168. The build-up interconnect structure 184 includes an
insulating or passivation layer 186 containing one or more
layers of Si02, Si3N4, SiON, Ta205, Al1203, or other material
having similar insulating and structural properties. The

insulating layer 186 is formed using PVD, CVD, printing, spin
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138. The interconnect structure can also use bond wires, stud bump, micro

bump, or other electrical interconnect. A topside build-up interconnect

structure 184 is formed over a surface of encapsulant 170 opposite active

surface 168. The build-up interconnect structure 184 includes an insulating

or passivation layer 186 containing one or more layers of SiO2, Si3N4,
coatTiRM: Ta208, 41203, o1 other material, having similay insyllafing.and

Strdctural prgpertles.%’ insurfatlng I%%er 186 isormed using vD! v,

printing, phin 20ccoatiagbspray-ogating tsintevimgegr thertmal oxidatiohs 4The
rurtPOSINE UG Injerconnect struetyre 184, (et lneludes.an slegtieally o 4,

conductlvelflayer 188 formed in’ insu gtlng %yer 86 using a patterning an
insumetaldepbsition process such asiRDeCYD) gpattering telectesipticsplating,
proc@id electioless plging Gandugtive layer. 188 can be,one orimore laers of 5

Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One
elecpaion ot cohdictive-lay&rT8B st eletricall§ cohp8ctedto Rondnetiver piliarse

layet82.2thef portions of cenductive layer 188 can,be elecirically CommoR pf 511y
electrically isolated depending on the design and function of the

condgethicondiieior device. AGeiBeAdUctdr die of ToOMPENERE 196 Y8 Mobhted. fo
e lectopsideryild-up interconnect steuctiwel84with coptact pads 192 ga active

surface 194 oriented downward toward the build-up interconnect structure.
POTtARHVe Srface o4 EoMaINs atalod OF digital’efrchits hplaffehtdd a8 aRfive OF

elec@evieas, Passivedavicess ganductive yers angedielestriclayersferned or

within the die and electrically interconnected according to the electrical

the gedign andYahctiorf 67 theie. For example, the circuit may

A semiconductor die or component 190 is mounted to
topside build-up interconnect structure 184 with contact pads
192 on active surface 194 oriented downward toward the build-up
interconnect structure. Active surface 194 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 surface 194 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 190 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions. In another embodiment, a
discrete semiconductor device can be mounted to topside build-up

interconnect structure 184. Bumps 196 electrically connect
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include one or more transistors, diodes, and other circuit elements formed
within active surface 194 to implement analog circuits or digital circuits, such
as DSP, ASIC, memory, or other signal processing circuit. Semiconductor
die 190 may also contain IPD, such as inductors, capacitors, and resistors,
for RF signal processing. A typical RF system requires multiple IPDs in one

contQHIOTE semicondygtor packades ta perfoym the, pecessary gleqtrical . o,
Unctibiis. in another embodiment, a discréte semiconductor device can be
188 . motintethtdctopsidée buildeupt dntetcohnectstracturrd84. Bumps 196 deposited

bene%lw?ﬁt@%l(%%g%ﬁ%%g%l cgrﬂgaci Qﬁds 192 of semiconductor die 190 to

conductive layer 8. An underfill material 198 such as epoxy resin is

depositelinbeRedthE&@micoinducterdier9dairt FO-WILCIP 209nd 190 are
ele c%%”lﬂ icondyctor die. 162 and 190 are oﬁ'ggg!%é‘”)é&? %Q‘E(Ijﬁd 1o bottonysside ¢

uild-up interconnect structure 174 and bumps 180 and topside build-up
strujptereenied stpgctrenPsy thtBugh ¢-dirietivA intercohtreePcomdurtigennect

st rulillars:162 Pam materjal, 160 has an pposite warpage characigrstic as

~_encapsulant 170. For example, encapsulant 170 tends to concave and dam
Pillaateridt 460 teRds Rreaiviexiwitt? Gnéreasing teRiperdttfe. 'Damafigterial 160

charsliffensithe peripheny, of semicanductar die 164 after apeapsulationdue gt 170

the opposing warpage properties. In addition, dam material 160 is selected

tendg, ﬁéi/ecgﬁﬁé‘fﬁataéﬁ?ré%‘i%nﬁéi%@ﬂ?eaélé%@eﬁ@é‘&s%lérﬁ 1SS, theteIE
increbdamdnaterigbieQ isrsimilaptoronslightly dass thanstherG g of encapsulatnery
170. The CIE of dam material 170 compensates for stress induced by the

of SgRcAEAtE: SBnficondtifor* B2 Riottat oG- GP ntéfeohRectProsing
war pSifctyie-b24 i EQ: WIGSRR00-dwing temperatuse tyclingand exisemected

to hgggxga%%% that corresponds to the CTE of encapsulant 170,
i.e., the CTE of dam material 160 is similar to or slightly less
than the CTE of encapsulant 170. The CTE of dam material 170
compensates for stress induced by the encapsulated semiconductor
die 126 mounted to build-up interconnect structure 174 in FO-
WLCSP 200 during temperature cycling and extreme temperature
testing. By reducing warpage and CTE-induced stress, FO-WLCSP
200 has reduced solder joint failure, particularly around the
periphery of the semiconductor die.

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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testing. By reducing warpage and CIE-induced stress, FO-WLCSP 200 has
reduced solder joint failure, particularly around the periphery of the
semiconductor die. 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 prgienlt irévention as set forth in the following
claims. -22 Claims What is claimed” 1. A method of making a semiconductor
device, comprising: providing a temporary carrier having a designated area

Whath{ ] gﬁsglis%renéqonductor die; depositing dam material on the temporary

carrier around the designated area for a first semiconductor die; mounting
the first semiconductor die with its active surface oriented to the designated

1. argon thetenporary; carierdenositing an epcapsulant over ihe ficst .
semiconductor die and temporary carrier, the dam material selected to have
arevetiiclenofahé enalcsgansion(CIEY corespohdinglfra TIEsfdtherea for

a figngapsulant remowving the temporary carrier to expose a first side of the

encapsulant and active surface of the first semiconductor die; and forming a
fiderfterebhREctSuchrBBVEr the first BRlet e ftererfcapsatant 2. Frieund the

desi@ﬁ@gl@j()fa(iléién towherein the ClE pf the damdmatesial is equal to or less
than the CIE of the encapsulant.
mounting the first semiconductor die with its active

surface oriented to the designated area on the temporary
carrier;

depositing an encapsulant over the first semiconductor die
and temporary carrier, the dam material selected to have a
coefficient of thermal expansion (CTE) corresponding to a CTE of
the encapsulant;

removing the temporary carrier to expose a first side of
the encapsulant and active surface of the first semiconductor
die; and

forming a first interconnect structure over the first side

of the encapsulant.

2. The method of claim 1, wherein the CTE of the dam material

is equal to or less than the CTE of the encapsulant.

3. The method of claim 1, further including forming a

shielding layer over the first semiconductor die.

4. The method of claim 1, further including forming the dam

material up to a top surface of the encapsulant.
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3. The method of claim 1, further including forming a shielding layer over the
first semiconductor die. 4. The method of claim 1, further including forming
the dam material up to a top surface of the encapsulant. -23 S. The method
of claim 1, further including mounting a heat sink over the encapsulant and
first semiconductor die. 6. The method of claim 1, further including: forming a
second interconnect structure over a back surface of the first semiconductor
die opposite the active surface of the first semiconductor die; forming a

5. cdhductiwe pillar between thelfirstamd secornich anteddormettd strudtupes; andat

. . mounting a second semiconductor die to the second. interconnect structure.
k 94 89% %tﬁ%qi‘%t 2 SICONNGELS
Sih 7.o¥ﬁé:metﬁo o?:c Frﬁ 1,?urthaer Inc ﬁélng: rsrlouhﬁﬁa('?ﬁle |ros¥serln?conductor
die so that a portion of the first semiconductor is supported by the dam

6. Mmaeraland forming ahymp befyeen a confiact pad.on the first

semiconductor die and first interconnect structure. 8. A‘'method of making a
sémiconddctor devieedcomprisingprevidivigral caniies having adesighatedr face

of tALAHOrafirsl semiconductor component, depositing dam matedglhonthe ¢

carrier around the designated area for a first semiconductor component;
the mbufting B iRt IEMicTnddefor component to the designated area on the

caryier depositingan.ercapsulant oyer thecfirst semiconductor campeReYng
and temporary carrier; removing the carrier; and
interconnect structures; and
mounting a second semiconductor die to the second

interconnect structure.

7. The method of claim 1, further including:
mounting the first semiconductor die so that a portion of
the first semiconductor is supported by the dam material; and
forming a bump between a contact pad on the first

semiconductor die and first interconnect structure.

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

providing a carrier having a designated area for a first
semiconductor component;

depositing dam material on the carrier around the
designated area for a first semiconductor component;

mounting the first semiconductor component to the
designated area on the carrier;

depositing an encapsulant over the first semiconductor
component and temporary carrier;

removing the carrier; and
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-24 forming a first interconnect structure over the encapsulant. 9. The
method of claim 8, wherein a coefficient of thermal expansion (CIE) of the
dam material is equal to or less than a CIE of the encapsulant. 10. The
method of claim 8, further including forming a shielding layer over the first
semiconductor component. 11. The method of claim 8, further including

forming. the dam . material up to a top surface of the encapsulant. 12. The
R B B Ry T B e e e

encaercapsutant and first semiconductor component. 13. The method of claim 8,
further including: forming a second interconnect structure over the first
semiconductor component; and mounting a second semiconductor

9. cdmponenttodhe Secdrd rintércornece structure <4t Theanéthot offctainmeg,

expaMT%i”f&‘i‘ﬁ?,gzo@c"dﬁ%”%ﬁ}? @Jétc%%%cf’”ggc@%hﬁg’i“%’@e@ﬁss‘ig@ %han a

portion of the first semiconductor is supported by the dam material; and
CTE fofmintra duagrbethaseh-a contact pad on the first semiconductor

component and first interconnect structure. -25 15. A method of making a

semiconductor device, comprising: providing a first semiconductor

10. cdmponeitaepeditind dam material BFGUnd & periphes SraRafirst 2

shie3emicondyctor compenent deppsiting apiengapsuiant overthefirst .
semiconductor component, the dam material selected to have a coefficient of

11. The method of claim 8, further including forming the dam

material up to a top surface of the encapsulant.

12. The method of claim 8, further including mounting a heat

sink over the encapsulant and first semiconductor component.

13. The method of claim 8, further including:

forming a second interconnect structure over the first
semiconductor component; and

mounting a second semiconductor component to the second

interconnect structure.

14. The method of claim 8, further including:

mounting the first semiconductor component so that a
portion of the first semiconductor is supported by the dam
material; and

forming a bump between a contact pad on the first

semiconductor component and first interconnect structure.
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thermal expansion (CIE) corresponding to a CIE of the encapsulant; and
forming a first interconnect structure over the encapsulant. 16. The method
of claim 15, wherein a CIE of the dam material is equal to or less than a CIE
of the encapsulant. 17. The method of claim 15, further including forming a
shielding layer around the first semiconductor component. 18. The method of

claim 15, further including forming the dam materjal up to a top surface of
15 TR ant 16y oAt A T8 ey Mg Hlrdag
heatosink iover thef emcapstdant @amddirsttsemicomgactentomponent. 20. The

medod et diim 42 yther Inclycing: Jorming a,secondLinferspnigd spretye
over the first semiconductor component; and mounting a'secon
semis@mitentdactor eompodent to the second interconnect structure. -26 21. A

sefnisondutor device,comprising: alrstsemicopductor coppongat adam

matéerial deposited around a periphery of the first semiconductor component;
compgph ehtapsdlantdeposited over tieefisEsemicdondbeto? cormperidrtcterdamt

therfgtEriALselected o have a coefficient of thermal expansion{ClEL

corresponding to a CIE of the encapsulant; and a first interconnect structure
encappmedvver #eencapsulant. 22. The semiconductor device of claim 21,

wherein ALIE ofitherdamrnatesighisgqual 10,0k less thar a Ghgof the

encapsulant. 23. The semiconductor device of claim 21, further including a
encapsulant.

16. The method of claim 15, wherein a CTE of the dam material

is equal to or less than a CTE of the encapsulant.

17. The method of claim 15, further including forming a

shielding layer around the first semiconductor component.

18. The method of claim 15, further including forming the dam

material up to a top surface of the encapsulant.

19. The method of claim 15, further including mounting a heat

sink over the encapsulant and first semiconductor component.

20. The method of claim 15, further including:

forming a second interconnect structure over the first
semiconductor component; and

mounting a second semiconductor component to the second

interconnect structure.
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shielding layer formed over the first semiconductor component. 24. The
semiconductor device of claim 21, further including a heat sink mounted over
the encapsulant and first semiconductor component. 25. The semiconductor
device of claim 21, further including: a second interconnect structure formed
over the first semiconductor component; and a second semiconductor
companent mgunted to éhe second_ interconnect structure. -27
21. emiconductor device, comprising:
a first semiconductor component;
a dam material deposited around a periphery of the first
semiconductor component;
an encapsulant deposited over the first semiconductor
component, the dam material selected to have a coefficient of
thermal expansion (CTE) corresponding to a CTE of the
encapsulant; and

a first interconnect structure formed over the encapsulant.

22. The semiconductor device of claim 21, wherein a CTE of the

dam material is equal to or less than a CTE of the encapsulant.

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

shielding layer formed over the first semiconductor component.

24. The semiconductor device of claim 21, further including a
heat sink mounted over the encapsulant and first semiconductor

component.

25. The semiconductor device of claim 21, further including:
a second interconnect structure formed over the first
semiconductor component; and
a second semiconductor component mounted to the second

interconnect structure.
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