SEMICONDUCTOR DEVICE AND METHOD OF FORMING NO-FLOW
UNDERFILL MATERIAL AROUND VERTICAL INTERCONNECT
STRUCTURE Field of the Invention The present invention relates in general
to semiconductor devices and, more particularly, to a semiconductor device
and method of forming no-flow underfill material around a_vertical
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vary in the number and density of electrical components. Discrete
semiconductor devices generally contain one type of electrical component,

e.g., light emitting diodeKLEDq, iv@nsisier, Tasistat i eapacitor, inductor, and
power metal oxide semiconductor field effect transistor (MOSFET).

Integrated semiconductor devices typically contain hundreds to millions of
electricalrbemponerist Examples ohintegratetksemicgaduactor devices
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for television displays. Semiconductor devices are found in the fields of

entertainment, comnmpgénaow@r gﬁgerﬁtjggngthrks, computers, and

consumer products. Semiconductor devices are also found in -1 electronic
products including military, aviation, automotive, industrial controllers, and

Omcequg%ﬁ%ﬁhductor 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), transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field
effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical components.
Examples of integrated semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices
(CCDs), solar cells, and digital micro-mirror devices (DMDs).

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

consumer products. Semiconductor devices are also found in



Semiconductor devices exploit the electrical properties of semiconductor
materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or
through the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the conductivity of the
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the formation of a plurality of die on the surface of a semiconductor wafer.
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transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, and
inductors, create a relationship between voltage and current
necessary to perform a variety of electrical functions. The
passive and active structures are electrically connected to form
circuits, which enable the semiconductor device to perform high-
speed calculations and other useful functions.

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

One goal of semiconductor manufacturing is to produce



smaller semiconductor devices. Smaller devices typically consume less

power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is
desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher
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mategdreiegwafer chunk table must be customized to fit wafer level molding

system. {he farmation; of 1SY and, THY a5 well aswater Jevel molding, . o fer

involves special equipment, slow processes, and costly manufacturing steps.
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devices can be accomplished with conductive through silicon vias
(TSV), through hole vias (THV), or Cu-plated conductive pillars.
Vias are formed in silicon or organic material around the die
using laser drilling or deep reactive ion etching (DRIE). The
vias are filled with conductive material, for example by copper
deposition through an electroplating process, to form the
conductive TSVs and THVs. A wafer level molding compound is
deposited in the final manufacturing stages after the vertical
interconnect structure is formed. The dimension of temporary
carrier/wafer chunk table must be customized to fit wafer level
molding system. The formation of TSV and THV, as well as wafer
level molding, involves special equipment, slow processes, and

costly manufacturing steps.
Summary of the Invention

A need exists to form a vertical interconnect

structure in a semiconductor package. Accordingly, in one



embodiment, the present invention is a method of making a semiconductor
device comprising the steps of providing a first sacrificial carrier, forming a
first conductive layer over the first sacrificial carrier, forming a first solder

bump over the first conductive layer, depositing a no-flow underfill material
over the first sacrificial carrier, first conductive layer, and first solder bump,
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The method further includes the steps of mounting a second
sacrificial carrier over the first interconnect structure,
removing the first sacrificial carrier, and forming a second
interconnect structure over a second surface of the no-flow
underfill material opposite the first interconnect structure.
The second interconnect structure is electrically connected to
the first solder bump, first interconnect structure, and first
semiconductor die or component. The method further includes the
step of removing the second sacrificial carrier.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first carrier, forming a z-direction interconnect
structure over the first carrier, depositing a no-flow underfill
material over the first carrier and z-direction interconnect
structure, compressing a first semiconductor die or component
into the no-flow underfill material, and forming a first
interconnect structure over a first surface of the no-flow

underfill material. The first interconnect structure is



underfill material. The first interconnect structure is -4 electrically connected
to the z-direction interconnect structure. In another embodiment, the present
invention is a method of making a semiconductor device comprising the
steps of providing a first carrier, forming a z-direction interconnect structure
over the first carrier, depositing an encapsulant over_the first carrier and
e lecthirettion intereBRAEASHULURS compressSihg ¥ firsts&micohbtetor die or
strue@mpenent into the encapsulant, and forming a first interconnect structure
over a first surface of the encapsulant. The first interconnect structure is
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. illustrate a process of forming no-flow
interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a first conductive layer and z-
direction interconnect structure over the first conductive
layer. A no-flow underfill material is deposited over the first
conductive layer and z-direction interconnect structure. A
semiconductor die or component is compressed into the no-flow
underfill material. A first interconnect structure is formed
over a first surface of the no-flow underfill material. The

first interconnect structure is electrically connected to the z-

direction interconnect structure.
Brief Description of the Drawings

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

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

FIGs. 3a-31 illustrate a process of forming no-flow

underfill material around vertical interconnect structure;



underfill material around vertical interconnect structure; -5 FIG. 4 illustrates
the FO-WLCSP with no-flow underfill material around vertical interconnect
structure; FIG. 5 illustrates stacked FO-WLCSPs electrically connected
through the vertical interconnect structure; and FIG. 6 illustrates a
semiconductor die mounted to the FO-WLCSP and electrically connected
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emiconductor devicesare generally manufactured using two complex
manufacturing processes: front-end manufacturing and back-end

manufacturingDFq:oﬁ-ffgg ngg%fgg ipgr{'n\é v%%(g_h ;%Wl@;‘l%@ of a plurality

of die on the surface of a semiconductor wafer. Each die on the wafer
contains active and passive electrical components, which are electrically
connectédhao fards furictionakeledwwicalcirclits cActvdelestricak comporients,

embotHGLas rangisiors, have, e ahility ta contralthe flaw of eleetrical current. . 4,
Passive electrical components, Such as capacitors, inductors, resistors, and
Figugrgrsfoiriers) éfdaté Bke 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
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors, 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



relationship between voltage and current necessary to perform -6 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
elecibhifplartatiotor themv ifision. The doping process modifies the

electricap £opduetivityOf semicendusteionaterial iractiveraeudces,er the

transforming the semiconductor material into a permanent insulator,
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Trang st phetoresista overtheilayer totbevpatierned LApattepn s daasferedoffom

dopiﬂ@h9y¥3%%%5”9§FH@@@§§§$95@8|@Q§ble the transistor to promote

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

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying

layer to be patterned. The remainder of the photoresist is



The portion of the photoresist pattern subjected to light is removed using a
solvent, exposing portions of the underlying layer to be patterned. The
remainder of the photoresist is -7 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
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added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting device
or saw blade. After singulation, the individual die are mounted
to a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the

package to provide physical support and electrical isolation.



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. -8 The finished package is then inserted into
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subcomponent of a larger system. For example, electronic device

10 may be a graphics card, network interface card, or other

signal processing card that can be inserted into a computer.

The semiconductor package can include microprocessors, memories,

application specific integrated circuits (ASICs), logic

circuits, analog circuits, RF circuits, discrete devices, or

other semiconductor die or electrical components.

In FIG. 1, PCB 12 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 14 are formed over a surface or within layers of PCB 12
using evaporation, electrolytic plating, electroless plating,
screen printing, PVD, or other suitable metal deposition
process. Signal traces 14 provide for electrical communication
between each of the semiconductor packages, mounted components,
and other external system components. Traces 14 also provide
power and ground connections to each of the semiconductor

packages.



using evaporation, electrolytic plating, electroless plating, screen printing,
PVD, or other suitable metal deposition process. Signal traces 14 provide for
electrical communication between each of the semiconductor packages,
mounted components, and other external system components. Traces 14
also provide power and ground connections to each of the semiconductor
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moun24dand geidt asray L GAS 2BCRwlti-chip module (MCM) 28, quad flat
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array (LGA) 26, multi-chip module (MCM) 28, gquad flat non-leaded

package (QFN) 30, and quad flat package 32, are shown mounted on
PCB 12. 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 12. In some
embodiments, electronic device 10 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in lower costs for consumers.

FIG. 2a illustrates further detail of DIP 24 mounted

on PCB 12. DIP 24 includes semiconductor die 34 having contact
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packages over a single substrate, manufacturers can incorporate pre-made
components into electronic devices and systems. Because the
semiconductor packages include sophisticated functionality, electronic
devices can be manufactured using cheaper components and a streamlined
manufacturing process. The resulting devices are less likely to fail and less
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ledSéS'ds 38 AFE hvade with B°conductive materia °S(icn &S aluminam fi\ﬁ copper
elemf@w)stil ¢S aicket (NN, gdle (Aa);, orsilverg (Ag), ahddre efectricallyntact
padscoj%necteed 1o téue circ&i}t eIemengug‘: rmed within_die 34. Cog%acggagﬁélg.are

fOHne%ﬁn/SS ?CNAD, 1Vve matFrla 1nudm

efaéctCrSR/tlc plating, or electro e’sssﬁiatlng process.
(Al) Duringrassenthly of DIR 245 semicondkietor die 34 igymiolintédito a carrier 138

(ag)Ysing & 9qld-siicop.suiectic)layer aradhesive. majerial sugh, as thepmal i

epoxy. The package body includes an insulative packaging material such as
formgelymiek bt eefbirmic3 €ondGetor iddsr40 are connectédtaedrriar 38Vand Wik,

elechnds 42 are.farmed, befyyeen leads 40.and canfactpads 36 of die 3488 a4
first level packaging. Encapsulant 44 is deposited over the package for
assembly of DIP 24, semiconductor die 34 is mounted to a carrier

38 using a gold-silicon eutectic layer or adhesive material such
as thermal epoxy. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
40 are connected to carrier 38 and wire bonds 42 are formed
between leads 40 and contact pads 36 of die 34 as a first level
packaging. Encapsulant 44 is deposited over the package for
environmental protection by preventing moisture and particles
from entering the package and contaminating die 34, contact pads
36, or wire bonds 42. DIP 24 is connected to PCB 12 by
inserting leads 40 into holes formed through PCB 12. Solder
material 46 is flowed around leads 40 and into the holes to
physically and electrically connect DIP 24 to PCB 12. Solder
material 46 can be any metal or electrically conductive
material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (Bi), and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic

Sn/Pb, high-lead, or lead-free.
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environmental protection by preventing moisture and particles from entering
the package and contaminating die 34, contact pads 36, or wire bonds 42.
DIP 24 is connected to PCB 12 by inserting leads 40 into holes formed
through PCB 12. Solder material 46 is flowed around leads 40 and into the

holes to gE)h%:lically and electrically connect DIP 24 to PCB 12. Solder
material 46%ardbe any WietaPdreledtitaiiFEontfictivé matdiidl, &4, spnted

on PleadiPb), At Gl Zine (i dismuthinites(Bik end-alleys thergot wth ayy
, reo;]gitional flux _material. For example, the solder material can be eutectic
Wl
S

B! nighfeadt of fad rdé L 1B FiE2 b ilstrates furthet YebFFSECs2 PCB

12 wienntedon REB 1. Semisandugtern dipaikisgongectesdaiaceadiet by rwie e

47 hbond style first level gc%cka 'ngé. BCC 22 is mounted to PCB 12 with a BCC
Syte Secondidvel pa Sgi?%. anficottiuttordie "4 7 hading tohtatt pads 73

undeisfmaunted cves aycarkteriusiaglaastinderfil o epaxy-sesin aghesivermatetial

. . Sem;chonductor die 47 includes an activg re(r:llion contaiTin analo
die clud ontaini alo

or,
igitélrl C|rCU|?sSimapqe%%n%e‘§a§ ggt%voendecwces, pasgﬁeacflewce : Con u%ﬁ&ea 1

circlayers, and diglectricdayersdotmen: withini semicaritiueioradie &7 iarekare
condBiEPUiGally Injetconnedied acsording (o the electriga) desion of the die. For

example, t e circlit may include one or more transistors, dlo&es, inductors,
semicgpabitors)resistors, archother eiredieetemeris formed-withinntirecactive
accolfgionotdiedt, Gonlactpads 4G aremade witha conductiye maleiglosuch e

as Al,Cu, Sn, Ni, Au, or Ag, and are electrically connected to the circuit
circglememy foredadithintie 47 . /Cortactpatsi4s arssformeddssPV DN aVE,ors ,

capalleeiolytic plating, or electrpless plating process. Wirg.bonrds 34 And Papdhin
the active region of die 47. Contact pads 48 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed within die
47. Contact pads 48 are formed by PVD, CVD, electrolytic
plating, or electroless plating process. Wire bonds 54 and bond
pads 56 and 58 electrically connect contact pads 48 of
semiconductor die 47 to contact pads 52 of BCC 22 forming the
first level packaging. Molding compound or encapsulant 60 is
deposited over semiconductor die 47, wire bonds 54, contact pads
48, and contact pads 52 to provide physical support and
electrical isolation for the device. Contact pads 64 are formed
over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other
suitable metal deposition process and are typically plated to
prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is
deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
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pads 56 and 58 electrically connect contact pads 48 of semiconductor die 47

to contact pads 52 of BCC 22 forming the first level packaging. Molding

compound or encapsulant 60 is deposited over semiconductor die 47, wire

bonds 54, contact pads 48, and contact pads 52 to provide physical support

~and electrical isolation for the device. Contact pads 64 are formed over a

whichyfdofPEBA P ILiAG tvaporatibh Celetriytic OPBnG, EIEctrELS BRALRGE 22
and $ergen printing, PVD, or other suitable metal deposition process and are

typically plated to prevent oxidation. Contact pads 64 electrically connect to

one or mBre ddhductive SRYALFHREES AT SORr Matéfalis Wepoditedce dovn
to chetween cohtactijiads 521 60i-BCRiz2? ang tentact pads 64c0f BEBKELG {he. BGA

.solder m ter%?l is reflowed to forrﬁ bumps 66 -12 which forrg mechanical

20" 18nd bledtrital chiinsition Betiwesh BCEDS hdPCBICNTFIS o
packsemicgnductor tiee1& ésyrmonnted face tdowwni te carrer I§ with aflid chip style

. firs%leve%%cka i .dBGA 20 js. attached.to PCB 12 with a BGA .style second
CcClrcul 1 cm as .ac ve evilices assive evices,
IeveISpac ging. Acfive region 70"con aining arialgg or %ilglta?1 circuits

condimplémentedyas activendevices, gassive devyeess donduetiver fayiers) and

semi.gzlggle &rlccclc%a]yeé?i@rmg(.ji\/\élthel escecmlfggq Ctori.gllt?elsclgnelg%tgggllyacco di to
interconnected according to the elecirica esign of the die. For exampjfe, th

the eitcuittmayaihclide ione erfmblestrdnsistors,diodesynimpductors eapacitorg,t may

1nc 18§15, apd ghercirculr elaments jormed within agtive. regign 79a(§ac_itors,
semiconductor die 18. Semiconductor die 18 is ‘electrically and mechanically

resigftacied rEArddh?s tirdugh at laedenantber b imtivdialtdontuetve gelder

reqiBWMPE of balls /8. Selderbymps Z8-ase formed pvelhimppagdsorig ;5
Interconnect sites
electrically and mechanically attached to carrier 76 through a

large number of individual conductive solder bumps or balls 78.
Solder bumps 78 are formed over bump pads or interconnect sites
80, which are disposed on active region 70. Bump pads 80 are
made with a conductive material, such as Al, Cu, Sn, Ni, Au, or
Ag, and are electrically connected to the circuit elements
formed in active region 70. Bump pads 80 are formed by PVD,
CVD, electrolytic plating, or electroless plating process.
Solder bumps 78 are electrically and mechanically connected to
contact pads or interconnect sites 82 on carrier 76 by a solder
reflow process.

BGA 20 is electrically and mechanically attached to
PCB 12 by a large number of individual conductive solder bumps
or balls 86. The solder bumps are formed over bump pads or
interconnect sites 84. The bump pads 84 are electrically
connected to interconnect sites 82 through conductive lines 90
routed through carrier 76. Contact pads 88 are formed over a

surface of PCB 12 using evaporation, electrolytic plating,
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80, which are disposed on active region 70. Bump pads 80 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are electrically
connected to the circuit elements formed in active region 70. Bump pads 80
are formed by PVD, CVD, electrolytic plating, or electroless plating process.
Solder bumps 78 are electrically and mechanically connected to contact

elechzdd Gemtsttahned siteS B2%h Bartier 78Dy & ¥BldeP bW Process: BGA
met a0 ieeglestricaby apd saechanically attached 10 RCB 121 by adargs pirabenef

individual conductive solder bumps or balls 86. The solder bumps are

X 10am3t over Bl padsor ifteréohnett dités 84, TiBamp pals B afyr more

condeleetrically icpnnecteckiodBtereannerh sites 82 shroughicondactive:lines 90

1 routed hlrou h carrier 76. Con alg pads 88 are?{ormed over a surfa}Fce of PCB
elects hgﬁ’nﬁg é’va%% a i SREt o ticpISY. S T3 Blectrol&sd Mafifg Retrée? ™
bondpiintingg Y B,0rcathecsuitableynetat depesitiar placess anmdeare typidallyiing

plateog tg rprgvent ol>§LPatlgn.9 ontact gads 8@ eeéectrlcally connect to one or

COMPRIGIS conduciive Signal traces 14, The Soider bumps B6°are sledirically and ©

18 améchamicaly cortneuted toeantactpads or bosdimgopadsa88 on RCB 1 Pda/la
i 50159181 reflow progess. Malding comnpyind orencapsylant. Bz s deposiied ..
over semiconductor die’ 18 and carrier 76 to pro?n e physical support and

proveléetrical ssulatiorefor the devite cPhe fiip-dlvip seaticorfdustortdavicect ive

deviROViIdes ashart sleetrical copduction path from the aglive. deviees i pep 12
semiconductor die 18 to conduction tracks on PCB 12 in order to reduce

in ogigaal fropagaticiedistarivel lovwere egpaciance Lad improvéoverall circuit

capaE%r{%rH&?é‘,C”eaH?j angther.embodiment, the,semiconductor dig 18.can be
mecnanically
another embodiment, the semiconductor die 18 can be mechanically

and electrically attached directly to PCB 12 using flip chip
style first level packaging without carrier 76.

FIGs. 3a-31 illustrate a process of forming a vertical
(z-direction) interconnect structure for a fan-out wafer level
chip scale package (FO-WLCSP). 1In FIG. 3a, a sacrificial wafer-
form substrate or carrier 100 contains dummy or sacrificial base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low—cost, rigid material or bulk semiconductor material for
structural support. In one embodiment carrier 100 is 20.3
centimeters (cm) in diameter. An optional interface layer can
be formed over carrier 100 as a temporary bonding film or etch-
stop layer.

A conductive layer 102 is formed in individual
portions or sections over a top surface of carrier 100 using a
deposition and patterning process. Conductive layer 102 is

formed using PVD, CVD, sputtering, electrolytic plating,
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and electrically attached directly to PCB 12 using flip chip style first level
packaging without carrier 76. FIGs. 3a-31 illustrate a process of forming a
vertical (z-direction) interconnect structure for a fan-out wafer level chip
scale package (FO-WLCSP). In FIG. 3a, a sacrificial wafer- form substrate or
carrier 100 contains dummy or sacrificial base material such as silicon,

e LechgIgnie? Spdlymer BBmposits Shetal” cerdiit, §iass dlass BFoRY, BEmfgnt1on
proce@¥de, orethensuitahie llayecostoigid matsdalerdwlk seaicondugtors of Al,
material for structural support. In one embodiment carrier 100 is 20.3 ,

Cur - Cattimeterdtem) A didhetdr &R dptiohaRinterfate Jayer-éan heTBHHES bvEr
mategdraer 10Q1as a temparanshording fibn or efche stop tayet.dA tanductive2 can
layer 102 is formed in individual. portions or_sections over a top surface of
be e EEEF 160 g s HHbsHor AP DA procEss ondi AR ey 103 €he
des iignfarmedfusing PMD,GVDhsputtering, etectrotyticdlating, sbaelgetroteissns of
lating process, o er suitable metal deposition .process. Conductive layer
cond S By re o AC Gl RN ALG, B ooy LA
layeelectiigally conductivep erateérial. The adividualegpbrionisief-canduztive layE 102
can 2 2301 eleglrically sommon ot plegiically jsolated depending,an e, o
esign and function of the ‘semiconductor die. Some portions of conductive
and |agerl102 opefdte as areweder buhg neetbkization layer(UBM)torrimarip padr
carriotjatenformed:solderbumps. UBM 102, canbe.a mylti-metal Stack With s ge
adhesion layer, barrier layer, and seed or wetting layer. The adhesion layer
(TiNjs fotmédovem caniarstonor (iktdffaceAayercand-earpbe i, titamium niftide

baerQNLf&@@yﬁwy“98¥%@3“g%é¥’Qﬁeh%EMQQH@Hligy%r and can be made

of Ni, nickel vanadium (NiV), platinum (Pt), palladium (Pd),

TiW, or chromium copper (CrCu). The barrier layer inhibits the
diffusion of Cu into the active area of the die. The seed layer
can be Cu, Ni, NiV, Au, or Al. The seed layer is formed over

the barrier layer and acts as an intermediate conductive layer
for the subsequent solder bumps or other interconnect structure.
In one embodiment, UBM 102 contains multiple layers of
selectively plated Ni/Au, Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their
combination. UBM 102 provides a low resistive interconnect, as
well as a barrier to solder diffusion and seed layer for solder
wettability.

An electrically conductive solder material is
deposited over conductive layer 102 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For

example, the solder material can be eutectic Sn/Pb, high-lead,
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barrier layer is formed over the adhesion layer and can be made of Ni, nickel
vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or chromium copper
(CrCu). The barrier layer inhibits the diffusion of Cu into the active area of
the die. The seed layer can be Cu, Ni, NiV, Au, or Al. The seed layer is
formed over the barrier layer and acts as an intermediate conductive layer

or It thd E66sequEnt sEfIETF BN S other ihfereGAnetiStrubiiré St ong the
mat e@MPodimente UBM 102 containg puitiple dayess af selectivelyiplatediNi/Au,
Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination, UBM 102 provides a low
PumPysidiive intefeotibet, HP wefiHs & Barriet 10 $oide Withision and &6ed feyer e
a sectosselder mwettabilitypAb-electiealyrcanductive selsler matedalds cdepositedyer
10 OVer ofgduc ive Iag/erfJ{ 2 using an evaporation, elecérolvytic ,Iatjﬁg_]g, ~
elecftoféss pfatifi® ball ardps Brecréen Printing Process’ The softier riaterial
direcan be ahytmetabonetectrdcallycondrictive materialpbe.gt,cSmeNi, &ueAg, Pb,
dBié and alioéys theitebozf, WitIEl4a to.pti nal flux ma%erial.lFor eé?hn;gle, tra% solder
O atenal canbe eutettic Sn ,]h?g e—le%%@l§or Fe%d(-jf?é:e. & ssolg*ler
incrmateridl issrefloweddny heatingnther nrateral abovedtsimelting Point to form

i c3RNSficaLballs or, bumps 104, 19 some pplicatigns, solder bups 104 gre
reflowed a second time to improve electrical contact to conductive ayer

pil13@2.,Seldedbimps 104irepresentipne typeothartiedlc zLditectibn

i ntelfterconnect structure that can be formed over conductive layer 102. Multiple
rows of solder bumps 104 increase the z-direction interconnect capacity. The
interconhdét stréletuib @an alsaasé borid wirks: EoAductivecpillads, stid!) 105

depogqmgd”wyggngg%f¥é¥h§@@?C%@ﬁhuctive layer 102, and around

solder bumps 104 using spin coating, dispensing, or lamination.
NFM 105 can be an epoxy resin having a high coefficient of
thermal expansion (CTE) and high glass transition temperature.
US patents 6,180,696 and 6794761 describe other suitable no-flow
underfill material and are incorporated herein by reference.

The volume deposition of NFM 105 is controlled to a thickness
that covers a major portion of solder bumps 104 and exposes the
remainder of the solder bumps.

In FIG. 3¢, semiconductor die 106 are mounted over
carrier 100 with contact pads 107 electrically contacting
conductive layer 102 using solder, micro bumps, or other
electrical interconnect. Semiconductor die 106 are compressed
under force into NFM 105, e.g., using thermal compression
bonding or ultrasonic bonding, to form a compression bond to
carrier 100. Solder micro bumps are reflowed to electrically
connect contact pads 107 to conductive layer 102, while
simultaneously fluxing and polymerization of no flow underfill

material 105. Semiconductor die 106 each include a substrate
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interconnect. FIG. 3b shows a no-flow underfill material (NFM) 105
deposited over carrier 100, conductive layer 102, and around solder bumps
104 using spin coating, dispensing, or lamination. NFM 105 can be an epoxy
resin having a high coefficient of thermal expansion (CIE) and high glass
__transition temperature. US patents 6,180,696 and 6794761 describe other
W1thsgtapte hoMfow HmterilGnatetial aRd afe idofporatét-Aerei by téfererice.

implEherekine depesitior ohAM2Q5 ipeeniialledie-p thickness nitateqvess a
major portion of solder bumps 104 and exposes the remainder of the solder
Layepimpslh FIES SeCEemiconttittor did 166 Ard hdtited BYer tanfEt100 with
elecearitaatipadsi K 2 elestrically santacting daenguctive tayes 1821isirg soldek i gn
icro bumps, or other electrical interconnect. Semiconductor die 106 are

2nd. QRS Fek Rl A nddtTorkinto NEM T08"E 4 ushiFtrerhar edmpiksigh 1 ne
one baendibgeor uttrasonicthanding,itodersn aacampreassiondiond tot carriend 00s
£ornSgler micto bymps are reflowed.o clegirically, conneet contact pads 107,(0
conductive Iayersloi, while smu?taneouﬁy:fu%ng an pglymeri ation of o
ba s eftewm dindedillt aaterial @05t Senscanductorddig 1106leachoinellde eosulsstrate

(D SP-)1,6. vr}{iéh n a,cti\é% region cogiiai%igg an]g(ljgc%grs qilgitalccliq:cgits tirnplemented as
active devices, passive drewce%, conéjuctlve Iayelgs, and oﬁe]ﬂectrlc layers
Semifppmedatithin the dieCandnatectricallydnteresnnectéd acedrdihgtatheve
deviglestricabdesign and function of the die. For example, the gircyit may include ¢

one or more transistors, diodes, and other circuit elements formed within its
radigctivessiifatemo (Mplenméstianal & eitQuiisiog basdbarmhdighitalcirouits dsush t ,

a di@%QE@@'§SHQU%£@€S%¥n be mounted over carrier 100 and

electrically connected to conductive layer 102. Semiconductor

S Or

die 106 can be flipchip-type die or other semiconductor die
without bumps.

In an alternate embodiment to the structure shown in
FIGs. 3b and 3¢, semiconductor die 108 are mounted over carrier
100 with contact pads 109 electrically contacting conductive
layer 102 using solder, micro bumps, or other electrical
interconnect, as shown in FIG. 3d. Semiconductor die 108 each
include a substrate with an active region 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 its active surface to implement analog
circuits or baseband digital circuits, such as DSP, memory, Or
other signal processing circuit. Semiconductor die 108 may also

contain IPD, such as inductors, capacitors, and resistors, for
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(DSP), memory, or other signal processing circuit. Semiconductor die 106

may also contain integrated passive devices (IPD), such as inductors,

capacitors, and resistors, for radio frequency (RF) signal processing. In

another embodiment, a discrete component can be mounted over carrier 100

and electrically connected to conductive layer 102. Semiconductor die 106
RE sdgiiBé figchizfipeidie or other semiconductor die without bumps. In an

alternaterembodinestde the streetseg showR i 51l Gee 38 angl Impound 110

semiconductor die 108 are mounted over carrier. 100 with contact pads 109
depogutfritafly onfatting eonddctiveC Y $62 (intfdider: MicraBiimps oo A
soldethepelgstricad 4ntescennect ;assshownr imEan3d. &eimpicenducter gie1tl8 g,
rant ch incl %e a substrate, \qith an activ? region containing analo%}?/ﬁe di itaIt ,

rang c?ﬁts%% eented a8 Active devicas, paSsile tavitds, Eandutt 6‘1“&%8%, Hoty
or oahe dietecttie layers forinedawithin the dies @ndlelectrically intercorneciégmer
comp2rding fo the electrical, design and function,of the die. For example, the
Péircuit may include’one or more fransistors, diodes, and ojtﬂier Gitcuit 7 =Y
acryélerents formedlwithin itsragbive sueface 1o imphleoyent ahaloige circhitss’ang
aseband digital circuits, h.as-DSP..memary, or other signal processing

circuit. Se el%gﬁ(?usctgrsdie 1 sli'fgy aIsTogneco\rqtoaj?';l]lIﬂf?D,é e&%sgg: ﬁoouct%%rss,
encagapacitors, Bhd resistorstfor L1 RFsignaltirocéssing. FliG Besstiows=ana top
port§aGARSHIant of molding compound 110 deposited over cargier 100, ¢

conductive layer 102, and around solder bumps 104 using a paste printing,
encaggmprsssivelifolding; strarstér hiolding Slicilid eticaysttgstsmolirg ragaum

so1d@minatien, qnother guitaple applicater Encapsulant 410 cap he-polymer

environmentally protects the semiconductor device from external

simi

elements and contaminants.

After the process described in FIGs. 3b-3c or the
process described in FIGs. 3d-3e, NFM 105 (or encapsulant 110)
is cured and hardened in FIG. 3f. Semiconductor die 106 (or
semiconductor die 108) and solder bumps 104 extend above NFM 105
(or encapsulant 110), as shown in FIG. 3f. NFM 105 (or
encapsulant 110) eliminates the need for wafer level molding as
found in the prior art. The remainder of the description
relates to FIGs. 3b-3c, although the process and structure shown
in FIGs. 3d-3e are understood.

In FIG. 39, a grinder 112 removes a portion of NFM
105, solder bumps 104, and a back surface of semiconductor die
106 to create a planar surface. Alternatively, the portion of
NFM 105, solder bumps 104, and back surface of semiconductor die
106 can be removed by chemical etching, mechanical peel-off, or
CMP.

In FIG. 3h, a topside build-up interconnect structure
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composite material, such as epoxy resin with filler, epoxy acrylate with filler,
or polymer with proper filler, having similar properties as NFM 105. The
volume deposition of encapsulant 110 is controlled to a thickness that
exposes a top portion of solder bumps 104. Alternatively, a portion of
enca%i:ﬂant 110 is removed by an etching process to expose solder bumps

114 164 orcpsurant 4 1855 ndAonBaciirr akd BtvirbRfrertafy proteds mictor
die seypicondyetopdevigedfom extaraah glemenis andcontaminanis, Aftesdke an
, process described in FIGs. 3b-3c or the process described in FIGs. 3d-3e,
insulefql 165 6 &tapsuRnt $10) 38 Sarebland RATdRhRY A FI&S3pT more
1ayebemigongiuctar ghe d.06 tersenseamucteridie dO8) and:sotter banysi104
.. .extend aboye NFM 105. (or encapsulant 110), as shown in FIG. 3f. NFM 105
114 R A0 SNt T AR A TERACS b TR
oxidthe (prior@. ,Therremdirdemaftthe deschptiom gelatesitodx1Gsn3h43¢; ing and
‘ althou thecproc ss and stfgctur.e sh wn .in FIGs. 3d-3e re under%tood. I(g\
SEIUE(GSE, a%”nﬁ’a%ﬁﬂ%srémove% a portion of NF ai’ﬁésso@er Bumps 204,
us 1ingnddback\gurface of semiconductoraie ti06yto createya plertar syrfagséntering

or tﬁletermaaiiv%lggit etplortion of NFM 105, solder bumps 104, and back surface of

semiconductor die 105 can be removed by chemical etching, mechanical
peel-off, BreCMR 4n G b8h lal topsidenbeild-ap istercofireststrurcturel 418

FurthEH IS OImgd over NFM 100, solden bunps 104, apd semieonductor: dig,106.;

The build-up interconnect structure 114 includes an insulating or passivation
insuhyei 196 £ohiining Dneribore I/eks bhsilicoR dibxtRPSIOR), Silidonocess .

Condﬁ@%%%gﬁ§§§br 118 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 118 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. A portion of insulating layer
116 is removed by an etching process to expose conductive layer
118. One portion of conductive layer 118 electrically connects
to solder bumps 104. Other portions of conductive layer 118 can
be electrically common or electrically isolated depending on the
design and function of the semiconductor device.

In FIG. 3i, a sacrificial wafer-form substrate or
carrier 120 is formed over build-up interconnect structure 114.
Carrier 120 contains dummy or sacrificial base material such as
silicon, polymer, polymer composite, metal, ceramic, glass,
glass epoxy, beryllium oxide, or other suitable low-cost, rigid
material or bulk semiconductor material for structural support.
An optional interface layer can be formed between carrier 120
and build-up interconnect structure 114 as a temporary bonding

film or etch-stop layer.
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silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide
(A1203), or other material having similar insulating and structural properties.
The insulating layers 116 are formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. The topside build-up
interconnect structure 114 further includes an electrically conductive layer
118 formied i fhsufdingayer'es ddifg %Watfé‘?ﬁih@“ﬁ% dépdsitioe  taver
are PHIEESSACopdustivelayer $18is fosmeddising PYDL G2 1spittteringyp,
electrolytic plating, electroless plating process, or other suitable metal

meChgiyGditforPprotess Soliictile layer s d&vhe SiEBriite I18/erd 6FAl,
stricuieoy, Ni,The Ag snather suitable;electricallycondustive matedal. Auild-up

, ortion of insulating layer is removed by an etching process to expose .
it cBITGE ek “TES Kond partih O CoNTe Uyl T GiectRElh maset i ve
layeeonrnects de sotderbumpsI0A. Gther potionswf conductiveclayerih® can

be electrically comman or electrically isalated depending on the design a

T the SR UGt HaEd e 5, B SRR Wler e 126
contsuibstrage onecarriem®2@ islfoyrmed over Build-up $nterconnecostrudta o hls.

w1205t 120 contains dury o1 sagifical bas. material sy s slion,
polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium

stru@kide,édr cthepsuitabie low-Ebst, iigiw_maiie_rial draldk semidormuetgrormed
usinfasral f@v%{““%%@é‘i@%o,”-séE§988Q@'i'956,ffa§8£§¥efc%a££% IMEt oring

between carrier 120 and build-up interconnect structure 114 as atemporary
or thendiag filmicledtthstop layer. -19 In FIG. 3j, carrier 100 and optional

interfaceriayer, are femaved by chemical efching. maehanicalpeel-off CMP.4

further includes an electrically conductive layer 128 formed in
insulating layers 126 using a patterning and deposition process.
Conductive layer 128 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 128 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. A portion of insulating layer
126 is removed by an etching process to expose conductive layer
128. One portion of conductive layer 128 electrically connects
to solder bumps 104, conductive layer 102, and contact pads 107
of semiconductor die 106. Other portions of conductive layer
128 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device.

The conductive layers and insulating layers in build-
up interconnect structures 114 and 124 can form one or more
IPDs. For example, an insulating layer between two conductive

layers can be a metal-insulator-metal (MIM) capacitor. Other
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mechanical grinding, thermal bake, laser scanning, or wet stripping. The

assembly is inverted and a bottom-side build-up interconnect structure 124 is

formed over NFM 105 and conductive layer 102, as shown in FIG. 3k. The

build-up interconnect structure 124 includes an insulating or passivation

layer 126 containing one or more layers of SiO2, Si3N4, SiON, Ta205,
condy$963 or GtHEr atetial Ravifg SihilaFinSaitiAg ahdl Bitactural ProperiBg oduce

or ekhensulginglayerssk2aaresformadudsing PVDR, @¥P;i prntiRg, 1Spircoating,
spray coating, sintering or thermal oxidation. The bottom-side build-u
215 OinpschAREGR Sttittute 129 turtherinclidés & eisttically dontbEfive &%r and
124 12%formedsinyinsulatingdayers 26 using aijpatterningranddepositivny, or
J procegs._ Conductive layer 128 is formed using PVD, CVD, sputtering,
OPegieRitoltiE blating” electroless plating process, or other suitable metal
depositiarmprocess. Cenductvedayerti?28-edn beaaneoemose layersaotAkd for
11nCU 00 N AL Ag, 07 other sutable  electrically conductive material, A_
g porjfioﬁ of iInsulatir g layer 196558 rémoved %y an etcﬁing prbcessq 0 gxpose
filteanductive tayses s128. 0re portionnof-gondsictivie layer 128 electtically Hi-0

connects. tg Ssglder bumps 104 condu%ti\ée Ig}ygr 102 aoﬁwdccontact p%ds 107

TS0 0 semicondictor die 106. Other porfions of condlctive layer 128 canbe -~

The électricaly commuredr electrically isofated IdepertingBn thewdesigntand which
can iction of the.semiconductor device, The condugtive. layers and insulgting ;pp,

. layers in build- up interconnect structures 114 and 124 can form one or more
induPrpy, Forexample bambsbting layerdsetwesiewe condactiver |ees @aang up

to 1%%adﬂ%ﬁ%@?%@ﬁopﬁﬁﬂgdﬁ@NQﬁBP?QQ%igﬁggr%@ltiple baluns are
formed over a same substrate, allowing multi-band operation.

For example, two or more baluns are used in a quad-band for
mobile phones or other global system for mobile (GSM)
communications, each balun dedicated for a frequency band of
operation of the guad-band device. A typical RF system requires
multiple IPDs and other high frequency circuits in one or more
semiconductor packages to perform the necessary electrical
functions.

An electrically conductive solder material is
deposited over conductive layer 128 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or

bumps 130. In some applications, solder bumps 130 are reflowed
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conductive layers can be wound or coiled in plan-view to produce or exhibit
properties of an inductor. A resistive layer can also be formed within build-up
interconnect structures 114 and 124 from TaxSiy or other metal silicides,
TaN, NiCr, TiN, or doped poly-silicon. The IPDs provide electrical
characteristics needed for high frequency]a/l applications, such as resonators,

2 SehighYdssMfilters, IHMRPpASE ilters Chand:pass e EymetRe fite) T8Sonante™
128 . transforBersymaiehing netwerkssand tWieg eapacikrs.i Thed PBsreancbe
used as front-end wireless RF components, which can be positioned
Strugsiveen'tha antéiha’and FahSCeivdrs TheIPDH fiduttor'éatfbe ati-Q baftm,
intetransfoaner, of cad,taperating up 1@l Q0 6igaheitzy in-semexapplications,
multiple baluns are formed over a same substrate, allowin ljDm(%lti-band
a -

G SSIAN For XAIPE W oP Moré baflind aré tiSee if b diadzBahd for™ Other

elecmobite phones or othes gtabal system for mobile (GSM) communications,

each balyn dedicated for a frequency band of. operation of the quad-b
ovice, A GeA B Syt ity fainre (D0 Angoter thols RanaAgy ©

lasecircuitstin opedzrvmore séticonductorqiackdges teperformmthe-hecessanyi ces

134,elggtriscgl function&égzegﬁctrically conductive solder material is deposited

OwIl . 11 .. . . .
over conductive layer using an evaporation, electrolytic plating,

electroless @latihgs baly drq@,rmtcs@re:érptmmting msl$ﬁe @f)l’dﬁr material
sing®ALPe any metal gr electrically,conductive material; 9.3, Niy Al AGy FBe o+

Bi, and alloys thereof, with an optional flux material. For example, the solder
betwrrreriatRande éuteeticcSn/P; hightlicedt; var leéad-$reel The zoltlér phateriabisde

int hEfowed y heating the maferjal abeve itg,pelfing pointite form spherical e ct
is f%?kgg.in no-flow underfill material to simplify the
manufacturing process and reduce costs. Conductive layer 118
electrically connects through solder bumps 104 to conductive
layers 102 and 128 and contact pads 107 of semiconductor die
106.

FIG. 5 shows stacked semiconductor packages 134.
Solder bumps 104 provide z-direction interconnect between
topside interconnect build-up layer 114 and bottom-side
interconnect build-up layer 124. Conductive layer 118
electrically connects through solder bumps 104 to conductive
layers 102 and 128 and contact pads 107 of semiconductor die 106
of each semiconductor package 134.

In FIG. 6, a semiconductor die 140 is mounted to
build-up interconnect structure 114. Solder bumps 142
electrically connect contact pads 144 of semiconductor die 140
to conductive layer 118. An underfill material 146, such as an
epoxy resin having proper rheological and insulating properties,

is deposited beneath semiconductor die 140 for stress relief and
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bumps 130. In some applications, solder bumps 130 are reflowed -21 a
second time to improve electrical contact to conductive layer 128. Solder
bumps 130 represent one type of interconnect structure that can be formed
over conductive layer 128. The interconnect structure can also use bond
wires, 3-D interconnects, conductive paste, stud bump, micro bump, or other
PreveRetitdl ntee8Ane@t semiconduttti'di® 108 Siré $heifsted WithF'satw blade
int @k dases cuttingrdemies 432 inta individuakseynispnductor devises i34, as
, shown in FIG. 31. FIG. 4 shows semiconductor package 134 after ,
IntegRgiaton. §8|‘a@?8Bm’i)%“fdﬁoﬁ%k}fa‘éoidﬁé&ioﬁ#i%t@r%nr?eeé?lﬁ&()\%%ﬁtOr die
106 .topsige istescannect buddmpdayer-kl4rand botteamsideniterecomnette 140 are
build-up layer 124. The z-direction jnterconnect is formed in_no-flow underfill
zout RS mETECARG rOCREEamy P cb st St tve
bui llayepl18 telecisicaly-connects throegh solktles bamps4l,04ktodcanshictive pads
layers 102 and 128 and contact pads 107_of semiconductor die, 106. FIG. 5
107 B o St d it pkoged 193 Bt BB 104 praviie
z-directioth interconrectrbetween etopsidlenintercornect bailgupdayer litdvand ion
bottom-side interconnect build-up layer,124. Conductive layer 118 .
havee e%terféaﬁ(}eélolﬁné:catost?rﬁoﬁahdsd%tjdgelr hrr%lselg tloflggr(ljllduacﬁ\é/%sl%l?e%lfolz and
appri28 and contdct pads 107 a0f senticemductoradic A060nBedch sémiconductor
emboPaGkage1 34, In FIG, 8. semiconductor die 140 4s mounted;to buldip, ¢ e
interconnect structure 114. Solder bumps 142 electrically connect contact
presgads 14y ohsemiconslueidr dfe@140 in the following claims.
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to conductive layer 118. An underfill material 146, such as an epoxy resin
having proper rheological and insulating properties, is deposited beneath
semiconductor die 140 for stress relief and -22 preventing contamination.
Solder bumps 104 and build-up interconnect structures 114 and 124 provide
z-direction interconnect between semiconductor die 140 and semiconductor
die 106. The electrical components<WRtRSemiconductor die 140 are routed
through contact pads 144, solder bumps 142 and 104, build-up interconnect
structures 114 and 124, and contact pads 107 to the electrical components
WhatofSarfiitdndGétor die 106. While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan will appreciate
that maodifications and adaptations to those embodiments may be made

f
L. Wﬁh&?tt%eop rfifg Bt the Stope bf the Present invention as SEFoHR 1A HHe
folewingidlaims -23 laimsa Whatiis ciaimedr 11 Amethod of making a

S iconductorgevicg, comprisi 9: é)rtividin]g a first s% rific%al carrier; form%'n%.
.ortmlna a,. lFS con HC{’; A aye over T e 1rs{r. Sé.C? 1tial

a%ws conductive Tayer over the first sacrificial carrier; forming a first solder

carrbemp over the first conductive layer; depositing a no-flow underfill material

oyer the first. saqrificial carier, first conduetive Javer, and first solder bymp:
compress%g a first semiconductor die or component into the no-flow underfil

layematerial to electrically contact the first

depositing a no-flow underfill material over the first
sacrificial carrier, first conductive layer, and first solder
bump;

compressing a first semiconductor die or component into the
no-flow underfill material to electrically contact the first
conductive layer;

planarizing a first surface of the no-flow underfill
material and first solder bump;

forming a first interconnect structure over the first
surface of the no-flow underfill material, the first
interconnect structure being electrically connected to the first
solder bump;

mounting a second sacrificial carrier over the first
interconnect structure;

removing the first sacrificial carrier;

forming a second interconnect structure over a second
surface of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being
electrically connected to the first solder bump, first
interconnect structure, and first semiconductor die or

component; and
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conductive layer; planarizing a first surface of the no-flow underfill material
and first solder bump; forming a first interconnect structure over the first
surface of the no-flow underfill material, the first interconnect structure being
electrically connected to the first solder bump; mounting a second sacrificial
carrier over the first interconnect structure; removing the first sacrificial

c&ITFBR ForHing i e MteteGhnect Stritturé oveFa second surface of the
no-flow underfill material opposite the first interconnect structure, the second
interconnect structure being electrically connected to the first solder bump,
2+ firkPSnfarddH et Stradtre” and fIreEEEmiohdhltbr die G chmpoheRt afacend
int eZdoiemroving theusecons sacsificiakearrier. 2. The method of claim 1, wherein
forming the first or second interconnect structure includes: _planarizing the
wolbh R i S g L

S Surface Do thE ndSiow dndarill*matétal: Formihg d firdf inkl

matetldayen gver the no-flow underfill material, forming a second conductive layer

over the fistinsulating Jayer, the.second conduclive |ayer peingelecticall. ;

connected to thé Tirst solder bump; and forming a second soldéer bump over
matethieadecond conductive layer. 3. The method of claim 1, wherein the first or

S é¥%&ng a second conductive layer over the first insulating
layer, the second conductive layer being electrically connected
to the first solder bump; and

forming a second solder bump over the second conductive

layer.

3. The method of claim 1, wherein the first or second

interconnect structure includes an integrated passive device.

4. The method of claim 1, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through
the first and second interconnect structures and first solder

bump.

5. The method of claim 1, further including:

mounting a second semiconductor die over the first
interconnect structure; and

electrically connecting the second semiconductor die to the
first semiconductor die or component through the first and

second interconnect structures and first solder bump.
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interconnect structure includes an integrated passive device. 4. The method
of claim 1, further including: stacking a plurality of semiconductor devices;
and electrically connecting the semiconductor devices through the first and
second interconnect structures and first solder bump. 5. The method of claim
1, further including: mounting a second semiconductor die over the first

6. inferBhhéct strtichtité; and 8letfitaiy RORREEng e setontd ¥BRticSdtttor

digrtethe ifitgt semicepductgr dieser;,component through the first and second
interconnect structures and first solder bump. -25 6. A method of making a

sermidBhbctdr detite S ComBhsing - proviaimg first BHfrier formifigra tie First
carrz-girection interconnect structure over the first carrier; depositing a no-flow

underfill material over the first carrier.and z-direction jnterconnect structure;

it v prdotlpbiiatinllsdb i boi sty e v
car rinaterialdand-torming a dinstintesearnect structureroverra first surface of the

no-flow underfill mat%rial, Lche first.intergonnect %Fr.ucture bein eIectricaIIX
com %f?lﬁ% a 1rs s%mlcon uc%or 1le o? compon n% to. the
connected to z-diréction interconnect structure. 7. Thé method of claim 6,

no-ffusthen motuding plamarizing=d ;suxfage of the no-flow underfill material and

z-giregtion, inferconnect srucure, 8, Thepelnod of 6. fyrtpet ineuding .

a Lirs .

mountlng % seconé carrier over the first interconnect
of the no-flow underfill material, the first interconnect
structure being electrically connected to the z-direction

interconnect structure.

7. The method of claim 6, further including planarizing a
surface of the no-flow underfill material and z-direction

interconnect structure.

8. The method of claim 6, further including:

mounting a second carrier over the first interconnect
structure;

removing the first carrier;

forming a second interconnect structure over a second side
of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being
electrically connected to the z-direction interconnect
structure; and

removing the second carrier.

9. The method of claim 6, wherein forming the first

interconnect structure includes:
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structure; removing the first carrier; forming a second interconnect structure
over a second side of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being electrically
connected to the z-direction interconnect structure; and removing the second
carrier. 9. The method of claim 6, wherein forming the first interconnect ,
StrEGre ThcRidesT 26 folmihtya fifdd instiiating a§ér 606 the nblffsiv uhdertili -
matematarialzanrd forming a second conductive layer over the first insulating
layer, the second conductive layer being electrically connected to the ,
z-%{i%@%]rg intereBhRBE strUetret iﬁﬁﬂéﬁ%héﬁf of ciit 6 whiteinthie fifdt "9
1 ayeinfercaeneeicstrdcturenincltees anliategratedipasse/esdavice: a1l sFheonnected
ethod of claim 6, further includin%: stackinﬁ% a plurality of semiconductor

L0 tiSvides And elsetricaly TohRBEINY the dehicohductor devices through the

z-direction interconnect structure. 12. The method of claim 6, further

10. Inluding: mounting & second semiconductoy die guer.fhe frst. interconnect
structure; and electrically conn’ec%fng e Second semiconductor die to the

strufirstsemicontudtos dieror carmponerithroughithe zidivection interconnect
structure. 13. The method of claim 6, wherein the z-direction interconnect

structure includes a solder bump.
11. The method of claim 6, further including:

stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through

the z-direction interconnect structure.

12. The method of claim 6, further including:

mounting a second semiconductor die over the first
interconnect structure; and

electrically connecting the second semiconductor die to the
first semiconductor die or component through the z-direction

interconnect structure.

13. The method of claim 6, wherein the z-direction interconnect

structure includes a solder bump.

14. A method of making a semiconductor device, comprising:
providing a first carrier;
forming a z-direction interconnect structure over the first
carrier;
depositing an encapsulant over the first carrier and z-

direction interconnect structure;
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14. A method of making a semiconductor device, comprising: providing a
first carrier; forming a z-direction interconnect structure over the first carrier;
depositing an encapsulant over the first carrier and z- direction interconnect
structure; -27 compressing a first semiconductor die or component into the
encapsulant; and forming a first interconnect structure over a first surface of
thHeCBHtapSalnE the fitstIhtefEoniect sitaétife BemgCEleChidany ebhnected the

encaldsthez-diyection interconnect structure. 15. The method of claim 14, wherein
the encapsulant includes a no-flow underfill material. 16. The method of
clafth 14 flrthet ticilding prafariziigs Sirfdtedftfie @htapsuldntaid Surface

of tzdireaticmintergnnneetihstruatuee. 1im Toedveathodtof etaitnct4, furtherng
including: mounting a second carrier over the first interconnect structure;

e LeCldhadiing Ine AT CRME formirera SSEard FideBnAlorERE Bver a

strusecond.side of the encapsulant opposite the first interconnect structure, the
second interconnect structure being electrically connected to the z-direction
interconnect structure; and removing the second carrier. 18. The method of

15. claime Idewherein fthefiest intékconmbetr stroctune inohydgssan mtégratedl udes a

no—gRassive device. 19. The method of claim 14, further including:

16. The method of claim 14, further including planarizing a
surface of the encapsulant and z-direction interconnect

structure.

17. The method of claim 14, further including:

mounting a second carrier over the first interconnect
structure;

removing the first carrier;

forming a second interconnect structure over a second side
of the encapsulant opposite the first interconnect structure,
the second interconnect structure being electrically connected
to the z-direction interconnect structure; and

removing the second carrier.

18. The method of claim 14, wherein the first interconnect

structure includes an integrated passive device.

19. The method of claim 14, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through

the z-direction interconnect structure.
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stacking a plurality of semiconductor devices; and electrically connecting the
semiconductor devices through the z-direction interconnect structure. -28 20.
The method of claim 14, wherein the z-direction interconnect structure
includes a solder bump. 21. A semiconductor device, comprising: a first
conductive layer; forming a z-direction interconnect structure over the first
conductive layer; a no-flow underfill material deposited over the first

20. canductive tayer andzrdirection, iniereernect structurg;ia Hest semiconductor

, die or component compressed into the no-flow underfill material; and a first

1Nt S G RB e Ct S U 6rmed GVESS fifst GG STHHE no-flow underfill
material, the first interconnect structure being electrically connected to the
z-directign intercaonnect strycture. 22. The semiconductor device of claim 21,

2L iR THORGdIRgG 3" S&cshd intértofind&t strtictt#é formed over a second side

ofsthe i neflowounderfill materalcapposite the first interconnect structure, the

second.interconnect structure being electricalé\é canectted to the z-direé:tio?.

. forming .a,z—dire n i1nterconne stru re over, the irst

in erconneqct structure. % .J‘ane semlcon%uctor device o? craim 51, wherein
condthetfirst intescennect structure includes an integrated passive device. 24.

The I§8r_n£(_‘loonmtijultl:rtloc[edre%/l%lofmcall%lén 21 wherein the 7z dlrectlogﬂrételgconnect

oslted Ove ST
structure includes a solder bump. 25 The sémiconductor device of claim 21,

condfuethey includirg aapliralityl of stacked senticorducteradevides electrically -29

a first semiconductor die or component compressed into the
no—-flow underfill material; and

a first interconnect structure formed over a first surface
of the no-flow underfill material, the first interconnect
structure being electrically connected to the z-direction

interconnect structure.

22. The semiconductor device of claim 21, further including a
second interconnect structure formed over a second side of the
no-flow underfill material opposite the first interconnect
structure, the second interconnect structure being electrically

connected to the z-direction interconnect structure.

23. The semiconductor device of claim 21, wherein the first

interconnect structure includes an integrated passive device.

24. The semiconductor device of claim 21, wherein the z-

direction interconnect structure includes a solder bump.

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

plurality of stacked semiconductor devices electrically
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connecting the semiconductor devices through the z-direction interconnect
structure. -30

connecting the semiconductor devices through the z-direction

interconnect structure.
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