SEMICONDUCTOR DEVICE AND METHOD OF FORMING A THIN WAFER WITHOUT A CARRIER
Field of the Invention The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of forming a thin semiconductor wafer without a
carrier. Background of the Invention Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number and density of electrical components.

Discrete semiconductor devic%g&%ﬁﬂ}j&g E‘"bﬁ’{ﬁ eAﬁfDelﬁﬁ | Sb(_: ponent, e.g., light emitting
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diode (LED), transistor, resi &Hig( iconductor 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), solgf gejlg, and gigitabmicrasnaigror 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 proie;]céiog§ Jar television displays,- gfgyg%nq%t%reqleev}%els are found in the fields of
entertainment,
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a thin semiconductor wafer without

a carrier.

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), 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



communications, power generation, networks, computers, and consumer products. Semiconductor
devices are also found in electronic products including military, aviation, automotive, industrial 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 through the process of doping. Doping Introduces

impurities into the semicondugtor m%terial to rganigulate and control the ondugtiviy of.the semiconductor
. consu%?rr%rodac S . EmlCOP uc og dezices.are also ?u d in .
device. Semiconductor deviCe contains acfive and passive electrical structures. Active

structures liacludingitransistdrs; tentrokthedlovw ofneélectrical curaerita By varying tevels of-doping and
applicati%nngfu %q:]e_;llegﬁriccg;éenlgrtgfltreq:nssistgr %itrg)efr romotes qr reesrtlr]'gcts the flow of electrical current.
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Passive structures, Iincluding resistors, diodes, an lInguctg[rli':,,l%reate a relationship between voltage and
current necessary to pédorne ancdirietyof eleetricabfunstidns. tTHewassivecamd astive structures are
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calculations and other useful functions. emiconductor devices are generally manufactured using
two compléRhedactifng prdcasseas, i Lront-énd naktifdctiieg, arehisaekeend manuadigring, each

i”V0|Vi”QM%?@'XM%%Q%W@%B% Hrogtend manufacturing {nvolves; the jogpatien gf,g plurality of

die on the surface of a semiconductor wafer. Each die is typically identical and contains circuits formed by

electrically¢oritiefifi§ active 8RB pagsive RORIpthehts: Brtkea AMaRufactdity MvbRessingulating
individuakdiefrom dhe finished waferand pagkaging the diefly control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including
transistors, control the flow of electrical current. By varying
levels of doping and application of an electric field, the
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. Each 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 density active and passive

components. B%Fk-er%d P%rocessel‘s ma resglt in semiconductor devife .packages with a smaller footprint
. rovide sStructyr su ©) an enyironmenta Isolation. . .

by mprov?ements in ‘eléctrical interconnection an pacﬁaglng materials. n many applications,

semiconductor wafers aree macelasothirs as possitilectooreduee paekage height. sTcreduce dubstrate

thickness the ck g‘ace gf the wafer. undergoes ;p'rl ingp cess such as.h a4 rinding or CMP.
The thin \fva%er?:%l gus%c%eplti%?e %ugr%\%ﬁiné%\ﬁldgt%aékaage éur%ﬁg haﬁgﬁngegng 3érﬁijafncl?%act ring processes. To
reduce theopetential fosdamagera casier Wwafehisttypicaliy affixed4o therthin avaféetoprodidecatiditional

structural sypport, The catigr wafey is temoyed after the manufagiuring,pracess, Theiged for a carrier

wafer adds manufacturing complexity of process and cost. Summary of the Invention A need
exists to forirra hifisehieonduresrsubstratewithbutia cag el rASEGTdingly, $meneé @misodiment, the

present inveniionds a mgthgg-afmaking & semicopdyctor dgvice comprising the sieps o providing a
substrate, forming a conductive via in a first surface of the substrate, forming a first interconnect structure
over the fia¢ sfiff@ce ofthé SUbRHats fEMARG B fSt bunpicver thé fifstitéRfonneédstAdcture, depositing

an encapgulant oyertheifirst bumpanddfirstintercppnectsiructusg ciemoeving apartion of ncapsulant
to expose the first bump, removing a portion of a second surface of the substrate, opposite the first

surface of #7e'slibstPate SIS the TofBUct R WA CERP fotmifid & secdRd ntefcohfeEPstidtture over
the secomd, suHace, obthersubstrate®, 1ectrical interconnection and packaging

materials.

In many applications, semiconductor wafers are made as
thin as possible to reduce package height. To reduce substrate
thickness, the back surface of the wafer undergoes a thinning
process such as back grinding or CMP. The thin wafer is
susceptible to cracking and breakage during handling and
manufacturing processes. To reduce the potential for damage, a
carrier wafer is typically affixed to the thin wafer to provide
additional structural support. The carrier wafer is removed
after the manufacturing process. The need for a carrier wafer

adds manufacturing complexity of process and cost.
Summary of the Invention

A need exists to form a thin semiconductor substrate
without a carrier. Accordingly, in one embodiment, the present
invention is a method of making a semiconductor device
comprising the steps of providing a substrate, forming a

conductive via in a first surface of the substrate, forming a



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a substrate, forming a conductive via in a first surface of the substrate, forming a
first interconnect structure over the first surface of the substrate, depositing an encapsulant over the first
interconnect structure, and removing a portion of a second surface of the substrate, opposite the first
surface of the substrate, to expose the conductive via. In another embodiment, the present

inventiong’s a method of making a seCmico ductor device.comprising the steps of providing a substrate,

. rf 1ntercon%e struc urF ?ve% he, T'1Ts §u¥ %fe o%.the

forming a first Interconnect structuré over the first Surface of the substrate, epositing an encapsulant
over the firgb mtercoanectestnuctyrea and remokingra periontdfa ecosd surfacewithe stbstrate opposite

the first surfage of e Subslialer i g oolnAnalher.ambedinent. figpresentinyention js 2
semiconductor device com%rlsmg a substrate and conductive via formed in a first surface of the substrate.
A first intérconhedtdteuctorens $ornyed ovérthe firstesurfacedfahe substeatec Antéreapsulant is deposited

over the it nterconnectstructe. & Rorton pL.a segand sudags ot he SUBSIRte, AoRgsite the firs

surface of the substrate, is removed to expose the conductive via. Brief Description of the Drawings
FIG. 1 illgsterasiapiintedeirclit bosrd(PocB)wWitte differattypes shsadkbges nmourited o @$ surface;

the substrate, to expose the conductive via, and forming a
second interconnect structure over the second surface of the
substrate.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a conductive via in a first
surface of the substrate, forming a first interconnect structure
over the first surface of the substrate, depositing an
encapsulant over the first interconnect structure, and removing
a portion of a second surface of the substrate, opposite the
first surface of the substrate, to expose the conductive via.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first interconnect structure
over the first surface of the substrate, depositing an
encapsulant over the first interconnect structure, and removing
a portion of a second surface of the substrate opposite the
first surface of the substrate.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and conductive via
formed in a first surface of the substrate. A first
interconnect structure is formed over the first surface of the
substrate. An encapsulant is deposited over the first

interconnect structure. A portion of a second surface of the



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-3h illustrate a process of forming a thin semiconductor substrate without a catrrier; FIG.
4 illustrates forming RDL and bumps on a back surface of the thin substrate; FIG. 5 illustrates
forming UBM and bumps on a front surface of the thin substrate; FIGs. 6a-6e illustrate an
alternate process of forming a thin semiconductor substrate without a carrier using bumps on the front

surface; subs raIEI@GS. o7a'Z>hs nggtr%e a%athertproc§§% gfe for@ir{%g thinbsse{nic%re]ducit%r substrate without
a carrier usmgtbumpé forimed over the 1S ;lﬁf;. gilfustrates orming RDL ané%unﬂps on a back
removed to expose the conductive via.

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-3h illustrate a process of forming a thin
semiconductor substrate without a carrier;

FIG. 4 illustrates forming RDL and bumps on a back
surface of the thin substrate;

FIG. 5 illustrates forming UBM and bumps on a front
surface of the thin substrate;

FIGs. 6a-6e illustrate an alternate process of forming
a thin semiconductor substrate without a carrier using bumps on
the front surface;

FIGs. 7a-7h illustrate another process of forming a
thin semiconductor substrate without a carrier using bumps
formed over the TSV;

FIG. 8 illustrates forming RDL and bumps on a back
surface of the thin substrate;

FIG. 9 illustrates forming UBM and bumps on a front
surface of the thin substrate;

FIGs. 10a-10e illustrate an alternate process of
forming a thin semiconductor substrate without a carrier using
bumps on the front surface; and

FIG. 11 illustrates stacking the thin substrate

packages.



surface of the thin substrate; FIG. 9 illustrates forming UBM and bumps on a front surface of the thin
substrate; FIGs. 10a-10e illustrate an alternate process of forming a thin semiconductor substrate without
a carrier using bumps on the front surface; and FIG. 11 illustrates stacking the thin substrate

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
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
electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or

thermal diffusion. The doping process modifies the electrical



packages. Detailed Description of the Drawings The present invention is described in one or
more embodiments in the following description with reference to the Figures, in which like numerals
represent the same or similar elements. While the invention is described in terms of the best mode for
achieving the invention's objectives, it will be appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be included within the spirit and scope of the
in_ventionc%sn%%‘inceldvl:iyétheoz%ppseendechA%ilrlnstar%d thaeij‘re%clua{\ialti:'gtsaac sll%]peoo(gte\g.t%tsh,e f(_)llowing
disclosure and c(l:rawmng Semiconductor dévices are generally manufactured using two complex
manufacturiag processes: front-ertimamufacttnmng maad dack-lendmanafacturimgn &nant-end manufacturing

involves the formafion of.a Aluialltyof dis.an s surfage of.a semiconduetaraler, ach.die on the wafer
contains active ang pasglve electrical components, which are glec ically connectea to form functional
electricalreireaits.sActiveralactricalidcamponerts rsucheas- transistors; Havethé ability to control the flow of

electrical curient. Passive electical areanentsesush a5 fapagiars iductacs, fesistors and

transformers, create a relationship between voltage and current necessary to perform electrical circuit
functionsdoring pPrESIvEhdeECtive coRfFoents ar Rprhedidver i@ sgriadesf the sensitonductor

wafer by g series:of processssteps including doping. depesition.phaiglishography gtehing, apd

planarization. Doping introduces impurities into the semiconductor material by techniques such as ion
implantatidn éPthetmardiffasibhSTHe doping process modifies the electrical

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
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing



conductivity of semiconductor material in active devices, transforming the semiconductor material into a
permanent insulator, permanent conductor, or changing the semiconductor material conductivity in
response to an electric field. Transistors contain regions of varying types and degrees of doping arranged
as necessary to enable the transistor to promote or restrict the flow of electrical current upon the
application of an electric field. Active and passive components are formed by layers of materials
with different electrical ﬁme{%ﬂie&rgh% layers can be formed by a variety of, deposition techniques
determin&d in paﬁ byat e?ypquﬁmageria %eing geposYteafJFBr example, thin fifm deposition may involve
chemicalwapdo depgsifidr (CVYDY fplysical Xapor depositiont (RVD f widctroty ticsplatiag) iarebelectroless
plating processes, Eachilayer is dencrally patiered to,form portions gfactive gompgnents, passive
compone]%ts, ore ectnca%] connections between con’\{pgnents. The I%lyePs can be patterned using
photolithegraphpanitieh invlvesithezdapositioreof light sersitive matewalce g, tphoteresist cover the layer
to be patigrned. 4 pattermis tansferted frooa 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 belgateerhéd.CTee remaipdersf thelphoiomgist isretnave: feaddng behindepattcrhbddayer.

Alternatively, Some, tynses of malgrigls,are patterned by directly;depositing the material info the areas or

voids formed by a previous deposition/etch process using techniques such as electroless and electrolytic

plating. DEpeRtingCa tHi fift of Afsterrdl dver anabsting! paterneani éxageratethe underlying pattern

and create,anenumifeunly-fiat suifageA unifgrmiyflat syrface is-required 4o praduce smalleyand more
densely packed active and passive components. Planarization can be used to remove material from the

surface of thé-af&aTi protduEE BT rAiY flatSurfices Pldrari2afich iholveR Potishig the stirface of
the wafer,with a:pelishingspads Mralrasive material and corrosive chemical are added to the surface of
the wafer during polishing. The combined mechanical action of the abrasive and corrosive action of the

chemical removes anySRE§UIAF thpgbgrasHy: regdifify 7t ShitofrAly $iat SaAdcer

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.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 10 having a chip

carrier substrate or printed circuit board (PCB) 12 with a



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 paldus fg@gd over tsheems%rgirg ng%%tor die are tggn rggnggctgd Jo coptact %’2‘92 é/veithin the package.
The electrical Connections ¢an be made with goafgeragumps, stu %umps, conductive paste, or wirebonds.

An encapsidarit orotherdaeldirg Materiat is:deposited dvwer¢he packagectonproviderpmesided sapport and
electrical isol ticin..Thle finished p %k e is th% inserted intq< lectrica ystem a %t ehfunctionality of
the semiggnﬁj%t&ldoev?cet%%rﬁ%deg av%%a{?) & (tjotue%t er ﬁscte%w%(%osrﬁpé% ngtsé kgt F}I]CG.el illustrates
electroniedevice A0ilvaving dlchipledrfier sobstrateos pribtetttitcuitboard (PQB) dIawitly aa pkurality of

semicondyctor packages mqunied 0@&%%%@&%5'%%@@%%9%\@%&9 may have one type of

semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different types of semiédriitictrpaeckdges afe sHowa ¥n PEG 21 forapipesesef ifstiationthat

Electronig deyice 10 may he.a standsalope systen thal uses fhe semiconductor packages to perform an

electrical function. Alternatively, electronic device 10 may be a subcomponent of a larger system. For
example félBetronie devite o raly becd Graphies arel hetwstk iserfae Bakd, % cther signal processing

card that capheinsared inje a;camputer. The semicondyctor pagkage can inclydg, MICrQRIAGESSOrS,
memories, application specific integrated circuits (ASICs), logic circuits, analog circuits, RF circuits,

discrete déVigEs! oPdtierBetmEdrdudsrtie SreléGhal contdiiets.card, R FIEREPCB 12 provides
a generaksupsirate forstricturgl support and electricad interconpeet afthe semieapducter packages
mounted on the PCB. Conductive signal traces 14 are formed over a surface or within layers of PCB 12

using evapbiafiGH-SeArolEOplabiAG 186t G1R8s piitihg EcréeRTIMTIRGEPYDF Br ofErtitaHle metal

depositioasocess: Signaltkaces 14 providgfar etectricat Gamsnunication hetwegneach of the
semiconductor packages, mounted components, and other external system components. Traces 14 also

provide power ahdrotiha t3An&dtons b tachiof thé SBmiconditisrpackaged *ces  ©F

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.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to

a carrier. Second level packaging involves mechanically and



In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to a carrier. Second level
packaging involves mechanically and electrically attaching the carrier to the PCB. In other embodiments,
a semiconductor device may only have the first level packaging where the die is mechanically and
electrically mounted directly to the PCB. For the purpose of illustration, several types of first level

packaging, including wire bond package 16 and flip.chip 18, are s n on PCB 12. Additionally, several
types of sgelc%%%rléve \fpl)ia%kgéi%%,c?}l%? ir11:g %al?aﬁﬁ E?r{fy%%(?kﬁez%%mp cﬁipoc%}}ﬁér (BCC) 22, dual
in-line package (DY) 124, |andsgnd amrag{LGAY 26¢ miuttechipymoddle (MON) 28¢qtiad flat non-leaded
package (QER) 30, apd duad flal package 37, areshoyn.mounted qn PCR, 12, Repending ppon the
system requwemgnts, ar?y combination of semiconductor packages, gon?lgure with any combination of
first and sesondddvelipackadingtstylesca® @l as other electronic components, can be connected to PCB

12. In some embodiments, eé%gr ¢ device 10 ipglyg%@a%’niglglattggggggfny’%)%cgucg%r package, while

other embodiments call for multlp%;ﬂin erconnected packages. By combining one or more semiconductor

packages ovéita smghel sigstiare imanufaeturefsiean incbfpdradpieamiadeTohfporiehts ihid electronic
devices ang systems  Becayss thesserpisgnductor packages,iadlyde sophisticated functiopality, electronic

devices can be manufactured using cheaper components and a streamlined manufacturing process. The
resulting geviees ate vess [keffoFal and iess 8gpetisiventb!mahdfacture 38sultifg in fobver Re8®s for

consumersyip carhlGr 2adliustrages further detaih off2IR,24 mounted op\ PGB 12; DIR 24yingludes
semiconductor die 34 having contact pads 36. Semiconductor die 34 includes an active region containing

analog oPdigital cifcehts imprenféhittd asHdtive dvices ([Ja88ive HevidBs ontiietive Tayefs &l dielectric

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. 1In 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
pads 36. Semiconductor die 34 includes an active region
containing analog or digital circuits implemented as active

devices, passive devices, conductive layers, and dielectric
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layers formed within semiconductor die 34 and are electrically Interconnected according to the electrical
design of the die. For example, the circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within the active region of die 34. Contact pads 36
are made with a conductive material, such as aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au),
or silver (Ag), and are electrically connected to the circuit elements formed within die 34. Contact pads 36
are formed by PV, GV, elechipivtc plating, or slectioless,plating process: uring assembly of DIP 24,
semiconducior die 34 is mounted to a carrier using a gold-silicon eutectic %yer or adhesive material
such as thetmalepoxycThe package body tracludes an arsutativelpatkading materiat sdékeas polymer or
ceramic. Conductor leads 40 are connected tQ carrier 38 and wire bonds 42 are formed between leads 40
and conta&rpa%éaén 0 o’liet34 as a irélt]lcéve gp%ckagina.gﬁngggsﬁgnt 494ri% &erp%%lgté %o%/grg the package for
environméhtal protetctidn by preverntimgamoisture andepdrtitles $rona efteringethe package and
contaminating die. 34 .confact pads, 26, qryuire.hands 42 DIR 24 is-connected to RGR 12 py inserting
leads 40 into holes formed through PCB 12. Solder material 46 is flowed around leads 40 and into the
holes to pragically amdcelBeicalii Ebnriect DIPPAHHVRCBAIE Solder rAstetial 46 TAAbE @y metal or
electrically,gonductiye material, .9.,;9n. (gad (PR), Au. A EY, Zing(ZR). Bigmuthinite (B1), and alloys
thereof, with an optional flux material. For example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-fré89) » angr|gr ohSihirstiaies furthéer eetdiFeTBCCZ2 Motinfed- 6 PEB 12mSefmfconductor die
47 is conpgetedfo.a caytigr By swike bond style firstlevel packaging rBEL22 is,meyptedigf; CB 12 with a
BCC style second level packaging. Semiconductor die 47 having contact pads 48 is mounted over a
carrier usinG ah Ut HilCorepoxyaesinCAdifesiie-matéiiat 501 3emicortiiictsiie 47HHERTES an active

region containingianaley o digital ciecuits deypiementedas-activeidevicas, pagsive dgvicgsrgenductive
layers, and dielectric layers formed within semiconductor die 47 and are electrically Interconnected
according to tHe'@18cRicaPdEsigr bf R disVESFExamprY e SFcithas 1HAudé bRE ‘& néréTFansistors,
diodes, Inductorsy gapacitersresistars, and pthes cikedly elemeantis dermed witbinthe iagtive region of die
47. Contact pads 48 are made with a conductive_ material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electricalﬁf‘épd?ﬁ%%% Bthe cirdbit EéeAts BN Withftf dis%47 Edhtact paE 48 e formed by PVD,
CVD, electrolytie pladinge ot electrolessplating processt Wiredanslsb4 arnd bord padsd&s and 58
electrically. connect gontact pads 48 of semiconductor dig 47 fo gontagt pads 520f BGC 22 fofming the
first level pac‘l%aglng. 0 dslng compoun% or encaBsu an 80 is deposited over Semiconductor die 47, wire
bonds 54, gonrtact pgds 4Bpang sontact pads 52 tappravdide phiysicalsuppertantkelgetricatisolation for the
device. Contact pads 64 are formed over a,surface of PCB 12 using evaporation, electrolytic plating,
clectrole S At Srea pHAG B oL St SUTAL Hethh detor HocEes B &rS typically
plated to prevent oxaation. Coataet phdg &4aeiectrcaltyaconmect twone er itbre condactiversignal traces
14. Sold%rénatﬁrria!,qis rdee g}'ﬁg’ bgglveerbggntggt p%dscg% %gtce%Zg oanLgI nﬁctkpads 64 of PCB 12. The
solder matefial is réflowed to form umps 66 which form a mechanical an electrical connection between
BCC 22 andRCB1Q. leads {WFIG2c, sehtcorfducterddie1:80s pholiitBd face dowhde carrier 76 with a
flip chip style firstigvel packaging, BGA 20 s attached to,RCB 12 with 2 BGA stylesecond level

packaging. Active region 70 containing analog or digital circuits implemented as active devices, passive
devices, Bdiductivé layersdand gietectrie layers forirdtwithii séfniéondiictordie 1858 klettrically

interconnggted according dg the glectrical design of the die. For exapmple, {he cireyit may include one or

more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed within active
region 70°8f-s8miebndcter die>18. Sémitondictor dier 18\ eledtricaly &nd fiohanically attached to

carrier 76,thepugh alarge number efjndiyidual, condiustive solder umps erphalls 28 Salder bumps 78 are
formed over bump pads or interconnect sites 80, which are disposed on active region 70. Bump pads 80
are madé'withalconduckivé nFatefiRl Suctr 38 AT EHeSn R 2 B AGPAnd ar& Blettricafly connected to

the circuit glements fopmedingctive regign—40- Eump pads 80 are formed by PVD,
FIG. 2b illustrates further detail of BCC 22 mounted

on PCB 12. Semiconductor die 47 is connected to a carrier by
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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 caytier 16, Contactpads 88 are formed over a surface of RCH 12 using evaparalion, elgctrolyti
plating, electroless pla%nﬁ, screen printing, V%, or other suitable métal deposﬁon process and are
typically plateditohpreveéntCoxidaticn. Contact paeies83 electkrically connécinio omedrahore coreluctive
signal trages 14, The solder bumps af eIectrIi[g:aIIX and mechanically con ected.tIgl) contact pads or
bonding pads 8¢ %)%SP(%D%Z C;/: a%ao% er re‘éflc}v? prc?élesté.gﬁflo &%6 c%n;%p%rurn%j% eunsc}apguént 92is
depositedinderserhiconductopdie-18 and cadiiers7ié/to prevideiphysidal support anddledtrical isolation for
the devicg; Ihg _"?"Pi%@E&&ggc%d%%%%w%%B{E"é’hdeéo%%% glectacal £opduction path fiom the active
devices on semiconductor die 18 to conductiontracks on PCB 12 in order to reduce signal propagation
distance,déwer cspacitapneernand ffproveasvetalt cideuitgerformzmneel readstheeembodiment, the

semicondugtor die 18.can,be mechanically and lectrically attached direptly 10 PGB 12 using flip chip style

first level packaging without carrier 76. FIGs. 3a-3h show a process of forming a thin
semicondifEtorORae! OF StbStrate Withotd adcarier $§ F¥G C3a, & stbstPate Or e 00 is made with a

semiconducterhase;material sugh as-silicon; geumaniym, galliym grsenides indium hide, or silicon
carbide. In one embodiment, semiconductor wafer 100 is about 30.5 centimeters (cm) in diameter. One or
more serfiicbAtidctor'dié, 48 Hesehbed abbve, HteFolméd B B Mrdunted ¥6'Sbstrate 1060 Each

semicondugter-die drelydes analegrar digiial cieuits Inplemented asmstive and passive devices,
conductive layers, and dielectric layers formed over its active surface and electrically Interconnected
according R tHESIEEfichFdesign OF tht Gie *For exapRS theaifcuithas iicliGE 6nd b mére transistors,
diodes, androtherciteuitelements formedwithin the active sifaaeitp Implementanalag dCiectudts or
baseband digital ¢ircuits, such as digital signal processor, (EDSP), memory, or other si,gﬁna,l rocessing

circuit. THe S&micordtictor e iy aiSo tontaily IPD FSithtashdliciors, d%%%&ﬁgrsvfé 8+8sigtors, for RF

signal pracessingpontact 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

which form a mechanical and electrical connection between BCC 22
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A plurality of through silicon via (TSV) 102 is formed in a front surface of substrate 100 by etching or
drilling a via through the silicon material of the substrate to a depth of 30- 300 micrometers (pm). The via
is filled with Al, Cu, Sn, Ni, Au, Ag, titanium (li), W, poly-silicon, or other suitable electrically conductive
material using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal
deposition process. An electrically conductive layer 104 is patterned and deposited over substrate
100 and con ive TSV 102. Conductive layer 104 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive layer 104 is formed using PVD, CVD,
electrolytic plating, eledtrolEsS plating precess, ndothersuitablelfietas depositienl pfecessdCenductive

layer 104 is a metal pad-havin gle trical co %ectio tofhe gctiv arlld P Si dkeviceg. IPDs, d
conducti\}:eglayc/%l}:sr |§6oj£ i“ﬁl?ﬁe sgem%l\’(%r]%dlrJ&ctérp digFC\foﬁduét}:vS(aeEIaygr 18;4 é?‘e%trﬁz%jly%i)ntac@:I
conductividTSY Ei2.ached wodielgetric orinsblating $dyex t10b4s $orprediovervsubstrate 100 and

condutive,(aver 104 Tha.dlelortr Jayer, 106 ¢and ane or ol laysys ot slfeen dipride (5102) ifcon

nitride (Si3N4), Silicon oxynitride (SION), tantalum pentoxide {1a205), zircon (Zr02), aluminum oxide
(Al203), polyirvidé sherptyeiobturhed(BCB)L pBlybeaZGZdlesEBAY ©r dtherdAaterial having suitable

electrical inspiating propesies- J he diglegtricilayer 106 ispaiterned of blanket deposited using PVD,

CVD, printing, spin coating, sintering, or thermal oxidation. A portion of dielectric layer 106 is removed by
an etchinggstoeessiiordgioseicontitictive RyeFIDAcally AR ISHRERIY IhdUERFE fAyRP 108 is

patterned gad Q@Q@%iﬁ%g\ierd@%'?&%%@%h@@i%@ CO@@W@@A%}@%@%@@P@QM@L {aygs 108 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive

layer 108L R FoHAEd BERgPVHCET D; eletirolticipating, ¥ectroldSSPRatAG Prosesea b1 bitet suitable
metal depesitien processngonductivedayer 108 eperates as adunBer within active

region 70 of semiconductor die 18. Semiconductor die 18 is
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 1is 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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or redistribution layer (RDL) to extend the interconnectivity of conductive layer 104. A passivation
or insulating layer 110 is formed over dielectric layer 106 and conductive layer 108. The passivation layer
110 can be one or more layers of 5i02, Si3N4, SiION, Ta205, Al203, or other material having insulating
and structural properties. The passivation layer 110 is patterned or blanket deposited using PVD, CVD,
printing, spin coating, sintering, or thermal oxidation. A portion of passivation layer 110 is removed by an
etching pracess t8 exgose fggguctive Ia¥er 108. In l(‘—i? 3b, an eJElctricaII conth%tive layer 112 is

patternecle and %I]épég”l ed bver par}s%lva%((?m?ae)?erpl]?LjOnz}{’nié1 dén c]%i(/e (fé:yeor 8" Conductive layer 112 can

be one ommioré lalars of Al, Qu, BmdNisAupAd, arretherpuitablé electrdally comdoctveematerial.

Conductigg:{ { er J:_L(;Lg is f%rgﬂnetdalé%in f\/SD,S%VQEL glc c}rolé/glif lplaticncgn I%eccéroIeosso|rIJ1Igltir&gT process, or other
suitable metal deposifion process. onauctlve layer 12 opera%es as an undﬁer bump metallization layer
(UBM) ordaurvp pladfer eanective tayers1084 UBMd 2ssalhdse almoitismétal staek with adhesion layer,

barrier layer, apd,seedhar wetling layer., The,adhesign.layetls formed over.copdyctivg Jayer 108 and can

be Ti, titanium nitride (TiN), titanium tungsten (TiW), Al, or chromium (Cr). The barrier layer is formed over
the adheSiondayer armiicarPBe pnadtCof NE nickepvarddiem (N, pratiiids ¢Rt, - pallelivm {Rd), Tiw, or

chromium Gopper,(CrGu) Hhe pattier layes inhibits the diffusien af Gu intg the activeryyea pf 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
intermedibfe e8AdGIvE Igyer BetiveeR coORddE e Ia§ecPA8 aHBRBbBSegueht bLAS dcether interconnect

structure; YBM, 112 provides adowdesistive intgreornacs t@k??%%%‘ih’fc'@b@ﬁ%@%@%‘é’@'i as a barrier to
solder diffusion and seed layer for solder wettability. The combination of conductive layers 104

and 108, RIBMCES andIhedating RyeFs £66 ana1d oot bitte afrdit Qe fiftere6ARE& structure 113.

In FIG. 3gcan elestrically sanductivednaterial is depasiied Qven UBM 41248 darn bumassel b using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The conductive

material ¢ah BE &Ry rétaf SGH&s ShING, AR TARE T BiCAnd &by tHered*With an optional flux

material. capacitance, and improve overall circuit performance. 1In
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-3h show a process of forming a thin
semiconductor wafer or substrate without a carrier. In FIG. 3a,
a substrate or wafer 100 is made with a semiconductor base
material such as silicon, germanium, gallium arsenide, indium
phosphide, or silicon carbide. In one embodiment, semiconductor
wafer 100 is about 30.5 centimeters (cm) in diameter. One or
more semiconductor die, as described above, are formed on or
mounted to substrate 100. Each semiconductor die includes
analog or digital circuits implemented as active and passive
devices, conductive layers, and dielectric layers formed over
its active surface and electrically interconnected according to
the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit

elements formed within the active surface to implement analog
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FIG. 3d shows an encapsulant or molding compound 116 deposited over passivation layer 110 and
bumps 114 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 116 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 116 is
non-conductive and environmentally protects the semiconductor device from external elements and

contaminants. . In FIG. %e, partion of encapsulant 116 is remaved.by. W; mechanical grinding,
plasma e%clhrlr?él,lv%est éjtgh,b &rflee cn,adorgaln%%ﬁéarjth%lrllgncguﬁgjscésg o Eéxggsegﬁﬁ)r%%% ﬁl.lgnaal In FIG. 3f,
a portionof adzecksurfaegrof substrateyl0®is reniovedsoexpose condectivedT SV 021 The silicon or

other basgsermicqnducior material 100,can b 1amaved by CMBymechanical grnding, plpsma etching,
wet etch, dry etch, or another t inning pro%ess. A bac[?grlnamg tape can be used for structural support
during the amaningprece s hesrehtdining poftien BF siistraté 1004ds eslativealy thin, having a thickness

Less than 100 microm%telgsimt’g)t Maﬁul@ﬂgjglg}pr%viiq%%gt&uq%al Bgc))rt {%thhggh@Q%pggate 100

during the thinning process, as well as later handling and processing. Encapsulant 116 eliminates the
need for asepafdte Wafeedrier FIG. Sgxhows-anctAer embedirhemavit conductive TSV 102

extending or prejpuding. from the back surface of spbsirate 190 after thedhinning.process. 30— InFIG.

3h, an electrically conductive material is deposited over conductive TSV 102 using an evaporation,

electrolytit’Plafing FElBetFSsIESs plting, balharopt dr sereehlpritflingiprBeéss. The condluctive material can

be any metal sugh as;Sn,NinAu(Ag) PbyBlyand alleys thereof, withanseptional flux material. The
conductive material is reflowed by heating the material above its melting point to form spherical balls or
bumps 1£8 8 Sohte Applications Bumps 118%re Feflotved d FeéBnd St to™thfsible electifcal contact to

conductive T8YrL2. Bumps 418 sepresantione ypef datercannect structure that sapbeformed over

conductive TSV 102. The Interconnect structure can also use bond wires, 3-D Interconnects, stud bump,
micro deposition process.

An electrically conductive layer 104 is patterned and
deposited over substrate 100 and conductive TSV 102. Conductive
layer 104 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive
layer 104 is formed using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 104 is a metal pad having electrical
connection to the active and passive devices, IPDs, and
conductive layers disposed in the semiconductor die. Conductive
layer 104 electrically contacts conductive TSV 102.

A dielectric or insulating layer 106 is formed over
substrate 100 and conductive layer 104. The dielectric layer
106 can be one or more layers of silicon dioxide (Si02), silicon
nitride (Si3N4), silicon oxynitride (SiON), tantalum pentoxide
(Ta205), zircon (Zr02), aluminum oxide (A1203), polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
material having suitable electrical insulating properties. The

dielectric layer 106 is patterned or blanket deposited using
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bump, or other electrical interconnect. FIG. 4 shows another embodiment with an electrically
conductive layer 120 patterned and deposited over the back surface of substrate 100. Conductive layer
120 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 120 is formed using PVD, CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 120 operates as a runner or RDL to extend the

interconr}gxggvitycg}IBcondgcti\%el TSV 102.n coa tiA ug&asssiv?lli;icoen or insu@%ingﬁae%eranZ is formed over the
back surface 'of substrate 100, T8V T2, and Sonduttive Jfayer]ﬁljz?)(.g"rhe passwalﬁon layer 122 can be one
or more layersasf 5i02, SiBNdpSIONNPTaZ05] 1412688 tariathéamateridl havimgriaswlating andastructural

propertie .Tlﬁeg ssivation layer 122 js atterned.o blanket de osii using PVD, CVD, printing, spin
coating, sglﬁﬁariﬁg?o?ﬁ%%r%%?oﬁaat%réog %oﬁ%nggf ptals\éﬁ/a%gﬁ %yerq%Z is removed by an etching
process to expose condloctiMeslayer ©20.1y condaieelectricadlycondlétivieslayer 124 isspatterded and

depositeq guercnassivation layarc122.20d sondytive ayer120- Conductive e 124 cagybe one or more

layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 124 is
formed uSigPVD 1Y DL aYectroliit platindeledtfoless platifg brocess, of ofhker suitablémetal

deposition progess. Condugtiye layer 124 operates asa UBM or bump pad.-for conductive layer 120.

The combination of conductive layer 120, UBM 124, and insulating layer 122 constitute a back side
interconrfeefisirgétliee123ver 108 AhselEetFiRaly Eenduetive Pnateral is Heposited BércUBM 124 using

an evaposation, lecteoluic.platingeleatraless;plating chall drop, or sereen prinfipgProeess: The
conductive material can be any metal such as Sn, Ni, Au, Ag, Pb, B1, and
deposition process. Conductive layer 108 operates as a runner
or redistribution layer (RDL) to extend the interconnectivity of
conductive layer 104.

A passivation or insulating layer 110 is formed over
dielectric layer 106 and conductive layer 108. The passivation
layer 110 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having insulating and structural
properties. The passivation layer 110 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering, or
thermal oxidation. A portion of passivation layer 110 is
removed by an etching process to expose conductive layer 108.

In FIG. 3b, an electrically conductive layer 112 is
patterned and deposited over passivation layer 110 and
conductive layer 108. Conductive layer 112 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 112 is formed using PVD,
CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 112
operates as an under bump metallization layer (UBM) or bump pad
for conductive layer 108. ©UBM 112 can be a multi-metal stack

with adhesion layer, barrier layer, and seed or wetting layer.
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alloys thereof, with an optional flux material. The conductive material is reflowed by heating the material
above its melting point to form spherical balls or bumps 126. In some applications, bumps 126 are
reflowed a second time to Improve electrical contact to UBM 124. Bumps 126 represent one type of
Interconnect structure that can be formed over UBM 124. The Interconnect structure can also use bond
wires, 3-D interconnects, stud bump, micro bump, or other electrical Interconnect. In FIG. 5, an
electrically, conductive layer 130 is patterned and deposited pver bump 114. C ctive layer 130 can be
one or mlgpeela?/gpsegfl Xlgc%?é%,r N?,SAL%OK&60$O?H§F: suitab eu(ejli—é(l:ifrfeca f?l %Sﬁdgg%eaﬁgteﬁ%? Conductive
layer 130ois formed usiagiRMDnCVDI, @&dectidlyic, plating, relectralessyplating progess, di other suitable
metal de %sit(j)%n Rrocess. Conclt ctiv}g Ia¥er 130 gperates as a UBM or bum%ggd fglhg%mg 114.

An electri%caﬁy conduc ﬁ/]é)n’later%?is Eé:pols?t]éd ov%r UBM 1%§rurg?ng an eeﬁaporati%n, eleétrglytic plating,
electrolessiplatingvalcdropber seréenpfinting pracess! Therconduttiveélmaterial tahbeuany metal such

as Sn, Ni(ﬁ\y) {*%Eﬁ?&iaﬁq @#8){5, thﬂ%c,)f, EQ’Ph&&%R{[!LQHﬁ‘l g% .er'@rgﬂg pongHgtive material is

reflowed by heating the material above its melting point to form spherical balls or bumps 132. In some
applicaticrst bufipslE32arelrefioeda sécordiitihe 36 dmpriveCeledtrical ¢drtactad UBMAE30: Bumps

132 represent ppe gype of iptercopnect;steuciure thatcan-be farmediqyer WBM 130 and bumps 114. The

interconnect structure can also use bond wires, 3-D interconnects, stud bump, micro bump, or other
electricalSftefconméet. 15 formpditemate prote8sor IGtning e thin Semidonduetatsubstrate without a

carrier is showpra i Gec6a-681Framshe syyeture set forth in f:lGsc3a apd 13D, ap elegtrigally conductive
material is deposited over UBM 112 using an evaporation, electrolytic plating, electroless plating, ball

drop, or SEER PHRfig Protess OThe EBRductiveShataF€an DMy HEt subitds Sié Ni, Au, Ag, Pb,

Bi, and alleys theeeofs withan-eptional fux materalofhe eenductivenmaterialis reflowed ysheating the
material above its melting point to form spherical balls or bumps 136. In some applications, bumps 136

are reflo@éd YsetoRd time fF improve Blettici tortatf P UBM 118, seed layer for

solder wettability.

The combination of conductive layers 104 and 108, UBM
112, and insulating layers 106 and 110 constitute a front side
interconnect structure 113.

In FIG. 3c, an electrically conductive material is
deposited over UBM 112 to form bumps 114 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The conductive material can be any metal such
as Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional
flux material.

FIG. 3d shows an encapsulant or molding compound 116
deposited over passivation layer 110 and bumps 114 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 116 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 116 is non-conductive

and environmentally protects the semiconductor device from
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FIG. 6b shows an encapsulant or molding compound 138 deposited over passivation layer 110 and
bumps 136 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 138 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 138 is
non-conductive and environmentally protects the semiconductor device from external elements and
contaminan S nal e ngl%t&,a%gogigntog enggg%%lant 138 is removed by CMP, mechanical grinding,
plasma e?cyhlng, wet etcﬁ, (?ry e%ch, or ano?herr%lnnlng process to expose bumps 136. In FIG. 6d,
a portion of substrate 100 isTémoved te expose conductivecE 102nThe sflicon or etlerdsasey

semicon%or rﬂ%&%{?&%ggfa rbienr ln%oved %%QMP,erpggh%rgcalw rin%igghpla ma %tE@i}Qg' wet etch, dry
etch, or another thinning process. A acl?’gri% Ing tape can be Used for structura S{Jpport during the
thinning procesds ITHeremdiningportions of sabstrate 190dsmelativaly thin, having a thickness Less than

100 pm. Encapsulant 138 prpvides structural sypgort for the, thin substeate 100.during the thinning

process, as well as later handling and processing. Encapsulant 138 eliminates the need for a separate
wafer carkief. 1s rengyefechicatyropductivedmateria isTdepdsited ovERr HuAipl 138 TSig an

evaporationy, eleciolylic plating, elegtioless plating, pall drep ar.sereen prntiag picesss r'he conductive

material can be any metal such as Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an optional flux

material. "THetcohttetive iiaterialds réflowatPby heating the'matéief Abodé its Fiélfing Pbint to form
sphericalballsiar bumps,k49.dn,some applicaliops.umps 149.are reflawed. a second dimerto,improve

electrical contact to bumps 136. Bumps 140 represent one type of Interconnect structure that can be
formed oV&FBGThPS 2365 THE thter bR strlicturd ¢an alke usesiitPwires S DX ittEBRALts, stud

bump, misge-bump, or othas electrical iotgreonnest.atively thin, having a thickness
less than 100 micrometers (um). Encapsulant 116 provides
structural support for the thin substrate 100 during the
thinning process, as well as later handling and processing.
Encapsulant 116 eliminates the need for a separate wafer
carrier. FIG. 3g shows another embodiment with conductive TSV
102 extending or protruding from the back surface of substrate
100 after the thinning process.

In FIG. 3h, an electrically conductive material is
deposited over conductive TSV 102 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The conductive material can be any metal such
as Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional
flux material. The conductive material is reflowed by heating
the material above its melting point to form spherical balls or
bumps 118. In some applications, bumps 118 are reflowed a
second time to improve electrical contact to conductive TSV 102.
Bumps 118 represent one type of interconnect structure that can
be formed over conductive TSV 102. The interconnect structure

can also use bond wires, 3-D interconnects, stud bump, micro
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An electrically conductive material is deposited over conductive TSV 102 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The conductive material can
be any metal such as Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an optional flux material. The
conductive material is reflowed by heating the material above its melting point to form spherical balls or
bumps 142. In some applications, bumps 142 are reflowed a second time to Improve electrical contact to
conducti\ﬁeuTSV 1002. B%rrép%s éﬂze represent one type 01;1 ig(t:etrconnect structure that can be formed over
conductive T8V 162. Thenterconnect Structlire Gan also use bond wires, 3-D interconnects, stud bump,
micro bump, or other elgctrical ifteroonnechther erSemicordacter stibstrate 100ts sivgulated in FIG.

6e using 2 Ia%er %u.ttirég ggvi e o] SgW bI%g% 144C'lnto igdi(gidug s @ggo(pd ctor,p cga%%s 148. The vertical
interconnect structure throa/ggﬁ semlé::o%%uctorr%%ckgae 14§E|Dnc%f}§es coﬁfilurctiEe%ayears 104 and 108, UBM
112, conductivecESWA021anad bahwpsl36, 1400addddRve layeFIG8.07aZh shewcarsother process of

forming a}n@%s%rg{/cgpgug@rgybst&te withoyt cap[ger.zi@ FIG, 7a,.3 sybstrate grwafer 150 is made with
a semiconductor base material such as silicon, germanium, gallium arsenide, indium phosphide, or silicon
carbide. ©he VFMeRISemiconductor e, As deseibed abovelwré faned bR or hadunited to substrate

150. Each sgmigonductor digincludes analog:ar digital cirpyits implementgd as active and pagsjve
devices, conductive layers, and dielectric layers formed over its active surface and electrically
interconreEfStEacooraing 16 the efdtticH? desim ot the R Fof eXanipie IReé Tircuit AEHiREdR one or

more transistars, p@q;deép@pgg)égeraQrcyitledl@lmgptsofgrrﬁgg within the-agfiviersurface to implement analog
circuits or baseband digital circuits, such as DSP, memory, or other signal processing circuit. The

semicondutiSrdiethay alshidontaih IPBRSUAT a¥$ndutlors®éapacitors, and resistors, for RF signal
processing. A plusalisy: of T8Vo152 is formed in afront sydace op sulastrated&d byetehing or

drilling a 1\_‘/I€ through the silicon material of the substrate to a degth of 30-300 pm. The via_is
e back surface of substrate 100, TSV 102, and conductive layer
120. The passivation layer 122 can be one or more layers of
Si02, Si3N4, SiON, Ta205, Al203, or other material having
insulating and structural properties. The passivation layer 122
is patterned or blanket deposited using PVD, CVD, printing, spin
coating, sintering, or thermal oxidation. A portion of
passivation layer 122 is removed by an etching process to expose
conductive layer 120.
An electrically conductive layer 124 is patterned and
deposited over passivation layer 122 and conductive layer 120.
Conductive layer 124 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 124 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 124 operates as a UBM or
bump pad for conductive layer 120.
The combination of conductive layer 120, UBM 124, and
insulating layer 122 constitute a back side interconnect

structure 123.
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filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other suitable electrically conductive material using
PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
An electrically conductive layer 154 is patterned and deposited over substrate 150 and TSV 152.
Conductive layer 154 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 154 is formed using PVD, CVD, electrolytic plating, electroless
lating process, or other suitable metal . deposition process. Caonductive layer 154 is etal pad havin
glectr?cgl connection tog’ t%eea?&i%%raln%a&aggivceo&g\}%gsl,YSD@%&& %gédl}cgt/iv%ﬁgﬁesrlsgcﬁ?poos\é%rin the )
semicondirgtorldié. Condgctive layemrth4 electricaly €onhtacts tonductiwe M8V 162ectroleAsglielectric or

insulatin @ 156 is f med over s bstrate 150 andg nductive layer 154.T'I'}t1e dielectric Iayj r 156 can
e one P T O o b e e
having suitabte elettricahinselatimg properiesuThe dieléctric YayerA%6 i8 pattBinedBdr, blanket deposited

using PVD; CVR, Rrinting, spin,£0ating,,sigfaring, of theymal gxidation,A postion of diglectric Jayer 156 is
removed by an etching process to expose conductive layer 154. An electrically conductive layer
158 is pattefrrstiand depaosiferoist divlebizllayer 15Band Eendactivellayer 1545 Conduttive layer 158

can be ong or marg laysrs of AL, GU. 3N, N Alls AG-OLtheE syisgble efectricglly conductive material.

Conductive layer 158 is formed using PVD, CVD, electrolytic plating, electroless plating process, or other
suitable meta} Heposifion prévE¥ss CoAtlueire FRFEFL PYSBperates asa ruhfier ot RDP¥®ERtend the

interconnectivity-f-condugtive layer 454 124 . A Rasgivation or insulaling layern16Q sformed over
dielectric layer 156 and conductive layer 158. The passivation layer 160 can be one or more layers of
S102, SI3NASSONITL205 AI263 Broothefmatérial Pavingrifsdafiig andSttuttital prbperties. The

passivation tayer J60ds patiemnes-erlanket deposited asingRVR: €VD, printing, spin coating, sintering,
or thermal oxidation. A portion of passivation layer 160 is removed by an etching process to expose a

DOMOHOﬁ&ﬁﬁﬁﬁﬁggﬁﬁkﬁQS%QN%H&ﬂ%kmﬁH§¥§vQEﬁP' or otHer electrical

interconnect.

In FIG. 5, an electrically conductive layer 130 is
patterned and deposited over bump 114. Conductive layer 130 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 130
is formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 130 operates as a UBM or bump pad for bump 114.

An electrically conductive material is deposited over
UBM 130 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The conductive
material can be any metal such as Sn, Ni, Au, Ag, Pb, Bi, and
alloys thereof, with an optional flux material. The conductive
material is reflowed by heating the material above its melting
point to form spherical balls or bumps 132. In some
applications, bumps 132 are reflowed a second time to improve
electrical contact to UBM 130. Bumps 132 represent one type of

interconnect structure that can be formed over UBM 130 and bumps
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In FIG. 7b, an electrically conductive layer 161 is patterned and deposited over passivation layer 160 and
the portion of conductive layer 158 over conductive TSV 152. Conductive layer 161 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 161 is
formed using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 161 operates as a UBM or bump pad for conductive layer 158. UBM
161 can liﬁ 2 multi:metal stack with adhesion Ica%/er,ebagrigr Igvg/gr and seed ar wettin L1a_%/_e‘% The
adhesion’layer is ormed over conductive ayer B8%nd can eq'i,uﬁﬁ, , A‘iJ, or Cr. The barrier layer is
formed overtthrecadhesiorslayertand banbe made of NyrddlV, platviune Pt,cPd; clHW, @r ICrCu. The barrier
layer inhig)g q:ecgilf;fH;ig{‘.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 between
conductive layer 158 ahd subsequertcburmps esothef Ifterconnectsteuctiven UBM 1edptovides a low

resistive Lntercopnect tg conductive layer 128, ag,well 45,2 barriet (o, solder diffusion,. and.sged layer for

solder wettability. The combination of conductive layers 154 and 158, UBM 161, and insulating
layers 156tarit- 6@ eonstituteca front side Iftercotmezb Strdéture@ 158 lectrigalRl. 7¢, an electrically

conductive,material i depesited.over UBM J81;tofarm humps:162 usingan.evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing process. Bumps 162 are positioned directly over
conductiRFBVYTES2L The cokRitieive Hateridl cah B¥any Aftalrsuehsss 8a 2N 2y, Agg Pb, B1, and

alloys thereaf, with-an,eptienal flux matggal, r o ce s s FIGTAd showsanarcapsyiant o nalding compound
164 deposited over passivation layer 160 and bumps 162 using a paste printi%comgressive molding,
e ap

transfer MBIdiY! 1§GiPencpsiiant mildingvadtim minakon For otABF s &6 Encapsulant

164 can ke prlymergompasite materiak sueh asiepoxyesinonith, illery epaxy acrylate with filler, or
polymer with proper filler. Encapsulant 164 is non-conductive and environmentally protects the

semicondiictord&ceroRtéktenhl eldmants IntPdorft@mifantd. s melting point to form

spherical balls or bumps 136. In some applications, bumps 136
are reflowed a second time to improve electrical contact to UBM
112.

FIG. 6b shows an encapsulant or molding compound 138
deposited over passivation layer 110 and bumps 136 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 138 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 138 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 6¢c, a portion of encapsulant 138 is removed by
CMP, mechanical grinding, plasma etching, wet etch, dry etch, or
another thinning process to expose bumps 136.

In FIG. 6d, a portion of substrate 100 is removed to
expose conductive TSV 102. The silicon or other base

semiconductor material 100 can be removed by CMP, mechanical
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In FIG. 7e, a portion of encapsulant 164 is removed by CMP, mechanical grinding, plasma etching, wet
etch, dry etch, or another thinning process to expose bumps 162. In FIG. 7f, a portion of a back
surface of substrate 150 is removed to expose conductive TSV 152. The silicon or other base
semiconductor material 150 can be removed by CMP, mechanical grinding, plasma etching, wet etch, dry
etch, or another thinning process. A back grinding tape can be used for structural support during the
thinning process. The rg[naining or%ion of substtraet% ]ﬁO ia relati\ésec% thin, having.a thickness Less than

100 pm. %ncapsurfc%ﬁt 164 S%%i ess rlu%?drawgupportc oF the thin substrate 150° Llfrler}:g the thinning

process, as welliag;laterdvarmdiing ahdoprokessing Emncapsatant d64 dliminates themneed for a separate

wafer carrier. FIG. 7g.shows anoth remrtl)od'rp1 nt v}\{ith TSV 152 exten ing Jrotr g‘i gfrom the back

1 .
surface o%%ﬁﬁsct%t]é%wsgf%ﬁﬁ% tr%%ﬁhggpr%c%sst. R IIDZrlé)égﬁg an e%c?ric% Iygco%éagtive material
is depositeg-dviercontuetives T8¥tES 2L 18ing anreVaporatiory etdctrolyticaplating, elédtictéssplating, ball

drop, or sereen poing RROCESS. TE%88?%%‘5’8@%?@%9%@E’Sé?‘é%”é?‘i?&%ﬂ% as SN, Au, Ag, PD,

B1, and alloys thereof, with an optional flux material. The conductive material is reflowed by heating the
material &lsaveties miehting poihttofoln shheridalbadlls dribuntps  166.Ng Sonve applicativngsBumps 166

are reflowed a segpnd fime to.lmprave glestiical eontact fo,conduetive TSV 352, Bumps 166 represent

one type of Interconnect structure that can be formed over conductive TSV 152. The Interconnect
structure'can dl§6¢tsé Bbnd Wik B $nterddiineets SHRFbump, micro bump, or other electrical

Interconnect. RIG. 8i1shows; anather embedimentavith an electrically conduetive layer 168

patterned and degosited, over the back surface of substrate 150. Conductive layer 168 can be one or
more lay&i&t AIPEuUSARNI, K, Ao otferuitablecaltERit ity EoRthittive matetial Edntiefive layer

168 is fopmed using R 1CY Dy glectodiceRlating, elegtialessoplating processe ok-ether suitakle metal
deposition process. Conductive layer 168 operates as a runner or RDL to extend the interconnectivity of

conducti&@ 8% 152, can be Bpisdiddibh RSulafing Tayel 17078 forfiied &ver thé badk Surface of
substrates15Q, ISV 182cai] canductive lay@fional flux material. The conductive

material is reflowed by heating the material above its melting
point to form spherical balls or bumps 140. In some
applications, bumps 140 are reflowed a second time to improve
electrical contact to bumps 136. Bumps 140 represent one type
of interconnect structure that can be formed over bumps 136.
The interconnect structure can also use bond wires, 3-D
interconnects, stud bump, micro bump, or other electrical
interconnect.

An electrically conductive material is deposited over
conductive TSV 102 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
conductive material can be any metal such as Sn, Ni, Au, Ag, Pb,
Bi, and alloys thereof, with an optional flux material. The
conductive material is reflowed by heating the material above
its melting point to form spherical balls or bumps 142. In some
applications, bumps 142 are reflowed a second time to improve

electrical contact to conductive TSV 102. Bumps 142 represent
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168. The passivation layer 170 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having insulating and structural properties. The passivation layer 170 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering, or thermal oxidation. A portion of passivation
layer 170 is removed by an etching process to expose conductive layer 168. An electrically
conductive layer 172 is patterned and deposited over passivation layer 170 and conductive layer 168.

Conductive layer 172 can.be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
EandUdive sy T2 i Tormed Using PUD BVE Sledtrait

conducti\?enrena%é/r%ﬁ. i?/]éﬁgf}er 1 g}lrﬁé—’& ﬁsing eelec?}:ori]ﬁlc p?l\ételﬁg, electroless

plating process,airictkeTstitable metdltde positiengurooess. Conductive tayerl 72 loperates as a UBM or

bump pad forconduetive 1er 168 o e TDE combinalionof RRL 65 LIBM 173, and jnsulating layer
170 constitute a back idé interconnect structure’ 173. An electrically conductive material is
deposited beetUBM: 172 wsirigcamevaforation, electrolytic plating, electroless plating, ball drop, or screen

printing process. The conductiye,materjal cap e any mefa) spch as.30.,Ni, Ay, 49, PpsBI. @nd alloys

thereof, with an optional flux material. The conductive material is reflowed by heating the material above
its melting oirit t6 foms Spheiiddl batls 8¢ BurpSsCOL7 4 3 sbArapplitationd; bummssi V4 apd reflowed a

second time,oJgve Skegﬂécé!l& ptact isUBMy 22, Bumps 17 4represent Qe &ypg of,infereannect

structure that can be formed over UBM 172. The interconnect structure can also use bond wires, 3-D
interconne& '8l BEMpCRTIEId BLip ForGtherelédticarintérésineqnductive layers 104

and 108, UBM 112, conductive TSV 102, and bumps 136, 140, and
142.

FIGs. 7a-7h show another process of forming a thin
semiconductor substrate without a carrier. 1In FIG. 7a, a
substrate or wafer 150 is made with a semiconductor base
material such as silicon, germanium, gallium arsenide, indium
phosphide, or silicon carbide. One or more semiconductor die,
as described above, are formed on or mounted to substrate 150.
Each semiconductor die includes analog or digital circuits
implemented as active and passive devices, conductive layers,
and dielectric layers formed over its active surface and
electrically interconnected according to the electrical design
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
the active surface to implement analog circuits or baseband
digital circuits, such as DSP, memory, or other signal
processing circuit. The semiconductor die may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing.

A plurality of TSV 152 is formed in a front surface of
substrate 150 by etching or drilling a via through the silicon
material of the substrate to a depth of 30-300 pm. The via is
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In FIG. 9, an electrically conductive layer 175 is patterned and deposited over bump 162. Conductive
layer 175 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 175 is formed using PVD, CVD, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer 175 operates as a UBM or bump pad for
bump 162. An electrically conductive material is deposited over UBM 175 using an evaporation,
electrolytic. plating, electrgless platin balﬁdrop or sgreen_printing process. The conductive material can
be any m]lg gl%%%hwalsgén%?li’, A%?Ag,gl@’b , aé& hllg’)% thTtg%éofWWifﬁong/ oﬁtllo{r]ﬁfﬂak material. The
conductive:material is eflowedlycheatingl the matetiat abowe its hestting poist toyfdPDsphérieal balls or
bumps 176.1n,some Eglicafiggs bumgﬁézf% aﬁégféo 91%9 second ir%e to Improye eéectrical contact to
T ng, ,
UBM 175. Bumps 13§ represent ore type o ety Shsr It o be Torei Gver UBM 175 and
bumps 162.ITherlntercohnpectstruetireican also ase Hond wires, 3-D interconnects, conductive, stud

bump, micro bump, or giher glectrical Intercanect .« 5 ve 1'%8/8\}9%159 PLocsss Ligrming g fhin

semiconductor substrate without a carrier’is shown in FIGs. 10a-10e. From the structure set forth in FIGs.
7a and 7Bca® eldehitally condustiiermateria? s dasosited ove? UBMABIuEing an evaporaltiof,

electrolytic plating, glectroless, p@ti@gﬁggugd@p, Rf screen gr}p,tingiprog%s;s. p@,e condyctive material can

be any metal such as Sn, Ni, Au, Ag, Pb, B1, and afloys thereof, with an optional flux material. The

conductivé iatdt i refloWet By hFatit) tiethaietiarabsve its melfity: point to orresiHericalballs or

bumps 18Q. Ipsome;aprlicationgburmps 1801 arecrefloped a sacand time 4o bmproye-elgctrical contact to
UBM 161. FIG. 10b shows an encapsulant or molding compound 182 deposited over passivation

layer 160°ard bifhpeIBeRising 3t Brinfitd; [cortsteRSive molamgs irahsfer AR Sliquid

encapsulaptmelding.cvacyiay lamynation, prther syitable,applicater; Escapsuant-k82.ean bgpolymer
composite material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.

Encapsulait 188 i$ A&r-tonalctiveraiTd SRvirsnmértally proteetsthg semicohdutts d&W& ffom external
elementsaangeeptaminantse semiconductor die. Conductive layer 154

electrically contacts conductive TSV 152.

A dielectric or insulating layer 156 is formed over
substrate 150 and conductive layer 154. The dielectric layer
156 can be one or more layers of Si0O2, Si3N4, SiON, Ta205, Zr02,
Al1203, polyimide, BCB, PBO, or other material having suitable
electrical insulating properties. The dielectric layer 156 is
patterned or blanket deposited using PVD, CVD, printing, spin
coating, sintering, or thermal oxidation. A portion of
dielectric layer 156 is removed by an etching process to expose
conductive layer 154.

An electrically conductive layer 158 is patterned and
deposited over dielectric layer 156 and conductive layer 154.
Conductive layer 158 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 158 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal

deposition process. Conductive layer 158 operates as a runner
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In FIG. 10c, a portion of encapsulant 182 is removed by CMP, mechanical grinding, plasma etching, wet
etch, dry etch, or another thinning process to expose bumps 180. In FIG. 10d, a portion of
substrate 150 is removed to expose conductive TSV 152. The silicon or other base semiconductor
material 100 can be removed by CMP, mechanical grinding, plasma etching, wet etch, dry etch, or
another thinning process. A back grinding tape can be used for structural support during the thinning
process. The%gg‘ua,é%in% }portiocp %fhsubstr@te 150is r Iat\ifviel thi haviré%g %hickn Ss Lerssltggm 100 pm.

Encapsu%%t provi eggf}ucturaﬁ sh%p%ﬁcngfﬁ%ct in substrate 150 durlné\fﬁe%ﬁﬁmg process, as well

as later handling and processinigr Encapsalant 182 eimimates dheeneéd foris séparatelwafercarrier.
An ovectigally cepducive Jateri s deposiied QYet by 190 ueing 21 evaporalion, Sladiolyic pating

electroless plating, ball or screen printing process. The conductive material can be any metal such
as Sn, Nil AveAgl P, Banahe alloys thereofr withareostional flag MatérialNFhe Todtuctia? Graterial is

reflowed by heating the material above jts melfing point fg form spherical balls of bumps 184. In some

applications, bumps 184 are reflowed a second time to improve €electrical contact to bumps 180. Bumps
184 représeripohe igge of ilkercoarectSHiutfUTe thatcanlbd formetkdver Hurtp L I8® IFR&k miterconnect

_Structure&@goaﬁ%ae@vaif%?-@W?r%ppﬁe%gtqugqmp_c%ct@w,m%i%cg%rn ectrical -
interconnect. An electrically conductive material is leposited over conductive TSV 152 using an
evaporatiohS BlettroRfie Pratirt) electrokssstplating, bahadrop Ve sctBen pYifiting process. The conductive

material can,Be &Ry netah sueh-as S, NiAAg.RD.Binaad aljoys thereof, with an.eptional, flux

material. The conductive material is reflowed by heating the material above its melting point to form
sphericalFa{RTor bumps £86. AAEORTE afiflicativns sumps 186 are reflowed a second time to improve

electrical contact to condugtive TSY, 152 Bumpsti86-tepresens.onedype of inferconngat steucture that
can be formed over conductive TSV 152. The interconnect structure can also use bond wires, 3-D

interconréets ST BuMPI NGB BUME CorBtRér BREFitARint&tonAd&r 100 28dmidnductor substrate

150 is singutatedin H1G c 1ol usingya: lasel; eutting glevigerorssavw hltagevi88rinto nglividual semiconductor
packages 190. FIG. 11 shows twa stacked semiconductor packa%es 190 with a vertical interconnect

structure HAIA4iIRG BUMpE Y84 and 1807 UBRT 181 RDL 188, Tondtictive RYef 154 “&d T8v 152.

Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 161 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 161 operates as a UBM or
bump pad for conductive layer 158. UBM 161 can be a multi-metal
stack with adhesion layer, barrier layer, and seed or wetting
layer. The adhesion layer is formed over conductive layer 158
and can be Ti, TiN, Tiw, Al, or Cr. The barrier layer is formed
over the adhesion layer and can be made of Ni, NiV, platinum Pt,
Pd, TiW, or 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 between
conductive layer 158 and subsequent bumps or other interconnect
structure. UBM 161 provides a low resistive interconnect to

conductive layer 158, as well as a barrier to solder diffusion
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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. Claims What is claimed: 1.A
method of making a semiconductor device, comprising:

and seed layer for solder wettability.

The combination of conductive layers 154 and 158, UBM
161, and insulating layers 156 and 160 constitute a front side
interconnect structure 159.

In FIG. 7c, an electrically conductive material is
deposited over UBM 161 to form bumps 162 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. Bumps 162 are positioned directly over
conductive TSV 152. The conductive material can be any metal
such as Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an
optional flux material.

FIG. 7d shows an encapsulant or molding compound 164
deposited over passivation layer 160 and bumps 162 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 164 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 164 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 7e, a portion of encapsulant 164 is removed by
CMP, mechanical grinding, plasma etching, wet etch, dry etch, or
another thinning process to expose bumps 162.

In FIG. 7f, a portion of a back surface of substrate
150 is removed to expose conductive TSV 152. The silicon or
other base semiconductor material 150 can be removed by CMP,
mechanical grinding, plasma etching, wet etch, dry etch, or
another thinning process. A back grinding tape can be used for
structural support during the thinning process. The remaining

portion of substrate 150 is relatively thin, having a thickness
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providing a substrate; forming a conductive via in a first surface of the substrate and extending only
partially through the substrate; forming a first interconnect structure over the first surface of the
substrate by, (a) forming a first conductive layer over the first surface of the substrate, and

(b) forming a first insulating layer over the first conductive layer and substrate; forming a first bump over
the first conductive layer; depositing an encapsulant over the first bump and first interconnect structure;

less than 100 pm. Encapsulant 164 provides structural support
for the thin substrate 150 during the thinning process, as well
as later handling and processing. Encapsulant 164 eliminates
the need for a separate wafer carrier. FIG. 7g shows another
embodiment with TSV 152 extending or protruding from the back
surface of substrate 150 after the thinning process.

In FIG. 7h, an electrically conductive material is
deposited over conductive TSV 152 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The conductive material can be any metal such
as Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional
flux material. The conductive material is reflowed by heating
the material above its melting point to form spherical balls or
bumps 166. In some applications, bumps 166 are reflowed a
second time to improve electrical contact to conductive TSV 152.
Bumps 166 represent one type of interconnect structure that can
be formed over conductive TSV 152. The interconnect structure
can also use bond wires, 3-D interconnects, stud bump, micro
bump, or other electrical interconnect.

FIG. 8 shows another embodiment with an electrically
conductive layer 168 patterned and deposited over the back
surface of substrate 150. Conductive layer 168 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 168 is
formed using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 168 operates as a runner or RDL to extend the
interconnectivity of conductive TSV 152.

A passivation or insulating layer 170 is formed over

the back surface of substrate 150, TSV 152, and conductive layer
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removing a portion of the encapsulant to expose a portion of the first bump; forming a second bump
over the portion of the first bump exposed through the encapsulant; removing a portion of a second
surface of the substrate, opposite the first surface of the substrate, to expose the conductive via; and
forming a second interconnect structure over the second surface of the substrate and electrically
connected to the conductive via. 2. The method of claim 1, wherein forming the first interconnect structure
fUNhermE%g?S:The passivation layer 170 can be one or more layers of
Si02, Si3N4, SiON, Ta205, Al1203, or other material having
insulating and structural properties. The passivation layer 170
is patterned or blanket deposited using PVD, CVD, printing, spin
coating, sintering, or thermal oxidation. A portion of
passivation layer 170 is removed by an etching process to expose
conductive layer 168.

An electrically conductive layer 172 is patterned and
deposited over passivation layer 170 and conductive layer 168.
Conductive layer 172 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 172 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 172 operates as a UBM or
bump pad for conductive layer 168.

The combination of RDL 168, UBM 172, and insulating
layer 170 constitute a back side interconnect structure 173.

An electrically conductive material is deposited over
UBM 172 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The conductive
material can be any metal such as Sn, Ni, Au, Ag, Pb, Bi, and
alloys thereof, with an optional flux material. The conductive
material is reflowed by heating the material above its melting
point to form spherical balls or bumps 174. In some
applications, bumps 174 are reflowed a second time to improve
electrical contact to UBM 172. Bumps 174 represent one type of
interconnect structure that can be formed over UBM 172. The
interconnect structure can also use bond wires, 3-D

interconnects, stud bump, micro bump, or other electrical

interconnect.
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forming a second conductive layer over the first conductive layer and first insulating layer; forming a
second insulating layer over the second conductive layer and first insulating layer; and forming a third
conductive layer over the second conductive layer and second insulating layer. 3. The method of claim 1,
wherein forming the second interconnect structure includes: forming a second conductive layer over
the second surface of the substrate, the second conductive layer electrically connecting to the conductive

via; forming a second i § ati@g layer oyer he.secwd condHctive.Iager and su frate, and
. . n ? . %ﬂ elecC rlca ﬁ/ con UCt&V lac}/er . ZIIS
forming a third conducftive layer ovér the second conductive layer and second insulating layer.
patterned and deposited over bump 162. Conductive layer 175 can

be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 175
is formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 175 operates as a UBM or bump pad for bump 162.

An electrically conductive material is deposited over
UBM 175 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The conductive
material can be any metal such as Sn, Ni, Au, Ag, Pb, Bi, and
alloys thereof, with an optional flux material. The conductive
material is reflowed by heating the material above its melting
point to form spherical balls or bumps 176. In some
applications, bumps 176 are reflowed a second time to improve
electrical contact to UBM 175. Bumps 176 represent one type of
interconnect structure that can be formed over UBM 175 and bumps
162. The interconnect structure can also use bond wires, 3-D
interconnects, conductive, stud bump, micro bump, or other
electrical interconnect.

An alternate process of forming a thin semiconductor
substrate without a carrier is shown in FIGs. 10a-10e. From the
structure set forth in FIGs. 7a and 7b, an electrically
conductive material is deposited over UBM 161 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The conductive material can
be any metal such as Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof,
with an optional flux material. The conductive material is
reflowed by heating the material above its melting point to form

spherical balls or bumps 180. In some applications, bumps 180
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4. The method of claim 1, wherein the first bump is formed over or offset from the conductive via. 5. The
method of claim 1, further including: stacking a plurality of the semiconductor devices; and electrically
connecting the semiconductor devices through the conductive via. 6. A method of making a
semiconductor device, comprising: providing a substrate; forming a conductive via in a first surface of
the substrate and partially through the substrate; forming a first interconnect structure over the first
SUﬁacecgégg§%%%%%gﬁ a second time to improve electrical contact to UBM
161.

FIG. 10b shows an encapsulant or molding compound 182
deposited over passivation layer 160 and bumps 180 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 182 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 182 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 10c, a portion of encapsulant 182 is removed
by CMP, mechanical grinding, plasma etching, wet etch, dry etch,
or another thinning process to expose bumps 180.

In FIG. 10d, a portion of substrate 150 is removed to
expose conductive TSV 152. The silicon or other base
semiconductor material 100 can be removed by CMP, mechanical
grinding, plasma etching, wet etch, dry etch, or another
thinning process. A back grinding tape can be used for
structural support during the thinning process. The remaining
portion of substrate 150 is relatively thin, having a thickness
less than 100 pm. Encapsulant 182 provides structural support
for the thin substrate 150 during the thinning process, as well
as later handling and processing. Encapsulant 182 eliminates
the need for a separate wafer carrier.

An electrically conductive material is deposited over
bump 180 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The conductive

material can be any metal such as Sn, Ni, Au, Ag, Pb, Bi, and

alloys thereof, with an optional flux material. The conductive
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forming a first bump over a surface of the first interconnect structure opposite the substrate;

depositing an encapsulant over the first interconnect structure and the first bump; and removing a
portion of a second surface of the substrate, opposite the first surface of the substrate, to expose the
conductive via. 7. The method of claim 6, further including removing a portion of the encapsulant to
expose the first bump. 8. The method of claim 7, further including forming a second bump over the first

bump. 9, The method of claim, 7, wherein,the first bump is formed ayer gr offset from the coductive via
10. The method of claim 6, further including:
point to form spherical balls or bumps 184. In some

applications, bumps 184 are reflowed a second time to improve
electrical contact to bumps 180. Bumps 184 represent one type
of interconnect structure that can be formed over bumps 180.
The interconnect structure can also use bond wires, 3-D
interconnects, stud bump, micro bump, or other electrical
interconnect.

An electrically conductive material is deposited over
conductive TSV 152 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
conductive material can be any metal such as Sn, Ni, Au, Ag, Pb,
Bi, and alloys thereof, with an optional flux material. The
conductive material is reflowed by heating the material above
its melting point to form spherical balls or bumps 186. In some
applications, bumps 186 are reflowed a second time to improve
electrical contact to conductive TSV 152. Bumps 186 represent
one type of interconnect structure that can be formed over
conductive TSV 152. The interconnect structure can also use
bond wires, 3-D interconnects, stud bump, micro bump, or other
electrical interconnect.

Semiconductor substrate 150 is singulated in FIG. 10e
using a laser cutting device or saw blade 188 into individual
semiconductor packages 190. FIG. 11 shows two stacked
semiconductor packages 190 with a vertical interconnect
structure including bumps 184 and 180, UBM 161, RDL 158,
conductive layer 154, and TSV 152.

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
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stacking a plurality of the semiconductor devices; and electrically connecting the semiconductor devices
through the conductive via. 11. The method of claim 6, further including forming the first bump over the
conductive via. 12. The method of claim 6, further including forming a second interconnect structure over
the second surface of the substrate. 13. The method of claim 6, wherein forming the first interconnect
structure includes: forming a first conductive layer over the first surface of the substrate; forming a
fwsﬂnswg%g%gggégggr%g;wg%a%gggU%%% gﬁ@“ é%g§r?g% from the scope of the

present invention as set forth in the following claims.
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forming a second conductive layer over the first conductive layer and first insulating layer; forming a
second insulating layer over the second conductive layer and first insulating layer; and forming a third
conductive layer over the second conductive layer and second insulating layer. 14. A method of making a
semiconductor device, comprising: providing a substrate; forming a conductive via in a first surface of
the substrate; forming a first interconnect structure over the first surface of the substrate;

depositing an encapsulant over the first interconn@ﬁ1 structure; and

What is claimed:

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

providing a substrate;

forming a conductive via in a first surface of the
substrate and extending only partially through the substrate;

forming a first interconnect structure over the first
surface of the substrate by,

(a) forming a first conductive layer over the first
surface of the substrate, and
(b) forming a first insulating layer over the first

conductive layer and substrate;

forming a first bump over the first conductive layer;

depositing an encapsulant over the first bump and first
interconnect structure;

removing a portion of the encapsulant to expose a portion
of the first bump;

forming a second bump over the portion of the first bump
exposed through the encapsulant;

removing a portion of a second surface of the substrate,
opposite the first surface of the substrate, to expose the
conductive via; and

forming a second interconnect structure over the second
surface of the substrate and electrically connected to the

conductive via.

2. The method of claim 1, wherein forming the first

interconnect structure further includes:

—-33-—



removing a portion of a second surface of the substrate opposite the first surface of the substrate to
expose the conductive via. 15. The method of claim 14, further including: forming a first bump over the
first interconnect structure; and removing a portion of the encapsulant to expose the first bump.

forming a second conductive layer over the first conductive
layer and first insulating layer;

forming a second insulating layer over the second
conductive layer and first insulating layer; and

forming a third conductive layer over the second conductive

layer and second insulating layer.

3. The method of claim 1, wherein forming the second
interconnect structure includes:

forming a second conductive layer over the second surface
of the substrate, the second conductive layer electrically
connecting to the conductive via;

forming a second insulating layer over the second
conductive layer and substrate; and

forming a third conductive layer over the second conductive

layer and second insulating layer.

4. The method of claim 1, wherein the first bump is formed

over or offset from the conductive via.

5. The method of claim 1, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the semiconductor devices through

the conductive via.

6. A method of making a semiconductor device, comprising:
providing a substrate;
forming a conductive via in a first surface of the

substrate and partially through the substrate;
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16. The method of claim 15, further including forming a second bump over the first bump. 17. The
method of claim 15, wherein the first bump is formed over or offset from the conductive via. 18. The
method of claim 14, further including: stacking a plurality of the semiconductor devices; and electrically
connecting the semiconductor devices through the conductive via. 19. A semiconductor device,
comprising: a substrate; a conductive via formed in a first surface of the substrate with a depth of the
conductive via I%%Sr%]fquga ghl%nressg OII%Q%%%%%{’%[%’t structure over the first
surface of the substrate;
forming a first bump over a surface of the first
interconnect structure opposite the substrate;
depositing an encapsulant over the first interconnect
structure and the first bump; and
removing a portion of a second surface of the substrate,
opposite the first surface of the substrate, to expose the

conductive via.

7. The method of claim 6, further including removing a portion

of the encapsulant to expose the first bump.

8. The method of claim 7, further including forming a second

bump over the first bump.

9. The method of claim 7, wherein the first bump is formed

over or offset from the conductive via.

10. The method of claim 6, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the semiconductor devices through

the conductive via.

11. The method of claim 6, further including forming the first

bump over the conductive via.

12. The method of claim 6, further including forming a second

interconnect structure over the second surface of the substrate.
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a first interconnect structure formed over the first surface of the substrate; a bump formed over the
first interconnect structure opposite the substrate; and an encapsulant deposited over the first
interconnect structure and the bump. 20. The semiconductor device of claim 19, further including a
portion of the bump exposed through the encapsulant. 21. The semiconductor device of claim 20,
wherein the bump is formed over or offset from the conductive via. 22. The semiconductor device of
claim 19, fg(the%@glurglen&% geggn% inﬁ%:og?e%ﬁqsé[f:ueci%reffgrr%?% 3\’%% sgclzgrsug surface of the substrate.
interconnect structure includes:
forming a first conductive layer over the first surface of
the substrate;
forming a first insulating layer over the first conductive
layer and substrate;
forming a second conductive layer over the first conductive
layer and first insulating layer;
forming a second insulating layer over the second
conductive layer and first insulating layer; and

forming a third conductive layer over the second conductive

layer and second insulating layer.

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

providing a substrate;

forming a conductive via in a first surface of the
substrate;

forming a first interconnect structure over the first
surface of the substrate;

depositing an encapsulant over the first interconnect
structure; and

removing a portion of a second surface of the substrate
opposite the first surface of the substrate to expose the

conductive via.

15. The method of claim 14, further including:

forming a first bump over the first interconnect structure;
and

removing a portion of the encapsulant to expose the first

bump.
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23. The semiconductor device of claim 19, further including a plurality of stacked semiconductor devices
electrically connected through the conductive via. 24. A method of making a semiconductor device,
comprising: providing a substrate; forming a conductive via in a first surface of the substrate and
partially through the substrate; forming a first interconnect structure over the first surface of the
substrate; and removing a portion of a second surface of the substrate opposite the first surface of the

substrate {o exnnse the conductive via, 25, The methed of el 24, further including: forminga firs
bump over the firstinterconnec structure,
bump over the first bump.

17. The method of claim 15, wherein the first bump is formed

over or offset from the conductive via.

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

the conductive via.

19. A semiconductor device, comprising:

a substrate;

a conductive via formed in a first surface of the substrate

with a depth of the conductive via less than a thickness of
the substrate;

a first interconnect structure formed over the first
surface of the substrate;

a bump formed over the first interconnect structure
opposite the substrate; and

an encapsulant deposited over the first interconnect

structure and the bump.

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

portion of the bump exposed through the encapsulant.

21. The semiconductor device of claim 20, wherein the bump is

formed over or offset from the conductive via.
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depositing an encapsulant over the first interconnect structure; and removing a portion of the encapsulant
to expose the first bump. 26. The method of claim 25, further including forming a second bump over the
first bump. 27. The method of claim 25, wherein the first bump is formed over or offset from the
conductive via. 28. The method of claim 24, further including:

22. The semiconductor device of claim 19, further including a
second interconnect structure formed over a second surface of

the substrate.

23. The semiconductor device of claim 19, further including a
plurality of stacked semiconductor devices electrically

connected through the conductive via.

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

providing a substrate;

forming a conductive via in a first surface of the
substrate and partially through the substrate;

forming a first interconnect structure over the first
surface of the substrate; and

removing a portion of a second surface of the substrate
opposite the first surface of the substrate to expose the

conductive via.

25. The method of claim 24, further including:
forming a first bump over the first interconnect structure;
depositing an encapsulant over the first interconnect
structure; and
removing a portion of the encapsulant to expose the first

bump.

26. The method of claim 25, further including forming a second

bump over the first bump.

27. The method of claim 25, wherein the first bump is formed

over or offset from the conductive via.
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stacking a plurality of the semiconductor devices; and electrically connecting the semiconductor devices
through the conductive via.

28. The method of claim 24, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the semiconductor devices through

the conductive via.
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