SEMICONDUCTOR DEVICE AND METHOD OF FORMING OPEN CAVITY
IN TSV INTERPOSER TO CONTAIN SEMICONDUCTOR DIE IN WLCSMP
Field of the Invention The present invention relates in general to
semiconductor devices and more particularly, to a semiconductor device
and method of formin Ig: en cavity TSV inter (ﬁmer to_contain
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electronic products. Semiconductor devices vary in the number and density
of electrical components. Discrete semiconductor devices generally contain

one type of electrical cognpagnt, ¢ -Lndigpheriting diode (LED), small

signal transistor, resistor, capacitor, inductor, and power metal oxide

semicon@IH@togsfi@lgle@ﬁeqﬁr@@ﬁ@iqﬂl\/@@%@@, Integrated - semiconductor
devices typically contain hundreds to millions of _electrical components.
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packelgetromagnetic signals, controlling electronic devices, transforming sunlight
to electricity, and creating visual projections for television displays.
Semiconductor devices are found in the fields of entertainment, -1
communications, poBeckgweusidn oifetuloek S rooerputers, and consumer
products. Semiconductor devices are also found in military applications,
aviation, automotive, industrial
Semiconductor devices are commonly found in modern

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

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

devices are found in the fields of entertainment,



controllers, and office equipment. Semiconductor devices exploit the
electrical properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be manipulated by
the application of an electric field or base current or through the process of
doping. Doping introduces impurities into the semiconductor material to
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field effect transistors, control the flow of electrical

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

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

passive components. Back-end manufacturing involves singulating



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
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provdersityraciive angdipasshie-campereris s Backapd psacesses may result in
semiconductor device packages with a smaller footprint by improvements in
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Invention A need exists for a thinner WLCSMP with good heat dissipation
by lazivd aieteistrobist sysestwarpage nAceordinghs t-8an onedernbodiateitg
nat ethepresent invention is a method of making a semiconductor device

comprising the steps of mounting a semiconductor wafer to a temporary

Ca”manQﬁm@zgﬁmﬁ%nyhip scale module packages (WLCSMP)

typically contain stacked semiconductor die over and between an
organic substrate or interposer for higher device integration.
Examples of the WLCSMPs with upper and lower stacked
semiconductor die can be found in US patents 6921968, 5977640,
and 6906415. The lower semiconductor die is thinner than the
organic substrate and thus contained within the encapsulant.
Accordingly, it is difficult to properly dissipate heat from the
lower semiconductor. The fixed organic substrate requires care
when handling to avoid damage to the thin semiconductor die. 1In
addition, warpage is a recurring issue due to mismatches in the
coefficient of thermal expansion (CTE) between the upper and

lower semiconductor die and organic substrate.
Summary of the Invention

A need exists for a thinner WLCSMP with good heat

dissipation and which is robust against warpage. Accordingly,



of TSV through the semiconductor wafer, forming a cavity partially through
the semiconductor wafer, mounting a first semiconductor die to a second
semiconductor die, mounting the first and second semiconductor die to the
semiconductor wafer such that the first semiconductor die is disposed over
the semiconductor wafer and electrically connected to the TSV and the
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removing a portion of the semiconductor wafer to expose the
first semiconductor die, and removing a portion of the

semiconductor wafer to expose the TSV and a first surface of the
second semiconductor die. The remaining portion of the
semiconductor wafer operates as a TSV interposer for the first
and second semiconductor die. The method further includes the
step of forming a first interconnect structure over the TSV
interposer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a plurality of
conductive vias through the semiconductor wafer, forming a first
cavity in the semiconductor wafer, mounting a first
semiconductor die to a second semiconductor die, mounting the
first and second semiconductor die to the semiconductor wafer
such that the first semiconductor die is disposed over the
semiconductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the

first cavity, depositing an encapsulant over the semiconductor



conductive vias and a first surface of the second semiconductor die. The
remaining portion of the semiconductor wafer operates as an interposer for
the first and second semiconductor die. The method further includes the step
of forming a first interconnect structure over the interposer. In another
embodiment, the present invention is a method of making a semiconductor
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is mounted to the interposer. A second semiconductor die is mounted to the
cavifirgt samidondeeior diednd disposed svthimenengavity. Anf énéapsulant is
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surface of the first -5 semiconductor die is exposed from the encapsulant and
firsg fipgtd second semiconductor die to the semiconductor wafer
such that the first semiconductor die is disposed over the
semiconductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the
cavity, depositing an encapsulant over the semiconductor wafer
and first and second semiconductor die, and removing a portion
of the semiconductor wafer to expose the conductive vias and a
first surface of the second semiconductor die. The remaining
portion of the semiconductor wafer operates as an interposer for
the first and second semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising an interposer having a plurality
of conductive vias formed through the interposer and cavity
formed in the interposer. A first semiconductor die is mounted
to the interposer. A second semiconductor die is mounted to the
first semiconductor die and disposed within the cavity. An
encapsulant is deposited over the interposer and first and

second semiconductor die. A first surface of the first



surface of the second semiconductor die is exposed from the encapsulant. A
first interconnect structure is formed over the interposer. Brief Description of
the Drawings FIG. 1 illustrates a PCB with different types of packages
mounted to its surface; FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB; FIGs. 3a-3i

semiffasrate P process bf féiing aWEESMP haviiycaPspén thvifora first

sur FeQaiming a seprconuctendie anduinterconnected thrgplgbai TSYom the
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inteilpstsates the TSV interposer with a polymer insulating layer; FIG. 6
illustrates the WLCSMP with a heat spreader and TIM layer formed over the
upper semiconductor die; FIG. 7 illustrates the WLCSMP with an EMI and
RFI shielding laperifefimbe swet theiappes Sethieomctatdndis; FIG. 8
illustrates the WLCSMP with conductive pillars formed through the
encapsulant; FIG. 9 illustrates the WLCSMP with conductive pillars formed
through the endapsulant ahdwendactve kayeCrmedover ftherencapsulaat of

packgrl?% .Sloml#H%t{aetgs é%e Y%'—SC%'\{'rpf‘é‘”ctQ ;conductlve pillars formed through the
encapsulant and interconnect structure formed over the upper

semicontli€tor diey =6 FIG 1 11 Hiustratestthe We CSMR avith PSViformed
reprNLQYGN, {0 LUPREL SEicRndpctor die and intefeonpect stryctue fopmed

FIGs. 3a-31 illustrate a process of forming a WLCSMP
having an open cavity for containing a semiconductor die and
interconnected through a TSV interposer;

FIG. 4 illustrates the WLCSMP with an open cavity
containing the semiconductor die and interconnected through the
TSV interposer;

FIG. 5 illustrates the TSV interposer with a polymer
insulating layer;

FIG. 6 illustrates the WLCSMP with a heat spreader and
TIM layer formed over the upper semiconductor die;

FIG. 7 illustrates the WLCSMP with an EMI and RFI
shielding layer formed over the upper semiconductor die;

FIG. 8 illustrates the WLCSMP with conductive pillars
formed through the encapsulant;

FIG. 9 illustrates the WLCSMP with conductive pillars
formed through the encapsulant and conductive layer formed over
the encapsulant;

FIG. 10 illustrates the WLCSMP with conductive pillars
formed through the encapsulant and interconnect structure formed

over the upper semiconductor diej;



over the upper semiconductor die; and FIG. 12 illustrates the WLCSMP with
TSV formed through the lower semiconductor die and interconnect structure
formed over the lower semiconductor die. Detailed Description of the
Drawings The present invention is described in one or more embodiments in
the following description with reference to the figures, in which like numerals
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modeGWBmgaéﬂgeving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current

necessary to perform electrical circuit functions.



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
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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

removed, leaving behind a patterned layer. Alternatively, some



deposition/etch process using techniques such as electroless and electrolytic
plating. Depositing a thin film of material over an existing pattern can
exaggerate the underlying pattern and create a non- uniformly flat surface. A
uniformly flat surface is required to produce smaller and more densely
packed active and passive components. Planarization can be used to
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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 tool 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.

The finished package is then inserted into an electrical system



available to the other system components. FIG. 1 illustrates electronic device
50 having a chip carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface. Electronic
device 50 may have one type of semiconductor package, or multiple types of
semiconductor packages, depending on the application. The different types

and bP&nidBRAGCIOR packages araSshiswn it BRI for piposss ofilliarition.

avaiklgstreniedevice 50 may be arstand-alghensystem that uses the
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device has two -10
device 50 may be a graphics card, network interface card, or

other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

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 power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two

-10-



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
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chipmadufacteresdicam incorpéiate pre-nade componhents intoveleettortiv devices

secofRd SYYJEMS, Because the semicondygtor, packages,inglugde, sophisticated - 1,

functionality, electronic devices can be"manufactured using ‘cheaper
chipcerponénts aida strdamiined mianutdctaring process.(PAE )resdlitingand grid

arra?;eVJ%%%”%'@,ss Hkely {0 fajl and, lessiexpanstye tgsmagyfactyresesuliing i 8geq
ower cost for consumers. FIGs. 2a-2c show exemplary semiconductor
packgaickaesN FIGO padlstratesifurther detikafISIP /64 nivimted e PCRB2ted on

pce Semicanductor die; 74 inacludes an active regign centaining analeg combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.

Semiconductor die 74 includes an active region containing analog
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-11 or digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die and are
electrically interconnected according to the electrical design of the die. For
example, the circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within the active
oT  dridifof SerhiconbactorBiee7E Cotattpads 78 aréloiie of MorB2fByeisof
devieenductive mmatetiale suelkyas ajuninuni (Al).copper (Caretin (S)rhiskelNhin
old (Au), or silver (Ag), and are electrically connected to the circuit
the %b%é?ﬁgfc?rﬁ?eae\kﬁﬁ L d&MicbhduBlor die P4 S50ty ASSEMBIy S DIP 641©
elecsemicondduetor (gdie 74 ismaounted to mrointerargdiaie cattier 7 8:using argold-
silicon eutectic layer or adhesive material such as thermal epoxy. The .
1Rekadicbatly Mgfudes aRTRATIAENG packaiing ‘matbhar SGarT as PORATEI 7S
resiesramic. Gonductorleads 80wind aviredaonds &2 pravidevelectricathe active
regiieToonnect etween semicondugtor dig 7.4 and PCR,92. Encansulant 8t is,,
J 8ep05|ted over the pacﬁage for environmiental proFec%onLy preventing
layemeistirecandiparticies frermentering thegrackage landi contandinating- diecst
or wire bonds 82, FIG. 2b illustrates further detail of BCC 62 moynted on
(e B i cohtass cie 8 fs Botted e Corich 90 g a1 rdashi*®
e lecprepoxylresirradivesivel materidl ©2c Wire! Ibonels<9eeprovidecfirselével thin
semiRACKING inferegnnect betwgen ; contact nads, 96 and 98, Molding compaund... . ,
or encapsulant 100 is deposited over semiconductor die 88 and wire bonds
die G4 td provede gy sical support and efbictrical isolatiorrfor theldevige 2 Contakt
s1110ads 102 are farmed, over & surfacegf RCR A2.using as suitable metal 141
deposition such as electrolytic plating or electroless plating to prevent
epoxyxidatidre Mgmd@m appcludes an insulative packaging

material such as polymer or ceramic. Conductor leads 80 and

inc

ore

wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

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

electrically connected to one or more conductive signal traces
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electrically connected to one or more conductive signal traces -12 54 in PCB
52. Bumps 104 are formed between contact pads 98 of BCC 62 and contact
pads 102 of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level packaging. Active
region 108 of semiconductor die 58 contains analog or digital circuits

>4 litnplefented addlie déVics, HassiBtevitds? eoRdGctivedayeradhd 78 of

BCC diglechic layarsformedqacaardingstorthe elgetrical design of the die. For
example, the circuit may include one or more transistors, diodes, inductors,

capacitojrréq, rEdiStorg andPSTALF BRENEERMENS within' SciVR  Tégion 108S down
to ibemieonglugtor die b8is electrically emndanechanicallycamnettedttorcarrieeve 1
106 through bumvps 110. BGA 60 is e ectricall%ian mechanijcally connected

Bk 520§ BEA S8 sadonclevE BAORIE Shg DU 1E2 0= 7
anal8Semicondiugtardie 581 electricatly conaected ta coadudtive Signattraces 54

in PC§GSVZ.through bu%l)s 110, signal lines 114(1]T QQ%PQQ}PS'“ZL A moml?(?rmed

passégr%poun& B?Ehcacﬁjsrh rﬁtfl‘éé’ls%é/pegsslt’edaonver semiconductor dié 58 an

accocariiey 106 ta provide ghysical sdpporgand eledtrcal isolatidivfor ¢hedeviee. the

The fip ghip, semicondyctor deyige provides a short elegirical sondydion, .o,

circui a ors, S,
pat fIrT']or% the active devices on semlconélauctor |e%% to COI’](?UCIIOI”I tracis
capagn POB b21ir oiderdo sedycelsighk propagatioh distaneeiowei thin active

reqiG@paciance and improve oyerall; cirgut perfarmance; In angthery

embodiment, the semiconductor die 58 can be mechanically and electrically
me chegnireetdd diveetie ¢ PCB-52 esingifiip chippstylerfirstlevelpackaginy-

without permediate carder 106..h1Gs. 3a:3i Hlustrate, in 1elation [0, EIGS. 4 +

and 2a- 2c, a process of forming a WLCSMP having an open cavity for
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
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a—-3i illustrate, in relation to FIGs. 1 and 2a-

2c, a process of forming a WLCSMP having an open cavity for

containing a semiconductor die and interconnected through TSV

interposer. FIG. 3a shows a semiconductor wafer 118 containing
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containing a semiconductor die and interconnected through TSV interposer.
FIG. 3a shows a semiconductor wafer 118 containing -13 a base substrate
material such as silicon, germanium, gallium arsenide, indium phosphide, or
silicon carbide, for structural support. A substrate or carrier 120 contains
temporary or sacrificial base material such as silicon, polymer, polymer

2 bassmpysite: TR, CRF&EHIE §laSeCHIa’S epdky BalylliaRr8kte 1Br offfelt+um
ar sesuitable lovcast, paiskspateria) obbulkisenieanductor dagterighfog struettirala 1
support. An interface layer or tape 121 is applied over carrier 120 as a
SUPPfporafy S4sEVE bnding fifth* o étchictols et ‘SEmicIRBGERT Walér
sacrlii8 isimouptesktomearsies tapeshi2h with stifacedi23 erignied ayvaydigmdhe

ta$e. In FIG. Bb%a plurality of vias is formed from surface (1%3 rtiall "
COMPRirdigH sEinfcdhtiuttor Watsr 188 Gty 19561 8rifiRG oF et %%olc% s XA
or oslichrasdeepigactivewenr etching i(@RIEhafhe-vias ase fiked withedi ConS8nctor

Ni, gu)? titanium (Ti), W, poly-silicon, or other suitable electricall
5 achvE rtoHal U5 PSRV leelob e BRE: SeUroiodt pethg, 21
is apprdthedsoitable maetalidepdsitioreprocessnpdorm oaduetpevibirdugidsiiconf i 1m

ias (TSV). 122, An optignal. insulating layer_can b med around TSV 122.
o R o) 54 o Tord Cuar Suace 193 oF sarmoond Ly wad 108,
carrCeuit fayer 124 cohtdins an Blectridally conderctieellayes 125 rsepdratedtsype -
insulating layef 126, The Insulating @S@r 426 ¢an be one armore]ayers of £, .
silicon dioxide (S102), silicon nitride (Si3N4), silicon oxynitride (SiON),
123 taprdldmlgentoxide {Ta205)ialamihnm oxidea@a2083, Sohotoregist agreather

dr i 1AlRyial havingy, simylasinsulating and structural properties. The insylating, ; 4
layer 126 is formed using PVD, CVD, printing, spin coating, spray coating,
(DRI&nteringher tHémRaltes@ddtiohl 2cpottibR okl Cu, Sn, Ni, Au, Ag,

titanium (Ti), W, poly-silicon, or other suitable electrically
conductive material using PVD, CVD, electrolytic plating,
electroless plating, or other suitable metal deposition process
to form conductive through silicon vias (TSV) 122. An optional
insulating layer can be formed around TSV 122. A circuit layer
124 is formed over surface 123 of semiconductor wafer 118.
Circuit layer 124 contains an electrically conductive layer 125
separated by insulating layer 126. The insulating layer 126 can
be one or more layers of silicon dioxide (Si0O2), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1203), photoresist, or other material having
similar insulating and structural properties. The insulating
layer 126 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 126 is removed by an etching process.
Conductive layer 125 is formed in the removed portions of

insulating layer 126 using patterning with PVD, CVD, sputtering,
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insulating layer 126 is removed by an etching process. Conductive layer 125
is formed in the removed portions of insulating layer 126 using patterning
with PVD, CVD, sputtering, -14 electrolytic plating, electroless plating, or
other suitable metal deposition process. Conductive layer 125 can be one or
more layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive

e Lechatdridt 16nB oridiof Corftftictive Iaye P15 s Wectritaf-E6iettdd 1€

met alS¥ekdZs Othenhpertions sef conductive tayee 125 gan beceleglicalhy: comaasr
or. electrically isolated depending on the design and function of the

mor esé'r‘ﬁ?é%ﬁﬁu@%r YLvick onar rH%r’e integraféd pHssi/e™ Gevitks (Bt such

e lecas iNEWICIOFS ceaphciors; andaesistors,. carohe fosned dm cisguitiayend24 fer
1 RF ? nal§roaoessinsg,. A@ginch 128 is ftor ed from suEfglge 123 artiallg ,
Y Sthrg SM mfconduttor Water T8 Wit Stffidicht Width &fd depth 16 cbitain &S
of csemiconduetor die=Trenrch t28 can belformed withl gawdalade, laser drilling,
r DRIE..In one empodiment, trench 128 has a width greater than an x/y axi
e BT A e R A L Gl Sroiar feh 2 o TN eE
the semiconddctor die dS84iAa .optional wencr180 isifored from sadfaced 23

. partial E}S ugh s miconduct r wafer 118 for dicing saw space. Trench 130
e e e 8 SF Cermboncoy watér T18 (o rordrra oSS oV o, can
be fiptarpdser) to bewoverdedyyendadsufant Bferssingalation oclSs Sershows a

semiconduetor dig.on companent, 132, haying an,activesuriace 133 5 11,
containing analog or digital circuits implemented as active devices, passive
throgevicesméordubtivé tayers fand diefectrid layers formedrwithin did dndndepth

to cBletically intercoppactedaccording to heeleptrical designand-functign of +
the die. For example, the circuit may
saw blade, laser drilling, or DRIE. In one embodiment, trench

128 has a width greater than an x/y axis length of semiconductor
die 134 and depth greater than a thickness of semiconductor die
134. An optional trench 130 is formed from surface 123
partially through semiconductor wafer 118 for dicing saw space.
Trench 130 allows the sides of semiconductor wafer 118 (later
referred to as TSV interposer) to be covered by encapsulant
after singulation.

FIG. 3c shows a semiconductor die or component 132
having an active surface 133 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 133 to implement analog
circuits or digital circuits, such as digital signal processor

(DSP), ASIC, memory, or other signal processing circuit.
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include one or more transistors, diodes, and other circuit elements formed
within active surface 133 to implement analog circuits or digital circuits, such
as digital signal processor (DSP), ASIC, memory, or other signal processing
circuit. -15 Semiconductor die 132 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processi%%. An electrically conductive

Semifamp hatetiafsdelositd Yover Hetie Sthftate 183 usiitdn @vaporatiohor s

capaelectolytic plating £lectroless platingrball diop1 opsereepPriding process.
The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and ,
combina%%n? fierEof- Giithian GRGGIHT FuX SsAIthEh. o xarple Stha Bumip ¢4

overmaterial€anbereutectia Sn{R;, nbighrdead splstes tardead-dreesotdary The
mp material is_ reflowed by heating :Qe material above its meltingL Ogoint to

b
pl atf]otrjh%' ssﬁgr?ctﬁ bafis 3r Bumps" 6. 136 tefresEtone type ot -+ 19
prociaterconnmect stiuchuredhatrcanibe formed over agtiye surface, 138y, Theb, Bi,

cu, Dirgonnect structus can also usg stud bums,,micro bumps, condugtive
pillars; conductive paste, or other electrical interconnect. A'semiconductor
soludigmr componert 484 is mountedbang electricaliy coamedted ¢mtectic Sn/Pb,

nignSATIeAnduior die 132 ysing Bups 136, Semicanductor dle daahasan
active surface f3{5 contalnlng anhalog or |g|tal circuits imp ementeé as active
ref ldevideypassive devites, conderctive layers;andtdieleetricilagersdonmetio form

sphe¥/iiiin,the dig and elegtrically jnterconnagted according to the elggttical o ¢

design and function of the die. For example, the circuit may include oné or
intemepe frafsistrs Ldibdes, dithéther Ttifeait etementsfoaned withifeaetivef ace

133.Surfage 133 o impjgment analeg circuitsor digita) cireuits, Sush@3s PRl micro

ASIC, memory, or other signal processing circuit. Semiconductor die 134
bumpmayconductive pillars, conductive paste, or other electrical
interconnect.

A semiconductor die or component 134 is mounted and
electrically connected to semiconductor die 132 using bumps 136.
Semiconductor die 134 has an active surface 135 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 135 to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 134 may
also contain IPD, such as inductors, capacitors, and resistors,
for RF signal processing.

The combined semiconductor die 132-134 are positioned
over semiconductor wafer 118 and aligned to place semiconductor

die 134 over trench 128. The combined semiconductor die 132-134
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also contain IPD, such as inductors, capacitors, and resistors, for RF signal
processing. The combined semiconductor die 132-134 are positioned over
semiconductor wafer 118 and aligned to place semiconductor die 134 over
trench 128. The combined semiconductor die 132-134 -16 are then mounted
to semiconductor wafer 118 by reflowing bumps 136 to metallurgically and

are SfRefHcAM BoANedt ACHFE SGACY T3 to"cdriductivé 1dyer 125 2% SREWRYAPS
136 kK 3 Semiegaductior; died34 iseentainediwithinirench 128toveduce these
package height. In FIG. 3e, an encapsulant or molding compound 140 is
133 &é)p&s‘?t%ﬁlb?}éjr%%nﬁ@é’r?dﬁc?&%aﬁ 1$84HY drdufd Semiondudtst: GRAEEE tor
die and 134 ustga paste printingn compressive motdingc fransfer maolgdingk haguid
het Encapsulant molding, vacuum lamination, spin coating, or other suitable
©1g plicator. Encapsulant 140 can be polymer composite material, such as
epoxy resin witls fillér, , epoxyeacrylate:with filler; anpotyiner witmprapet fillen is

Encapsulant 140 is nhon-conductive and enviranmentally protects the

depo g s e R o oA YRR et oncyetor

die aportoorioflercapsutamt 440 ads temevedhby rgrindinguwheek142 tanexposesa

¢ l:s)§ck surf c§.143 oflsemlc pductor dl? 13@ an r(;ducc;:- the height of the tion,
o e e e e Ll Fellhation

spinwheeltli4Zcar Heavdapostion: efercapsplant d40covering spade1n3bt0 can

be piEPicOpductordie 132, 10.FIG, 39, a sybstrate orcartier 144 confaing ¢ 10,

temporary or sacrificial base material such as silicon, polymer, polymer
epoxgorpssile tetdl, Cerdmic! glassPglars BpoRy, beryhiunr exide, bt biwr -
Encaﬂgﬁﬁﬁ%kWWE@SHQQKHHQE%E&QEPE$e and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 3f, a portion of encapsulant 140 is removed by
grinding wheel 142 to expose a back surface 143 of semiconductor
die 132 and reduce the height of the package. 1In another
embodiment, such as described in FIG. 9, grinding wheel 142 can
leave a portion of encapsulant 140 covering surface 143 of
semiconductor die 132.

In FIG. 3g, a substrate or carrier 144 contains
temporary or sacrificial base material such as silicon, polymer,
polymer composite, metal, ceramic, glass, glass epoxy, beryllium
oxide, or other suitable low-cost, rigid material or bulk
semiconductor material for structural support. An interface
layer or tape 146 is applied over carrier 144 as a temporary
adhesive bonding film or etch-stop layer. The assembly
described in FIGs. 3a-3f is inverted and mounted to carrier tape
146. The carrier 120 and tape 121 are removed by chemical

etching, mechanical peel-off, CMP, mechanical grinding, thermal
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semiconductor material for structural support. An interface layer or tape 146
is applied over carrier 144 as a temporary adhesive bonding film or etch-stop
layer. The assembly described in FIGs. 3a-3f is inverted and mounted to
carrier tape 146. The carrier 120 and tape 121 are removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal -17 bake,

bakegsé A SEmning: B Wt stippitig HnSHEE Bt A%ortion of surface 147 of

semicondyctor avafen 118, gppasitersusface k23s isremavedeby grindipgductor
wheel 142 to expose TSV 122 and back surface 148 of semiconductor die

wafefad dhd refRGS thehdifht Gfifie package. THEfeM&ining sortion 1ord Wheel

142 semicepdeetor wafernl & eonsibutes sntemaser 149 hawing=hdVodd2f@lor die
134 electrical intercogne%t. In FItG. 3%', an interco[;nect structure 150 is formed £
VSt SUPFAE 1516t infetpoderAag- theliRtercohnect Sthacttrd 8o ReILG_E t+ o0
of saminsutatingtarrpassivation layercib2-formed oven tsurfacectblia®usiaging TSV
RPVD, CVD, printing, spin coating, spray coating, sintering or thermal
122 gﬁaat%r?Cﬁ]%li%%glaﬁ%g?gy%?nﬁﬁ can be one or more layers of SiO2,
Si3N4, SION; Ta205i , A:203, rorathermateriab havingsimilaSifsalatifig andd
structural properties. A portion of insulating layer 152 is _removed by an
e B tse 1o xpare TS0 T2, b Pleoticly SordLetue Ryer T 1S ™2
150 fonmeddyer aNSVPR1aidithe remavedportion oflinsalatinglayerfig2ngsingver
sur £8 Ratiesning.and.deposiion pragess such as BVD, GYD, SpUeHng, opr- o,
electrolytic plating, and electroless plating. Conductive layer 154 can be one
coatapmore fayers ohAl, Qu, e Ni2AucAgdert beiter sultaplelalectiizgaliyng layer

152 conpdyctive matgrial, Anundey bump, metallization {4BM)daygs canbe s,
formed over conductive layer 154. One portion of conductive layer 154 is

Al20@ecgﬁam¢her material having similar insulating and
structural properties. A portion of insulating layer 152 is
removed by an etching process to expose TSV 122.

An electrically conductive layer 154 is formed over
TSV 122 and the removed portion of insulating layer 152 using a
patterning and deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer
154 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. An under bump
metallization (UBM) layer can be formed over conductive layer
154. One portion of conductive layer 154 is electrically
connected to TSV 122 and circuit layer 124. Other portions of
conductive layer 154 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device.

An electrically conductive bump material is deposited
over build-up interconnect structure 150 and electrically

connected to conductive layer 154 using an evaporation,
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connected to TSV 122 and circuit layer 124. Other portions of conductive
layer 154 can be electrically common or electrically isolated depending on
the design and function of the semiconductor device. An electrically
conductive bump material is deposited over build-up interconnect structure
150 and electrically connected to conductive layer 154 using an evaporation,

elechgodigtitSlyhid plating: eREf6IESS Pratigl balt thép, drstledtt Pinting Screen
prinRoegserebdmp materighgan hetNr$a1NE AU, 1A, 2RD, Bin Cuysolden, ag,
and combinations thereof, with an optional flux solution. For example, the

PP/ BarmpMatetial 85T be Hfte ISP, G- 1€ Saadr, of iddb-ft8e Widkr 2
f luxThe bumipmateriad ris dondpd 4o conductivedayer k54 bsinganswtabdeitectic

ttachment.or hondi rocess. |n one embodiment, the bu material is ,
ol by AR b ot ABNE ok R B 1o e BoRBraterial
is bbaltsor huumps486ciniseme applicationsybumpsa 56u ate reflowed-a secend or

time to improve eIe(I‘trlcaI conta%t Otg condﬁuctl\tlﬁéayier 154, Tpe bunipsi%an

bondall s b%réjomprséSsionrboon%eede?o conductive layer 1 ]%ummapsej%éal represent

ref lowe typeyofh gdercognéttestructwreitbat edrple farnsednevericondoctive layer form

154. The interconnect structure can also use stud bum micro bumps
h NG, Inje bo ure can al & YTRS , %#ﬁlp’ 156
P eé&r?daucweapl aslrs?]éon lﬂn&ﬁ/e paste, ornotﬁgr glegﬁéalllgnterlc%%ﬁect. eS
are carfier144 ahdtapeidbtaracemovedbychensidalcetchiry, nvechanidal to

condB2&Qfk GMb. echanicalgringing, thermal bake, iaser-sea0nINd, of Welon geq

stripping. Semiconductor die 132 and 134 are singulated with saw blade or
to clasdpeittinig devicer 160 into iRdivideal Wi CSMPE FEG L4 Shews WECSMP

int 102 Afiersingulation, Fassiygcompongnts 164.s1ch as resisian (¢arRacitohy o
mductor, or active Component, are mounted to
154. The interconnect structure can also use stud bumps, micro

bumps, conducive pillars, conductive paste, or other electrical
interconnect.

The carrier 144 and tape 146 are removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal
bake, laser scanning, or wet stripping. Semiconductor die 132
and 134 are singulated with saw blade or laser cutting device
160 into individual WLCSMP. FIG. 4 shows WLCSMP 162 after
singulation. Passive components 164, such as resistor,
capacitor, inductor, or active component, are mounted to
interposer 149. Semiconductor die 134 is electrically connected
to semiconductor die 132 through bumps 136. Semiconductor die
132 is electrically connected through circuit layer 124 and
interposer 149 containing TSV 122 to interconnect structure 150.
The WLCSMP 162 has an open cavity for containing semiconductor
die 134 to reduce the height of the package. The grinding
process also reduces the height of WLCSMP 162. In one

embodiment, the sides of interposer 149 are covered by
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interposer 149. Semiconductor die 134 is electrically connected to
semiconductor die 132 through bumps 136. Semiconductor die 132 is
electrically connected through circuit layer 124 and interposer 149 containing
TSV 122 to interconnect structure 150. The WLCSMP 162 has an open

cavity for containing semiconductor die 134 to reduce the height of the

encagy C Thé Yritidihg Processaiss fedticesthe Hefftt of WLCSRP P82 Grench
130 .0ne jermbedigentthe sidemefiaterpeseinl4dzare cavered B¥s19f interposer
encapsulant 140 due to the extra dicing space provided by trench 130.
149 RRErmBtiveyPRIARGuL tréhth ﬁiﬁ?ﬁ&%id%%ro‘??ﬁi%r&o%%roéggéﬁﬁ pgnductor
die exmwsedd Thewxpoesed suiface 143 of semicondusterudieck32ard exposetbvide
¢ surface 148 of semi,congluctor die 134 %)r,ovj e for good he%t dissipation. The
°F giRfifar BaES nTatBAANSt - d6Miconblittor tiE 152 aRd 134 W int&rpoSér 149,
semiegndgilicory prowides 2henmal stress melief mnermakes WILASSME. 162, rahiust con,
against any mismatch in CIE between the component h ckage.
b A 162 e B Eds oL WariAe A0S
agaivariatmmyofheadove processl attert FER 8, lam intevconnedttsstruTturecl 70 is
formed over surface 151 of -i o] 9, as shown in FIG. S. The
Al T L Ve b kg L LN P L TR
warpegsr.surface 151 using spin coating, film lamination, molding, or other
suitable dgpasition process. Polymer insulgting layer 122 can be opeor 3y, 5,
more layers of polyimide, benzocyclobutene (BOB), polybenzoxazoles
int e(RROY ot otisdrmateiiad havibg simifar st atingrarf sthactaral propeities. A
i nt cRRILiON.of pelymers insylating;layerrkr2 is remayed.hy an etehing process 19 o
expose TSV 122.°An electrically conductive layer 174 is formed over
170 includes a polymer insulating layer 172 formed over surface

prov

151 using spin coating, film lamination, molding, or other
suitable deposition process. Polymer insulating layer 172 can
be one or more layers of polyimide, benzocyclobutene (BCB),
polybenzoxazoles (PBO), or other material having similar
insulating and structural properties. A portion of polymer
insulating layer 172 is removed by an etching process to expose
TSV 122.

An electrically conductive layer 174 is formed over
TSV 122 and the removed portion of polymer insulating layer 172
using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 174 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 174 is electrically connected to
TSV 122 and circuit layer 124. Other portions of conductive
layer 174 can be electrically common or electrically isolated

depending on the design and function of the semiconductor
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TSV 122 and the removed portion of polymer insulating layer 172 using a
patterning and deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 174 can be one or more
layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive
_material. One portion of conductive layer 174 is electrically connected to
devi$8y 122 and circuit layer 124. Other portions of conductive layer 174 can be
electricafly, cemunan-oeelectficaliy isplated depensling eathe designansb sited
function of the semiconductor -20 device. An electrically conductive bump
OVer yidteridl &'He poNifetC BUEFHldElp Hibitonne dlstiitture £75-and dlettrically
connegitected taccontuctive dayes g4 using as evaperationa wlectrolytic, plating,
electroless plating, ball drap, or screen printing process. The bump material
e Lec R AR IR K10 AT Bl B R SoRbf ariEComE GRS HorEe:, dimheen
prinan optipmalctws solutinr. Famexanaplerthelbump naterial caanbe Butectia, Ag,
En/Pbc high-!)eﬁ%i sold%rhgr gegm-free Igﬂoldrelr. 'I;I%e Q%@P mate{igl ailsnbgn e%}loal
corfductite T’ayerelr7’4 using a sui abfe attachment or bénding process%D fone
fluxembbdiment, theFloump xaatetial, istreflowedchynheatingatheanaterial abaveits ¢
sn/pClinaoIRtLo form  spherica).balls,qr pymps 16,1 some Applicaions, o s 1
umps 176 are reflowed a second time to improve electrical contactto
is beomtttive layerdyat The bumyss-cary dlsesbecompressioriended: aghment or
bonaGQNAuctive layer 174, Bumps 176 represent anetypeof intereonnect ;
structure that can be formed over conductive layer 174. The interconnect
reflsigstukeycdiralsonsetdtad hanpfpsl micP dumpst eoRdudive pillagsint to form
sphe§Andtctiye paste, or other eleetrical interconnect F1G 6 shows WLGEMP 174
178 including the features
are reflowed a second time to improve electrical contact to

Pb,

conductive layer 174. The bumps can also be compression bonded
to conductive layer 174. Bumps 176 represent one type of
interconnect structure that can be formed over conductive layer
174. The interconnect structure can also use stud bumps, micro
bumps, conducive pillars, conductive paste, or other electrical
interconnect.

FIG. 6 shows WLCSMP 178 including the features
described in FIGs. 3a-3i, 4 and metal plate 180 mounted to
surface 143 of semiconductor die 132 and encapsulant 140 with
thermally conductive adhesive. Metal plate 180 can also be
formed by electroless or electroplating process. Metal plate
180 operates as a heat spreader to dissipate thermal energy from
WLCSMP 178. Metal plate 180 can be Al, Cu, or another material
with high thermal conductivity. An optional die attach adhesive
or thermal interface layer (TIM) 182 secures metal plate 180 to
semiconductor die 132 and encapsulant 140. Metal plate 180
increases the rigidity of WLCSMP 178.
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described in FIGs. 3a-3i, 4 and metal plate 180 mounted to surface 143 of
semiconductor die 132 and encapsulant 140 with thermally conductive
adhesive. Metal plate 180 can also be formed by electroless or electroplating
process. Metal plate 180 operates as a heat spreader to dissipate thermal
energy from WLCSMP 178. Metal plate 180 can be Al, Cu, or another
material 'vlith highSthekmalondifictivity Al eptichdl die-ataditadhesive or

descthepaal interfaceslayen(TiM) 182 segures-metal plate 18Htonsemicenduetor
die 132 and encapsulant 140. Metal plate 180 increases the rigidit)r/L of
SUrf@gficsmp £78. 51 EEN 7 4Rbis WEESMP 190t atdmgtHe I84tures’ with an
adhedesesibedva F4Gsp3a-Bs 4and metalplate 122 motnted oy suiface 4430fs or
semiconductor die 132 and encapsulant 140 wijth an adhesive. Metal plate
5 et ot Setd

elecfﬁ) RaR atdbbE Fo‘?ﬁ?e%sby efég Rt Ele plgﬁﬁﬁ %Féecses%fs’l\/fae?al plate
elecl92operated as ant elettromagnetieinterferenced EMIY oe radia frequency

intjrierference (RED shiclding layer. Metal plate 192.Gan be Cu. 4l fermle ot ¢,
carbonyliron, stainless steel, nicke sYIver, low-carboh stee , Silicon-iron
Al, dteel f0ik epoxyacdnoluctive mesin, and othersnetaisand composites capalle

1ou-2E0lpeking or gbsorbing EMI. Rid and ather intsy-glevice interference, The .
shielding layer can also be a non-metal matérial such as carbon-black or

resialu nﬁn@mdldkenomed@despr@n@f_fmmpb EMI @ﬂdcaplgh\ld_etat platéag9risg or
absodfgundedghrough condygtive pillars; or,studg 194, cirguit layer 124, 1SV 1ag.

~ininterposer 149, and interconnect structure 150. Conductive pillars 194 can
shiepel g stirissbr Carpikdrs Colosolden Metabplate 192 alsbedpetates as adgedion—

p1aciPreaden @ digsinate, thermal .energy from WL CSME-190. G @rshaws rer .
WLCSMP 196 including the features described in FIGs. 3a-3i, 4 and
Metaéoﬁﬂh%ﬁ@ebﬂ%ué@r§ﬁ@ﬁnﬂﬁﬁ through conductive pillars or studs

194, circuit layer 124, TSV 122 in interposer 149, and
interconnect structure 150. Conductive pillars 194 can be Au
studs, or Cu pillars, or solder. Metal plate 192 also operates
as a heat spreader to dissipate thermal energy from WLCSMP 190.

FIG. 8 shows WLCSMP 196 including the features
described in FIGs. 3a-3i, 4 and conductive pillars or studs 198
formed in encapsulant 140. Conductive pillars 198 can be formed
by laser drilling or etching vias in encapsulant 140 and filling
the vias with conductive material, such as Cu, Au, or solder.
Conductive pillars 198 provide additional interconnect
capability for stacking semiconductor packages.

FIG. 9 shows WLCSMP 200 including the features
described in FIGs. 3a-3i and 4, with the exception that the
grinding operation described in FIG. 3f leaves encapsulant 140
covering surface 143 of semiconductor die 132. Conductive
pillars or studs 202 can be formed by laser drilling or etching

vias in encapsulant 140 and filling the vias with conductive
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formed in encapsulant 140. Conductive pillars 198 can be formed by laser
drilling or etching vias in encapsulant 140 and filling the vias with conductive
material, such as Cu, Au, or solder. Conductive pillars 198 provide additional
interconnect capability for stacking semiconductor packages. FIG. 9 shows
WLCSMP 200 including the features described in FIGs. 3a-3i and 4, with the
mategydeption that the GHndiftg opefatihl déscribel IR FIE 3MBavey Bhcapstlart
form¥40 iGoveringsutfage d43af semieorductardied321 £oadoctives pillars or
studs 202_can be formed by laser drilling or etching vias in encapsulant 140 .
condyifififig the GlasWith BSRTUHTe 292 thdtdRar st 36 CUMAL: or Skt 11ty
for E€endueiivedayeri204 iseformathinensapsulant44@..Conductive pillars 202
and conductive layer 204 provide additional interconnect capability for fan-in
stacking%%ﬁﬁc&r%fo%&?’ﬁ‘a%%gg% .(%Olgﬁz §M%§M% gf@%%ﬁjed?ng
descthetfeatures rdesecribed #3 FlGs.dBat 3i arch4 akicaddition, condaative: piagsi b ars
or sEiyds 212 canbe formed by laser diiling or elching viasin encapsulant 149
an ﬁlling %he Vias with conductive material, 'such as 8u, i\u, or soldér. An
encaiptercennect Sruetute 2141is nfgrrked over sufacé 148 nfisemicondugtordie 1,
132S aggl1 en&aps%l%ntsolf%.elhe interconnect structure 214 incJCuudrees G

h. Uy r o . t
sue m%ulatlng orupasswatlon ayer 2 folrr%e%rucs?r?gn%%/bsc ISl,Cprlntlng, spin

£ ormevatinge sprayrdoating] sinteringsemthermaboxidatioh. T hes hsulatingrlagersulant
140.2186an beQne-armore 1ayers, ok giO2, 3N, SO, 73205 A202 06y or

other material having similar insulating and structural properties. An
passaléetrically éonductiedayer2es! isiformedii slating lyén216asingta n

coatRAENINg and deposition RIQEess such as PMRL GV, %‘3&61%&@90&'?0”?%@

plating, and electroless plating. Conductive layer 218 can be
insulating layer 216 can be one or more layers of Si02, Si3N4,

SiON, Ta205, Al203, or other material having similar insulating
and structural properties. An electrically conductive layer 218
is formed in insulating layer 216 using a patterning and
deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 218 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 218 is electrically connected to conductive pillars 212.
Other portions of conductive layer 218 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device. Conductive pillars 212
and interconnect structure 214 provide additional interconnect
capability for fan-in stacking semiconductor packages.

FIG. 11 shows WLCSMP 220 including the features
described in FIGs. 3a-3i and 4. In addition, conductive pillars
222 can be formed by laser drilling or etching vias in

semiconductor die 132 and filling the vias with conductive
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one or more layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 218 is electrically
connected to conductive pillars 212. Other portions of conductive layer 218
can be electrically common or electrically isolated depending on the design
and function of the semiconductor device. Conductive pillars 212 and

matehigrtoniett!stditture 24% provide Stditiora itereorihect™ Eapabifity for ¢ +5

formtad-iB-sdacking sericondrictor paskages o 4 showsWh CSMR220
including the features described in FIGs. 3a-3i and 4. In addition, conductive

Intenigld 955 cahBEformed sy laserdiifts of BtehigVias i SemficBAdifctd t o0
layedieZl 82 andfikiag the Migsrwith, canvductive +33 majerial suckas €iher, Adphay
interconnect structure 224 is formed over surface 143 of semiconductor die
COatﬂﬁ'Thsel%%Féorh%e%&t?&&ﬁ?éagzﬂﬁc s Al insh %nbrb?uéa%%i‘v%%o%ayer
226 layer 226 formnedrusing £VIR,yEY¥YD, printiig) Spirs¢Gating, speay, coatng,,
intering qr, thermal oxidation. The insulatinq_?yer. n2s261C611:n be one pr more

r io
AL200 G PR RS UL SN, TAP08 ATIDS. 6F offs MBia hiiy similar
struinsulatihgandestrudteral préperties.iApoctioni ofsmsalating layey 226486 1s

removed b¥1an et%hin process. An elcictric Il onduc&i e layer 228 is 1
remof\(])e:%e\%%n the %r%o&&% pgrrfi%%eosl‘?risulat?nge a%//g%ﬁg au;ilr\{g gopna%%?niﬁa%ndayer
228 depdsitioreprocess sach asPivd, GVDYL isputtefinghelettroltio platinegy, and 6

us inflesrpless plafing, Gondustie laver 228 ganle one.onmare IBYars Gl

u, Sn, Ni, Au, Ag, or other suitable electrically conductive material.

sputCenductivepifars 22vand conductive laysrR 2ssrovide additiphalt 1ng -

CondifL&r ‘;P%”%(‘até?é‘?a?%’ for, stagking semicopdyctor packages RIG, 12 shoys
WLCSMP 230 including the features

Ni, Au, Ag, or other suitable electrically conductive material.

Conductive pillars 222 and conductive layer 226 provide

additional interconnect capability for stacking semiconductor

packages.

FIG. 12 shows WLCSMP 230 including the features
described in FIGs. 3a-3i and 4. 1In addition, conductive pillars
232 can be formed by laser drilling or etching vias in
semiconductor die 134 and filling the vias with conductive
material, such as Cu or Au. The interconnect structure 150 is
extended over surface 148 of semiconductor die 134. Conductive
pillars 232 and interconnect structure 150 over surface 158 of
semiconductor die 134 provide additional interconnect capability
for stacking semiconductor packages.

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.

—24—



described in FIGs. 3a-3i and 4. In addition, conductive pillars 232 can be
formed by laser drilling or etching vias in semiconductor die 134 and filling
the vias with conductive material, such as Cu or Au. The interconnect
structure 150 is extended over surface 148 of semiconductor die 134.
Conductive pillars 232 and interconnect structure 150 over surface 158 of
semiconductor die 134 provide additi@Hhterconnect capability for stacking
semiconductor packages. While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan will appreciate
Whatinhe nfodifiditions and adaptations to those embodiments may be made
without departing from the scope of the present invention as set forth in the
following claims, -24 Claims What is claimed: 1. A method of manufacturing
L a%eﬂﬁ&%ﬁo ctor dRcH A5omprididg SmB GRS BEertiesndtictdrwafer to a
comptetmyiargry carrier; forming a plurality of through silicon vias (TSV) through

the semiconductor wafer; f rmingfa ca¥it¥ pggiagy%hroug?ghe semiconductor

whfer Fbitihg s fitst S8Miconductt die t6 a second - Sericondaator die’

mbonting thexfirst and setgnad Senticondyictaor die tothey semidarftllctdarhwategh

the %%%Ii@g£g1e %rst semicolpductor die is disposed over the semiconductor

er and égct?i]éaﬁJyacoenn’ected to the TSV and the second semiconductor
dieds wisposed wthirs sthe zavityg depositinguerhetidepsshant ovedthet or wafer;
seicepdygtor wajer.and; grownd ie-iirst and secand semicgnguctor die;
semiconductor die;
mounting the first and second semiconductor die to the
semiconductor wafer such that the first semiconductor die is
disposed over the semiconductor wafer and electrically connected
to the TSV and the second semiconductor die is disposed within
the cavity;
depositing an encapsulant over the semiconductor wafer and
around the first and second semiconductor die;
removing a portion of the encapsulant to expose a first
surface of the first semiconductor die;
removing a portion of the semiconductor wafer to expose the
TSV and a first surface of the second semiconductor die, the
remaining portion of the semiconductor wafer operating as a TSV
interposer for the first and second semiconductor die; and

forming a first interconnect structure over the TSV

interposer.
2. The method of claim 1, wherein the exposed first surface of

the first semiconductor die and exposed first surface of the

second semiconductor die provide for heat dissipation.
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removing a portion of the encapsulant to expose a first surface of the first
semiconductor die; removing a portion of the semiconductor wafer to expose
the TSV and a first surface of the second semiconductor die, the remaining
portion of the semiconductor wafer operating as a TSV interposer for the first
and second semiconductor die; and forming a first interconnect structure over
the TSV interposer. 2. The method of claim 1, wherein the exposed first

3. surfacenef: thesfirst semiconductosklie-and expesed fitst suface et thes
.second semicanductor die provide for heat dissipation, -25 3. The method of
semiGaftii Cieréin thé fiftst Bnd setbhtPSeniconttictdr dfe drid sV fterposer
mat e@eamade withosimilar tnatetial tosprowice thetmalestress relief. 4. The method
of claim 1, further including forming a metal plate over the first surface of the
first semiconductor die for heat dissipation. 5. The method of claim 1, further
4. intheing:fatminga shieltingl layenaverdhe finstisutface of thenfirst a metal

semiconductor die against electromagnetic interference.. 6. The metho%of
Lo e o i atng IORAG & Dioraly ot conUeE A ugtihe "
heatencapsufarit avound the first semiconductor die. 7. The method of claim 1,
further including forming a second interconnect structure over the first
surface of the first semiconductor die. 8. A method of manufacturing a

5. sérrhi@:omduu@d deﬁic_e,l @@mdrisir@mt@ﬁdin@@éa@ﬁcmdﬁ@tm#mje@ forming
shie%&HHam¥§§&9”89@%“%ﬂésPYPHQ“&@%face of the first

semiconductor die against electromagnetic interference.

6. The method of claim 1, further including forming a
plurality of conductive pillars through the encapsulant around

the first semiconductor die.

7. The method of claim 1, further including forming a second
interconnect structure over the first surface of the first

semiconductor die.

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

providing a semiconductor wafer;

forming a plurality of conductive wvias through the
semiconductor wafer;

forming a first cavity in the semiconductor wafer;

mounting a first semiconductor die to a second
semiconductor die;

mounting the first and second semiconductor die to the

semiconductor wafer such that the first semiconductor die is
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semiconductor wafer; forming a first cavity in the semiconductor wafer;
mounting a first semiconductor die to a second semiconductor die; mounting
the first and second semiconductor die to the semiconductor wafer such that
the first semiconductor die is -26 disposed over the semiconductor wafer and
electrically connected to the conductive vias and the second semiconductor

dispdiaGs R¥pGsed withifrthe firsttabity; depdsttingah Bncapsul&it over gramected

to tsemiconductor waferiand around thestirsband sesand semicondugtos die;
removing a portion of the semiconductor wafer to expose the conductive vias

d1SPRsEa efStirfackst e s&ord ¥émiconductor die, the remaining portion of
thessersiconductanwafergperating: aswarrinterposerfor theifiist andwsgeend and
semiconductor die; and forming a first interconnect structure over the
aroy ?@rﬁgge 19 Sthe Metisd Sf aiﬁ?@,lﬁﬁtrhog??ntc?ﬁdi g forming a second
cavitydn they semicanductordar singulation of theasemicondtetor twatexdbee the
conafggondearlty leaving the.encapsulant on the sides of. the interposer.after, o o,
singulation. I0. The method 6f claim , fUrther inc uding: f%rming a pFura ity O
die, conductivegillars throagh then entapbelantarotmddhe first semfieconductort ing

25 off€1A0d forrming ¢ conduclive Jayer in e encapspiant, H.Themelhod of , o
claim 8, further including removing a portion of the encapsulant to expose a
firsbsovface of therfgst setrfeonuuctordie.ti2i Thermethodroftdiaim 8 Lirtheser .
including forming a plurality of conductive vias through the second

semiconductor die.
9. The method of claim 8, further including forming a second

cavity in the semiconductor for singulation of the semiconductor
wafer, the second cavity leaving the encapsulant on the sides of

the interposer after singulation.

10. The method of claim 8, further including:
forming a plurality of conductive pillars through the
encapsulant around the first semiconductor die; and

forming a conductive layer in the encapsulant.

11. The method of claim 8, further including removing a portion
of the encapsulant to expose a first surface of the first

semiconductor die.
12. The method of claim 8, further including forming a
plurality of conductive vias through the second semiconductor

die.

13. The method of claim 8, further including forming a metal

plate over the first surface of the first semiconductor die.
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13. The method of claim 8, further including forming a metal plate over the
first surface of the first semiconductor die. -27 14. The method of claim 8,
further including forming a second interconnect structure over the first
surface of the first semiconductor die. 15. A method of manufacturing a
semiconductor device, comprising: providing a semiconductor wafer; forming
a plurality of conductive vias through the semiconductor wafer; forming a

14. cavty indhe semigondugtor vegfer; umenting adirstsemicepductar die toctond
second semiconductor die; mounting the first and second semiconductor die

Int e YRBISEMiCONHUEor WarérSichthat e first SEmiconAuttor diis® dispbsed

semieverdhesemiaarductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the cavity;
depositing an encapsulant over the semiconductor wafer and first and

15. secamdtsermiconductondie; and remoxingea potiomaefithe semidarductor

wafer to expose the conductive vias and a first surface of the second
comprlsln%: . .. . .
semiconductor die, the remaining portion of the semiconductor wafer

operating iagyan irntenposenfordhe firstamnersecond semiconductor die. 16.

TQe method of If\im 15 furth incluging forming.a firs% interc%nnﬁg:t

1€ .
structure over t elfrﬁ%rpos r.oel%r. The r%e%hlo\aeof claim Er further mc?udlng
seniemoling ar porioaof the encapsulant to expose a first surface of the first

S%@¥Q998d9r9§%£%§ in the semiconductor wafer;

mounting a first semiconductor die to a second
semiconductor die;

mounting the first and second semiconductor die to the
semiconductor wafer such that the first semiconductor die is
disposed over the semiconductor wafer and electrically connected
to the conductive vias and the second semiconductor die is
disposed within the cavity;

depositing an encapsulant over the semiconductor wafer and
first and second semiconductor die; and

removing a portion of the semiconductor wafer to expose the
conductive vias and a first surface of the second semiconductor
die, the remaining portion of the semiconductor wafer operating

as an interposer for the first and second semiconductor die.

16. The method of claim 15, further including forming a first

interconnect structure over the interposer.
17. The method of claim 15, further including removing a

portion of the encapsulant to expose a first surface of the

first semiconductor die.
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18. The method of claim 15, further including forming a plurality of
conductive pillars through the encapsulant around the first semiconductor
die. 19. The method of claim 15, further including forming a metal plate over
the first surface of the first semiconductor die. 20. The method of claim 15,
further including forming a second interconnect structure over the first
surface of the first semiconductor die. 21. A semiconductor device,
18. Camprisiegham irderpeser having arplutality-of eenductive viasfarmeda
through the interposer and cavity formed in the interposer; a first
Plurgdmichndictor dit motited o thiftelposerI detond ¥ethtdutiordig nd
the mouBtedstenthedinstusemicandactor die and disposed within the cavity; an
encapsulant deposited over the interposer and first and second
semiconductor die, wherein a first surface of the first semiconductor die is
19. exposeddromdhe eéncapsutantgnda firstesurfacel oflthesetonadhing a metal

semicond %tor ieis exgos d from the encggsulgnt' and a fir tintercognect
plate over e Lirst surface o ?GT rs .éeglcon uctor fe.
structure formed over the interposer. . The Semiconductor device of claim

21, further including a plurality of conductive pillars formed through the

20. e%aé”n‘%'aéll%o%fo%déh%{'%ﬁ f?f‘?'%”rdc%é‘%f dig. 23 qhe 5‘%%‘4}’%{‘9“‘3‘9 second
device of claim 21, further including a metal plate formed over the first
integyrfagecoftthe firstcR9semivendudter dier24. Fve Semicontiuttor devicetof
semitlaim 21, further including a second interconnect structure formed over the
first surface of the first semiconductor die. 25. The semiconductor device of

claim 21, the first and second

21. A semiconductor device, comprising:

an interposer having a plurality of conductive vias formed
through the interposer and cavity formed in the interposer;

a first semiconductor die mounted to the interposer;

a second semiconductor die mounted to the first
semiconductor die and disposed within the cavity;

an encapsulant deposited over the interposer and first and
second semiconductor die, wherein a first surface of the first
semiconductor die is exposed from the encapsulant and a first
surface of the second semiconductor die is exposed from the
encapsulant; and

a first interconnect structure formed over the interposer.
22. The semiconductor device of claim 21, further including a
plurality of conductive pillars formed through the encapsulant

around the first semiconductor die.

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

metal plate formed over the first surface of the first
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semiconductor die and interposer are made with similar material to provide
thermal stress relief. -30

semiconductor die.

24. The semiconductor device of claim 21, further including a
second interconnect structure formed over the first surface of

the first semiconductor die.
25. The semiconductor device of claim 21, the first and second

semiconductor die and interposer are made with similar material

to provide thermal stress relief.
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