SEMICONDUCTOR DEVICE AND METHOD OF FORMING VERTICAL INTERCONNECT STRUCTURE
WITH CONDUCTIVE MICRO VIA ARRAY FOR 3-D FO-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 vertical interconnect structure with a conductive micro via array for

three-dimensional (3-D) fan-out wafer level chig scale %ackalggs éFo-WLCSPs . Background of the
Invention SEMICONDUCTOR DEVICE AND METHOD OF FORMING VERTICAL INTERCONNECT

STRUCTURE WITH CONDUCTIVE MICRO VIA ARRAY FOR 3-D FO-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 vertical interconnect structure
with a conductive micro via array for three-dimensional (3-D)

fan-out wafer level chip scale packages (Fo-WLCSPs).
Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and

creating visual projections for television displays.



Semiconductor devices are 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 SBRHTESIHUCT A RcESTREILYE Snitrotshtrbllers! ficroprocessbrE thardet-E8iiled devices
(CCDs), selancellss andgligital paigea-miser devices)(DMBs)orks, Sempicenrdusiordeyices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electrom&gretit §ign&ls C&bHifolling IR GR UEVICes, faRformimy Sufightto’ @Reficit), and creating
visual prejectiansrfor televisieatdisplays.aSecanductardevicesware foudd B thesfields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor
devices a%%%ooflgju% Sh nifitary gﬁﬁﬁceati%%g,l RUigtidn, automotive, industrial controllers, and office
equipment. Semicdnduciorcdesicesexpleit thecelectricat properiesafigemiconductor materials.
The atomic structure of semiconductor material allows. it electrif:g!econductivit%g) be {nanipu@ted by the

applicatié)nrgip A electic” mlé%?b%gg%ﬁ?r%%fo}nﬁw?gﬁglﬁa Se'process %Fagﬁi%g. ]E)Bfﬁgulﬁﬁ‘o&uces
impurities #ta then semiconduetor matérialltbananiptkate aad tontrelltheccohductivitycof the Seeiconductor
device. 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
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. FEach semiconductor die is typically

identical and contains circuits formed by electrically



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
structure§ Ane' Bfectitall§ conEcRBdo F6rmT LfEUItOCKT Bhdble thé SErficdhductor device to perform

high-speed saleulations aapdiothen usefukfungtians: ing  indemigandugiendevices ategergarally
manufactured using two complex manufacturing processes, i.e., front-end manufacturing, and back-end
manufactufing, &86h MBIV Boténfisily RONORTS 0T t8Ps. ERGhtSErd mAnBfaturitiy involves the
formationsefra pluialily of digoen thesdrface,of-a semiconductos wafer iEachisemicenductor die is typically
identical gnd contains circuits formed by electrically connecting active and passive components. Back-end
manutact i TGOS bubtihg iAVIHTET SO OABUESF et (E Hhiehat ViAfer g packaging
the die toaprovisgewstelctfrat supdort aad ebvitenmental isolatiohi Thetermnsemicanductandigt’ as used
herein refers to bgth the s.in%ul r ar%d Plu(gal form of tl&e WO{%S, alnd accordin I(y can refer to both a single
semiconductor device and mul |bjlcé semiconductor devices. P+ %?rllnelﬁ(o)a ot semiconductor
manufactiemgas o produce smaller semiconductor devices. Smaller devices typically consume less
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semiconductor devices ﬁavega sma ootprint, w IS aesiral Fé for smatler en préﬁucts. A smaller
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semicondchar e Wil smaller. biahet dengity aciive.and passive somponents, Bagkosng proggsses may

result in semiconductor device packages with a smaller footprint by improvements in electrical
interconrieetien ahél packagihyg matepiafgddition, smaller semiconductor devices

have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
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.

In a conventional Fo-WLCSP, a semiconductor die with
contact pads is mounted to a carrier. An encapsulant is
deposited over the semiconductor die and the carrier. The
carrier is removed and a build-up interconnect structure is
formed over the encapsulant and semiconductor die. The
electrical interconnection between a Fo-WLCSP containing
semiconductor devices on multiple levels (3-D device
integration) and external devices can be accomplished by forming
redistribution layers (RDLs) within a build-up interconnect
structure over both a front side and a backside of a
semiconductor die within a Fo-WLCSP. The formation of multiple

RDLs including over a front side and backside of a semiconductor



In a conventional Fo-WLCSP, a semiconductor die with contact pads is mounted to a carrier. An
encapsulant is deposited over the semiconductor die and the carrier. The carrier is removed and a
build-up interconnect structure is formed over the encapsulant and semiconductor die. The electrical
interconnection between a Fo-WLCSP containing semiconductor devices on multiple levels (3-D device
integration) and external devices can be accomplished by forming redistribution layers (RDLS) within a

build-up Mt&icoAMe@Strtictr8 BVaFr Bofis fro¥t SIBRCA bAEKsiBE b 3 SefiEoiduktsridie within a

Fo-WLCSR« the formationof niwltiple-RDES inoluding oyeradtont sisle.and backsidg ef-a semiconductor
die can be a slow and costly approach for making electrical interconnection for 3-D Fo-WLCSPs and can

result in HighEr-fABHCaRorr 85StE - Furtheribre MeRDE R f Buitd-up fintdrddithe® structures are prone to

cracking andavarpingadndes stressuwhichan propagatedhraughiktheRR LS tarthessemicandeetor die and
contact pads causing d,e%cts in the electrical interconn ctiq{;. Conductive interconnect structures can be
formed withir-the' FSLIMTC S PE and eIBaAcAITy Corettedt to'the RDEs 16 prdtide vertical electrical

interconnestiar forB:Drdevice integrationnCandugivedntescannegt stteturas foimedavithin Fo-WLCSPs
can have e&cgéortelecg:tgc_‘[alianéjemecharéig%l.connecg\éit dWith the RDLts. Additiong]ﬁly, St e '“ﬁ)aér cess of forming

conductive interconnect structures can reduce stractural sﬁ‘ﬁﬁorjt?oretﬁgcﬁﬁfs, partlé:u 3}1 when openings

are formechim the package ovérthenRDhs. Formihg d3tslduptinggreonmect strugturesiaad tedductive

'C“;frrlg? ”gﬁtr‘%te rf]‘g%‘it(;sifrt 58";’:&'%3;86{%%’%’ LGSPs;cam alse leqd to warpage befare and after removal gf the
device integration. Conductive interconnect structures formed
within Fo-WLCSPs can have poor electrical and mechanical
connectivity with the RDLs. Additionally, the process of
forming conductive interconnect structures can reduce structural
support for the RDLs, particularly when openings are formed in
the package over the RDLs. Forming build-up interconnect
structures and conductive interconnect structures within Fo-

WLCSPs can also lead to warpage before and after removal of the

carrier.
Summary of the Invention

A need exists for a simple, cost effective, and
reliable vertical electrical interconnect structure for
semiconductor die. Accordingly, in one embodiment, the present
invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor die, forming
an encapsulant over the semiconductor die, forming a conductive
micro via array over the encapsulant outside a footprint of the
semiconductor die, and forming a first through-mold-hole having
a step-through-hole structure through the encapsulant to expose

the conductive micro via array.



A need exists for a simple, cost effective, and reliable vertical electrical interconnect structure for
semiconductor die. Accordingly, in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a semiconductor die, forming an encapsulant
over the semiconductor die, forming a conductive micro via array over the encapsulant outside a footprint
of the semiconductor die, and forming a first through-mold-hole having a step-through-hole structure
through the encapsulafto®&posethEBBRGER/E micrd Vidarfay "t 11 Veltandther efbodiment, the

present inertion is A methoeofanaking ecseicopducter; device sapiprisingsthersteps epprayiding a
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embodimeat, the present inventipnds.a methedrof rnaking @semicenduciopdevige sompyisingthe steps of

providing a semiconductor die, forming an encapsulant over the semiconductor die, and forming a first
through bR OB R ST RO AR o g e EABRTRRE % 243 anoter

S
embodiment, the preseant inventioans ansemicorductordeviee eemptisingva aermicondsictor die. An

encapsulan;%ig f(@rrg%d ovErithe semiconductqr die. A %onguctive micro.via array is formed over the

semiconductor die and the erh%a%sﬁlglﬂtl Sﬁtréldécat %otprelntloﬁhg %@%rlclosnl&%torhcﬁe.s first ©

through-moldvholérhavingsastepstiougie-holéistructonens figrneed throagls thiesencapsetantte expose the
CondUCtiVseerrp:iLCcrgﬁ/i u%@g}f %qeef,Deal%céipngnﬁ){%%e aDr%Vi"LDgg through-mold-hole having
a step-through-hole structure through the encapsulant.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die. An
encapsulant is formed over the semiconductor die. A conductive
micro via array is formed over the semiconductor die and the
encapsulant outside a footprint of the semiconductor die. A
first through-mold-hole having a step-through-hole structure is

formed through the encapsulant to expose the conductive micro

via array.
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board with
different types of packages mounted to its surface;

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

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

FIGs. 4a-4w illustrate a process of forming a vertical
interconnect structure for a 3-D Fo-WLCSP;

FIG. 5 illustrates a 3-D Fo-WLCSP having a vertical



FIG. 1 illustrates a printed circuit board with different types of packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the printed
circuit board; FIGs. 3a-3c illustrate a semiconductor wafer with a plurality of semiconductor die
separated by a saw street; FIGs. 4a-4w illustrate a process of forming a vertical interconnect

structure for a 3-D FO-WLCSP; FIG. 5 illustrates a 3-D Fo-WLCSP having a vertical
interconnect structure;

FIGs. 6a-6h illustrate a process of forming a vertical
interconnect structure for a 3-D Fo-WLCSP with a backside
protection and balance layer;

FIG. 7 illustrates a 3-D Fo-WLCSP having a vertical
interconnect structure with a backside protection and balance
layer;

FIGs. 8a-8g illustrate a process of forming a vertical
interconnect structure for a 3-D Fo-WLCSP with front-side and
backside protection and balance layers; and

FIG. 9 illustrates a 3-D Fo-WLCSP having a vertical
interconnect structure with front-side and backside protection

and balance layers.

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
formation of a plurality of die on the surface of a

semiconductor wafer. Each die on the wafer contains active and



interconnect structure; FIGs. 6a-6h illustrate a process of forming a vertical interconnect structure
for a 3-D Fo-WLCSP with a backside protection and balance layer; FIG. 7 illustrates a 3-D
Fo-WLCSP having a vertical interconnect structure with a backside protection and balance Layer;

FIGs. 8a-8g illustrate a process of forming a vertical interconnect structure for a 3-D Fo-WLCSP with

front-side and backside protection and balance layers; and FIG. 9 illustrates a 3-D Fo-WLCSP
having a Réftical tértBAhect StrucRTBRATERERtsitid And BacksiteSsrbtettion BhdBHIANCE Ayers.
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
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 can involve chemical wvapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,



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
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previous deposition/etch process using techniques such as

electroless and electrolytic plating.

Patterning is the basic operation by which portions of
the top layers on the semiconductor wafer surface are removed.
Portions of the semiconductor wafer can be removed using
photolithography, photomasking, masking, oxide or metal removal,
photography and stenciling, and microlithography.

Photolithography includes forming a pattern in reticles or a
photomask and transferring the pattern into the surface layers
of the semiconductor wafer. Photolithography forms the
horizontal dimensions of active and passive components on the
surface of the semiconductor wafer in a two-step process.

First, the pattern on the reticle or masks is transferred into a
layer of photoresist. Photoresist is a light-sensitive material
that undergoes changes in structure and properties when exposed
to light. The process of changing the structure and properties
of the photoresist occurs as either negative—-acting photoresist
or positive-—-acting photoresist. Second, the photoresist layer

is transferred into the wafer surface. The transfer occurs when



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 can involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive com&%r;ents, or electrical connections between

componentS P af BRI Phé PattBRE T Eing phbtdfitHddraphyy ShRichind6es tiedéenasition of light

sensitivewaateriak 6:0.c phetoeesisly overtheHayete Hespatternad. Apattentistrarsferred from a

photomask to the photoresist using light. In one embodiment, the portion of the photoresijst pattern
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removedoPortiensof the semicondoctor ivafercarebé cemobved usingaglotolithographyo phdtoatasking,

masking, oxide gt metslJemoval, phplogranty and stenaling, and micfelthparaphy, hotgitbagraphy
Includes ?ormlng a pattern in reticles or a p otomask andptransferrlng the pattern into the surface layers of
the semiconductor wafén Pieatelithugragphly fomms e hokzontaldinensions<of aetive and passive

components, an the surfage pt the semicopductor water ip aWOSIER PIOESRsi tion to an
insoluble condition in a process known as polymerization. 1In
polymerization, unpolymerized material is exposed to a light or
energy source and polymers form a cross—-linked material that is
etch-resistant. In most negative resists, the polymers are
polyisopremes. Removing the soluble portions (i.e., the
portions not exposed to light) with chemical solvents or
developers leaves a hole in the resist layer that corresponds to
the opaque pattern on the reticle. A mask whose pattern exists
in the opague regions is called a clear-field mask.

In positive—acting photoresists, photoresist is
exposed to light and is changed from relatively nonsoluble
condition to much more soluble condition in a process known as
photosolubilization. In photosolubilization, the relatively
insoluble resist is exposed to the proper light energy and is
converted to a more soluble state. The photosolubilized part of
the resist can be removed by a solvent in the development
process. The basic positive photoresist polymer is the phenol-
formaldehyde polymer, also called the phenol-formaldehyde
novolak resin. Removing the soluble portions (i.e., the

portions exposed to light) with chemical solvents or developers



First, the pattern on the reticle or masks is transferred into a layer of photoresist. Photoresist is a
light-sensitive material that undergoes changes in structure and properties when exposed to light. The
process of changing the structure and properties of the photoresist occurs as either negative-acting
photoresist or positive-acting photoresist. Second, the photoresist layer is transferred into the wafer
surface. The transfer occurs when etching removes the portion of the top layers of semiconductor wafer

not coveredBiFihe’prittdresist. THE chEmistly dfpffotorelists REUChTRArth? prdtdresist remains
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development process. The basic positive photoresist polymer is the phenol-formaldehyde polymer, also
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to”ghgvﬂﬁﬁgy¥ﬁ@9l%yg@“§&¥f§XQPDQ§Lndformly 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 semiconductor
die and then packaging the semiconductor die for structural
support and environmental isolation. To singulate the
semiconductor die, the wafer is scored and broken along non-
functional regions of the wafer called saw streets or scribes.
The wafer is singulated using a laser cutting tool or saw blade.
After singulation, the individual semiconductor die are mounted

to a package substrate that includes pins or contact pads for
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leaves a hole in the resist layer that corresponds to the transparent pattern on the reticle. A mask whose
pattern exists in the transparent regions is called a dark-field mask. After removal of the top
portion of the semiconductor wafer not covered by the photoresist, the remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a previous deposition/etch process using

techniqueS'sGeIr a8 Bisctrofdss"arid e lRER /S Piktig. COmPOnBehdsiting A thAtfinP8fhaterial over an
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flat surface is required to§roduce smaller and more densely packed active and passive components.
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a package stbsfrate that includes pins or tontact pagg?or
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 can 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 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
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 components. Miniaturization and
weight reduction are essential for these products to be accepted

by the market. The distance between semiconductor devices must
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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 wirebonds. An encapsulant or other molding material is
deposited over the package to provide physical support and electrical isolation. The finished package is

then Inserted into an electrical system and the functionality of the semiconductor device is made available
to the otHe¥ systehTedfipoheniShteve EEPENIUTates-dlectronic device 50 having a chip carrier

substrate or printed cireuit board (PCB)X32 witha-phiiality of sgmiconguctorpackages mednted on its
surface. Electronic device 50 can have one type of semiconductor package, or multiple types of
semicondUdtorradiag e s "B&5Eding On HE Sppiiction The diférefitlyp8S of 8&miconductor packages
are showsdn f4Gndfetpurposes afdlustiation.ed on thlectramc devicech-¢an/be @isfand-alone system
that uses the semi%onductor packages t% gerform one or more electrica;functions. Iternagvely,

electronid H8%icE 50 cai e AGUBEOMpdRentofdTargsFsystert For Bxample. Blettronic deVice 50 can be

part of a celiular phane,; perdana) digitat assistant (PPA} tdigitgl videoccameras(® Q) of :other electronic
communication device. Alternatively,O %lgctronici(rié%{% 50 can Pe egr@ia"i:;:hjcclsocard network Interface card,

scrgen rintin r r sSu me 1 1. rocess.
or other sSignal proéssing card that Gan be IRSerted into 4 computer. The semicondlctor package can

Include nsicpprdcessars; sérmopes,vapptication specific integratecheincuitsa((ASIC) degiessincuits, analog
circuits, RE cilrc%itfs,gi]sécrete device 3, 9 8trheraseé<rrgconducr%%ru%igeo& electrical cggsoonenés. Miniaturization

. ac semlco C eS omporne na ..
and Welgﬁt reduction are essential for these products to be accepted%y the markef. The distance

between sehwcorrkictordelicesshast bendeeneasetl-to dchieveshigherpdensityrovide 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. 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 types of
first level packaging, including bond wire package 56 and
flipchip 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. 1In

some embodiments, electronic device 50 includes a single
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In FIG. 1, PCB 52 provides a general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor packages, mounted components, and other external system components. Traces 54

also provide-fOWEFar G Yrotitf SoriectiBAS 5 €5eh B theSsethitBhdGEIBP Paticdyes. <211 Lhfsome
embodimgnts; asemicenducton device dasdwepackaginglevelsoiirstlevel packagingis a technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packaging SAVSIZES HEChaniaMN aAE BItTfally attdtfiry thelftermeiatd' SaHe 15 tEPEB. In other
embodimesats, anseiniconduetop devite dray-only Jravedbe finsideal packaging where dhe disnis
mechanically and electrically mounted directly to the PCB. For the purpose of illustration, several
types of firétIe¥8Fpackagfif! Tvclidifg %%Iﬂa%ﬁ?le BSERAgS6 5RE Hfochils 58 &re shown on PCB 52.
Additionadlypseveraktypes of secanicblexel packaging; tnchuding dalt gridsareayn (B&A) 60, bump chip
carrier (BCC) 62, dual in:line package (DIP) 64, land grid array (LGA) 66, multi-chip madule (MCM) 68,
ot et Ckate (RN 0, AP B A AL paC kA 75 &l ROk R o B 52
Dependingupdia theisyistemorequiements] lanywosmbination desemiconduetol packagess tgnfigured with

any coml%lgfilt on of.first and secaond :lLeveeI Egcgnaaqllangyjces as WeIIUSaLsCother elecatlr%lc gompgnents, can

o
be connecte toaggB 2 In‘Some em odiments, electronic device Oﬁ]%ﬁjd%a%asmafée]éttaghed

semiconductorcpackager while other embodiments call for multiple Interconnected packages. By

combining one or more-semicopdugtor ggglﬁa%ggse%%elra%?ng@nﬁ%ﬁ@ﬁ%g‘ggn_gfggw 's.can Incorporate

pre-made components into electronic devices and systems. Because the semiconductor packages
Include sbphRistiéated fhrctiomligs efectionfrde\dtest éarp be adnfactueed: bsSidgdasPERpensive

componesis, and a sireamlined.manufagturing.progess, Bihg tesplting devices.are less, likely, o fail and

less expensive to manufacture resulting in a lower cost for consumers.
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 can
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 or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and bond wires 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

over the package for environmental protection by preventing
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FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a lllustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 Includes an active region containing analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed within
the die and are electrically Interconnected according to the electrical design of the die. For example, the
circuit can include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit

elementsTBiAEH Vit thePActveTgion SR rRRbRAICEr dies7 £ TGEE SR 76 are one or more

layers of gendugtiveapatesiab stichassaluminum {AL), coppen ), tin£Sp),guckel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During

assembly of DIP 64, sémitondfictor 4574 FmduhtEdd%n Mtdrediat darfier78 T8ING & gold-silicon

eutectic layeraradiesivesmaterial sueh as theunal £poxy s epoxy resiar The packageobody Includes an
insulative packaging ma eriaéifih as polymer or ceramic, Conductor leads 8§ a[9n§d bond wires 82 provide
nt' 84

electrical'lite?cortiect Betw efifcondudtor dfe 74 ahd BCB 52. Bhtapsd is G&pBsited over the
package fdrrernvironmental ptetettion byprewanting: aejstuse and pacicies frombentetng the package
and Cont%rgglncaagig S}Degré?cs:og%ucgglzjdi887fl o%%@iwgegggpound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip 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 can 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,
and bumps 112. A molding compound or encapsulant 116 is

deposited over semiconductor die 58 and carrier 106 to provide
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FIG. 2b lllustrates 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. Bond wires 94 provide first level
packaging Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide physical support and electrical
isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal

depositioR PrEdESs s PR BlectrBtit Rty GreledtfGleas pRIEING 1S préverit OXidition. EBftact pads

102 are electpeally-conmnectechto.one or more eenguctivedsignal teacestb4indEB 52, Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,
semicondUEFGiE 58 isHAbintEd FAce BE6wATE IMErisdiaks carrier 168 WittPS Afpchip Stife ftet level

packagingoAetveitegian 108 04 semicandeckoriie 58 contains avalogardtgital girguits Implemented as
active devices, passjve devices, conductive layers, and dielectric layers formed according to the electrical
design of th8®did. ForBkampis 2thsirctit tah 1ekas brie i thofd Handisthrs widdss: iductors,
capacitors; resistors, and @themcircuit elementstwithincadtive tegion ,108h Semiednduciorcdie 58 is
electricallﬁ}/.and5 echanikg:all connected _ILcharrier 10 thrtough qa mps 110. ted O1BGA %(Ps electrically
and mechanical y cohnected to PCB'52' with aaﬁgAes (f/lce secon gvcﬁop%%ﬁggi%g us%ﬁgeﬁum?ﬁs 112.
SemiconductBCHieS58 isselectriCalycorirected icecdnductive signal traces $4rig RCB B2uhrough bumps

110, signarllléréers 114,a%ned %%@P% 11216\6molding compound or encapsulant 116 is deposited over

semiconducior die 58 and carrier 106 to provide physical support and electrical isolation for the device.
The flipchip semiconductér-deddces provides & short @lebtridal comddetionl pathvfidrh the betive devices on

semicondygtar dig,58 to gonducton racks,gnPCR 52:1n order tofediice signal gropagagion distance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 caprlseemedhanicaly aid efetticaliyconpecteddirsetly 30 PCBIS? usity fiipckiptstyle first level

paCka@nQdHHE%%Uﬂeﬂnﬁﬁag%%¥y§r596semiconductor die or components 124 is
formed on wafer 120 separated by a non-active, inter-die wafer
area or saw street 126 as described above. Saw street 126
provides cutting areas to singulate semiconductor wafer 120 into
individual semiconductor die 124.

FIG. 3b shows a cross-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing 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 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,

for RF signal processing.
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FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by a non-active, inter-die wafer
area or saw street 126 as described above. Saw street 126 provides cutting areas to singulate
semiconductor wafer 120 into individual semiconductor die 124. FIG. 3b shows a cross-sectional

view of a portion of sefitoRdGELoF Wafer ¥20: ExtHdeniiRohauctor dit“124hds Ak ¥(ffface 128 and
active sufaee 130 containing analeg ondigitabgiratits jmplemented asiactive devicgs, passive devices,
conductive layers, and dielectric layers formed within the die and electrically interconnected according to
the electfical deSightaitl Rinthion 9f BeGig S Eor 8xamplSthe tirduitrhay ivdidde 9RBYF hidrdtransistors,
diodes, apddiberscircuitelements ormedayithin actvwe swdace 30 1o implemeny analogreircujts or digital
circuits, such as digital signal processor (DSP), ASIC, memory, or other signal processing circuit.
SemicondUctor e 194 n%fl’a@g (:oﬁ)t]élinéitﬁ%ée rafed passive devicks hﬁés%,ysucg%néjsuﬁab%t%rs,
capacitonsaand tresistors; dadREtsigral prgeassiriy operatéd elecirically canductive layer 132 is
formed over ac;ct;_ye Sﬁ%ce 130 usin%g\/t[()),_cﬁ‘wg, electrolé/{g_ig p(l)arlltinég(5 1§lle‘§:trolesrsfplgtin%;%gcess, or other

suitable metal de|138§L| of p(rzéjcne%%(.: onductive Iaygrl 15%'¢an bé ore or moré ﬁaye?s of u, Sn, Ni, Au,

Ag, or otlerrsuitablevelecttrically t6Aductivelmatérialh Cortlustive ldyer 4 B2 perdtes sis contact pads

electrlcalgl.c%nnecgedftlpotrge?ckllrch|t%og active eerifg%% g}tho.ngucetlviezlgyeralSB%s an be disposed

side-by-S|dleSa%?sq[ distance from t%egedge of semiconductor die 1124, as shown in FIG. BJbI.lAIternativer,
conductivellayes®32 can tberofset e iultiple rows sueke thiat eefirst fow ofoomtactogddssis disposed a first

distance from the,edge ofthe die, and.a second row of Gontact pads alternating withihe firstigw is
disposed a second distance from the edge of the die. An insulating or passivation layer 134 is
formed overfactive slirfdcen3d anmrondctivédayerfl32ngsidg PVrCQVB, peRMY spirvcodting, spray

coating, screen prining o lamination.slpsulating layer 134,containg ope of moredayers af silicen dioxide
(Si02), silicon nitride (Si3N4), silicon oxynitride (SiION), tantalum pentoxide (1a205), aluminum oxide
(AI203), 6ristherrratédalaliiey siAflar msufatingaiil-structural properties. A portion of insulating layer

134 is removed by an gichingprpgess with.a patterned photoresistr 134 is formed over

active surface 130 and conductive layer 132 using PVD, CVD,
printing, spin coating, spray coating, screen printing or
lamination. Insulating layer 134 contains one or more layers of
silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide
(A1203), or other material having similar insulating and
structural properties. A portion of insulating layer 134 is
removed by an etching process with a patterned photoresist
layer, to expose conductive layer 132. Alternatively, a portion
of insulating layer 134 is removed by laser direct ablation
(LDA) using laser 136 to expose conductive layer 132.

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

FIGs. 4a—-4w illustrate, in relation to FIGs. 1 and 2a-

2c, a process of forming a vertical interconnect structure for a
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Layer, to expose conductive layer 132. Alternatively, a portion of insulating layer 134 is removed by laser
direct ablation (LDA) using laser 136 to expose conductive layer 132. In FIG. 3c, semiconductor
wafer 120 is singulated through saw street 126 using a saw blade or laser cutting tool 138 into individual
semiconductor die 124. FIGs. 4a-4w illustrate, in relation to FIGs. 1 and 2a-2c, a process of
forming a vertical interconnect structure for a 3-D Fo-WLCSP. In FIG. 4a, a substrate or carrier 140

contains $a&riffal'Hasefmatefidl §dch as &Hlicn, PEtyER BerfliumPdxidé or ctheFSiitadbie* dw-cost, rigid

material fo5 struetural-suppetie Andnterfage layerordoublersided tape 1424s formeehavergarrier 140 as a
temporary adhesive bonding film or etch-stop layer. Carrier 140 can be circular or rectangular according

to the deSign BT fulction ofthe Sermicdhductsipackage, £191d material for structural

support. An interface layer or double-sided tape 142 is formed
over carrier 140 as a temporary adhesive bonding film or etch-
stop layer. Carrier 140 can be circular or rectangular
according to the design or function of the semiconductor
package.

In FIG. 4b, leading with insulating layer 134,
semiconductor die 124 from FIG. 3c are positioned over and
mounted to interface layer 142 and carrier 140 using a pick and
place operation with active surface 130 oriented toward the
carrier. Semiconductor die 124 are mounted to carrier 140 as
part of reconstituted or reconfigured wafer 143.

In FIG. 4c, an encapsulant or molding compound 144 is
deposited over semiconductor die 124 and carrier 140 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 144 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 144 is non-—
conductive and environmentally protects the semiconductor device
from external elements and contaminants. A surface 145 of
insulating layer 134 is coplanar with an exposed surface 146 of
interface layer 142.

FIGs. 4d-4w illustrate another embodiment, in which
surface 145 of insulating layer 134 is embedded within interface
layer 142 after mounting semiconductor die 124 to carrier 140.
Continuing from FIG. 4a, leading with insulating layer 134,
semiconductor die 124 from FIG. 3c are positioned over and

mounted to interface layer 142. Surface 145 of insulating layer
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In FIG. 4D, leading with insulating layer 134, semiconductor die 124 from FIG. 3c are positioned over and
mounted to Interface layer 142 and carrier 140 using a pick and place operation with active surface 130
oriented toward the carrier. Semiconductor die 124 are mounted to carrier 140 as part of reconstituted or
reconfigured wafer 143. In FIG. 4c, an encapsulant or molding compound 144 is deposited over
semiconductor die 124 and carrier 140 using a paste printing, compressive molding, transfer molding,

liquid encap$ulant AIEMGE Factidm amiatiBRL8piR cbatifg, dricthérsuifibid applicator. Ehcapsulant
144 can be pelymearcompasitermatesial, suehasepoxy resiniwith filkercepoxy aerylate with filler, or
polymer with praper filler. Encapsulant 144 is nonconductive and environmentally protects the
semiconfIRGdeicé o External elerfieSant Coritdmirants. /R Shrfaée 45 bf msufafigiager 134 is
coplanar gvithea expasedl sufaices146: ofi interfageslayent42. 1n one Hfasoddrdww Hlustrate arother
embodiment, in Whiﬁ% urface 145 of in ulating Igyer 34 is embedded within.In erfaceﬁayer 142 after
mountingséjeﬁ#%Sﬁd tor Qie LIS CATIEF 120. Coftinling ront BTG 245 ledding withiih&diating layer
134, semicohduttardie £ 24 from &6 r3d ace positionec odercand mbunted o nterfacedayenl42. Surface
145 of insculatingélaj}/er 3440is embeddﬁed \%/ithin inteEface I%/OFr 143 andl?lérface 145 is vertically offset
from surface 146 of iterface ?a%/e? 12 o%pogﬁec Carriet 140. Awﬁorﬁgn of interface layer 142 covers a
sidewall 148 of insulatihg layes .13% In ene @mbgdiméat) tactive sorifdée d 30 @fiisemmconduetardie 124 is

coplanar (gveith ssuirgacg 11%7660f ingerggaé:grllgxl%rtloélrz. C%eemif%(,ju%tgadigalrzgi%rre Tan'{lesditggcaa{rier 140 as
part of recoﬁﬁgureg water 143.

paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 150 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 150 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants. Surface 145 of
insulating layer 134 is vertically offset from a surface 154 of
encapsulant 150 contacting interface layer 142. Thus, surface
154 of encapsulant 150 and surface 145 of insulating layer 134
are non-planar.

In FIG. 4f, carrier 140 and interface layer 142 are
removed by chemical etching, mechanical peeling, chemical
mechanical planarization (CMP), mechanical grinding, thermal
bake, UV light, laser scanning, or wet stripping to expose
conductive layer 132, insulating layer 134, and encapsulant 150.
Encapsulant 150 provides structural support for semiconductor
die 124 after removal of carrier 140.

An insulating or passivation layer 160 is formed over
encapsulant 150 and insulating layer 134 using PVD, CVD,
printing, spin coating, spray coating, screen printing or

lamination. 1Insulating layer 160 contains one or more layers of
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In FIG. 4e, an encapsulant or molding compound 150 is deposited over semiconductor die 124, and
carrier 140 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, spin coating, or other suitable applicator. Encapsulant 150 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 150 is nonconductive and environmentally protects the semiconductor device from external

elementsPARF EFRAMINEMS. SartAEE 145 bE irfstuldting 1ayerL 34isvertically dHeet from-a Shface 154 of
encapsulapt1p0 cenlasting intedage layer 144 1 Ehus;surface 164, of encapsylanii50 andsurface 145 of
insulating layer 134 are non-planar, In FIG. 4f, carrier 140 and interface layer 142 are removed by
chemica%e? fing, MEeRanicArpeBing” cHémftal echaKicaP piandriZaton - (EMPT. mBehaiical grinding,
thermal hakey UMilight, laserseanning, or wet stripping to expose conductive layer 132, insulating layer
134, and encapsulant JISO.FEIrécapEulant 150 Iprovide§,{/‘§tructur | support_for semicggductor die 124 after
removal of carrier 140. " ‘A fsufatiigor ass ti&iﬂ%@e‘aﬂ Sis t6rhvéd 59ér ércapsulant 150 and
insulating layer 234 wigingnP¥De MDYy, prinding sspin coatiag pepray coatingyrscreer printing axkamination.
Insulatingclayer 169 contains one or mare lay rgEfghotosensitiveigﬁ(%/%diele tric fil \ggh or without
fillers, non9ph%]igéenesit}Qleaﬁ’oly?r%e?]a?erllel&ﬁg’ film, 'Si02, Si3N4, SiON, 78205, Ai203, or othér haterial
having simitae insutatingland structutal propeftiesisulatirp FIGy4g, a ortion afinswatingpiayer 160 is

removedng an etchinglproces’i]gvéth taopatterngg hotore'fig%la%/gr Ig create \éigg Qr Co&eni@ngs 164 to

expose con ucl,‘ltlsvlenlgyera 37 ternatlve(fr,eaaporti\cf)ﬁ% insulating lay 160 is removedvby LDA using

Iase_r 1661@ytﬁe§atb3\ﬂas 11_546&@ *e;’(poge} wmd@ctiveﬂaym:%zf. Aﬂdﬂ@mﬂyp@ pbﬁtk_mroﬂiﬁ@ulating layer 160
outside a footprint of semicondugior die 124 s removed by an etehing process with,a,pattgrned

photoresist layer to create micro vias or openings 168. Alternatively, a portion of insulating layer 160 is
removed By DA dsinglasers1 70 td create Atierongas peRLtoresist layer to create

micro vias or openings 168. Alternatively, a portion of
insulating layer 160 is removed by LDA using laser 170 to create
micro vias 168.

Micro vias 168 can have a straight, sloped, stepped,
or tapered sidewall. 1In one embodiment, micro vias 168 have a
cross—sectional width or diameter ranging from 10-100
micrometers (um). In another embodiment, micro vias 168 have a
cross—-sectional width or diameter ranging from 20-30 pm. A
plurality of micro vias 168 are formed outside a footprint of
semiconductor die 124 and in a peripheral region or area of
semiconductor die 124 in an array or group of micro vias 168 to
form a micro via array 174. Micro via array 174 contains one or
more micro vias 168. Micro via array 174 extends from a first
surface 176 of insulating layer 160 to a second surface 178 of
insulating layer 160 opposite surface 176. Micro via array 174
exposes surface 154 of encapsulant 150 outside a footprint of
semiconductor die 124.

In FIG. 4h, an electrically conductive layer 180 is

formed over insulating layer 160, encapsulant 150, and
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Micro vias 168 can have a straight, sloped, stepped, or tapered sidewall. In one embodiment, micro vias
168 have a cross-sectional width or diameter ranging from 10-100 micrometers (pm). In another
embodiment, micro vias 168 have a cross-sectional width or diameter ranging from 20-30 pm. A plurality
of micro vias 168 are formed outside a footprint of semiconductor die 124 and in a peripheral region or
area of semiconductor die 124 in an array or group of micro vias 168 to form a micro via array 174. Micro

via array A7 CoAIHS bRE f YRoreaichs Vs To8 WHERF A Mray £74'8xtehds front & fit&tsurface 176 of
insulating-kayee 460 te agecepdmsurface iy of insidating layer 60 oppesite suface-1#6.1Migko via array
174 exposes surface 154 of encapsulant 150 outside a footprint of semiconductor die 124. In FIG.
4h, an el&tRtaRPeSAICHTE taye ﬂ%%ﬁ§?drﬂ?ed18\¥e%ﬁnétﬁ§tiﬁcj‘féy%? 188 efcagiuldnt 136°aMd
semiconductandiedi24 using Ripatterningandanetst deposition pracess) sueiras LMD, CVD, electrolytic
plating, or electroless plating process. Conductiye layer 180 can be one or more layers of Al, Cu, Sn, Ni,
AU, Ag, oF ST SUTSBId E1Bebaly condittive MHatLrEP Tidividtal boriBRE 8F EdiductETayer 180 can
be electrically camman erl electricalyl isplatechracaoraing:fostherdesign and funciioadf semiconductor die
124. A portion 0(1;1 conducctive Iay%{ 180 extgggs %hrou?h vias 164 to electri(gglcbé conr(mject C?Eguctive layer

180 to co%%ﬁ%ﬁvel%%r 235. A po?t?olr%f Sonductive aly((jerr1 18 e%?énrllacsoﬁlorlzon?érlly aﬁgng Insulating layer

160 and paradlektocactivé surfade dB0ve seayieondutiordiedi2dstotateraltyhredisttsbuté 4hé electrical

interconnect to cond five layer 13@ of semic nductcir die 12fl Slondu tive,la er 1go Qerates as a

) ond ) e} .
fanout reFSBator Tayr (RBLT oviahia Iaer e orr ool e o ot the dadibal signals of
semicondutior dié I2drtion o porticn of curductiveday &0l 80:alspextdrasitheaughlmicro vias 168 to

form condyctiye mieto yias; 182. Gonductive migre vias 182 extand from.the horizontal poringf
conductive layéer 180, through'insulating layer 160, to surface 154 of encapsulant 150. Conductive micro
vias 182 ean-havestaight, sloped,24péredl ofF steppel sidelialls: ibohe ebfisodirhent cbaddctive micro

vias 182 haye a generally gonical shape with a generally circular grassssection, In anather gmbodiment,

conductive micro vias 182 have a generally cylindrical shape with a generally circular cross-section. In

another érB&difitentcortiiRtive fticronfas t82 habea gerierall cllsie shapé Withl@ gehardy

rectangulag 610ss-$6ctiong The shape of copductiyeimicre vins, I82; can-yaryacserding te the design and
function of semiconductor die 124. In one embodiment, conductive micro vias 182 have a cross-sectional
width or GiaRfetérrangingPer1d-2do semiconductor die 124.

A portion of conductive layer 180 also extends through
micro vias 168 to form conductive micro vias 182. Conductive
micro vias 182 extend from the horizontal portion of conductive
layer 180, through insulating layer 160, to surface 154 of
encapsulant 150. Conductive micro vias 182 can have straight,
sloped, tapered, or stepped sidewalls. In one embodiment,
conductive micro vias 182 have a generally conical shape with a
generally circular cross—-section. In another embodiment,
conductive micro vias 182 have a generally cylindrical shape
with a generally circular cross-section. In another embodiment,
conductive micro vias 182 have a generally cubic shape with a
generally rectangular cross—-section. The shape of conductive
micro vias 182 can vary according to the design and function of
semiconductor die 124. In one embodiment, conductive micro vias

182 have a cross-sectional width or diameter ranging from 10-100
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pm. In another embodiment, conductive micro vias 182 have a cross-sectional width or diameter ranging
from 20-30 pm. Conductive micro vias 182 are formed in a peripheral region or area of
semiconductor die 124, outside a footprint of semiconductor die 124, as a group or array of multiple
conductive micro vias 182 to form a conductive micro via array 184. Conductive micro vias 182, within
conductive micro via arr% 184, form a series of peaks and valleys of conductive layer 180, providing a

greater stfface afed Y CoRtact BRRAFEEIFESMdUtvE tafer B0 & stibséquettlyfoitfied conductive
interconneebsliucibie: i onal WwilGt B shows anplar viemsakiheassesbly trogoFig: 4h, from a plane that
runs parallel to active surface 130 of semiconductor die 124 and the horizontal portion of conductive layer
180, along surface 178 6f8GIRGNG 18671807 4AE stffacé 154 ot BRtapsdlafit T50. X BRFAlity of
conductive=micia vias 182ar182g asen farsretleuisiteda tootprint of sesiieenductaradie A24wanskextend
through insulatinghlqaeg 160%0 enig%?ulant 150. In particular, conduc%ive igr,o lias 182a-182f are formed
in a generally Cirétitat orHexatonar sHape or patteti arSund a ‘céntrar ciitiuctiVe icro via 182g.
Conductive micro-viad 82gds centrally [bgatedorefaiivie ta conddctivel micro Viasol82a:182f Sonductive
micro viafgl 2a- 2f(§?1re 1Qositioned at the corn?gszof a heéa%on shape 'n.agerigheral regaion of the
.« 4t onauc 1v982m1%‘ro Vlaa , wlithil gfl’l%léa A1V micro,.v>1

central conductive micro via 182g. Each conductiveé’ micro via 182a- is an equal distance from
conductivermigro Migt 18Zg.r@ordustive asicrd vias dl82a=18Pfaré hisgsaw equalrdistancedrom each
adjacent fgg‘%g‘:th‘(@o'?'c#% iz 18aayl Zz?reater Collectively, Gondugtive migro yias %%%%‘%éﬁg
constitute conductive micro via arrz%/ 84. In one embodiment, conductive micro via array 184 has fewer
or additiopahductive layer 180 and a subsequently formed conductive

interconnect structure.

FIG. 4i shows a plan view of the assembly from FIG.

4h, from a plane that runs parallel to active surface 130 of

semiconductor die 124 and the horizontal portion of conductive

layer 180, along surface 178 of insulating layer 160, and

surface 154 of encapsulant 150. A plurality of conductive micro

vias 182a-182g are formed outside a footprint of semiconductor

die 124 and extend through insulating layer 160 to encapsulant

150. In particular, conductive micro vias 182a-182f are formed

in a generally circular or hexagonal shape or pattern around a

central conductive micro via 182g. Conductive micro via 182g is

centrally located relative to conductive micro vias 182a-182f.

Conductive micro vias 182a-182f are positioned at the corners of

a hexagon shape in a peripheral region of the central conductive

micro via 182g. Each conductive micro via 182a-182f is an equal

distance from conductive micro via 182g. Conductive micro wvias

182a-182f are also an equal distance from each adjacent

conductive micro via 182a-182f.

Collectively, conductive micro vias 182a-182g

constitute conductive micro via array 184. In one embodiment,

conductive micro via array 184 has fewer or additional
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conductive micro vias 182, according to the design and function of semiconductor die 124. In another
embodiment, conductive micro vias 182 are arranged in different patterns or arrangements within
conductive micro via array 184, for example, columns or rows of multiple conductive micro vias 182. FIG.
4] shows a plan view of the assembly from FIG. 4h, from a plane that runs parallel to active surface 130 of
semiconductor die 124 along surface 176 of insulating layer 160, along active surface 130 of

semicondrROMGiE 122, Bha continding diain aongstiée 176 SrnSnatHAG 14387 168 €bhddctive micro

vias 182a-482g:have ailargescrasssectional widththam ér-FKadbl 1efiestingcsmembedinaent in which
conductive micro vias 182a-182¢g have tapered sidewalls. In another embodiment, conductive micro vias

182 havd'strHight’drstepped Sidewaiis 2199 1B akhfusiiteE ahbiHet EnModiment, with a trench 186
formed arpunghpéare vtas 168 prier toddepostiingeconttctve, iayes 188y Coptinuing from ki 149, a portion
er 160 between qgr outside eyootprint of semiconductor die 124§gnd around a perimeter of

of insulating. la
micro viacaO%rLél)fvn £74,58 r&RBed by AA etcRing procestnitt a Patteried pRdtoresist laféfto create trench
186. Altemativelya agdartior oinsalatingdayersk6ilis yemoved hyd DA wsintrlasen 138 tmereate trench

186. Trerjc%hajﬁ8§: can have gtjh%té |gr11:tbslgggdvgte_geg%,a%retq?%ed dewall. A fci)ftgggtrof O{r.ench 186 can

vary in shape, aclclcr)lrsdir?gaifo e design an furiction of semiconductor die 124- For exampﬁf the footprint

of trench 11’86 calrbgy generally €irtular of rectangwan auhdymicrd vids 68>ong actvEIG. 41,

conductive,layer. 180 iy formed qver Inslating layer. 190, pncapsulant 199, and semicondustoy gie 124
using a patterning and metal 8eposmon process, such as PVD, \?IS e ectrolyﬁc pPating, or electroless
plating proeess.cCondifctivé |ayeruBOcarpbe aneor dre lagersdiAl i€a, 8acNi AU, AY, or other

suitable glgtrically, conductive mategal, Ingividyalporions, of condygtive layer 180:can bg electrically

common or electrically isolated according to the design and function of semiconductor die 124. A portion
of conduétitiellagéri 180 exterids ehronghvids 164 icblechrivdlly torpesticonduetives|ayer 280 to

Conducmﬁ%@¥95%%%“%QBQ%%HQ%idewalls. In another embodiment, conductive

micro vias 182 have straight or stepped sidewalls.

FIG. 4k illustrates another embodiment, with a trench
186 formed around micro vias 168 prior to depositing conductive
layer 180. Continuing from FIG. 4g, a portion of insulating
layer 160 between or outside a footprint of semiconductor die
124, and around a perimeter of micro via array 174, is removed
by an etching process with a patterned photoresist layer to
create trench 186. Alternatively, a portion of insulating layer
160 is removed by LDA using laser 188 to create trench 186.
Trench 186 can have a straight, sloped, stepped, or tapered
sidewall. A footprint of trench 186 can vary in shape,
according to the design and function of semiconductor die 124.
For example, the footprint of trench 186 can be generally
circular or rectangular around micro vias 168.

In FIG. 41, conductive layer 180 is formed over
insulating layer 160, encapsulant 150, and semiconductor die 124
using a patterning and metal deposition process, such as PVD,

CVD, electrolytic plating, or electroless plating process.

22—



conductive layer 180 extends horizontally along insulating layer 160 and parallel to active surface 130 of
semiconductor die 124 to laterally redistribute the electrical interconnect to conductive layer 132 of
semiconductor die 124. Conductive layer 180 operates as a fan-out RDL, providing lateral or horizontal
redistribution for the electrical signals of semiconductor die 124. A portion of conductive layer 180
extends through micro vias 168 to form conductive micro vias 182. A portion of conductive layer 180
extends ﬁ?&ﬁgﬁéﬁ& 186 ¥3 forAfcsidlichve g 190. TV UL EVE Aicrotvids 182 anddnductive ring

190 extend fromithenhgrizontalpastions ofi eensluctive dayver 1891 1o, swéace 154 otencapsulant 150.
Conductive micro vias 182 and conductive ring 190 can_have stra%geht, sloped, tapered, or stepped

sidewalls! 'dHe SbodiAEht FORAA&IVERIES Via&S187 Kave &genefallyCorfical ShapE Witha generally

circular cressrsection. ¥lanetherembpdiments ceaductiveraicrevias k82chavesa generally cylindrical
shape Wi? a generall circular cross-section. The ?%pe of conductive mic_cro vias 182 can vary according
to the desigh a%ldofﬁngﬁonsgf%ecr%f& Rautor G124 1 ore &RbSdiRtent cordtichE Micro vias 182 have
a cross-sestienal Widtheortdiameterrangirly fram<10:£Q0 pm. dn anothiet @mMbodiment conductive micro
vias 182 Qg\r{% acQCross-sxi%tioenral Y"é%th Or d(i:%rggter tran%in a11‘rom 29-?20 pmAfConrdil:Jctéve [Dn%'cro vias 182 are
formed in"a peﬁphé%? reglgn or area of sémiconductor die"124, outside & o%?prlnjf of sémiconductor die
124, as acgrodpor iarraylefymultipEOcenduetive niicnoivias 182 surmundgd bhysohatictive fling 490 to form
conductive gicra yia array 192- Fonductive.miqro yias 182 gnd ondygtive.ring.490. wihin £opductive
micro via array 192, constitute a series of peaﬁs and valleys o conductive layer 1%]6 providing a greater
surface area fertcomntdctbetwders condudtivetapercl83-amd asubsegaentynformediconductive

interconnggh SIUGIIE, 14yer HIS, 40ESNOWS A 10R.QLPIA0 Wew of fhe assembly frgy FIG, 41, from a

plane that runs parallel to active surface 130 of semiconductor die 124 and the horizontal portion of
conductive3layepr ¢80, tal6ng surdaée 178 wf indulatingrlayerieq; anm-surfacecrsdofrércapsalant 150. A

plurality of sonductive micrg vias 182a-1820 are formed.outside a footprint.of semicengducigr.die 124 and

extend through insulating layer 160 to encapsulant 150. In particular, conductive micro vias 182a-182f are
formed int& §enerally circular or hexagonal shape or pattern around a central conductive micro via 182g.

Conductive micro via 182g s ceptrally:located selative to conductive migra yias 182as182f. Each
conductive micro via 182a-182f is an equal distance from conductive micro via 182g. Conductive micro
vias 1824189 arelpositidried &t theldbrivérs Bt atHesagbhin @ peribhetdidegioh oTthé teRtrafconductive

micro viacdk2g, Songuctive, microgias k823382t are-an equaldistance from eagh adjacent conductive
micro via 182a-182f. Conductive ring 190 is formed around conductive micro vias 182a-182g, in a

peripherdi A& 6F CHRAUCHVE mick vias AB2ASTB2E: Coifatetive fifig 190 1Hsa fsutpittthitis generally

circular, withy gonductiveunicso vieck82ghat thercentertef copduetivenring 180 amng-congbictive, gucro vias
182a-182f an equal distance from conductive ring 190. The shape of conductive ring 190 can vary

according £ the"Gesigh AR Function S SEMieBRdUABEdit1 >y, Conductive micro vias

182 and conductive ring 190 can have straight, sloped, tapered,
or stepped sidewalls. In one embodiment, conductive micro vias
182 have a generally conical shape with a generally circular
cross—-section. In another embodiment, conductive micro wvias 182
have a generally cylindrical shape with a generally circular
cross—section. The shape of conductive micro vias 182 can vary
according to the design and function of semiconductor die 124.
In one embodiment, conductive micro vias 182 have a cross-
sectional width or diameter ranging from 10-100 pm. In another
embodiment, conductive micro vias 182 have a cross-sectional

width or diameter ranging from 20-30 pm. Conductive micro vias
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Conductive micro vias 182a-182g and conductive ring 190 constitute a conductive micro via array 192. In
one embodiment, conductive micro via array 192 has fewer or additional conductive micro vias 182,
according to the design and function of semiconductor die 124. In another embodiment, conductive micro
vias 182 are arranged in different patterns or arrangements within conductive micro via array 192, for
example, columns or rows of multiple conductive micro vias 182. FIG. 4n shows a plan view of the
assembly fONPES . 4Ph 6 i pRnBIRAETLRE Pardifid t€ Bcife Sdifdce” L3¢ ReEmikdnahetor die 124
along sudace 126 of insulating layerckids along agtivesurtasedido-ofrsemisondugtordie;1 24, and
continuing again along surface 176 of insulating layer 160. Conductive micro vias 182a-182g and
conductive iy 186 Have ¥ afderttoss-BeEtional Wikth t&n T EfS. Am2refieling Ah eribStifhent in
which copguctiveduicta viasri82a-182y and conducieding 19@ have tapered sidewalls] branother
embodiment, conductive micro vias 182r[r%-é82%§nd conductive rin% 190 % ve straight, sloped, curved, or
stepped Sid8WAlS Ve ™ Entihtirg IS 40 AAYRS IS Eing oF Badsivatidh-ay&f'200 is formed over
conductiveolayer 186 and inswatinglayer 260 using RPY¥Ds EMD, tprinting espia €oatingespray £odting,
screen print'irlgeor Iaglrjnatg)ond agtshogvnl[in IéIrG 4&90 Insulra(;[ian O{axer 200 %%ntggenrs one gr more layers of
photosen‘é ive pyo?ymer dielectric filnt with*or without fiﬁersYnoﬁ-p%of‘os%nsﬁive po?)}lmer dielectric film,
S102, SI3N4aSIoN, Ta20% Al208, torssthecmateridl awingesirulad s ukating ansistrmsturah pigperties. A
portion offig%%@gng(l%yogr ZEOPVig re{{‘@é’%g g an %tcgitn%rggess with a patterned photoresist layer to
create vias or openings 202and to expose conductive layer 180. Alternatively, a portion of insulating layer
200 is removed by LDA USing4aseh204 taacreate viasD2randt evexposercondsictiveofayef 180. Insulating
layer 200,6an have a thigkness.aqual tq,Less,than, orgreater than athickness gt insulating jayer 160,
according to the design and function of semiconductor die 124. In FIG. 4p, an electrically
conductiviflayem2 o isiforied cliet instfatinelay&e200 and edhddctiveriayen18F using patterning with
PVD, CVD, sRutering. elagialyticiplating. clgctioless plating pragess, o pihef,syitablpdneta) geposition
process. Conductive layer 210 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electricalR cbrtiietive matértal o Conbaeimalager-2 10 i5-elebtrically ednrected t¢eantictivESayer 180. A
portion of.gonductivg layes 210.exiends-borizantally alopg ingulating layer-20Q apd parallel to active

surface 130 of semiconductor die 124 to laterally redistribute the electrical interconnect to conductive

layer 1805 €oHERIRHVE [ay/er 216 opefatd8 s farRout R P Yo the sldtAtaIrSigHay of semicdrductor die

124. Otherpertiens gf eonductive 1ayes 210: arg1electricatiscemman arielectricalisisolated depending on
the connectivit¥ of semiconductor die 124. An insulating or passivation layer 214 is formed over

insulating'fayet 268 d donduefiie Byel 216 1My PYDOE VIS 5 #ting L spil €oatiRg, $itay Tbating,
screen partingher lamisations Insidating-layee 244 €optainsong ogmore dayers of photesensitive polymer
dielectric film with or without fillers, non-photosensitive polymer dielectric film, 5i02, Si3N4, SiON, 1a205,
AI203, or'otRer fhaterial haGmgrimiidr iheGrtiRg antrStuchial Bropericts W §6ridn of thslidtihg layer
214 is rem@yed byan. etchinghprocass: witheepatierned phataresist-layertoi ereate epenings 216 and to
EXposengg%gggga¥?%%}%onductive micro via 182g. Conductive micro vias

182a-182f are positioned at the corners of a hexagon in a

peripheral region of the central conductive micro via 182g.

Conductive micro vias 182a-182f are an equal distance from each

adjacent conductive micro via 182a-182f. Conductive ring 190 is

formed around conductive micro vias 182a-182g, in a peripheral

area of conductive micro vias 182a-182g. Conductive ring 190

has a footprint that is generally circular, with conductive

micro via 182g at the center of conductive ring 190 and

conductive micro vias 182a-182f an equal distance from
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Alternatively, a portion of insulating layer 214 is removed by LDA using laser 218 to create openings 216
and to expose conductive layer 210. The thickness and material of insulating layer 214 can vary
according to the design and function of semiconductor die 124. The thickness of insulating layer 214 can
be less than or equal to the thickness of insulating layer 160. Alternatively, the thickness of insulating
layer 214 can be greater than the thickness of insulating layer 160 to provide additional structural support,

balance, SHBSS Felief Sarfd-Warpatie- contitt t& tiPfakage " AU C t 1 {E FIG Py, aheleetficdiy ¥onductive
bump materialis degosited-overdbe exposed cenductiverayar 210wusing @navaposation glectrolytic
plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au,
Ag, Pb, B1, Cu, solder,Cgﬁl@hdSﬁ]bYr?athhgﬁﬁer‘ébﬁ%Niﬁ%gﬁ‘Bbﬁgﬁalaffﬁ& SOOI Fo¥ exampte, the bump
material garbe entactic SIPh, highdead sokdeti orread-freessatder. The bump material is bonded to
conductive %a% r. 210 usin{g1 a suitable attachment or bonding p QGeSS. Inr%ne embodiment, the bump

the i

material iS't B8 By heatifg Hhe Matefia Foveits Met toF8rm DafiS of bumps 220. In some
applicationg; buinpss22C-arediefiowed anseconditime ta aproavecelectticgl cantactdodontyeative layer 210.

An under bump metallizatio (UBWI layer can be f rmeg der bumps 220. Bumps 220 cap also be
compresSih bETHEATE LoNbuH BT St Burpe 200 HopreLEntne Wt O B AtRaE (nterconnect

structure ¢chatdcartbe formedrover conduétvealayer 2 t0.nbhel Interconhéetrstructwratoasralso ase stud

bump, micro bumgmor cher e% ctrical Int regnnect. . Callectively, i{@ Iatigg Iayerg 169é200, and
214, conglf(]::tﬁ/%qaygr% 1580Waln§1 ﬁo,céjr?(ﬁ Eﬁmﬁ\s]ezZ ‘constitlité a bui ¥ up %‘[ercoﬁngé structure 224
formed overlsemiconductor diecf24nand sncapsiantIB30 withrcondactivieamick6 aria affay 184formed

outside angtprint of,semicondyclor dig, 124 Addiignal insylatingslayers and RPLs ¢an,pie formed over

insulating layer 214 prior to forming bumps 220, to provide additional vertical and horizontal electrical
connectivityedcrogs thergackhge ladeording 10 thesdesige and Yanctionaityicfoseicorductordie 124.

124 along surface 176 of insulating layer 160, along active
surface 130 of semiconductor die 124, and continuing again along
surface 176 of insulating layer 160. Conductive micro vias
182a-182g and conductive ring 190 have a larger cross-sectional
width than in FIG. 4m, reflecting an embodiment in which
conductive micro vias 182a-182g and conductive ring 190 have
tapered sidewalls. In another embodiment, conductive micro vias
182a-182g and conductive ring 190 have straight, sloped, curved,
or stepped sidewalls.

Continuing from FIG. 4h, an insulating or passivation
layer 200 is formed over conductive layer 180 and insulating
layer 160 using PVD, CVD, printing, spin coating, spray coating,
screen printing or lamination, as shown in FIG. 4o. Insulating
layer 200 contains one or more layers of photosensitive polymer
dielectric film with or without fillers, non-photosensitive
polymer dielectric film, Si02, 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 with a patterned photoresist layer to create
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In FIG. 4r, back grinding tape 230 is applied over semiconductor die 124, encapsulant 150, and build-up
Interconnect structure 224 using lamination or other suitable application process. Back grinding tape 230
contacts insulating layer 214 and bumps 220. Back grinding tape 230 follows the contours of a surface of
bumps 220 and extends around and between bumps 220. Back grinding tape 230 Includes tapes with
thermal resistance up to 270 C. Back grinding tape 230 also Includes tapes with a thermal release
function. Exafmptés 8P GIIndiAg tapei236 I1ichede VAP Hi44tRand Keh-UN Yape MY-595. Back
grinding tape<230:provides, staichyat suppastfor sybhsequerny bagkgrinding and remeval ©f ayportion of
encapsulant 150 from a backside surface 232 of encapsulant 150, opposite build-up Interconnect
structure 922, "S119 BAEREidé Lhrfate %?aoﬁ‘een‘ééﬁﬁuI%R@l@@énﬁ@rg%é@ X GrirdiRg BpEraton with
grinder 234 Je plarmanize andsreduee adhickness obencapsulantd 58. Archemiealetehgan atsg be used to
remove and planarize encapsulant 150. After the gérir%ﬁﬁin operation islggmtpleted back s ré ce 128 of
semicondUctSr dis 24 i8'exPbsad. A tHidkiess of seigsiductor dig T e Sisé BeTeducdd by the
grinding eperatian nAlternatively da thicknessof mecapsuanbIH6 maintainscoverage evarddack surface
128 of semiconductor (Iie ]£2r4 AftEr the grin ingtoperaii(in, encapsulant 159 has a tj]i'(i}(n{egs Il,

measured from surface 154 0 éncgﬁsuﬁante torelxcp%se?ﬂ backside surface 236 of encapsulant 150. In

one embédmert, thicknes$s #wf @ncapsulapei5Q sobetneendia250 pm. Backmgringling:tajpe230 can be

actively cooJC d during th .%rindEL opg ion, In FIG. 4s, a por&ion of en aQs.uIant 150 is removed
. . n ; )y tt ect 4o .
ina perlp%aerzﬁlerjéaf})%%ofmélemlcon uctor die 152%?ovgfé€|$duc%ve icro \}]lalacr:'ra% f84l,r%gform openings

240. Ope@hwstZMa&Sfd@m@uibwdmmqg;d'ﬁqh energyblvater ?elﬁrﬁga}dr&emhtr@]pl@eegsww@pattemed
photoresist layer, o OtE%%%EH@Pl%Br%ggéf’“ﬁr@aH\é%'yb% POHionof encapsylant 120 igrefoved in a

peripheral region of semiconductor die 124 over conductive micro via array 184 by LDA using'laser 241 to
form opefihngs240. Openings 240 have atesticat o siped sidewalr 242 Ahe exeasbifroivisackside

surface 236.0f encapsulapt 130.partially through gngapsufant 150, 1o a fecessed sutface 244 of
encapsulant 150. Openings 240 constitute a through-mold-hole (IMH) and extend partially through

encapsulBARESE. A EhelemBadifisht, oferiigs 220 hafe GOSBES-SEERONE VAHthrBRGREHFOIRSL80-450
pm. AfterfgrmingQRenings. 240,encapsulant 180 hasathickfiess d2parallel to active

surface 130 of semiconductor die 124 to laterally redistribute
the electrical interconnect to conductive layer 180. Conductive
layer 210 operates as a fan-out RDL for the electrical signals
of semiconductor die 124. Other portions of conductive layer
210 are electrically common or electrically isolated depending
on the connectivity of semiconductor die 124.

An insulating or passivation layer 214 is formed over
insulating layer 200 and conductive layer 210 using PVD, CVD,
printing, spin coating, spray coating, screen printing or
lamination. 1Insulating layer 214 contains one or more layers of
photosensitive polymer dielectric film with or without fillers,
non-photosensitive polymer dielectric film, Si0O2, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. A portion of insulating layer 214 is
removed by an etching process with a patterned photoresist layer

to create openings 216 and to expose conductive layer 210.
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smaller than thickness Ti, measured from surface 154 of encapsulant 150 to recessed surface 244 of
encapsulant 150, within a footprint of openings 240. In one embodiment, thickness 12 of encapsulant 150
is between 20-50 pm. In FIG. 4t, a portion of encapsulant 150 and insulating layer 160 is removed
within a footprint of openings 240, in a peripheral region of semiconductor die 124, and over conductive
micro via array 184, to form openings 250 and to expose conductive layer 180 and conductive micro via

array 184 OperiiAgs 756 Yre forRd by Brififg RigH Enerdypwaterjétting “art Btehimy Protes¥ with a

patterned.photerasist layese or other syitaklerecesss Altegnatively, aportien ok gpeapsulant 150 is
removed within a footprint of openings 240, in a peripheral region of semiconductor die_ 124, and over

conductiVe Rict5 via rra§ 184 by °DA uSity [BREF555 86 T oPéifigs 250 °&pehings 250 Hclude a
vertical or slopedsidewalh2%4 and extendithrouglbeneapsidant 50zanrd instlatingdayer 160, from
recessed surface 244 to con uctiv% Iﬂzyer 180. Openings 250 constitut at'l,'MH 1nd exte % %rom recessed
surface 2274 b EHEAPSIIRAt 156, thfoligh inSdlating TAYEF 160t cdidtictive 14ye al%%.ro% ings 250
have a cross-sestiaral widthabess thanythel cross-seetianal akethsaf apeningsu240. in@negmbodiment,

openings.250 ha cross-sectional width ranging from 50-150 pm. . . Collectively, openings 240
and 250 é%fwbs'titut\éelo%peeﬁn%slf .yOpé%ﬁgs? é%%%%sé éjtgppl)éﬁ %rll]d%%vlarﬁgzéf ¥§§ultb|r%%r8f%the process
of forming®penamgs<250twith atsmaligr oréss: sectivnal width dhamgpenings 2400 OpenmgsvZelehave a

first diamegec{ Qr .crossl-se%tion I widtl%within oggni fSOcran w&from 50-§50fpm, ar&d a second
diameter Or cross-sectional width wit insgﬁgr?ingé g%% ?ar}]g?ﬁggfsromef&-ﬁg lp)%.'Thau%, openings 260
constituterarmMdavitipa stepkthrougi-d olestkactare. The step-through-hole structure increases structural

support and reduces dginageo the pagkage, Jasludiog I INEIEQUISS SiyCle 224, during

processing, for example, during a desmearing process, solder capping, or a package-on-package stack
solderingigrodesesited Jurrasdemisiinedebe aetively covkedlduring theFormatich efopenings 260 to

avoid strigpingchackgrinding iape 230 and torainimize the dhermal dppagt on seicandugtor die 124. In
|

another embodiment, the assembly is not actively cooled during the formation of openings 260, but the
laser souPEeBr dfing SEGGENEE pariahictie R Qecsiitimizéd to AiAimize fivgramal 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 210 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 balls or bumps 220. In some applications,
bumps 220 are reflowed a second time to improve electrical
contact to conductive layer 210. An under bump metallization
(UBM) layer can be formed under bumps 220. Bumps 220 can also
be compression bonded to conductive layer 210. Bumps 220
represent one type of conductive interconnect structure that can
be formed over conductive layer 210. The interconnect structure
can also use stud bump, micro bump, or other electrical
interconnect.

Collectively, insulating layers 160, 200, and 214,
conductive layers 180 and 210, and bumps 220 constitute a build-
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Impact on semiconductor die 124. The process of forming openings 260 further Includes
removing a portion of insulating layer 160 covering conductive micro via array 184. Thus, openings 260
expose conductive micro via array 184 and conductive micro vias 182 of conductive layer 180 through
encapsulant 150. The exposed conductive micro via array 184 provides a greater exposed surface area
for conductive layer 180 than if the exposed portion of conductive layer 180 were flat or planar.

ConductiV® Bl ha A Ta 4 tereby provides drebtiit Contatt sBface ARel eteeh Condtittive layer

180 and suksegueatly depasitedconductive Hwmp:-maderiali tor dnprovegrand, mose rakust lectrical and
mechanical contact between subsequently deposited conductive bump material and conductive layer 180.

Conductif¥ hii&fvids 189 G THor&dse R EHELIVE tiEkiTess dFconduthive fay/8F 280 within a footprint

of conductiveumicro vip argy 184 avithorib signdicanty addingde theamaud of senductiveymaterial within
conductive layer 180. FIG. 4L%ShOWS ?0% or %Ian viewogf the assembly from FIG. 456Openings
260 are formed i 2 periphé& A fedion of 8Bficshductor did 124 End SitendSiom AT expoded backside
surface 236dfrencapsulaat 150 dhrotigheéncapsutant 160tandainsawlating tayepd60atgeconductive layer
180. Openings 260 constitl%tgea EMH with a teg-thrchgh-h(llgtstrugtﬁurgégn)gggirrllggc 60 eX£ose conductive

layer 180‘3,1(\3v|t “conductive micro vias 78281 20 8rcm|n8nc%ndu¥tive mMIicro via array 84. Conductive

micro via$21482a-182g form a series of peaks and valleys of conductive layer 180, which Increases the

surface area of conducfivegﬁ r 180. C%)n uctive micro vi arrayél@él provide .greater exposed surface
area of conductive Iayernl 0 %Lffén if the éﬂxcposga lp%rt}(%1 o%gc?neductive Jfa?ye?%%glwereoﬁfaet%r planar. Thus,

conducti\memgmangy 184adifitatesimproved @nd_rﬁléﬁa’ ro@usl’g echdnical an_d electrical connection
between copdyctive Javer 180 gnd subsequently deposiied capdudtive,bymp matefial. ;1,1 o

application process. Back grinding tape 230 contacts insulating
layer 214 and bumps 220. Back grinding tape 230 follows the
contours of a surface of bumps 220 and extends around and
between bumps 220. Back grinding tape 230 includes tapes with
thermal resistance up to 270 °C. Back grinding tape 230 also
includes tapes with a thermal release function. Examples of
back grinding tape 230 include UV tape HT 440 and non-UV tape
MY-595. Back grinding tape 230 provides structural support for
subsequent back grinding and removal of a portion of encapsulant
150 from a backside surface 232 of encapsulant 150, opposite
build-up interconnect structure 224.

Backside surface 232 of encapsulant 150 undergoes a
grinding operation with grinder 234 to planarize and reduce a
thickness of encapsulant 150. A chemical etch can also be used
to remove and planarize encapsulant 150. After the grinding
operation is completed, back surface 128 of semiconductor die
124 is exposed. A thickness of semiconductor die 124 can also
be reduced by the grinding operation. Alternatively, a
thickness of encapsulant 150 maintains coverage over back

surface 128 of semiconductor die 124. After the grinding
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In FIG. 4v, an electrically conductive bump material is deposited over the exposed conductive layer 180
and conductive micro vias 182 using an evaporation, electrolytic plating, electroless plating, ball drop,
screen printing, jetting, or other suitable process. The bump 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 can
be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer
180 using BUAtab RN att&chmétt bt Hohdimprotésé 1hibhekeifBadiment th Bifd! nfdteRal is reflowed
by heatingthe Jaaterighabavesitsmelingpeint toffory sphersalballs o PLmeps266.d8somes applications,
bumps 266 are reflowed a second time to Improve electrical contact to conductive layer 180. A UBM layer
can be forthed Rt bliiPs 266, The'BuriBs calarso-BE cbmprassisn Bofded t& Eonductive layer 180.
Bumps 266 tepreseanand bypeioef concketive ntercopnecihsiructueithat-canibe dormegoveroconductive
layer 180. The conductive Interconnect structure can also use bond wires, Cu, Ag, or other conductive
paste, stidBuftip, Aficroup S &)Ciggldb Wit a'CF c8fe! EU-BAISE EotimAE with dipped solder paste
or solder coating, or other electricak|nterconnedto Buntpse2tita arefosmed over tenductiivedayeml180 and
over and between condl.]{ctive micro vlg\ssle82.of coopductive g].icrolvi'qI arrag/ 184. Acggrcdgngjlg, a3-D

interconniection Tor next fever fhtsiconnedtioh-istormsd irotigh bufmps 266, conductive Tayer 180,

build-up mterconnect structure 224, and semicorduetiomdie 1240 The GePrintegeorikttiongrovides vertical
electrical f'nter%ce%['nngctigr% I%rllslemico QU tore die 124 without a. b%%kiside Intercog(r:lgct or RDL over a

footprint of semiconductor die 124. Corductive niiero vias ﬁS%eproviag’anal%c?easefinc%ntact surface area

betweenpond@(ﬁh/ewayélr E8_@>atﬁdebnmp$ Zﬁ@ﬂwﬂmpiwedl@n@mr@robl@wemahmaﬁd electrical
connection Between conductiye Jayer 180 and bymps 266, . .,Back grinding tape 230 is removed

after forming bumps 266. Alternatively, back grinding tape 230 is removed after completing the grinding
operationiof encapsufant 180, betbeforecforminglopeings 260 damd astippvringtape withivigh thermal

conductiyiyand bigh heat sesisiance s apalieckavet insulating layet 21¢.apd busups 720, Baganstituted

wafer 143 can also be placed in a supporting jig, with a compliant top layer to avoid structural damage,

prior to fotRfifg BPENNGS 2BBYFhe suppbrhitdyjiiashightHemalcontbctivity amtaf aFHaydf small

vacuum hqles, te, pravide; thesmal pratection and structyral SHRPOH for, recopstityted waier Jd3during the

formation of openings 260.
encapsulant 150, to a recessed surface 244 of encapsulant 150.

Openings 240 constitute a through-mold-hole (TMH) and extend
partially through encapsulant 150. In one embodiment, openings
240 have a cross-sectional width ranging from 180-450 pm. After
forming openings 240, encapsulant 150 has a thickness T2,
smaller than thickness T1l, measured from surface 154 of
encapsulant 150 to recessed surface 244 of encapsulant 150,
within a footprint of openings 240. In one embodiment,
thickness T2 of encapsulant 150 is between 20-50 uym.

In FIG. 4t, a portion of encapsulant 150 and
insulating layer 160 is removed within a footprint of openings
240, in a peripheral region of semiconductor die 124, and over
conductive micro via array 184, to form openings 250 and to
expose conductive layer 180 and conductive micro via array 184.
Openings 250 are formed by drilling, high energy water jetting,

an etching process with a patterned photoresist layer, or other
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In FIG. 4w, the assembly from FIG. 4t is singulated through encapsulant 150, and insulating layers 160,
200, and 214 with saw blade or laser cutting tool 270 into individual FOWICSPs 280. FIG. 5
shows Fo-WLCSP 280 after singulation. Fo-WLCSP 280 provides 3-D electrical interconnection with a
fan-out RDL and conductive micro via array 184 formed outside a footprint of a semiconductor die 124.
An encapsulant 150 is deposited over semiconductor die 124. An insulating layer 160 is formed over

active suffddé 186fRefRfESHtuctr dig 122 dntFentagsulkitt 156" ATongletrS 1ajer 186 i formed over
insulating layee46Q aadus electrically soppected te congustiveslayen d32 of,semicondustor glie 124. A
portion of conductive layer 180 extends horizontally along insulating layer 160 and parallel to active
surface 1300FEeniEoIttErdid 124 18tkTally redistfibutd the eféﬁn%&hqﬁhg?cdﬂhgﬁptovdﬁductive
layer 132:efrsemicendugtor.die 124 Cpnouctive layer 480 operates @sia tan-astoRDLopraviding lateral or

horizontal redistribution for the electrical signals of semicond r die 124. Conductive layer 180 has a
o e B o A o B Yo B Eomm o dudtir S LR e

eHig& micro via
array 184inchusteslonecorimoreaonduciive anitrayvias 182, Conductivenmicroaia arfay dB4extends from

the horizantal portion of copductive la erO][ through insulating_layer 160 tg suyrface %ofe capsulant
150. 2 EilA[g|c?orﬁgrr1l 0 (én(l:ggsu%ﬁt 15 %crel)d ins%é%a%rﬁbqgﬁe?gféﬁo f%orrésrgcolv% lﬂlj:o@i/e"?l c]g)% U&R/% micro via
array 184tocfonah dpemings=26G; ashicl constitate’d I MH. ©penings 260thavela fitst diarngéter or

cross-sectionaiwidth ran ing fr 0-150 pm, and a.secoPd diam Or cross-sectio idth ranging
from 180}4?0upr?1F JI'ﬁgs c% egnrln(ggégéolﬁavg %hs%ggﬁela] Sidewall 26 %hd O%%%Pnlg%qz%g%ﬁstitute a TMH
with a stépstreoagle-holkesstagotirec Thé stepthloughsholelstructure inereases strtidtaral suppoitiand

reduces damage 1q e, package, including byild-up jnterconnedt siryctuse ¢24,.during progessing, for
example, during a deSmearing process, solder capping, or a package-on-package stack soldering
process. sectional width ranging from 50-150 um.

Collectively, openings 240 and 250 constitute openings
260. Openings 260 have a stepped sidewall 262, resulting from
the process of forming openings 250 with a smaller cross-
sectional width than openings 240. Openings 260 have a first
diameter or cross-sectional width within openings 250, ranging
from 50-150 pm, and a second diameter or cross-sectional width
within openings 240, ranging from 180-450 um. Thus, openings
260 constitute a TMH with a step-through-hole structure. The
step-through-hole structure increases structural support and
reduces damage to the package, including build-up interconnect
structure 224, during processing, for example, during a
desmearing process, solder capping, or a package-on-package
stack soldering process.

The assembly may be actively cooled during the
formation of openings 260 to avoid stripping back grinding tape
230, and to minimize the thermal impact on semiconductor die
124. 1In another embodiment, the assembly is not actively cooled
during the formation of openings 260, but the laser source or

drilling sequence parameters are optimized to minimize thermal
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Openings 260 expose conductive micro via array 184 and conductive micro vias 182 of conductive layer
180. The exposed conductive micro via array 184 provides a greater exposed surface area for conductive
layer 180 than if the exposed conductive layer 180 were flat or planar. The additional exposed surface
area of conductive layer 180, resulting from conductive micro via array 184, provides for improved and

more robust electrical and mechanical contact between subsequently deposited conductive bump
material &RE E6RdtiveIay&erstictor dig, digétrically conductive bump material is deposited within

openings 260 over conglystiye- layek 480 £0 forAmbumps266: Byenps;266 are: fasmedaver gepductive layer
180 and over and between conductive micro_vias 182 of conductive micro via array 184. Accordingly, a

3-D interCSHHBEDA 16r A&kt teval iftbredhnBtadn Fonnéa throtigh Bukiss 266 Soidictive fayer 180,
build-up intereenract strtctuye 224, andisen)icanshiciorgie 124. The 3sb interconnection pievides vertical
electrical interconnectig[%%or semicon uctgr, die 124 without a bi% sidqfintercF%nnect or RDL over a
footprint &f-SerficoRductor dif t24 CSHHutiVE miltfa Giad 183 provide aniRtreased Fontatf Shirface area
and impraved and maye rebustpmechanicdland elettsicakganedtion hetweear eonduativedayer 180 and

bumps 266. FIGs. 6a-6h |IIustrateé_%[elatlon toe@Gg. 1, and 2a-2c aprocess 81{1form‘|7neg a

vertical inatéﬁ:%%nclagtélstpurc%frle or a3-D Fo-wLcSPwith a ba%ﬁgiag%rgf%%ﬁon and %%ﬁlanc%tléyer.
Continuingafrem EI&) 4nhzan électrically epndectivedayerc29®is formdd ovérmsukatiag laysr 200 and

conducti\%eelg%]erf%%% usin%atterning v@gh PVD, CVD sputteri\rzlcl; Tég}g;érgg}/titf@éatitr}g elekg:troless plating

O anar .Y conductive mi1Cro ere
process, or other surtable metal %eposmon process, as shown in % a.Con uctlveﬁayé/r 290 can be

one or mp_molayéﬁjssofqm,e@wJSn,cmt@thg;@ﬁﬂh@r ﬁma@léoere@m@allygcddmmemé@yi%t Conductive
layer 2901'§(?'%‘%¥8?@l¥b%9é‘<&‘@&£‘3912§% conauctive layer, &§8c@i@ét'%%%c%d&&% layet 290 extends
0 and parallel to active surface 1

horizontally along insulating layer of semiconductor die 124 to
laterally redizfebiste the élettical imbrevhnedttotconduttive fayee ¢Benconductivetiaygér 290 operates as

a fan- out, RDJfor, the,glectrica), signals of semicondugtor. die 124. Qther partions of cgnductive layer 290
are electrically common or electrically isolated depending on the connectivity of semiconductor die 124.
conductive layer 180. Conductive micro vias 182 also increase

the effective thickness of conductive layer 180 within a
footprint of conductive micro via array 184 without
significantly adding to the amount of conductive material within
conductive layer 180.

FIG. 4u shows a top or plan view of the assembly from
FIG. 4t. Openings 260 are formed in a peripheral region of
semiconductor die 124 and extends from an exposed backside
surface 236 of encapsulant 150, through encapsulant 150 and
insulating layer 160, to conductive layer 180. Openings 260
constitute a TMH with a step-through-hole structure. Openings
260 expose conductive layer 180, with conductive micro wvias
182a-182g forming conductive micro via array 184. Conductive
micro vias 182a-182g form a series of peaks and valleys of
conductive layer 180, which increases the surface area of
conductive layer 180. Conductive micro via array 184 provides a
greater exposed surface area of conductive layer 180 than if the

exposed portion of conductive layer 180 were flat or planar.
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An insulating or passivation layer 294 is formed over insulating layer 200 and conductive layer 290 using
PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. Insulating layer 294
contains one or more layers of photosensitive polymer dielectric film with or without fillers,
non-photosensitive polymer dielectric film, Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating and structural properties. A portion of insulating layer 294 is removed by an etching
process With & patferRef phStordsistidy i GearYopdtingsoas aﬁaﬁs BxpUBE e8RGUGRR layer 290.

Alternatively; 2 pentign of irstiatinglayen 294 isiestavesshy LBAsiRG lasep298de greate openings 296
and to expose conductive layer 290. The thickness and material of insulating layer 294 can vary

according t0 e design AAUTanctith GFEENTIeBTRERIE gt S HRR thitknESL OFNEU&GNG Wfer 294 can
be less tharteregual to the thickness of insulating layer 160. Alternatively, the thickness of insulating

layer 294 can be greater than the thickness gf insulatin f}}/er 16(9 to é)rovid additional structural support,
balance, stress relief, antl Warpagé coritrdl T %cetﬁécﬁ?agg Y conduplEies & in Bid&ercafy conductive
bump materialdp depasitebover tha €xpaged eanducivedayers? Anysing BRce\w@paration, electrolytic
plating, eleoctg)leC s.plgtin ,Cbragl drog,sorl% eegj;f)rrlintingl péocesgiTge (g)rlljmp ng&rir%'fa@ be Al, Sn, Ni, Au,
Ag, Pb, Bcl, U, Solder, and combinations thereof, with an optional flix Sélution. For e%rﬁﬁe, the bump
material cdrabe rytectic<Sr/Ph] high-lpad sotder, draléad<dreecsolden d&e ump matgrial is bonded to
conductive layer 290 usin uitable attachment or bonding process. In ane embodiment, the bump
aterial (T SHORGA 1 hegtg s e A e maling Fott ol et B bUbs400. In some
applicatidn’s, bampsNB00 are refiowellla sécondtime to0 liMproveagldctricalcartadto €onductive layer 290.
A UBM Iayet cag be fprped unde bumps 300: Buraps 300 oan also.be camprgssion pandegjo

conductive layer 290. Bumps 300 represent one type of conductive Interconnect structure that can be
formed oveitesiduktivelayes 290t Fhe istefeoriect Strgétulecegh asbidsse stad buags mhieesbump, or

other elegtricalinterconnedt ., . Collectively, gonducfive Jayers 180.and. 290, ipsulating layers 160,

200, and 294, and bumps 300 comprise a build-up Interconnect structure 304 formed over semiconductor
die 124 andléritapslaht 250 cAdditierariasHatig Rers aAd RMSan be fbrmedver insulating layer

294 priordgferming PUMRs, 300, 1p,provide additional verticalangd Rorizontalslectrigal connectivity across
the package according to the design and functionality of semiconductor die 124. In FIG. 6¢, back

grinding fapeSTIRis apphEd over semidohdeicks? the 122, dniapstRint1562andPplildtupinterconnect

structure13@44sing mination gnethes,suitable applicatiomprocess. Back gdndingdape, 310 contacts
insulating layer 294 and bumps 300. Back grinding tape 310 follows the contours of a surface of bumps

300 and EXteRAS ardiiid &fd bERFEEFhErhpS B00C Back grihdmy thfe Z10REILYES tdFE&Rith thermal

resistancegup.to 27 QEvBagk grinding tape BdOnalso Includestapges withea thermal relgase funetion.
Examples of back grinding tape 310 Include UV tape HI 440 and non-UV tape MY-595. Back grinding
tape 310ProVides sFaRRFA SUPPOrtIora SubsEq it Grinding operafién ARd removal of a portion of

Bumps 266 represent one type of conductive
interconnect structure that can be formed over conductive layer
180. The conductive interconnect structure can also use bond
wires, Cu, Ag, or other conductive paste, stud bump, micro bump,
solder balls with a Cu core, Cu balls or columns with dipped
solder paste or solder coating, or other electrical
interconnect. Bumps 266 are formed over conductive layer 180
and over and between conductive micro vias 182 of conductive
micro via array 184. Accordingly, a 3-D interconnection for
next level interconnection is formed through bumps 266,

conductive layer 180, build-up interconnect structure 224, and
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encapsulant 150 from a backside surface 312 of encapsulant 150, opposite build-up interconnect
structure 304. Backside surface 312 of encapsulant 150 undergoes a grinding operation with
grinder 314 to planarize the surface and reduce a thickness of the encapsulant. A chemical etch can also
be used to remove and planarize encapsulant 150. After the grinding operation is completed, back
surface 128 of semiconductor die 124 is exposed. A thickness of semiconductor die 124 can also be

reduced B THEGRAMIAG Operationt AlerndiVely’ athickh8s$ 6PERGpTait 180 Hatains coverage over

back surfase 128-0f semieenduciar digdde After the grinding operatioss @neapsulantlS0has a thickness
13, measured from surface 154 of encapsulant 150 to exposed backside surface 316 of encapsulant 150.

Back grirftiing' tipe $10°84 beHetivaly oot Gring’th diNG bpératish P+t RfFIG. 6d, an
insulatingsempassivaitondayeri 318 issormed oyee expese backsidessuriace 3o ofiercapsulant 150 and
back surface 128 of semiconductor 124 usin PVDbCVD, rintin?é, Sé)ll% coatir][%i sgrayi\%%ating screen
printing of TArhiratioh. Maliating 18yEr 318 cottans Bne st ol [Aers of photosersitive p&?l%er
dielectricdilmpwitte 66 withautifillers; \nemn- photosensitive- polymen«ielacttic 4ilm a5t 2e 563N4,iSION, 1a205,
Al203, orco(;[h%re rga&eorglal Qg\t/in%;esim(i:l%rn ingglﬂigg afd sé&uc{%rgl prop rtLileI:ns. Sln?tg%ting layer 31_8 operates
as a backside prottectlon and aféncmgdlayer, prowcei%g environmenta prgtec ion for the semiconductor
device from external eleatentgand contamimaats. Additionadlydnsulating éayef @i8iprgvidesystructural

support fgrthe package. (o, hajance sifess.on the Rackage, and reguce warping o1 cragking of the
package during su sequent]handﬁrﬁg an prgcessmg. CCort ingly, in one embo Iment, Insulating layer
318 has acoefficient of tHermat erpamsiorfEHE) tsimilacdr equal te insutdtingJ8ye 204, lahticarcapsulant

150. Insuatingayer. 319, haye @ thigkniess equaldoless thanorreater foan 2 hiekgss of

insulating layer 294, according to the design and function of semiconductor die"124. In one embodiment,
insulatingFrayer 318 hata thicknessramgfing frons 207 em. 1s applied over insulating

layer 214 and bumps 220. Reconstituted wafer 143 can also be
placed in a supporting jig, with a compliant top layer to avoid
structural damage, prior to forming openings 260. The
supporting jig has high thermal conductivity and an array of
small vacuum holes to provide thermal protection and structural
support for reconstituted wafer 143 during the formation of
openings 260.

In FIG. 4w, the assembly from FIG. 4t is singulated
through encapsulant 150, and insulating layers 160, 200, and 214
with saw blade or laser cutting tool 270 into individual Fo-
WLCSPs 280.

FIG. 5 shows Fo-WLCSP 280 after singulation. Fo-WLCSP
280 provides 3-D electrical interconnection with a fan-out RDL
and conductive micro via array 184 formed outside a footprint of
a semiconductor die 124. An encapsulant 150 is deposited over
semiconductor die 124. An insulating layer 160 is formed over
active surface 130 of semiconductor die 124 and encapsulant 150.
A conductive layer 180 is formed over insulating layer 160 and

is electrically connected to conductive layer 132 of
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In FIG. 6e, a portion of encapsulant 150 is removed in a peripheral region of semiconductor die 124, over
conductive micro via array 184, to form openings 320. Openings 320 are formed by drilling, high energy
water jetting, an etching process with a patterned photoresist layer, or other suitable process.
Alternatively, a portion of encapsulant 150 is removed in a peripheral region of semiconductor die 124
over conductive micro via array 184 by LDA using laser 324 to form openings 320. Openings 320 have a

vertical of SIbpea Al 396 and extend oM BackBidelisurPReSP8 Sfinsdikfifg 1&/er 318, partially

through encepsulant 450 e recessed sHyace 329 £f engapsulant 1) Qpenipgs-320 sonstiute a IMH
and extend partially through encapsulant 150. In one embadiment, openings 320 have a cross-sectional

width rangifigFFem>tE0- 456 pht After f6fihG YPEniHge 3sh: entapstiant 256 has Sthickness 14, smaller

than thicknressskd; measured drosl surface-154 of eneapsutanttl S0todesassed surface,y329 oB2
encapsulant 150, within a fooetpriﬁt of? nings 32 n FIG. 6f, a portion of encagsulant 150 and
ithin ggo i

t . ,
insulating’fay&F 166 & FEHidved btpr?rﬁrbg%%téﬁ?ﬁegs T %\Bp%er%ﬁgfaﬁ Y&giofR ‘of Semiconductor
die 124, anch over-camductive mickdivig areyck8d] to formpopenings B30anistorexpose @onduetive layer
180 and %%réducfive micro via array 84. C%pening_]Lscg\;:’»1 ar éq:rmoﬁideb)ﬁgqningcgigﬁ engr%water jetting,

an etching progegsc%ﬁﬁ %apatfc’elrﬁeél pﬁo?oreés”l%ﬁayer, or other suitable process. Fecrnétlvely, a portion of

encapsulaay 50 issienheve dewithindufootprintrof openngs 320r #ya befipheraheegion o sémiconductor

die 124, %nd over, coCndu]gtive micro \ga rra 1C§4 b)ﬁl&)A u%'ngll ser 332 to farm o enings 330. Openings
330 include a Vertical or slospeénd1 Si%%w%f?%%g and extend throag ue%cégseulgﬁtc 150 from recesded surface

329 to cohdéctiveclayee i8_©n©pe_minlg91380m@time*aeTMHm extend Im recewsed suiface 329 of
encapsulgnt 120, thtough insulating layex 160, tq.copdyctive layer 180, Onenings 330.have a

cross-sectional width Less than the cross-sectional width of openings 320. In one embodiment, openings
330 havecg efbsstsactiohabwidth Pahdimg free50150 g ing lavesllddivelye openingss2b5%hd 330
constitut%gpgpligg§ 340, Qpenings 340 have a stepped sidewall 342, resulting from the process of
forming openings 330 with a smaller cross-sectional width than openings 320. Openings 340 have a first
diameter or cross-sectnaPwidtR Wwithin 8pERR§S 330 rangthgfiemi50-1 56 phi candrd S8cord diameter

or cross-sectional,width within openings 320 ranging from 180:430 Ry Thys epenings 340 gonstitute a
TMH with a step-through-hole structure. The stepthrough-hole structure increases structural support and

reduces d&Mag¥d fhe paA&GES iHdduding Baid-upRRtetesnect Striéitfe 304 1dwing'proeessing, for
example during-a desmeating PT0GESS: SOlHeh §aPRING oA Package-on;packade stacksoldering
prOcess'diameter or cross-sectional width ranging from 180-450 um.
Thus, openings 260 have a stepped sidewall 262, and openings 260
constitute a TMH with a step-through-hole structure. The step-
through-hole structure increases structural support and reduces
damage to the package, including build-up interconnect structure
224, during processing, for example, during a desmearing
process, solder capping, or a package-on-package stack soldering
process.

Openings 260 expose conductive micro via array 184 and
conductive micro vias 182 of conductive layer 180. The exposed
conductive micro via array 184 provides a greater exposed
surface area for conductive layer 180 than if the exposed

conductive layer 180 were flat or planar. The additional

exposed surface area of conductive layer 180, resulting from
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The assembly may be actively cooled during the formation of openings 340 to avoid stripping back
grinding tape 310, and to minimize the thermal impact on semiconductor die 124. In another embodiment,
the assembly is not actively cooled during the formation of openings 340, but the laser source or drilling
sequence parameters are optimized to minimize thermal impact on semiconductor die 124. The
process of forming openings 340 further includes removing a portion of insulating layer 160 covering

conductiveP Rttt vid &rridy 489, Thés, Ggehinds°340 BXposé' Eondiittive TRIERY Gid dtfdy 184 Snd

conductive-migre ias182 ot eanductive dayerl8othreugitercapsutant 4505 The €4pesed gonductive
micro via array 184 provides a greater exposed surface area for conductive layer 180 than if the exposed

conductivE Ry Er 186 werE FRE b BanaF Corititictive tricfd Via Grrey L84 therdiy frovides greater contact
surface area between gondictive tayer 1180 andhsuksenuenty depasited-cenductive b maderial, for
improved an%more robust elec#r'%al and mech%nical contact betw subsequently de osiéI conductive
bump materidl dhd EHutidE e a%/er 186" coRbG /e mier ‘Wa%rlgg rglsgqnéc%ﬁ?e ‘%ﬁ’éﬁ fte %/e'thickness
of conduativvedayer £8@ withifoa featprintaf comdaative: ricroaga arrag A 84nwithowt significantly adding to

the amOLg}t of conductivg m%terial within conducti\ie8 ane% 180. ._In FIG. 6Oq, an electrically
.berfween CoOI Fc(fve mlgro vias a conductﬁve Té&r via argﬁy . .
conductive bump material'is deposited over the exposed conductive layéer and conductive’ micro vias

182 using aA evaporation; eketirplydic piating, etectrotessqlatimg, featl drepsdreer printing, jetting, or
other suitab{eegrocegg. ];he bumg @ateriaéc%%]l_ge Al S%u%i?é%b 66@ PCbOnB'U%‘%,isvoeldEjr and combinations
. 1 :

thereof, with an Co%?ion&l flux solution. For examp éﬁﬁe p material can be eutectic %ﬁﬁgb high-lead

solder, orll%@d-fmei_gl@ldep Tmtlﬁnnpm&eﬁaEiSmeUedeo %éﬁdu@tiv_é Ia?eﬁmdgiﬂg@s@ﬁaﬁ)le
attachment pr bopding-process. 19.0pg emhadiment. fhe bump,matarial is (eflowed; by, heating the

material above its melting point to form spherical balls or bumps 346. In some applications, bumps 346
are reflovied aseednd tinieotd irfprove electrichl ebatact fcccdrductive hayer 180bAWBMkayer can be

formed underbunps 346. Thebymps,can alse he.compressionhgnded g conductive. laysn 180.
Conductive micro vias 182 provide an increased contact surface
area and improved and more robust mechanical and electrical
connection between conductive layer 180 and bumps 266.

FIGs. 6a-6h illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming a vertical interconnect structure
for a 3-D Fo-WLCSP with a backside protection and balance layer.
Continuing from FIG. 4m, an electrically conductive layer 290 is
formed over insulating layer 200 and conductive layer 180 using
patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process, as shown in FIG. 6a. Conductive layer 290 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 290 is
electrically connected to conductive layer 180. A portion of
conductive layer 290 extends horizontally along insulating layer
200 and parallel to active surface 130 of semiconductor die 124
to laterally redistribute the electrical interconnect to

conductive layer 180. Conductive layer 290 operates as a fan-
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Bumps 346 represent one type of conductive interconnect structure that can be formed over conductive
layer 180. The conductive interconnect structure can also use bond wires, Cu, Ag, or other conductive
paste, stud bump, micro bump, solder balls with a Cu core, Cu balls or columns with dipped solder paste
or solder coating, or other electrical interconnect. Bumps 346 are formed over conductive layer 180 and
over and between conductive micro vias 182 of conductive micro via array 184. Accordingly, a 3-D
interconreetioRfdr Hext 1Vet irtéitohhettion i effed tirbugRBHRTRES4E, Tondlittive fayer 180,
build-up intereenpegtstrustiure 8040 and semieonductar die 424+ Ehe B-Linterconnectiomprevides vertical
electrical interconnection without a backside interconnect or RDL formed over a footprint of
semicon@ct6r &6 1245 Tohdutive mi&rd Vids 185 bRSViGE ah Micre888§ Eontatt Surfdce area between
conductive:layen 180 andhbumps 346 for improved and more robust mechanical and electrical connection
between conductive layer 180 and bumps 346. . ___Back grindin 3101 remoa/ed after forming
bumps 346, Alternativel), BRCRHOING b SA5 S VERToLeR A Eonfaiaing e AR i of
encapsulans 156, thutdeferedorming epehings340; tandea supparting tape with By theria) conductivity

esistance is a%olied .over insulating IaX%r. 294 and bu(gnrps 3Q0. tReconstituted wafer 143
n

and high heat
can also %glp?éclerbgih a gﬁﬁporﬁﬁgt i’l&?\i\/itﬁ%rc%ﬁ?a %onpq fay%?foeavoiﬁrs%rrﬁctlur}gl (fé:mage, prior to

forming openingst340) Thelsuppbrting:ig has diglethérmahcenductivity and ancareayl efysmall wacuum

holes to provide thermal.protection and structural suppart for reconstituted wafer 143 during the formation
. oh % 9 & % <P?-%n %h. % % fﬁ 9,
of openi gs.034?fensl er? F?C? gﬁ]et e alsgeren yr rom F1G. 6‘6]15 smogrulgté tﬁr%ug lmsuﬁat?ng layer 318,

_en(_:a_psulantli@@lpé;rmsmsaI'atimgéayeré311661:20@,6%‘:{13294 withisaw bféﬁ@?or Iéé_e?Mﬂtirﬁ“gi@iﬂ)J 350 into
individual EQ WICSRS 360. . o E1G..7. 500w ForWl CSP 360 after singulatiop, Fg-WHGSP 360

provides 3-D electrical interconnection with a fan-out RDL and conductive micro via array 184 formed
outside asfootpringbfa sensieenductsr-die 240 Ahiertapsulant 156 is depdsitedrovet Serficonductor die

124. An insufatiag layer 100ds farmed guer actve surface 130.0f sepicondystordie 124 and encapsulant

150. A conductive layer 180 is formed over insulating layer 160 and is electrically connected to conductive
layer 132C6f serfiiebRIGERBRdRI 4 20partidnto? coRBaSR eT1aye T80 Brtehd¥ Horiz8Rtally along

insulating,layer 160 apdiparallel to active, surface, 139 of §%@icp§§@gof slie 124 fQ laterally gedistribute the

electrical Interconnect to conductive layer 132 of semiconductor die 124. Conductive layer 180 operates
as a fan-6UPRBE L providiag Fatérs of RofiZGtaFredistApaioh for thé B clritaf $ignak of semiconductor

die 124. conductivejayearsl80-has a congdystive,migradia agay 184dermed oytside, g featprintof
semiconductor die 124. Conductive micro via array 184 Includes one or more conductive micro vias 182.

Conductivé WiiErovid arfy 164 ExteRds iront the-RortZontal potidh 8fEorfdtictive Paye? 180 through
insulatingslayer 460 te sutfacg 454 of encapsulantilithess of insulating layer 294

can be less than or equal to the thickness of insulating layer
160. Alternatively, the thickness of insulating layer 294 can
be greater than the thickness of insulating layer 160 to provide
additional structural support, balance, stress relief, and
warpage control to the package.

In FIG. 6b, an electrically conductive bump material
is deposited over the exposed conductive layer 290 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.
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An insulating layer 318 is formed over backside surface 316 of encapsulant 150 and back surface 128 of
semiconductor die 124. Insulating layer 318 operates as a backside protection and balancing layer,
providing environmental protection for the semiconductor device from external elements and
contaminants. Additionally, insulating layer 318 provides structural support for the package, to balance
stress on the package, and reduce warpiné%ﬁ%r cracking of the package during subsequent handling and

processirg-AcCHENG - frdife embobitieininstildtingdayera s RaY 8 1CIE’SimiarBPedual to insulating

layer 294s-andghcapsulaathd@nt or HAROLION ehencapsulant 150 anddpgiating layere 460 and 318
is removed over conductive micro via array 184 to form openings 340, which constitute a TMH. Openings

340 have A fiFst BfArREte? br trossSdectiBhial width FarTgiRg froht 50150 i laAd 8 'Secdhd diameter or

cross-seational width sanging drofe 4801601 pmo Fhusrepertngs. 34Q have asteppad sigdewwal 842, and

openings 340 co scii(ljute a TMH \i\r/ith a step-through-ho,le structure. The steé)-thro%g-h le structure
up'i ?

increases 8FG&ural Supportant retices dSmageto the' paskagd Midiiding buiid erconnect

structure S04+ durting pracessing; foreeXammple, ddring a despeariaggroeess, Iseldes capping, or a

package-onpackage stac Ideri roc enings 340 expose conductive micro via array
54 ot SO T 005 100 ey &1 T80 Hror SR SdanC TE The Sxposed
conductiveomitrotviavarray 84 ptévides Bugneatet @xposed sadacte area foywenddctive layer 180 than

would beceoxrpé)sgg if vth £X osed cong:%ctisvgrla¥%rulr860 \é/heg%flat Qr %I%nafr. Coen(glugtive micro via array 184

u nterconn can fg v%r .
thereby provides greater contact surface area between conductive layer and subsequently deposited

conductiveobdmptmateridbthan i2the.expbsed portart oheerductive tayer180cseresflat or planar. The
additional exposed, surace area, of condugtive layer 18Q, resylting from condyuctive,micro via array 184,

provides for improved and more robust electrical and mechanical contact
Collectively, conductive layers 180 and 290,

insulating layers 160, 200, and 294, and bumps 300 comprise a
build-up interconnect structure 304 formed over semiconductor
die 124 and encapsulant 150. Additional insulating layers and
RDLs can be formed over insulating layer 294 prior to forming
bumps 300, to provide additional vertical and horizontal
electrical connectivity across the package according to the
design and functionality of semiconductor die 124.

In FIG. 6¢c, back grinding tape 310 is applied over
semiconductor die 124, encapsulant 150, and build-up
interconnect structure 304 using lamination or other suitable
application process. Back grinding tape 310 contacts insulating
layer 294 and bumps 300. Back grinding tape 310 follows the
contours of a surface of bumps 300 and extends around and
between bumps 300. Back grinding tape 310 includes tapes with
thermal resistance up to 270 °C. Back grinding tape 310 also
includes tapes with a thermal release function. Examples of
back grinding tape 310 include UV tape HT 440 and non-UV tape
MY-595. Back grinding tape 310 provides structural support for

a subsequent grinding operation and removal of a portion of
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between subsequently deposited conductive bump material and conductive layer 180. An
electrically conductive bump material is deposited within openings 340 over conductive layer 180 to form
bumps 346. Bumps 346 are formed over conductive layer 180 and over and between conductive micro
vias 182 of conductive micro via array 184. Accordingly, a 3-D interconnection for next level
interconnection is formed through bumps 346, conductive layer 180, build-up interconnect structure 304,

and semieBAANCIHI 8iet124 Ther$D mtétdGhinectionProvides hotizofital 8hd Vertitht Blectrici

interconngstien ferssemicondugion dieck24-witbeut abacksidg-interconnect or RDL over a footprint of
semiconductor die 124. Conductive micro vias 182 provide an increased contact surface area and

improved and more roBsthiedifanteH Ghdeledtfica corheaRon befveer Sortititive P52r 180 and
bumps 346.inding ifes: 8a@ahillustrategin iedationstod 16s. 31 and 2a-2C, @hprosess attorming a
vertical interconnect structure for a 3-D Fo-WLCSP with front-side and backside protection and balance
layers. CoRARIG ront FIG B ‘ar s AT o BASSANbN layer S90S fohet Gubr i AFbaRd bumps
220 and insulatiag layer2idousing RV, 1GYBr printirg, Spirscdating, sSpray caatingy seteen printing or
Iaminationtas (ﬁhown in FIGt8a. Insulatin% Ialyetr 370 %ont%ins one or m(zgféglag(?rs of photosensitive
polymer dielec r%cnfﬁmoﬁ/ﬁﬁ%r%/vcifhohf’fil?eors?ngn-% btosae%sitixsiélrpofyﬁer ielectric film, Si02, Si3N4, SiON,
Ta205, AR08 orothertmatediabhdvidg simiardnsudting and Isiroktuealsproperies i msutatingdayer 370
operates as a frgnt-side protection, supporting,.and.balancing layer, providing environmental protection
for the sec?ﬁi%ogggctgrg §e\%?:g ?ro%nee%ée)#]la ee(f%r%ént%%aenagéolr%gﬁﬁ?gan%geﬁg |t|8rr1lailly, Insulating layer 370
provides Atruetunaltsuppomt forthengadkage sbalaneimgastressaontthe Package fand reducirgr weeping or

cracking of, (e package., Apcordingly, in pne embadiment, Jpsylating layer 370.has g CJE similar or equal

to insulating layer 214, and encapsulant 150. Insulating layer 318 can have a thickness equal to, less
than, or greatd ihah ankicRitéssof insGlatng laer 2140abeordingtdithé tesignland fupeton of

semicondugtar die 124 In 9ae embadiment, insulating;laver,370 has a thickness ranging from.10-100 pm.

Back grinding tape 380 is applied over insulating layer 370 and build-up Interconnect structure 224. Back

grinding tape 380 corfasEUAsUlating Ryer B0 andbuE$ 226 3Bcdinding tdise 386 folRWS the

contours of asukifage of bymps-220Q-and extendsargund and between bumps 220. Back grinding tape 380
Includes tapes with thermal resistance up to 270 C. Back grinding tape 380 also Includes tapes with a

thermal release functioht! Exafplésiof Backigrintind tape 380 hithide BVitape M40 ddd nds-UV tape
MY-595. i, ene gmhediment drstdating-layern37Q is-ingerpoyatedjpta-and gpplied with hack ghinding tape
380, and insulating layer 370 remains in place after subsequent removal of back grinding tape 380. Back
grinding taper38tprovitesistiuctiraP§Tppct ol astibst et dmiing Bpefafidn aifdtre ofa
portion okgncapsyitant 450 feym abacksidensyrfacer-3ga obencapsuilans 150apppesitedhulild-up

Interconnect structure 224. ,
Insulating layer 318 contains one or more layers of
photosensitive polymer dielectric film with or without fillers,
non-photosensitive polymer dielectric film, Si0O2, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. Insulating layer 318 operates as a
backside protection and balancing layer, providing environmental
protection for the semiconductor device from external elements
and contaminants. Additionally, insulating layer 318 provides
structural support for the package, to balance stress on the
package, and reduce warping or cracking of the package during

subsequent handling and processing. Accordingly, in one

embodiment, insulating layer 318 has a coefficient of thermal
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In FIG. 8b, backside surface 382 of encapsulant 150 undergoes a grinding operation with grinder 384 to
planarize and reduce a thickness of encapsulant 150. A chemical etch can also be used to remove and
planarize encapsulant 150. After the grinding operation is completed, back surface 128 of semiconductor
die 124 is exposed. A thickness of semiconductor die 124 can also be reduced by the grinding operation.
Alternatively, a thickness of encapsulant 150 maintains coverage over back surface 128 of semiconductor

die 124. Afterthia'ghdhidf Bperation, éncasufait Ab0Tasa tidikiiessa st w&dsured frotSurface 154 of
encapsulant 15Q to exposesbhackside sutace386: otencapsutany 158 Bagk grindingdape 380 can be
actively cooled during the grinding operation. In FIG. 8c, an insulating or. passivation layer 388 is

formed oFEMEXpdsRt batkaide iHace 386 6Feitaps it 156 Ahd Btk Sutfack 128 6 seficonductor
124 using PydY, Q¥, pariing; spiycaating, speyscaatingnacreenrinding ©f laminadondinsulating layer

388 contajins one or more layers of photosensitive polymer. dielectric fil th or without fillers,
non-phot%%gns? & polythe? 'elgé‘}ﬁ% =80, Si3N4SioN Ii?@ﬁrArlT%\%, OFSthér material having
similar insulating and structiirabpropernties) ishlating layer 388 operates as a backside protection and

balancing layer, providi vironmental protection for_the semiconductor device from external elements
and contaminants. Addl]‘lr%ig[(])r?gild,' 'nés%rati%g%gfgcr% ﬁr%v%%aﬁfu%?ﬁ%%séggortl for'the' B‘a{gl?agler,l to
balance stressrorptherpadckage; and ogdusanvarping ot cracking dfihe package dudng sulbsequent
handling and processing. Accor 'ley in ane embodiment, i ting layer.388 h S CIE _similar or equal
to ins.ulatrlt}llg9 a?/e?] \J-,“?O,(Ajgfnrcf31 é/ncgps’ljla{;n? 1 8%&%%?3%?%% car%J ﬁé\r}el %%ﬁic%ngssaggual to, less
than, or dgreatetdhdny adhickAessief insulating tayey 3701 accardingitoahe desighcdnid finction of

semiconduciardie 124, in ane epbodipant, insulating layen 388 pas athickness tanging fipm 20-75 pm.
In FIG. 8d, a portion of encapsulant 150 and insulating layer 388 is removed in a peripheral region of
semiconducteiedieé 1245 bveireariductive mierdegiatarray r84,@9capsulant 150 is removed

in a peripheral region of semiconductor die 124 over conductive
micro via array 184 by LDA using laser 324 to form openings 320.
Openings 320 have a vertical or sloped sidewall 326 and extend
from backside surface 328 of insulating layer 318, partially
through encapsulant 150, to a recessed surface 329 of
encapsulant 150. Openings 320 constitute a TMH and extend
partially through encapsulant 150. In one embodiment, openings
320 have a cross-sectional width ranging from 180-450 um. After
forming openings 320, encapsulant 150 has a thickness T4,
smaller than thickness T3, measured from surface 154 of
encapsulant 150 to recessed surface 329 of encapsulant 150,
within a footprint of openings 320.

In FIG. 6f, a portion of encapsulant 150 and
insulating layer 160 is removed within a footprint of openings
320, in a peripheral region of semiconductor die 124, and over
conductive micro via array 184, to form openings 330 and to
expose conductive layer 180 and conductive micro via array 184.
Openings 330 are formed by drilling, high energy water jetting,

an etching process with a patterned photoresist layer, or other
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form openings 390. Openings 390 are formed by drilling, high energy water jetting, an etching process
with a patterned photoresist layer, or other suitable process. Alternatively, a portion of encapsulant 150 is
removed in a peripheral region of semiconductor die 124, over conductive micro via array 184 by LDA
using laser 394 to form openings 390. Openings 390 have a vertical or sloped sidewall 396 and extend
from a backside surface 398 of insulating layer 388, partially through encapsulant 150, to a recessed
surface 399! BPehn g $HF ESnstitdte EEIVIA thattdxtends partiafty throhigh eheBFsiant150 4n one
embodimeat,.apenings 390 have a cress-pectionab widthsangigg from 180450 par Afieeforming
openings 390, encapsulant 150 has a thickness 16, smaller than thickness 15, measured from surface
154 of erfcaPsARN? 156 T8 1&C8LBE Stffale 3960t entafsNEht 156 Withil 56 otptint 8f Spénings 390.
In FIG. 8era portioguofigncapsulant 150 anddnrsuating tayes 160 dpeamaoved within a faatprintgf openings
390, in a peripheral region of semjconductor dje 124, and over. conductive micro via array 184, to form
openingsg%b ARG 18 8xpSse’ Eondiictive TAyet 180%hd it {'i%e% roNid a??f%ﬁ/eﬁ%%eonb}%‘s 400 are
formed by deilingy hightenergy ivater jetings anketehing precessowithy apatiemead photoegsist layer, or
other suitable process..Alternatively, a portion of encapsulant.150 and insulating layers 160 and 388 is
removed i SGB 1 ConE S0 M plr N ol b G S b A BT, and over
conductiveamicrosvia afray 1 84rinaicBA usiry 656y 402 to forim openings 406. Opgring$ @0P include a

vertical or slo&)ed sidewellg404 aT%gxte thrg%%[hﬁ/lel_?%%ostyéa\l]nt 150 from recesstefiosuarflace.?égC to
4

conduc:ti\/ceol%lylérC Eég.eOperXiﬁés ‘constitute a and extend from recessed surface §J9l9 through

insulating kayer 186 totdohductive layer 1 8010penings A 00thaveca tross-sectionallwidtmfess than the

cross-seclional, width.of 0888&(‘%@@5903é’bOH%\?Q”'bao_défPSQE 0penings 400 have g crassssectional width
ranging from 50-150 pm. ollectively, openings 390 and 400 constitute openings 410. Openings

410 havefgi@t@p?)@djs?@ewmtﬂlz, resulting from the process of fgrming openings 400 with a small_er
cross-sectional width than pperings 390. Openings AL have,a fisst dianmgter or crassssectional width

within openings 400, ranging from 50-150 pm, and a second diameter or cross-sectional width within

openings>390 rareRyromS180t 450 P Fhust epeRhgs UAeronstiite a TPt a%tép-tirough-hole
structure ,be stepthroughhote structyre increases siructyral suppart, and seducesdamage to the

package, including build-up interconnect structure 224, during processing, for example, during a
desmearyroeess sbiddritappity, P& patkage-oh-padkagRistack sdldefiry processr st The
assemblyymayche-actively-eerled gurng she formation of openinasALD: taavoid stripping;back grinding
tape 380, and to minimize the thermal impact on semiconductor die 124. In another embodiment, the

assembly st 2&iivel) ddBledPddtinty fHefoRtlatidtBrEFEniAgs 416 S6utthe a8t sbutce!bFdrilling
sequence; parameters areoptimized:ta mainimize thermal ampact emsemiconeuctassiie Ad4. 340

constitute a TMH with a step-through-hole structure. The step-
through-hole structure increases structural support and reduces
damage to the package, including build-up interconnect structure
304, during processing, for example, during a desmearing
process, solder capping, or a package-on-package stack soldering
process.

The assembly may be actively cooled during the
formation of openings 340 to avoid stripping back grinding tape
310, and to minimize the thermal impact on semiconductor die
124. 1In another embodiment, the assembly is not actively cooled
during the formation of openings 340, but the laser source or

drilling sequence parameters are optimized to minimize thermal
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The process of forming openings 410 further includes removing a portion of insulating layer 160 covering
conductive micro via array 184. Thus, openings 410 expose conductive micro via array 184 and
conductive micro vias 182 of conductive layer 180 through encapsulant 150. The exposed conductive
micro via array 184 provides a greater exposed surface area for conductive layer 180 than if the exposed

conductive layer 180 were flat or planar. Conductive micro via array 184 thereby provides greater contact
surface atB& Hetwédh E6HTVE it 8diand $dosequently deposited conductive bump material, for

improved and more robustigleqgitical g mechaniealtpniact between sgbseguantly depesited sonductive

bump material and conductive layer 180. Conductive micro vias 182 also increase the effective thickness
of condultiEIEyEF180 Rithin & foStbrint ST EbhttRtve Mi&D vid Arra§ 184 Withdit SiHificartly adding to
the amout of eorductiveragteriahwithmmeondustve layes 1800 exposk HénBican elecitically
conductive, bump material is deposited over. conductive layer 180_and conductive micro vias 182 using an
evaporatibh efbc Bk e blatHy, RIS pIRTRY, Bl dFop scrien BrintiAG 8GinG r JHEF Suitable
process. The himmp materalcansha AhtSr, Ni,. AuTAg, BapBis €1, sotdencand-eombinations dhereof, with
an optionglrflux SEF%,l}lionk%or.%(asmple theeagtémpematgrigl can Q%gutecéige%nlggkhigh-lgad goldgr, or
lead-free Soider. The b%mpvr%a?erieﬁ igﬁon ed to é@ndsuc%velllayercl%o using a suitable attachinent or
bonding progess.llAGnehembodiner, thediusap nuatedalds reffowed by heafing ¢heematerial @above its

melting po'int to form E%he ical balls or. bumps 416. In some pliﬁatio ) bum(ps.dalG are reflgwed a
second t%ea%aﬁ%prove %F({a%%clzi Contact fo conductive Yayer 85. %\rﬁ%& I%f/ey ¢an be formed under
bumps 4t®:1Thecbumips an<alsa be doaipression bodded 1o eonductivellayera18D. Bumps 416 represent

Oﬂ€typ€§%ggg&%§k€ly deposited conductive bump material, for improved
and more robust electrical and mechanical contact between
subsequently deposited conductive bump material and conductive
layer 180. Conductive micro vias 182 also increase the
effective thickness of conductive layer 180 within a footprint
of conductive micro via array 184 without significantly adding
to the amount of conductive material within conductive layer
180.

In FIG. 6g, an electrically conductive bump material
is deposited over the exposed conductive layer 180 and
conductive micro vias 182 using an evaporation, electrolytic
plating, electroless plating, ball drop, screen printing,
jetting, or other suitable 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 180
using a suitable attachment or bonding process. 1In one
embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or

bumps 346. In some applications, bumps 346 are reflowed a
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interconnect structure that can be formed over conductive layer 180. The conductive interconnect
structure can also use bond wires, Cu, Ag, or other conductive paste, stud bump, micro bump, solder
balls with a Cu core, Cu balls or columns with dipped solder paste or solder coating, or other electrical
interconnect. Bumps 416 are formed over conductive layer 180 and over and between conductive micro
vias 182 of conductive micro via array 184. Accordingly, a 3-D interconnection is formed through bumps

416, condG&rRBdayer B0 bulltiiFihfer8omeect Stactre 222 And Seffichiftictordid 224 The 3-D
interconnggtion proviges haxzantalandertigakrlgctisakintescapnection for semicengyetor die 124
without a backside interconnect or RDL over a footprint of semiconductor die 124. Conductive micro vias

182 provitiesh Meréal8 Comtactsuraie e d Be B Condiftivé Yayer 180 and bumps 416 for

improved and more rolpustpaechanicaland electricalconpestiot betwern-eanductive layer 180 and
bumps 346. Back grinding tape 380 is remo*ﬁed fter fo(rgning bumps 416. Alternatively, back
grinding tapeE R Femoved after thmpleting tha'grivding P&t ‘of ehicdpstiart t50; Bt before
forming apenhingstik), antcastipperting tape-withdigh thermat cerductivity and higle heatresistance is
applied ov%r:ggulaéigg I%yer 370 an%ggmggn%%o. tF{.econstitheed Wg£e£&4gucan also(?lgoplgced ina

um

supportinvé jig, witha bom%ﬁar?trto(ﬁﬁayer t5 avord sth]]&uipa?danfage, prior tonﬁ‘%fmllrhlg openmgg 410. The
supportinggigikas highlthermalcanduetivityrand @n arraly/1of smalkedcuuns helesttopirovide thermal

protection ajfw]g structural support’ é%SreconstiEuted Waéerr %%%g%“%qteh&ﬁ?fma ion of openings 410.

I
In FIG. SS,Ot eea{:ss%%"ﬁ:)ffrom Ei is (s:i%agufa?gd through insulating Iayérc§1 8, encapsulant 150, and

insulating: layers- 260,200, 214uapd 370awitrsaw dataw%ioplase_r mﬂﬁgmwoliﬁtoemdmal_
FO-WICSPSA30, . g FIG, 9.shows Fo-WLGSP 430.after,singulation. Fo-WJ, GSP 430 provides 3-D

electrical interconnection with a fan-out RDL and conductive micro via array 184 formed outside a
footprint 8ficro via array 184. Accordingly, a 3-D interconnection for

next level interconnection is formed through bumps 346,
conductive layer 180, build-up interconnect structure 304, and
semiconductor die 124. The 3-D interconnection provides
vertical electrical interconnection without a backside
interconnect or RDL formed over a footprint of semiconductor die
124. Conductive micro vias 182 provide an increased contact
surface area between conductive layer 180 and bumps 346 for
improved and more robust mechanical and electrical connection
between conductive layer 180 and bumps 346.

Back grinding tape 310 is removed after forming bumps
346. Alternatively, back grinding tape 310 is removed after
completing the back grinding of encapsulant 150, but before
forming openings 340, and a supporting tape with high thermal
conductivity and high heat resistance is applied over insulating
layer 294 and bumps 300. Reconstituted wafer 143 can also be
placed in a supporting jig, with a compliant top layer to avoid
structural damage, prior to forming openings 340. The
supporting jig has high thermal conductivity and an array of

small vacuum holes to provide thermal protection and structural
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a semiconductor die 124. An encapsulant 150 is deposited over semiconductor die 124. An insulating
layer 160 is formed over active surface 130 of semiconductor die 124 and encapsulant 150. A conductive
layer 180 is formed over insulating layer 160 and is electrically connected to conductive layer 132 of
semiconductor die 124. A portion of conductive layer 180 extends horizontally along insulating layer 160
and parallel to active surface 130 of semiconductor die 124 to laterally redistribute the electrical
InterconriddP R ESnduttive Fayet 3o ot einitahddctdr diedida Tondictive F)RF 180 dpkrates as a
fan-out REMe prevjdingdateral or horizontal redistribution for the electrical signals of semiconductor die
124. Conductive layer 180 has a conductive micro via array 184 formed outside a footprint of
semiconductor die 124" Cdntictivd' midrdSid 8iay'18% 1hEle bie ot ndre Cordlictids ficro vias 182.
Conductive michviamstayak8hexteads fropl the kerizontal postion ebgonductive sayes 1.804hrough
insulating layer 16 surface 154 of apsulant 150. An inpsulating layer 370 is formed over and
around DARLE D00 el ind oy e MieblaiG RYEPS7 6 bpuTES ae Eor REBIUE protection.
supportingy; andbataniciag Layera pravdcing @dwionmental protection for the semiconductor device from
external elements and coptaminants. Additionally, insylating layer 370 &E\éiggs st.ructL_u(rquwcﬁjg%grt for the
package, balancing stress on the pacﬁage, and reducing warping or cracking ot thie package. Accordingly,
in one emisddipent;idswating layee 8370 hasla CHE simitarror @guahtovnsulating dayer2d4Rand
encapsulant.150. An insulating.layer 388 is formed r backside surface.386 of encapsulant 150 and
back sur arég 1%%n§fus£tmllgoen ulc(%rodi\éllaZf]fr]]:sauYata%ﬁla)%grr 58 oggrta?ésd %s 2 k%éjc?(s%)%lﬁl%teoclﬁon and
balancing lagen iprovidirgtenvirbrindritdl- protactiondepthelsermicondudter device fromsl exteemal elements
and contaminants, Additionally, insulating Jayer, 388, proyides stuyctural support-for the, package, to
balance stress on the package, and reduce warping or cracking of the package during subsequent
handling aft igrecessidg: accbidingly, Feone endodimentirsulatihgdayerc3B8ihas AaCIE siiflar or equal
to insulating layer, 379 and encapsylagt 150.¢, - meq A pOttionof encapsulant 150 and dnsylating layers
160 and 388 is removed over conductive micro via array 184 to form openings 410, which constitute a
TMH. OpehirgysaTorarel & Yirstdiameter OrePosiessitivnar ®idth Yamging frobt 50-150 pm, and a second
diameter Qr £rossssectional width 1anging iroﬁ&ﬁggﬁoo@ncghﬂ%%p@%ﬂ%} hage a stepped sidewall
412, and openings 410 constitute a TMH with a step-through-hole structure. The step-through-hole
structure §craa QﬁﬁétEPé}*s%E)@rt%ﬂ%dﬂ@éélgéﬁ]hﬁg 16 IE padkay e iikBding bhfd-up°

interconngst structyrg-224.during precessingfonexample; during A desmearng progess, solder capping,
or a package-onpackage stack soldering process. Openings 410 expose conductive micro via

array 184 8Ad EbRdiictive rhito SR I82 GPdonduEivE RIYeT 480 throtigRBHcapEhlaht 166. T exposed

conductivermiera Vi atay 484 piewides a.greatef exposed sutace anesfoscenduetivelayer 180 than
would be exposed if the exposed conductive layer 180 were flat or planar. Conductive micro via array 184

thereby provides grédtBr oAkt SUrtte area etwaen Lhdaaiethy EF 186 Ahd Rubs&quertly deposited
conductivenburmpdnatefiahthagiitthelexposedporiiomabeanduciive layes 180aweredftat or planar.

layer 180 has a conductive micro via array 184 formed outside a
footprint of semiconductor die 124. Conductive micro via array
184 includes one or more conductive micro vias 182. Conductive
micro via array 184 extends from the horizontal portion of
conductive layer 180 through insulating layer 160 to surface 154
of encapsulant 150.

An insulating layer 318 is formed over backside
surface 316 of encapsulant 150 and back surface 128 of
semiconductor die 124. 1Insulating layer 318 operates as a

backside protection and balancing layer, providing environmental
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The additional exposed surface area of conductive layer 180, resulting from conductive micro via array
184, provides for improved and more robust electrical and mechanical contact between subsequently
deposited conductive bump material and conductive layer 180. An electrically conductive bump
material is deposited within openings 410 over conductive layer 180 to form bumps 416. Bumps 416 are
formed over conductive layer 180 and over and between conductive micro vias 182 of conductive micro

via array 484 Actdrdingly,a 3115 intEfebRRBETGHfor nékiievel ihtétCorirddionds férhidfthrdugh bumps

416, condugtivedayerm8h huid-upniatereannect structure 224+ and semjeandsictorghie t24ethe 3-D
interconnection provides horizontal and vertical electrical interconnection for semiconductor die 124

without aTJdckSide ifter SR br ROL 50& £ f50teit of senfidarmdtictordie 42%. 8dnbli&tive micro vias
182 provisleainereased condacisurface aiga and dmpegvethand mare rekist mechanical and electrical

connectioén‘fogetween ctoqéjuct';fe layer 180 and bumgs 416. Zén summary, a semiconductor device
(Fo-WLC §§6§UI%§ a'$em 61{5%0?5} i& ](éjeci'ﬁﬁﬁ Bdctor QECLEA ! A efrca I§u|%1lﬂ?(encapsulant 150) is
formed oweitheisemiconduciar diei(sgmiconeitictor dlie 424 ACTanductive anicra-viacareay (conductive

micro via.anrra%}/ll%4)nisf rgneedro %r4the en a%%ulgn%\%%pcggs%lgat 150) outside a footprint of the
semiconducior éLIeJ(ngIC ductor die Tﬁé(if). first ahaving a Step-through-hole structure (opening
260) is formed throughiheencapsulant encapsulanat150)5t0 exposertie tohductiveamiers viscarray
(conductive migrq,via array 184). Forming thg onductive micro via array écond1 I;iV mi%ro via array 184)
further inglrﬁgzzg 5fc(g)arn”lllrslg raerslénlﬁgu gtir?éf ?a@e??in%%l%ﬁﬁg ?a%lrcfé%) over the er c:alp;%é:ula%n(tj (enocré%sulant 150)
and the sepsicamdirctoridie (wémidondastor die1124 ) féiiing aOmpiond Nissarddy (fikve via driays 174)

through the Insulating layer (insulating laygr 160) autside the faatpapt.of the semicapductardie
(semiconductor die 124), and forming a conductive layer (conductive layer 180) over the insulating layer
(insulatinggayerd 6OL Faeiiig the coreisietive Alidronda arrag{Bomdudive mitrevialdrPay* £92) further
includes mingfﬁ&gpdag@é\f%%% (conglugtive ring 190), FForming the. first WK (0pgping 260) further
includes forming a second IMH (opening 240) partially through the encapsulant (encapsulant 150) to a
recessed R fifacedPecesSed Fuffaté 242) of tHéentapsufant temcdpsufing 150y Ehd forming a third IMH

(opening 250) through the-gacapsulant{epeapsidite structure increases structural

support and reduces damage to the package, including build-up
interconnect structure 304, during processing, for example,
during a desmearing process, solder capping, or a package-on-
package stack soldering process.

Openings 340 expose conductive micro via array 184 and
conductive micro vias 182 of conductive layer 180 through
encapsulant 150. The exposed conductive micro via array 184
provides a greater exposed surface area for conductive layer 180
than would be exposed if the exposed conductive layer 180 were
flat or planar. Conductive micro via array 184 thereby provides
greater contact surface area between conductive layer 180 and
subsequently deposited conductive bump material than if the
exposed portion of conductive layer 180 were flat or planar.

The additional exposed surface area of conductive layer 180,
resulting from conductive micro via array 184, provides for

improved and more robust electrical and mechanical contact

44—



150) within a footprint of the second IMH (opening 240) having a cross-sectional width less than a
cross-sectional width of the second IMH (opening 240) and extending from the recessed surface
(recessed surface 244) of the encapsulant (encapsulant 150) to the conductive micro via array
(conductive micro via array 184). An insulating layer (insulating layer 318; insulating layer 370; insulating
layer 388) is formed over the semiconductor die (semiconductor die 124) for structural support. A build-up
interconnett ¥ Gcturd BRAAUT intercBRREG Stiritture 2245 fsLfoTmBd 8y er ftié Semicomddctor die
(semicondystor gliet 24 ayer 18While 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 ARJE VAtHIUL dBparingIrEH Hid Seopd BP tHE RS LAtinvEnfis aS 5&€forth in the

followingwlaimsn Clawns Matisolasied: conductive layer 180 to form bumps 346.
Bumps 346 are formed over conductive layer 180 and over and
between conductive micro vias 182 of conductive micro via array
184. Accordingly, a 3-D interconnection for next level
interconnection is formed through bumps 346, conductive layer
180, build-up interconnect structure 304, and semiconductor die
124. The 3-D interconnection provides horizontal and vertical
electrical interconnection for semiconductor die 124 without a
backside interconnect or RDL over a footprint of semiconductor
die 124. Conductive micro vias 182 provide an increased contact
surface area and improved and more robust mechanical and
electrical connection between conductive layer 180 and bumps
346.

FIGs. 8a-8g illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming a vertical interconnect structure
for a 3-D Fo-WLCSP with front-side and backside protection and
balance layers. Continuing from FIG. 49, an insulating or
passivation layer 370 is formed over and around bumps 220 and
insulating layer 214 using PVD, CVD, printing, spin coating,
spray coating, screen printing or lamination, as shown in FIG.
8a. Insulating layer 370 contains one or more layers of
photosensitive polymer dielectric film with or without fillers,
non-photosensitive polymer dielectric film, Si0O2, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. Insulating layer 370 operates as a
front-side protection, supporting, and balancing layer,
providing environmental protection for the semiconductor device

from external elements and contaminants. Additionally,
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1. A method of making a semiconductor device, comprising: providing a semiconductor die; forming an
encapsulant over the semiconductor die; and forming a conductive micro via array over the encapsulant
outside a footprint of the semiconductor die. 2. The method of claim 1, further including forming a first
through-mold-hole (TMH) having a step-through-hole structure through the encapsulant to expose the
conductive micro via array. 3. The method of claim 2, further including forming a conductive interconnect

structure Wit ffe st TR 43THe IFEHOE BF cRih S WHetdinTBRAMGthE Tonbli&tive micro via array
further inglylgRsge, balancing stress on the package, and reducing warping

or cracking of the package. Accordingly, in one embodiment,
insulating layer 370 has a CTE similar or equal to insulating
layer 214, and encapsulant 150. 1Insulating layer 318 can have a
thickness equal to, less than, or greater than a thickness of
insulating layer 214, according to the design and function of
semiconductor die 124. 1In one embodiment, insulating layer 370
has a thickness ranging from 10-100 um.

Back grinding tape 380 is applied over insulating
layer 370 and build-up interconnect structure 224. Back
grinding tape 380 contacts insulating layer 370 and bumps 220.
Back grinding tape 380 follows the contours of a surface of
bumps 220 and extends around and between bumps 220. Back
grinding tape 380 includes tapes with thermal resistance up to
270 °C. Back grinding tape 380 also includes tapes with a
thermal release function. Examples of back grinding tape 380
include UV tape HT 440 and non-UV tape MY-595. 1In one
embodiment, insulating layer 370 is incorporated into and
applied with back grinding tape 380, and insulating layer 370
remains in place after subsequent removal of back grinding tape
380. Back grinding tape 380 provides structural support for a
subsequent grinding operation and removal of a portion of
encapsulant 150 from a backside surface 382 of encapsulant 150,
opposite build-up interconnect structure 224.

In FIG. 8b, backside surface 382 of encapsulant 150
undergoes a grinding operation with grinder 384 to planarize and
reduce a thickness of encapsulant 150. A chemical etch can also
be used to remove and planarize encapsulant 150. After the
grinding operation is completed, back surface 128 of

semiconductor die 124 is exposed. A thickness of semiconductor
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forming an insulating layer over the encapsulant and the semiconductor die; forming a micro via array
through the insulating layer outside the footprint of the semiconductor die; and forming a conductive layer
over the insulating layer. 5. The method of claim 1, wherein forming the conductive micro via array further
includes forming a conductive ring. 6. A method of making a semiconductor device, comprising: providing

a semiconductor die; o ,
die 124 can also be reduced by the grinding operation.

Alternatively, a thickness of encapsulant 150 maintains coverage
over back surface 128 of semiconductor die 124. After the
grinding operation, encapsulant 150 has a thickness T5, measured
from surface 154 of encapsulant 150 to exposed backside surface
386 of encapsulant 150. Back grinding tape 380 can be actively
cooled during the grinding operation.

In FIG. 8c, an insulating or passivation layer 388 is
formed over exposed backside surface 386 of encapsulant 150 and
back surface 128 of semiconductor 124 using PVD, CVD, printing,
spin coating, spray coating, screen printing or lamination.
Insulating layer 388 contains one or more layers of
photosensitive polymer dielectric film with or without fillers,
non-photosensitive polymer dielectric film, Si02, Si3N4, SiON,
Taz205, A1203, or other material having similar insulating and
structural properties. Insulating layer 388 operates as a
backside protection and balancing layer, providing environmental
protection for the semiconductor device from external elements
and contaminants. Additionally, insulating layer 388 provides
structural support for the package, to balance stress on the
package, and reduce warping or cracking of the package during
subsequent handling and processing. Accordingly, in one
embodiment, insulating layer 388 has a CTE similar or equal to
insulating layer 370, and encapsulant 150. Insulating layer 388
can have a thickness equal to, less than, or greater than a
thickness of insulating layer 370, according to the design and
function of semiconductor die 124. In one embodiment,
insulating layer 388 has a thickness ranging from 20-75 pm.

In FIG. 8d, a portion of encapsulant 150 and
insulating layer 388 is removed in a peripheral region of

semiconductor die 124, over conductive micro via array 184, to
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forming an encapsulant over the semiconductor die; and forming a first through-mold-hole (TMH) having a
stepthrough-hole structure through the encapsulant. 7. The method of claim 6, further including forming a
conductive micro via array over the encapsulant outside a footprint of the semiconductor die. 8. The
method of claim 7, wherein forming the first TMH further includes: forming a second TMH patrtially

through the encapsulant to a recessed surface of the encapsulant; and . ,
form openings 390. Openings 390 are formed by drilling, high

energy water jetting, an etching process with a patterned
photoresist layer, or other suitable process. Alternatively, a
portion of encapsulant 150 is removed in a peripheral region of
semiconductor die 124, over conductive micro via array 184 by
LDA using laser 394 to form openings 390. Openings 390 have a
vertical or sloped sidewall 396 and extend from a backside
surface 398 of insulating layer 388, partially through
encapsulant 150, to a recessed surface 399. Openings 390
constitute a TMH that extends partially through encapsulant 150.
In one embodiment, openings 390 have a cross—-sectional width
ranging from 180-450 pm. After forming openings 390,
encapsulant 150 has a thickness T6, smaller than thickness T5,
measured from surface 154 of encapsulant 150 to recessed surface
399 of encapsulant 150, within a footprint of openings 390.

In FIG. 8e, a portion of encapsulant 150 and
insulating layer 160 is removed within a footprint of openings
390, in a peripheral region of semiconductor die 124, and over
conductive micro via array 184, to form openings 400 and to
expose conductive layer 180 and conductive micro via array 184.
Openings 400 are formed by drilling, high energy water jetting,
an etching process with a patterned photoresist layer, or other
suitable process. Alternatively, a portion of encapsulant 150
and insulating layers 160 and 388 is removed within a footprint
of openings 390, in a peripheral region of semiconductor die
124, and over conductive micro via array 184 by LDA using laser
402 to form openings 400. Openings 400 include a wvertical or
sloped sidewall 404 and extend through encapsulant 150 from
recessed surface 399 to conductive layer 180. Openings 400
constitute a TMH and extend from recessed surface 399, through

insulating layer 160, to conductive layer 180. Openings 400
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forming a third TMH through the encapsulant within a footprint of the second TMH having a
cross-sectional width less than a cross-sectional width of the second TMH and extending from the
recessed surface of the encapsulant to the conductive micro via array. 9. The method of claim 6, further
including forming a build-up interconnect structure over the semiconductor die. 10. A semiconductor

device, comprising: a semiconductor die; an encapsulant formed over the semiconductor die;
have a cross—-sectional width less than the cross—sectional width

of openings 390. In one embodiment, openings 400 have a cross-—
sectional width ranging from 50-150 pm.

Collectively, openings 390 and 400 constitute openings
410. Openings 410 have a stepped sidewall 412, resulting from
the process of forming openings 400 with a smaller cross-—
sectional width than openings 390. Openings 410 have a first
diameter or cross-sectional width within openings 400, ranging
from 50-150 pm, and a second diameter or cross-sectional width
within openings 390 ranging from 180-450 um. Thus, openings 410
constitute a TMH with a step-through-hole structure. The step-
through-hole structure increases structural support and reduces
damage to the package, including build-up interconnect structure
224, during processing, for example, during a desmearing
process, solder capping, or a package-on-package stack soldering
process.

The assembly may be actively cooled during the
formation of openings 410 to avoid stripping back grinding tape
380, and to minimize the thermal impact on semiconductor die
124. 1In another embodiment, the assembly is not actively cooled
during the formation of openings 410, but the laser source or
drilling sequence parameters are optimized to minimize thermal
impact on semiconductor die 124.

The process of forming openings 410 further includes
removing a portion of insulating layer 160 covering conductive
micro via array 184. Thus, openings 410 expose conductive micro
via array 184 and conductive micro vias 182 of conductive layer
180 through encapsulant 150. The exposed conductive micro via
array 184 provides a greater exposed surface area for conductive
layer 180 than if the exposed conductive layer 180 were flat or

planar. Conductive micro via array 184 thereby provides greater
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a conductive micro via array formed over the semiconductor die and the encapsulant outside a footprint of
the semiconductor die; and a first through-mold-hole (TMH) having a step-through-hole structure
formed through the encapsulant to expose the conductive micro via array. 11. The semiconductor device
of claim 10, further including: an insulating layer formed over the semiconductor die and the encapsulant;

a micro via array formed through the insulating layer outside the footprint of the semiconductor die; and a
conductivé’Ryérformet d/et the fidubkftingdayerconductive layer 180 and

subsequently deposited conductive bump material, for improved
and more robust electrical and mechanical contact between
subsequently deposited conductive bump material and conductive
layer 180. Conductive micro vias 182 also increase the
effective thickness of conductive layer 180 within a footprint
of conductive micro via array 184 without significantly adding
to the amount of conductive material within conductive layer
180.

In FIG. 8f, an electrically conductive bump material
is deposited over conductive layer 180 and conductive micro vias
182 using an evaporation, electrolytic plating, electroless
plating, ball drop, screen printing, jetting, or other suitable
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 180 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 416. In some applications, bumps 416

are reflowed a second time to improve electrical contact to

conductive layer 180. A UBM layer can be formed under bumps
416. The bumps can also be compression bonded to conductive
layer 180.

Bumps 416 represent one type of conductive
interconnect structure that can be formed over conductive layer
180. The conductive interconnect structure can also use bond
wires, Cu, Ag, or other conductive paste, stud bump, micro bump,
solder balls with a Cu core, Cu balls or columns with dipped

solder paste or solder coating, or other electrical
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12. The semiconductor device of claim 10, wherein the first TMH further includes: a second TMH
formed partially through the encapsulant to a recessed surface of the encapsulant; and a third TMH
formed through the encapsulant within a footprint of the second TMH having a cross-sectional width less
than a cross-sectional width of the second TMH and extending from the recessed surface of the

encapsulant to the conductive micro via array. ,
interconnect. Bumps 416 are formed over conductive layer 180

and over and between conductive micro vias 182 of conductive
micro via array 184. Accordingly, a 3-D interconnection is
formed through bumps 416, conductive layer 180, build-up
interconnect structure 224, and semiconductor die 124. The 3-D
interconnection provides horizontal and vertical electrical
interconnection for semiconductor die 124 without a backside
interconnect or RDL over a footprint of semiconductor die 124.
Conductive micro vias 182 provide an increased contact surface
area between conductive layer 180 and bumps 416 for improved and
more robust mechanical and electrical connection between
conductive layer 180 and bumps 346.

Back grinding tape 380 is removed after forming bumps
416. Alternatively, back grinding tape 380 is removed after
completing the grinding operation of encapsulant 150, but before
forming openings 410, and a supporting tape with high thermal
conductivity and high heat resistance is applied over insulating
layer 370 and bumps 220. Reconstituted wafer 143 can also be
placed in a supporting jig, with a compliant top layer to avoid
structural damage, prior to forming openings 410. The
supporting jig has high thermal conductivity and an array of
small vacuum holes to provide thermal protection and structural
support for reconstituted wafer 143 during the formation of
openings 410.

In FIG. 8g, the assembly from FIG. 8f is singulated
through insulating layer 388, encapsulant 150, and insulating
layers 160, 200, 214, and 370 with saw blade or laser cutting
tool 420 into individual Fo-WLCSPs 430.

FIG. 9 shows Fo-WLCSP 430 after singulation. Fo-WLCSP
430 provides 3-D electrical interconnection with a fan-out RDL

and conductive micro via array 184 formed outside a footprint of
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a semiconductor die 124. An encapsulant 150 is deposited over
semiconductor die 124. An insulating layer 160 is formed over
active surface 130 of semiconductor die 124 and encapsulant 150.
A conductive layer 180 is formed over insulating layer 160 and
is electrically connected to conductive layer 132 of
semiconductor die 124. A portion of conductive layer 180
extends horizontally along insulating layer 160 and parallel to
active surface 130 of semiconductor die 124 to laterally
redistribute the electrical interconnect to conductive layer 132
of semiconductor die 124. Conductive layer 180 operates as a
fan-out RDL, providing lateral or horizontal redistribution for
the electrical signals of semiconductor die 124. Conductive
layer 180 has a conductive micro via array 184 formed outside a
footprint of semiconductor die 124. Conductive micro via array
184 includes one or more conductive micro vias 182. Conductive
micro via array 184 extends from the horizontal portion of
conductive layer 180 through insulating layer 160 to surface 154
of encapsulant 150.

An insulating layer 370 is formed over and around
bumps 220 and insulating layer 214. Insulating layer 370
operates as a front-side protection, supporting, and balancing
layer, providing environmental protection for the semiconductor
device from external elements and contaminants. Additionally,
insulating layer 370 provides structural support for the
package, balancing stress on the package, and reducing warping
or cracking of the package. Accordingly, in one embodiment,
insulating layer 370 has a CTE similar or equal to insulating
layer 214, and encapsulant 150. An insulating layer 388 is
formed over backside surface 386 of encapsulant 150 and back
surface 128 of semiconductor die 124. 1Insulating layer 388

operates as a backside protection and balancing layer, providing

-52—-



environmental protection for the semiconductor device from
external elements and contaminants. Additionally, insulating
layer 388 provides structural support for the package, to
balance stress on the package, and reduce warping or cracking of
the package during subsequent handling and processing.
Accordingly, in one embodiment, insulating layer 388 has a CTE
similar or equal to insulating layer 370 and encapsulant 150.

A portion of encapsulant 150 and insulating layers 160
and 388 1is removed over conductive micro via array 184 to form
openings 410, which constitute a TMH. Openings 410 have a first
diameter or cross-sectional width ranging from 50-150 pm, and a
second diameter or cross-sectional width ranging from 180-450
pm. Thus, openings 410 have a stepped sidewall 412, and
openings 410 constitute a TMH with a step-through-hole
structure. The step-through-hole structure increases structural
support and reduces damage to the package, including build-up
interconnect structure 224, during processing, for example,
during a desmearing process, solder capping, or a package-on-
package stack soldering process.

Openings 410 expose conductive micro via array 184 and
conductive micro vias 182 of conductive layer 180 through
encapsulant 150. The exposed conductive micro via array 184
provides a greater exposed surface area for conductive layer 180
than would be exposed if the exposed conductive layer 180 were
flat or planar. Conductive micro via array 184 thereby provides
greater contact surface area between conductive layer 180 and
subsequently deposited conductive bump material than if the
exposed portion of conductive layer 180 were flat or planar.

The additional exposed surface area of conductive layer 180,
resulting from conductive micro via array 184, provides for

improved and more robust electrical and mechanical contact
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between subsequently deposited conductive bump material and
conductive layer 180.

An electrically conductive bump material is deposited
within openings 410 over conductive layer 180 to form bumps 416.
Bumps 416 are formed over conductive layer 180 and over and
between conductive micro vias 182 of conductive micro via array
184. Accordingly, a 3-D interconnection for next level
interconnection is formed through bumps 416, conductive layer
180, build-up interconnect structure 224, and semiconductor die
124. The 3-D interconnection provides horizontal and vertical
electrical interconnection for semiconductor die 124 without a
backside interconnect or RDL over a footprint of semiconductor
die 124. Conductive micro vias 182 provide an increased contact
surface area and improved and more robust mechanical and
electrical connection between conductive layer 180 and bumps
416.

In summary, a semiconductor device (Fo-WLCSP 280) has
a semiconductor die (semiconductor die 124). An encapsulant
(encapsulant 150) is formed over the semiconductor die
(semiconductor die 124). A conductive micro via array
(conductive micro via array 184) is formed over the encapsulant
(encapsulant 150) outside a footprint of the semiconductor die
(semiconductor die 124). A first TMH having a step-through-hole
structure (opening 260) is formed through the encapsulant
(encapsulant 150) to expose the conductive micro via array
(conductive micro via array 184). Forming the conductive micro
via array (conductive micro via array 184) further includes
forming an insulating layer (insulating layer 160) over the
encapsulant (encapsulant 150) and the semiconductor die
(semiconductor die 124), forming a micro via array (micro via

array 174) through the insulating layer (insulating layer 160)
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outside the footprint of the semiconductor die (semiconductor
die 124), and forming a conductive layer (conductive layer 180)
over the insulating layer (insulating layer 160. Forming the
conductive micro via array (conductive micro via array 192)
further includes forming a conductive ring (conductive ring
190). Forming the first TMH (opening 260) further includes
forming a second TMH (opening 240) partially through the
encapsulant (encapsulant 150) to a recessed surface (recessed
surface 244) of the encapsulant (encapsulant 150), and forming a
third TMH (opening 250) through the encapsulant (encapsulant
150) within a footprint of the second TMH (opening 240) having a
cross—-sectional width less than a cross-sectional width of the
second TMH (opening 240) and extending from the recessed surface
(recessed surface 244) of the encapsulant (encapsulant 150) to
the conductive micro via array (conductive micro via array 184).
An insulating layer (insulating layer 318; insulating layer 370;
insulating layer 388) is formed over the semiconductor die
(semiconductor die 124) for structural support. A build-up
interconnect structure (build-up interconnect structure 224) is
formed over the semiconductor die (semiconductor die 124).

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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Claims

What is claimed:

1. A method of making a semiconductor device, comprising:
providing a semiconductor die;
forming an encapsulant over the semiconductor die; and
forming a conductive micro via array over the encapsulant

outside a footprint of the semiconductor die.

2. The method of claim 1, further including forming a first
through-mold-hole (TMH) having a step-through-hole structure
through the encapsulant to expose the conductive micro via

array.

3. The method of claim 2, further including forming a

conductive interconnect structure within the first TMH.

4. The method of claim 1, wherein forming the conductive micro
via array further includes:

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

forming a micro via array through the insulating layer
outside the footprint of the semiconductor die; and

forming a conductive layer over the insulating layer.

5. The method of claim 1, wherein forming the conductive micro

via array further includes forming a conductive ring.

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

providing a semiconductor die;
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forming an encapsulant over the semiconductor die; and
forming a first through-mold-hole (TMH) having a step-
through-hole structure through the encapsulant.

7. The method of claim 6, further including forming a
conductive micro via array over the encapsulant outside a

footprint of the semiconductor die.

8. The method of claim 7, wherein forming the first TMH
further includes:

forming a second TMH partially through the encapsulant to a
recessed surface of the encapsulant; and

forming a third TMH through the encapsulant within a
footprint of the second TMH having a cross-sectional width less
than a cross—-sectional width of the second TMH and extending
from the recessed surface of the encapsulant to the conductive

micro via array.

9. The method of claim 6, further including forming a build-up

interconnect structure over the semiconductor die.

10. A semiconductor device, comprising:

a semiconductor die;

an encapsulant formed over the semiconductor die;

a conductive micro via array formed over the semiconductor
die and the encapsulant outside a footprint of the semiconductor
die; and

a first through-mold-hole (TMH) having a step-through-hole
structure formed through the encapsulant to expose the

conductive micro via array.
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11. The semiconductor device of claim 10, further including:
an insulating layer formed over the semiconductor die and
the encapsulant;
a micro via array formed through the insulating layer
outside the footprint of the semiconductor die; and

a conductive layer formed over the insulating layer.

12. The semiconductor device of claim 10, wherein the first TMH
further includes:

a second TMH formed partially through the encapsulant to a
recessed surface of the encapsulant; and

a third TMH formed through the encapsulant within a
footprint of the second TMH having a cross-sectional width less
than a cross-sectional width of the second TMH and extending
from the recessed surface of the encapsulant to the conductive

micro via array.
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