SEMICONDUCTOR DEVICE AND METHOD OF FORMING PROTECTIVE MATERIAL BETWEEN
SEMICONDUCTOR DIE STACKED ON SEMICONDUCTOR WAFER TO REDUCE DEFECTS DURING
SINGULATION Field of the Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device and method of forming protective material
between semiconductor die stacked on a semiconductor wafer to reduce defects durin% sin&ulation.

Backgrounﬁ%\“?ﬁé’ﬁ%ﬁﬁfﬂ’ﬁ DEVIC%MBOWBPd&EC@?ﬁF@I%ﬁ%ﬂ?ﬁ'ﬁﬁﬁn Rlectronic
products. Seficoituttor davicRNREAN fRiR I REACR TP R N EIT&ﬁnWewTﬁ‘s.Tﬁscrete
semiconductor devices generaﬁ&%1 irpgﬁgm S S ENF ST W&ﬂ}qe.g., light emitting diode

(LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide semiconductor field
effect transistor (MOSFET). Integrated_se 'SOQQU tﬁ)r d wceséyipl%ally contain hundreds to millions of

electrical components. Examples of inFélg?a Bd¥enicondicist devices include microcontrollers,
microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDs).
The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming protective material between
semiconductor die stacked on a semiconductor wafer to reduce

defects during singulation.
Background of the Invention

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

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

visual projections for television displays. Semiconductor



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 conversion, networks, computers, and consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,

and officE 8Ybipfterfr e £oun8enficdritfeciordelicesexpiditthe eiBRRRAY properties of semiconductor
materialse Jihe atemic: steHa | recef.semicenduston maferal allowsdts eleatpcalcondugtivity to be
manipulated by the application of an electric field or base current or through the process of doping.
Doping irftfBYUEBE imBuAfeSinto the*S8micoRdHEr matENAIT5 ?ngﬁiﬁu%feg 3nd CoRtolthe conductivity of
the semigonductordevigel i cat i ofsSemicondiielor devicenconiaias active:and passive electrical
structures. Active_structures, including bipolar and field effect transistors, control the flow of electrical
current. Iﬁ? {}5@%];1%5&‘3 o‘%%p? and aﬁﬁﬁéﬁ%ﬁ%‘ an electric field or base current, the transistor either
promotes or restricts trie=flow ofi @lectrical carrént Passivestructireseihelding-eesistors, capacitors, and
inductors, create a.relatiggshi betwegn vgltage a}[jd curr]Ient negessar to [i)%rf%rtm a vtarieéy 8ffelectrical

functionsﬁ.) lfﬁg%%séi% and active structures aré electrica If/ ‘connected 13 form Circtits, whiclt enable the
semicondustorcdevice tooperferne highlspeletbeal culatord and other lusefuldundtionsty to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. FEach die is typically identical and

contains circuits formed by electrically connecting active and



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 sin%ulatjng individual die from the finished wafer

and packagiity'the diete pr&Aide struardt stipPorand hiihtaIEAAt6T. S1P9vIGhe bBal of
semicondugdarmanufacturingris de preduce; simakersemicendugtar devices; iSrgakiercddeyicesttypically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semicondUctSr G&vices HaTE A 3mallRP RSSthrift Which is dEiabie’for SifalieF &Rd products. A smaller die
size may be achieved by émpvements #rnthedrentensk-progess resultingiq die with srpallerchigher
density active and passiye components, Back-end processes may result in semiconductor device
packayed Wth L&A S OAE by mSFovenr s i Bl TRa SR A A bickaging materials
In a die-teavafemD2W3 papkage; a platalityh ofysemicondictondie-are modntedntokse suifackiakal
semiconductor W%fter. The Qgrtion th%gv(f.f%r. between t e mounted semé%%ncdouctcﬁ)i{ die(i:s g/pically not

supportegl,O i.rée., eré is air spé{ée betwéen the moanted |e.e\ﬂ/a?éermd‘|ﬁ1%ﬁles an be formed in the wafer

during vataum ehugkaharetingppanticularly imthetunsupptetedrpdriien Ob theswafier dbetween the mounted

semicondycter . Silicgn dist and ofher contamipants acoumulate.in the alr space hetween the
mounted semiconductor die and bond to the back surface of the semiconductor wafer. The semiconductor

Waf_er is Sih@u_léﬁedtwma@awbla@e#rmﬁ $h?elbia_olg_sdmﬁa©ébewé'ém tﬁleaﬁé@mtedls'em'c@mc_luctor die. The
cutting operation of the sau blade ean cause chipping.or,cracking of the top, battam, and sides of the

singulated die from the wafer. The singulation damage to the top, bottom, and sides of the singulated die
can caustsavide defeedmPiaflupgcor device packages with a smaller footprint

by improvements in electrical interconnection and packaging
materials.

In a die-to-wafer (D2W) package, a plurality of
semiconductor die are mounted to a surface of a semiconductor
wafer. The portion of the wafer between the mounted
semiconductor die is typically not supported, i.e., there is air
space between the mounted die. Wafer dimples can be formed in
the wafer during vacuum chuck handling, particularly in the
unsupported portion of the wafer between the mounted
semiconductor die. Silicon dust and other contaminants
accumulate in the air space between the mounted semiconductor
die and bond to the back surface of the semiconductor wafer.

The semiconductor wafer is singulated with a saw blade from the
back surface between the mounted semiconductor die. The cutting
operation of the saw blade can cause chipping or cracking of the
top, bottom, and sides of the singulated die from the wafer.

The singulation damage to the top, bottom, and sides of the

singulated die can cause device defects and failure.



Summary of the Invention A need exists to singulate D2W packages without damaging the
singulated die. Accordingly, in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a semiconductor wafer containing a plurality of
first semiconductor die, mounting a plurality of second semiconductor die to a first surface of the
semiconductor wafer, placing a first tape on a second surface of the semiconductor wafer opposite the
first surface of the semiconductor waftF R#ming prot8&ivETRaRErAPBver the second semiconductor die
and first surface of the semiconductor wafer, removing the first tape, and singulating the semiconductor
wafer between the second semiconductor die into individual die-towafer packages each containing the
second semiconductor’ i€ SEEked oh-the FitsCetficbAdGcBr Hi® Thedsotctive ratbrial protects the
semicondugterwater tlueng singulationd Thednethoddurbenimcludesiihe step-afbvountng the
die-to-wag% package to a, substrate, removinqntheﬁpr tecgve material, and de osiéeing an encapsulant over
the die-to-Waférpackage aRdEubsiate’ S 2 M1 QRofhier Bibdtimant the praseht invention is a
method afenakirg acsenticenductahdeice cempfisingdhéesteps af previdingdsemiconductar wafer
containin(c%) angglgg%li% of grst flelrpi(‘lolrlducg)g d%el,rnggugt(iergrgia &Iluc{glci:tgoof sgggnd I%egrilc;&nrguctaor die to a first
surface of the semiconductor waefer,tfgrmlng protective material over the sécond semiconductor die and
first surfacéwfdhe semidonseictoravafen andrsingulatingl tke semicohduetor waférlvetweentthe second
semiconductor die info,individual die-1owafer packages each,gontaining the second semicondyctor die
stacked on the first semiconductor dlé?ll%e protective materlaPprotects the semiconductor wafer during
singulatiome semidpafotheremibddimennithe presentinvention isamiethod®f ntdiking a semiconductor
device comprising e steps,of providipg, 3 semicopductor wafer, farming  plyeality gf.channg]zin a first
surface of the semiconductor wafer, depositing a protective layer over and between the channels in the
first surfagenof tee demiicondiictoravafef andtgrinding aseedntl sarface bt thielserhigondaétor wafer
opposite fe st yriace ot thesemiggadudinn wafeida feduce;a thickness el ha semiconductor wafer.
The protective material protects the channels during grinding. In another embodiment, the
present iRgantiRMs Bsentie6Radcto Pl vied Madeoby @it oédssocomprising providihg & Semiconductor

wafer confaining %Mé&%’sogﬁ%%iﬁ%%‘it%di@h@%@88@ Rlurality, gfisegond semiconductor die to
a first surface of the semiconductor wafer, forming protective material over the second semiconductor die

and first SUrfaceSot the sehficéridiictorswafer Catt Singtlating the SBfictrfduRfor Watel'BEtveehlthe
second sgmieenductarndie it indjvigyat die-tpavafer packageseach aontaiving thersecendnoq

semiconductor die stacked on the first semiconductor die. The protective material protects the

Senﬂcon&mfgpﬁakﬁ%ﬁhHS%ﬁmﬁmﬁkﬁﬁep of mounting the die-to-wafer package

to a substrate, removing the protective material, and depositing
an encapsulant over the die-to-wafer package and substrate.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer containing a plurality of first
semiconductor die, mounting a plurality of second semiconductor
die to a first surface of the semiconductor wafer, forming
protective material over the second semiconductor die and first
surface of the semiconductor wafer, and singulating the
semiconductor wafer between the second semiconductor die into
individual die-to-wafer packages each containing the second
semiconductor die stacked on the first semiconductor die. The

protective material protects the semiconductor wafer during



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages

mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative semiconductor
packages mounted to the PCB; FIGs. 3a-3j illustrate a process of forming protective material between
semiconductor die stacked on a semiconductor wafer to reduce defects during singulation; FIGs.

4a-4c illustrate further detail of the interconnect structure on the semiconductor die and wafer;
FIG. 5 illfstrates tHe B2W package with build-up interconnect structure;

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a plurality of channels
in a first surface of the semiconductor wafer, depositing a
protective layer over and between the channels in the first
surface of the semiconductor wafer, and grinding a second
surface of the semiconductor wafer opposite the first surface of
the semiconductor wafer to reduce a thickness of the
semiconductor wafer. The protective material protects the
channels during grinding.

In another embodiment, the present invention is a
semiconductor device made by a process comprising providing a
semiconductor wafer containing a plurality of first
semiconductor die, mounting a plurality of second semiconductor
die to a first surface of the semiconductor wafer, forming
protective material over the second semiconductor die and first
surface of the semiconductor wafer, and singulating the
semiconductor wafer between the second semiconductor die into
individual die-to-wafer packages each containing the second
semiconductor die stacked on the first semiconductor die. The
protective material protects the semiconductor wafer during

singulation.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

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

FIGs. 3a-3j illustrate a process of forming protective



FIGs. 6a-6e illustrate another process of forming protective material between semiconductor die stacked
on a semiconductor wafer to reduce defects during singulation; and FIGs. 7a-7e illustrate
protective material deposited over channels formed in a semiconductor wafer to protect the channels
during back grinding. 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
represenfthe"Sarfie of Shiifi eI SRBARO VR Pe ifvéntidrfis oS ciBed i @fmhs Bt HHE best mode for
achieving;thednpventionssi gbjectivass dtwill berappresiated by thase;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 appehded claimEand eireqivaentiSds ddpported By the following

disclosurerpnerdramwinrgs: st ruciSericonducior devices areugenarally manudacidmestysing two complex
manufacturing processes; front-e manufacturin%and éaack-e d manufactur'\glé%efront-end manufacturing

involves the formation of & plutality ot dié 3htHRe sliftalte Bf Q%QﬁﬁggndikE& 9E&¢h die on the wafer

contains aativer anch passive etectticat €pmponents, which are electrically connected to form functional
electrical circuits. ActlvEeIeéectrlg%I__cg)omp(lr}ent , sauccg %snt(g%%%stors and dlodeg, Pg\é% the ability to control

. . e ustr I rocess . . 1n .
the flow of electrical current. Passive electrica components, Stich as capacfors, mducto?s, resistors, and

transformers,tereateva relatienstap betweerevoltageianch durrentrnetessatyatokzeifarm electrical circuit

functions.semi_conng%ive andfaecgi_vg comezopnents arée forme Qver the surfacle gf.the searlnnigonductor

el ts,, ;.
wafer by a series o progé:sswsateps includin 8|ce)|ng,e Sgossmon, P no?olﬁﬁgg%p%y,lgt%hmg, and

_planarizaf[ion. Doping iﬁtI_@@uc_:e%aithriiié@mbnhé@enﬁmwemmﬁarbﬂemjstﬁmh as ion
implantation.or thermal. diffusion, The doping.process, modiies heelectrical conductivity,af semiconductor

material in active devices, transforming the semiconductor material into an insulator, conductor, or
dynamicallyechamgingithe isemieenducior raterial conductivity in response to an electric field or base
current. Transistors contain regions of varying types and degrees of doping arranged as necessary to

enable the transistor to promote or restrict the flow of electrical current upon the application of the electric
field or base current. 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



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. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between

componehts. Form L hoBslc s BE battefeddsing phtolitHograpity, sifich invoRves the deposition
of light sensitivenmaterial,1gn BROtresiSt; evetbe dayerdeo begatterned A pattamiis tkapstesred from a
photomask to the_photoresist using light. The portion of the photoresist pattern subjected to light is
removed U3iHg & %o%ﬁt,%@‘ﬁsﬁlg ﬁg]rﬁgfﬁ ofthe (U §IHY lay RO Baftemet” THé femainder of the
photoresisbigoemomves, leaving behindsapatterned layesuAlternatively sserme typesseianaterials are
patterned by dire%ctl depositingethte material intQ the gr,eas ortvoids formletd %/ a previous deposition/etch
process USiAg technigied sUch 4s Sledtrbfess ahd idctoid BatiRg Y © 1t 29 Dapssiting A%Hin film of
material oxercarsexisting patericaan exaggeratedhe andedyingfhatteri and create a non-uniformly flat
surface. A uniformly fI?I surface isaae(guérgg itg] é)roduce smalgesr and more dgas%l¥ ggcggd active and

. asslive. omponen ar or
passive components. anarization can be used 10 rémove matérial from the surface of the wafer and

produce awnfferrlydiat shfacenRlanarzationinvelives polisking ¢he sarfade ptthecwafes wathsa polishing

pad. An abra il\llgimateggl %%d cor(gosi\é% lc]eg_:—ggnrilclal are 999%%% t@eas%rfacee%f tﬁ@ I{Nafe(ral ggring polishing.

The combined mechanical action of the abrasive and corrosive aciion of the chemical removes any
Irregular ropograpipa resulting ipa umiformlyflad saface mpur it iBackiemd nidrifacturing refers to

cutting orsipguating e, finighed watgr ito the ipdividual die and then;packaging the die fo stuctural

support and environmental isolation. To singulate the die, the wafer is scored and broken along
non-functibairedions of trelwafer chliled $anistieats of serbax Thelwafer issingelatediasihg a laser

cutting tool,gsaw blade, After singulation, the, individual dig ate moupted.toa package substrate that
Includes pins or contact pads for interconnection with other system components. Contact pads
transforming the semiconductor material into an insulator,

conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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



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. 1lillustrates

electroni®Belice S®idving ¥ Thig-Earrier BGbstrate st grnteFEirciiit bodtd{PEEYS2 With a plurality of
semiconduciersgackages mauntad wRdtscsace: Eleqtionihdeviee SOJnay bave onedype, of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different typesit sbricoritfuctdtpatkahes are Showf i Bid. f?&%ﬁﬁ%&gst& iftdstration’
Electronie device bQmaype-a stengd=alone systesi ihat pises the semicorigeictor packagessto perform one
or more electrical functions. Alternatively, electronic devjce 50 may be g subcomponent of a larger
system. REN&aniSle SleEAORIE dBTIED 50 Ry 58’8 GTASHICS Sk neRISHGATHAES chtd, or other signal
processing:carddfiat cam be nnsestadiintd a coatpiten dhelseyriconductorpackagescay, inclkide
micropro%essors, emories,.aqpslication sgggigc intggg):agte%gircui%sl Aso{g ,Olggit(:.circugﬁ,eanalog circuits,

RF circuits’ Riserete dréa\l/?cee]%,l%r other sefmiconductor or efectrical co ponenf‘sr.lg In FIG. 1, PCB

52 providestaegerdral stlostrdte farrstructural supptrt andredettiical interconnestof the semiconductor
package%énount%dlgpl}.ré% PCB. Conductiv% isi na,Inglges 54 are formed qver.a sLérlﬁa e ggwggin layers of

h 1
PCB 52 usu%j %\l/aporatlon,cglegtrrglfltelg f)la%ng, lectro e%é%Tﬁfng?%gree?lspnentlen%, or other suitable metal

depositionlprotess! BigralwlacesB2.provide for electrical communication between each of the
semiconductor packages, motinted campenents,and gthey externalisystem companeqts; faces 54 also

provide power and ground connections to each of the semiconductor packages. In'some
embodinents; ersermizonduees device hasawenstekagingdevels trRirst level packagingds adechnique for

mechanicallyand glectically attaching the semicondugtar die to an jptermediate cargjg. Second level
packaging involves mechanically and electrically attaching the intermediate carrier to the PCB. In other
embodimehesl icserfikdhdaétor HEvIEe Tray BRIFhayeRRE first |8l paekagingRatere tRe die is

mechanically andelectricaliy mounted dirgctly10the PCBed to remove material from

the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for

interconnection with other system components. Contact pads



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of

semicond RABEpackagEs FEGfiRfted AitH Hny CorfBiRafior? of fist afd BRe6ME feveP patRAGHTS styles, as

well as othed eleetronic,campoperisacan be tranegiedie RCB 526 hsane embediments, giewronic
device 50 includes_a single attached semiconductor package, while other embodiments call for multiple

interconn&tidl KA YEs BYROMbTTHG dAE B ol Ssmicbhdbicir patkagds dVerHSAGR substrate,
manufacturersreandpaarpetatepretnade gompongnisaintorelectronic deviceswand systemsnBecause the
semiconductor packages include so%%histjcat d functionali%, Iecoﬁronic devi es,car;lbe manufactured
using chR&FEFESMPONEHtS ahda Sttdarmiifed MERUtActY ﬁl§ process THE tesuifing déviBes are less
likely to faihand lesssexpensivektagnanufactuse residting #da lower cost &dreconsumers.sy stemFIGS.

2a-2c show(fxtemé)l%r nsce&rlrélg%nquggor %%ckaa}ges. FIG. 2a !]Illltljsl;crgtreso{grther detail of DIP 64 mounted on

PCB 52. Sémiconductor Aincludes an ac?iv%er@éféonncon?ammg arYaJIc():g(;e o%aigﬂ% Sircuits Implemented

as activeadevicesh passive dewices heondugtivetayersirantediekectric layers formed within the die and are

glectrlcally Interconne%@% gcgorflﬂ tgttpgteelesctggeélcdceélo%nigf tggvdil%.el:%roeﬁa%nvglg?thae cclﬁ:#t may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed

Within_th@acm@negmgﬁmmonducmﬂdi‘eem_.@mﬂa@'t_tpéid‘aﬂ@a@ﬁﬁe op @noréﬂézyas of conductive
material, syich 25 alyminum (A1), SoRREL (GU),,tin (30), Dickel, (1), gold (A, of silver (Ag), and are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semi¢oriitictordie 7498 htsunéd Tadn inteemediate ¥atiep 78 asingca udl-Silicorr eateztie layer or

adhesive paterial such.as thermal epoxy, ;The package body Includes an josulative packaging material

such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical Interconnect

between 8BRASTRILERST die TP EBIS2) Ercapslant 8298 d6positee-overine pasRage ot

environmental pretectian; by preventingmeistire andiparticles fiom gntering the package and
contaminating die 74 or wire bonds 82. FIG. 2b lllustrates further detail of BCC 62 mounted on
PCB 52. Semiconductérldie 888 thoGitEd Sver EaffeY 9bUsing 2R ihdeiis epoxyS@sintsdhesive

material 92.Wirerhonds94-proavidefirst leyekpaeking htercoppegt katwegp captact pads 96 and 98.

Molding compound or encapsulant 100 is . . .
electrical functions. Alternatively, electronic device 50 may

be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52

using evaporation, electrolytic plating, electroless plating,



deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal
deposition process such as electrolytic plating or electroless plating to prevent oxidation. Contact pads
102 are electrically connected to one or more conductive signal traces 54 in PCB 52. Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,
semicondUict6rdie 5818 maidted facd 86Wn 16 ritehEdiit-Edrrid PR O6 WithP2 filpr&Hip $fe first level
packaging: stive ragier 108 of semicanductor dia 58tcontains apalegrardigital cinsuits;kaplemented as
active devices, passive devices, conductive layers, and dielectric layers formed according to the electrical
design of tA&HiI& fFdrExaniie RREICIR m&T et e ond 8P ot taRBRESISdidde& ifductors,
capacitorst resisters; and Othercirciit elempotsawithin active ¢egiop 4081 Semieendugtordie S8 is
electricalr%/ ﬁd mechgnically connected to carrier 10 tht'k?ugh bumps 110. GA 60 is electrically
and mechaTicaily SBHnected foPEB 2 With WG A sty e Seconl 16Val Packaging tishiy Bimps 112.
Semiconductor die 58 irelectricalynbonniected to candustive sighat traces &4in P CB. 52tthrough bumps
110, signa{[jlir]l%s 114 alnéj %Lirgps lé,Z. étmgléjineglcorgggund or en%aps%%nthlnlﬁ iS dePé)%ited over
semiconductor die b8 and carrier 10616 provﬁe ph%lcafa1 lpp rtand electrical iSofation for the device.
The flip chgrsemicoadletor devieegrovides alshortelectricabcdriduction patmfrontthe attiwetdevices on
semicondctar die 58.19.cqnduction tracks og FCB 2,0 grder {0 reduce, sianal, propagation distance,
lower capacitance, and improve overall circuit peripormance. In"another el%bo&ment, the semiconductor
die 58 candseaechanitallyand electiicallycbhnestededirectly 16 RCB 5Rasirmgfliptchis style first level
packaging without intermedigte cardier 106, e 5SS 3a:3) flustrate.dn relation o FiGs. 1 and 2a-2c,
a process of forming protective material between a semiconductor die stacked on a semiconductor wafer
to reducecdéfectsadifringsingalaton lavEG. Backaape 127his prackten diaferilével chip attach device or
wafer jig 120;,Tape-122 can be 2 polymeradhesivewhich is depasited using by spin-goating or printing
and releasable by light, heat or laser. Alternatively, tape 122 can be thermal epoxy, laminated polymer,
polymer composite, or iifdtgaRie BOHERRF ormpodrd.ustrat iRBenfcorfiitoriwaier 124 is positioned
over tapeﬂ%%tsqr&?@@dt!%t@]&%@Iﬁg%zﬁﬁ@ltémb@%‘%éuwfﬁe aterglksuah as, silieqn,germanium,
gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of semiconductor
die or compbRenRts 176 SreSforitied Uh Wafer 124 separdted Bysalv strestécroylad desctitet above. Each

semiconduciordie 126dnclydes a5 addive suHage 128 qontainingianaleg oy digifahgireuits impigmented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and
electricalfFihferEatiectéd 4BEGrirtfto tHE Blectficd desigifard fincliBh of the! diel #of eXample, the
circuit may-ingluderene osmprentransistars dindes, 1andeibey ciseyit efements farmeshwithinastive
surface 128 to implement analog circuits or digital circuits, such_as digital signal processor (DSP), ASIC,
memory, 5t Ot Ssid Al Broddssing Sir i Semiebndictsidie 126 may alst S8italh P Suth as
inductorsp capacitors casngktesistorsy forRk signad prasessingu Artypicak BF systena saquirestmuakiple IPDs
in one or more se,micogdugctor packages to perform the necessary electrical f%nctions.

of semiconductor' packKages, configured with any combination of

first and second level packaging styles, as well as other

electronic components, can be connected to PCB 52. In some

embodiments, electronic device 50 includes a single attached

semiconductor package, while other embodiments call for multiple

interconnected packages. By combining one or more semiconductor

packages over a single substrate, manufacturers can incorporate

pre-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated

functionality, electronic devices can be manufactured using

-10-



A plurality of vias is formed through semiconductor die 126 using laser drilling or etching process, such as
deep reactive ion etching (DRIE). The vias are 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, or other suitable metal deposition process to form conductive through silicon vias
(TSV) 130. A plurality of bumps or interconnects 132 are formed over TSV 130 on active surface 128 of

semicondutt6raie 126" BRE A4 ShAWS fartivdrdetdit of MiterbBRNECS 132 f6FEd 0vEF TSV 13t on active

surface 128-pfisemigonducterdiek26. Agplurality efipumps px interconneetssl3G:areforrmed ayer TSV
130 on back surface 138 of semiconductor wafer 124. FIG. 4b shows further detail of individual

interconrBl {36 fothiedif Epiral AfanGeMentdier T8V 136Un HLACSNTAER 138 of semiconductor die
126. In FIG. 3ly, semicorducioswaler d24nis mountedia tapedl22 inrwaterjigded. Active surface
128 of san}igon%%ctor \gafetr 124 contacts tape 122 vv,itnp buglnﬁ or ig)r:%erconnect 132 embeg ed in the
tape. INFIG 3c SemhitbRauctor diedr Sshponert 146 are molinted 15 batk surfacd13s of
semicondustorcwafen d24rusingpick anddqilace toal 145ciniere empodiment, pickrantoplace tee} 145 is a
computer g:orgrolled vgcgugrncch%ck atItnac?gIgleto bagkggrfgg% 14(Z o(iésemi(éonducé%r dieéL46. Each
semiconé)uctorl(%étﬁ has an active Strface TI@ containing %fr]lalog afrlaclgi%él circtits Vmplemented as
active dedicescpassiveodevices, wontagtiveslayers] andadielectricdayersdomméd witheh thetdieand

electrically itergonnegied accoring ohe efectigal desian and functign of s, die. For gxample, the
circuit may include one or more transistors, iddes, and other circuit élements fofmed within active
surface 148<otimplementcarialog cifctditscorddigital direuits :suahlas DSPe ASICcmemorgyor other signal

processing, eifepit, Senicandyetordie, 146.may also contain P Ds, sych as,inducigrs, capagitors, and

resistors, for RF signal processing. Bumps 149 on semiconductor die 146 align with interconnects 136 to
electricallsecormieet the éirclits tioresermicoAdictor dRNE4E6 B dircuitsbrivédriespondingesdmiconductor die

124 throygh,interceaneats 132 and 136 and TSY,130. £IG. 4c.showsfurther. detail.of indlivigual,
interconnects 149 formed over active surface 148 of semiconductor die 146.
layers of conductive material, such as aluminum (Al), copper

(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between

contact pads 96 and 98. Molding compound or encapsulant 100 is

-11-



In FIG. 3d, an underfill material 150, such as epoxy, polymeric material, film, or other non-conductive
material, is deposited beneath semiconductor die 146 using dispensing tool 152. In FIG. 3e, a
coating or protective material 156 is deposited over semiconductor die 146 and semiconductor wafer 124.
Protective material 156 is water-soluble and dries at room temperature. In one embodiment, protective
material 156 contains polyvinyl alcohol and water. Protective material 156 is deposited by dispenser 154

and spin CB&fTg bFStHeY Shitabid dpplicator o d1e |RFIEN3f "the AsBemibly déscribedif FI€S3a-3e is

removeddrops wader jig: 120 and meunted withiback sufacetlidnhand prataetive-material 156 to dicing tape
158. In FIG. 3g, tape 122 is removed by heat, light, or laser to expose interconnects 132. The
assemblfﬁﬁ&@r@%e?%dcﬁci JopEr&tidiPWRtR S Mifiheter (HMTAF 190 nﬁgr%n?e?[e}l(sp]rﬁ)gg&ps using saw
blade or laser euttisgrieal160tesingWatenwates d24dntousdivickiad stacked semiconductardie 126 and
146. Semiconductor die 126 and 146 are different size die, In one embodiment, semiconductor die 146 is
4mm by &fhnt-and $emitBRdBABr 4t 367 isT BBy 67t Protéttive r%&fé?i%%sé)%ﬁﬁp&r?c
semiconductorwater 12440 reducenwateraimpling.rla acdition; rateative-materiad 15bprotects
semicon%urct%rewgfﬂ 112§ sEg)CtElagg].e CLan gpfrﬁiog o@f S Wrblg%eblggwlg%\r/les smootchadie e&j%es and
reduces wafer cf*npplng or cracking during the S|ngulaf|fon. rotective matenial 156 als6 seafs the area
between $&nmdoriitictardie 146 amutpreveptscacclififulatiorPefEcantaminants on semiconductor wafer 124.
In FIG. 3h, die assemblies , €ach containing stacked semicqngductor die 126 146, are removed
ffom tape 158 with pIck A doeriobl T80 ot Tted e tad oo (e SR
package 164 s hroumted &5 subsstrate 470 Mith intéricoanédtsd 32harfentéed iowdrdithe subsidte. D2W

package 1645 gleaned with dejgnized yyaten isremove profedtive mpafterigl 15 contaminghis, debris,

and other excess material. An underfill material 172, such as epoxy, polymeric material, film, or other
non-conductive materiall sldedosited Beheath serhiionduetdr die 346 UgingdhE dispensing tool, as shown

in FIG. 3], In, D2V package. 164, semicopdyctor die 146 is.elactigall.cqnnected to.semieopgugtor die
126 through TSV 130 and Interconnects 132 and 136. The sides of semiconductor die 126 are relatively

smooth atddefdéiofed BetAiseepotéctivematerial ¥56 pfotees sehficonditiorwarsr 124 diig

singulatiQn; i + may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor

die 58 can be mechanically and electrically connected directly
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FIG. 5 shows an alternate embodiment with D2W package 176, formed similar to the process described
in FIGs. 3a-3], having a bottom-side build-up Interconnect structure 178. An insulating or passivation layer
180 is deposited as one or more layers of silicon dioxide (S102), silicon nitride (S13N4), silicon oxynitride
(SION), tantalum pentoxide (1a205), aluminum oxide (Al203), or other material having similar insulating
and structural properties. The insulating layer 180 is formed using PVD, CVD, printing, spin coating,
spray codtihd, sthtering'Br- tHerinat Bxigation & poRion'drihsdigting 1dy2rs 280 i rem By an etching

process. Gonsugtve layer 482 #s farmegsas one or more layers in the removed portions of insulating layer
180 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating, or other suitable

metal deposition processC€onddctive layerfe7 84 be The Srmbre Ry Efs §FAS cul SR, A0, Ag, or
other suitable elegtrically sopduativermateriak A perivnofeonductive layerd82 isselectrically connected
to Interconnects I%gjz Other gortions of conductive Iager, 182 F?an be electrically com%\ or electrically

isolated (feeﬁ%Jh%l? gﬁ W d %ian %%%%Eﬁ ioH ofthaSehTicBRATEF déﬁé&_r to r gFectricaIIy
conductivieeliempsmateriahis deposited ovenbuild-upAntercarmect strugtarel 228 andelectrcallyrconnected

to conductive layer 182 using an evapaqration, electrolytic plating,.electrgless plating % Il drop, or screen
printing pvf&%srs. ?r%‘éeéun?l& ?r?atgﬁ\aél%gﬁ t()jeGXﬁ %en,?\ﬁ, Kﬁl, ﬁé, gl%,gB(li,E%u, soﬁ&gﬁ” a’ln %co(r:nabr?nations
thereof, Wwith an optignalfluxidatstiore Fon examipte, dhe bainipematerial ¢ahybeselitectio SniRlyy high-lead
solder, orolread-frien _sl%l egggerbﬁnégsrg%%a?s bf’{‘dﬁg tolcl:ce)ggu%t}_y.e][lgg%r 1.82 using a su_ltable
attachment or bon ing process. In one embo |r¥1ent,% e bump material is reflowed by heating the
material abdvarits: meltingypoihetesfolnsphencikballscommimps ©84. Inlsome applicatiohsisumps 184

are reflo%%q ggog@%%estlac@prg}ze electrical fgn@gﬁggg%n%%%{gdwy 182. The bumps can also be

compression bonded to conductive layer 182. Bumps 184 represent one type of Interconnect structure
that can be formed oveér corrlbctivellayep 182 aFiee Intéreohfebostivctprieeshrralss usedsontddires, stud

bump, migzo bump, oF other electrical jterconnect, . , 1, An engansulant gr malding;campound 188 is

deposited over semiconductor die 126, semiconductor die 146, and build-up interconnect structure 178
using a pasteSprntiRy} coffprassivéfholding  tramsfer FRIdiAG, liguid éHEapsitaRimelding? Spin coating,

vacuum lamination, o pthefsuitable appligatar.-imong,embediment, gncapsulant 188 is deposited using a
chase mold. Encapsulant 188 can be polymer composite material, such as epoxfﬁy/@resin with filler, epoxy
acrylate WRAHFEFLSF pbRMEt Wit propefhiftere Entapsilaft £88 G cORdUG VR antFénvironmentally

protects thessemicendustodevice fron external elementsr ibed aSeMUcoNducter die 146 is electrically
connected to semiconductor die 126 through TSV 130 and interconnects 132 and 136. D2W package 176

is electricfif toRREel16 extéinardevidss iigsg R Buitbp TterctntReEsttedu e T 78 e Sides of
semiconduciardie d26argrelativelyrsaeth antbdefeetfree besause: pratectiveimaterial 156 protects

semiconductor wafer 124 during sin%ulatiqn. , ,
passive devices, “conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 128 to implement
analog circuits or digital circuits, such as digital signal
processor (DSP), ASIC, memory, or other signal processing
circuit. Semiconductor die 126 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing.
A typical RF system requires multiple IPDs in one or more

semiconductor packages to perform the necessary electrical

functions.
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FIGs. 6a-6e illustrate, in relation to FIGs. 1 and 2a-2c, another process of depositing protective material
between a semiconductor die stacked on a semiconductor wafer to reduce defects during singulation.
Continuing with the embodiment from FIG. 3d, an encapsulant or molding compound 190 is deposited as
protective material over semiconductor die 146 and semiconductor wafer 124, as shown in FIG. 6a, using
a paste printing, compressive molding, transfer molding, liquid encapsulant molding, spin coating, vacuum

lamination, or other suftablé Hppli¢atdr. Encaptlaht 100CERDE poIgHEr cORPoSRETH&ERAI, such as
epoxy resinavitiviillersepexylacryhateywith fillge; of pobraer with properdiler.such aslmkly 6b, the
assembly from FIG. 6a is removed from wafer jig 120 and mounted with_ encapsulant 190 to dicing tape
192.  TEHTENS. 68 %ape 122718 rehbvéd by hESE 11Ghe Brider td tXp0se trt@rdohnettt32. The
assemblysundergpesa, digifg apetatioruwith 2imm fay 120 pym gaps wsing saw btageror Laser cutting tool
194 to singulate wafer 124 intp inii idual stacked semicaonductor die 126 and 146, Encapsulant 190
supports SAMIEAMUCTorwAfhr 154 18 reuou \ihfeF ciMpiiig. 1A RdbtoR chLssUiAnt’190 acts as
protective inaterial lort semicbaduetgy waferci2zdse thatghe cuttiing aperatioreof saw biade=160 leaves
smooth die gdqe%and re%uces wafer chi p{n Qr crackinlqoguritn thetskilr}%ulatﬁlon. .Tfe encagsulant 190
also sealS Té area between sericonductor die 146 and prélv(:en s Sccumulation of contaminants on
semiconduicion wafed 1242 pluralniEls.d5d, denassemblies: £36;@achaiontdiBihgestacked med

semiconductor di V'LZ{S d. 146, are r moveg from{ 192 with.pick and place tool % contacting
Interconnoe\é?srl § ¥ OI?] Iﬂ(%% %\égDiw pggl?ag?%%(? %s r%%ﬂﬁtce%ntouscu%%%ra?elgoé v%th Interconnects
132 orierité& towardsthewssbstrateh &in wederfill nvaterial 204¢ socle as £pbxy, golymeric evaterial, film, or

other noncondugtive, material, is deposited heneath semicondustor die 146 using;the dispensing tool. In

D2W package 200, semiconductor die 146 is electrically connected to semiconductor die 126 through
TSV 130mhdrateréonrdct® 182 aindrl 36) Thesides ot serhitonduétof disne26 arereldtiiélyl Sthooth and

defect-freg, becaysegncapsulant 190 pralegtssemicopdyctor wafer 124 during;singylation,, In

another embodiment, protective material is deposited over channels formed in a surface of a
semicondutibh\wafel cas $hownh in FIGE 17817, FIG. Fecshovessémiconhdbetored in spiral

arrangement over TSV 130 on back surface 138 of semiconductor
die 126.

In FIG. 3b, semiconductor wafer 124 is mounted to tape
122 in wafer jig 120. Active surface 128 of semiconductor wafer
124 contacts tape 122 with bumps or interconnects 132 embedded
in the tape.

In FIG. 3c, semiconductor die or component 146 are
mounted to back surface 138 of semiconductor wafer 124 using
pick and place tool 145. 1In one embodiment, pick and place tool
145 is a computer controlled vacuum chuck attached to back
surface 147 of semiconductor die 146. Each semiconductor die
146 has an active surface 148 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may

include one or more transistors, diodes, and other circuit
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wafer 210 placed on grinder platform 212. A plurality of grooves or channels 214 is formed in top surface
216 of semiconductor wafer 210 by cutting wheel 218. The grooving depth is 30-50% of a target wafer
thickness after a back grinding operation. For example, if the target wafer thickness after the back
grinding operation is 25 pm, then the channel depth is 10 pm. FIG. 7b shows further detail of channels
214 formed in top surface 216 of semiconductor wafer 210. Channels 214 are weak points of
semiconfuUctBWAfRr DA™ il ledd fFvalet bieakacor ddmage tRAGTRE baék gliRding operation.
In FIG. 7e,ipretective sratetigh 220 isdepasited oven and Hetween channgls @dgontopsurface 216 of
semiconductor wafer 210. Protective material 220 is water-soluble and dries at room temperature. In one
embodiment Frofectilé mMAEAZE220-88htSits Potyvinyl AEoHE? AR Water. Protetiife PiateAals220 is
deposited by hispensen 224 andrspins coating-eoether suitakle epphcatehd residadts, 7d8or

semiconductor, wafer 210 is Inverted so that §rot %ééve material 220 |s oriented faci 9 griﬁr;fer Flatform
212. Grinder 228'temoves 3555Hi0N of batk Birface 298 of SEmONaLCtor wa é?a[?pr ximatély down to
protectiver materialt220: Pratective hxderial 220=preventsldamage teetop sirtacei2ibiand channels 214

during the grinding process. .. n FIG. 7e, past-grinding semicondyctor wafer.210 is mounted to
cicing tars D30 B GRbtod kel B0 An Sher e MRSl 18 Tmavad aith Bicibed water.

Semiconduetoit @rafertis singlulated evithosave biagleldrdaserdcutting toal 282V 130. While oAe or more
embodiméekq(tjsW gft e rggernt C{g\éent' n i}aven een iolllggt{ated in detail thetgki%%‘ia a%tios]gnevéill g\pggeciate that

o a @) V1 Tnterconne L
modifications and a aptatlons to those embodiments may be maae WIﬁ'IOUt epartlngn}rom the Sscope of

the present inventionasaset fordld irrthesfetidwinglainms: die 146.

In FIG. 3d, an underfill material 150, such as epoxy,
polymeric material, film, or other non-conductive material, is
deposited beneath semiconductor die 146 using dispensing tool
152.

In FIG. 3e, a coating or protective material 156 1is
deposited over semiconductor die 146 and semiconductor wafer
124. Protective material 156 is water-soluble and dries at room
temperature. In one embodiment, protective material 156
contains polyvinyl alcohol and water. Protective material 156
is deposited by dispenser 154 and spin coating or other suitable
applicator.

In FIG. 3f, the assembly described in FIG. 3a-3e is
removed from wafer jig 120 and mounted with back surface 147 and
protective material 156 to dicing tape 158.

In FIG. 3g, tape 122 is removed by heat, light, or
laser to expose interconnects 132. The assembly undergoes a
dicing operation with 2 millimeter (mm) by 120 micrometer (um)
gaps using saw blade or laser cutting tool 160 to singulate
wafer 124 into individual stacked semiconductor die 126 and 146.
Semiconductor die 126 and 146 are different size die. In one

embodiment, semiconductor die 146 is 4mm by 4mm, and
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer containing a plurality of first semiconductor die; mounting a plurality of second
semiconductor die to a first surface of the semiconductor wafer; placing a first tape on a second
surface of the semiconductor wafer opposite the first surface of the semiconductor wafer; forming a

protective material over the second semiconductor die and first surface of the semiconductor wafer;
semiconductor die 126 1is 6mm by 6mm. Protective material 156

supports semiconductor wafer 124 to reduce wafer dimpling. In
addition, protective material 156 protects semiconductor wafer
124 so that the cutting operation of saw blade 160 leaves smooth
die edges and reduces wafer chipping or cracking during the
singulation. Protective material 156 also seals the area
between semiconductor die 146 and prevents accumulation of
contaminants on semiconductor wafer 124.

In FIG. 3h, die assemblies 164, each containing
stacked semiconductor die 126 and 146, are removed from tape 158
with pick and place tool 168 contacting interconnects 132.

In FIG. 31i, D2W package 164 is mounted to substrate
170 with interconnects 132 oriented toward the substrate. D2W
package 164 is cleaned with deionized water to remove protective
material 156, contaminants, debris, and other excess material.
An underfill material 172, such as epoxy, polymeric material,
film, or other non-conductive material, 1is deposited beneath
semiconductor die 146 using the dispensing tool, as shown in
FIG. 3j. In D2W package 164, semiconductor die 146 is
electrically connected to semiconductor die 126 through TSV 130
and interconnects 132 and 136. The sides of semiconductor die
126 are relatively smooth and defect-free because protective
material 156 protects semiconductor wafer 124 during
singulation.

FIG. 5 shows an alternate embodiment with D2W package
176, formed similar to the process described in FIGs. 3a-37j,
having a bottom-side build-up interconnect structure 178. An
insulating or passivation layer 180 is deposited as one or more
layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum

oxide (A1l203), or other material having similar insulating and
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removing the first tape; singulating the semiconductor wafer between the second semiconductor die
into individual die-to-wafer packages each containing the second semiconductor die stacked on the first
semiconductor die, the protective material protecting the semiconductor wafer during singulation;
mounting the die-to-wafer package to a substrate; removing the protective material; and depositing an
encapsulant over the die-to-wafer package and substrate. 2. The method of claim 1, further including

forming &prarality* bR Comiuitive WigsSthrodgifthersemicbndctofwater: &) The rhetbebftidine1,
wherein therprotegtiye piatarialingludes polyyinyl algpheband,wateit ing, sintering or

thermal oxidation. A portion of insulating layers 180 is
removed by an etching process. Conductive layer 182 is formed
as one or more layers in the removed portions of insulating
layer 180 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating, or other suitable
metal deposition process. Conductive layer 182 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. A portion of conductive layer
182 is electrically connected to interconnects 132. Other
portions of conductive layer 182 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device.

An electrically conductive bump material is deposited
over build-up interconnect structure 178 and electrically
connected to conductive layer 182 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 182 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 184. 1In some applications, bumps 184
are reflowed a second time to improve electrical contact to
conductive layer 182. The bumps can also be compression bonded
to conductive layer 182. Bumps 184 represent one type of
interconnect structure that can be formed over conductive layer

182. The interconnect structure can also use bond wires, stud
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underfill material beneath the first semiconductor die. 5. The method of claim 1, further including
depositing underfill material beneath the second semiconductor die. 6. The method of claim 1, wherein
the substrate includes a build-up interconnect structure. 7. A method of making a semiconductor device,
comprising: providing a semiconductor wafer containing a plurality of first semiconductor die;

mounting a plurality of second semiconductor die to a first surface of the semiconductor wafer;
forming pProtERtive hidterid BVer the se&dHF sémitohbucdr dis and fifst 3Eface of the semiconductor

wafer; and An encapsulant or molding compound 188 is deposited
over semiconductor die 126, semiconductor die 146, and build-up
interconnect structure 178 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, spin
coating, vacuum lamination, or other suitable applicator. 1In
one embodiment, encapsulant 188 is deposited using a chase mold.
Encapsulant 188 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 188 is non-conductive and
environmentally protects the semiconductor device from external
elements.

Semiconductor die 146 is electrically connected to
semiconductor die 126 through TSV 130 and interconnects 132 and
136. D2W package 176 1is electrically connected to external
devices through build-up interconnect structure 178. The sides
of semiconductor die 126 are relatively smooth and defect-free
because protective material 156 protects semiconductor wafer 124
during singulation.

FIGs. 6a-6e illustrate, in relation to FIGs. 1 and 2a-
2c, another process of depositing protective material between a
semiconductor die stacked on a semiconductor wafer to reduce
defects during singulation. Continuing with the embodiment from
FIG. 3d, an encapsulant or molding compound 190 is deposited as
protective material over semiconductor die 146 and semiconductor
wafer 124, as shown in FIG. 6a, using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, spin coating, wvacuum lamination, or other suitable
applicator. Encapsulant 190 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or

polymer with proper filler.
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singulating the semiconductor wafer between the second semiconductor die into individual die-to-wafer
packages each containing the second semiconductor die stacked on the first semiconductor die, the
protective material protecting the semiconductor wafer during singulation. 8. The method of claim 7,
wherein the protective material includes polyvinyl alcohol and water. 9. The method of claim 7, further

including removing the protective material after singulation. 10. The method of claim 7, wherein the
protective material incliBled Efcafftiatt! 12 THeRéthot sieIdint7, fifthefincRidmGY F¥éfing a

build-up intereennact stragtuse Ovab thectinst semicondustos diesand 90 depositivgran enrgapsulant over
the first slegn2icfonductor die, second semiconductor die, and build-up interconnect structure.

In FIG. 6c, tape 122 is removed by heat, light, or
laser to expose interconnect 132. The assembly undergoes a
dicing operation with 2 mm by 120 pm gaps using saw blade or
laser cutting tool 194 to singulate wafer 124 into individual
stacked semiconductor die 126 and 146. Encapsulant 190 supports
semiconductor wafer 124 to reduce wafer dimpling. In addition,
encapsulant 190 acts as protective material on semiconductor
wafer 124 so that the cutting operation of saw blade 160 leaves
smooth die edges and reduces wafer chipping or cracking during
the singulation. The encapsulant 190 also seals the area
between semiconductor die 146 and prevents accumulation of
contaminants on semiconductor wafer 124.

In FIG. 6d, die assemblies 196, each containing
stacked semiconductor die 126 and 146, are removed from tape 192
with pick and place tool 198 contacting interconnects 132.

In FIG. 6e, D2W package 200 is mounted to substrate
202 with interconnects 132 oriented toward the substrate. An
underfill material 204, such as epoxy, polymeric material, film,
or other non-conductive material, is deposited beneath
semiconductor die 146 using the dispensing tool. In D2W package
200, semiconductor die 146 is electrically connected to
semiconductor die 126 through TSV 130 and interconnects 132 and
136. The sides of semiconductor die 126 are relatively smooth
and defect-free because encapsulant 190 protects semiconductor
wafer 124 during singulation.

In another embodiment, protective material is
deposited over channels formed in a surface of a semiconductor

wafer, as shown in FIGs. 7a-7e. FIG. 7a shows semiconductor
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12. The method of claim 7, further including mounting the dieto-wafer package to a substrate. 13. The
method of claim 7, further including forming a plurality of conductive vias through the semiconductor
wafer. 14. The method of claim 7, further including: depositing first underfill material beneath the first
semiconductor die; and depositing second underfill material beneath the second semiconductor die.
15. A method of making a semiconductor device comprisir;%:h%roviding a semiconductor wafer;

forming d"Bitrlity: of charmfsisiinRa fift Stirfake of te Seficohtluctop waféE 211ty of

grooves or channels 214 is formed in top surface 216 of
semiconductor wafer 210 by cutting wheel 218. The grooving
depth is 30-50% of a target wafer thickness after a back
grinding operation. For example, i1if the target wafer thickness
after the back grinding operation is 25 um, then the channel
depth is 10 pm. FIG. 7b shows further detail of channels 214
formed in top surface 216 of semiconductor wafer 210. Channels
214 are weak points of semiconductor wafer 210 and may lead to
wafer breakage or damage during the back grinding operation.

In FIG. 7c, protective material 220 is deposited over
and between channels 214 on top surface 216 of semiconductor
wafer 210. Protective material 220 is water-soluble and dries
at room temperature. In one embodiment, protective material 220
contains polyvinyl alcohol and water. Protective material 220
is deposited by dispenser 224 and spin coating or other suitable
applicator.

In FIG. 7d, semiconductor wafer 210 is inverted so
that protective material 220 is oriented facing grinder platform
212. Grinder 226 removes a portion of back surface 228 of
semiconductor wafer approximately down to protective material
220. Protective material 220 prevents damage to top surface 216
and channels 214 during the grinding process.

In FIG. 7e, post—-grinding semiconductor wafer 210 is
mounted to dicing tape 230 and protective material 220 and other
excess material are removed with deionized water. Semiconductor

wafer is singulated with saw blade or laser cutting tool 232.
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depositing a protective layer over and between the channels in the first surface of the semiconductor
wafer; and grinding a second surface of the semiconductor wafer opposite the first surface of the
semiconductor wafer to reduce a thickness of the semiconductor wafer, the protective material protecting
the channels during grinding. 16. The method of claim 15, further including removing the protective layer.
17. The method of claim 15, further including removing the protective layer with deionized water. 18. The
method of claim 16, further including singulating the semiconductor wafer. 19. The method of claim 15,
wherein the protective matedaldneludes pebwinyhalsahpbandwater:he present invention

have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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20. A semiconductor device made by a process, comprising: providing a semiconductor wafer containing
a plurality of first semiconductor die; mounting a plurality of second semiconductor die to a first
surface of the semiconductor wafer; forming protective material over the second semiconductor die
and first surface of the semiconductor wafer; and singulating the semiconductor wafer between the
second semiconductor die into individual die-to-wafer packages each containing the second
semiconductor die stacked on the second semicdrtiitRF die, the protective material protecting the
semiconductor wafer during singulation. 21. The semiconductor device of claim 20, wherein the
protective materijal includes polyvinyl alcohol and water. 22. The semiconductor device of claim 20,
further inBRi@ing renfoving 8% protective material after singulation. 23. The semiconductor device of
claim 20, wherein the protective material includes encapsulant.

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

providing a semiconductor wafer containing a plurality of
first semiconductor die;

mounting a plurality of second semiconductor die to a first
surface of the semiconductor wafer;

placing a first tape on a second surface of the
semiconductor wafer opposite the first surface of the
semiconductor wafer;

forming a protective material over the second semiconductor
die and first surface of the semiconductor wafer;

removing the first tape;

singulating the semiconductor wafer between the second
semiconductor die into individual die-to-wafer packages each
containing the second semiconductor die stacked on the first
semiconductor die, the protective material protecting the
semiconductor wafer during singulation;

mounting the die-to-wafer package to a substrate;

removing the protective material; and

depositing an encapsulant over the die-to-wafer package and

substrate.

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

plurality of conductive vias through the semiconductor wafer.

3. The method of claim 1, wherein the protective material

includes polyvinyl alcohol and water.
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24. The semiconductor device of claim 20, further including: forming a build-up interconnect structure over
the first semiconductor die; and depositing an encapsulant over the first semiconductor die, second
semiconductor die, and build-up interconnect structure. 25. The semiconductor device of claim 20, further
including forming a plurality of conductive vias through the semiconductor wafer.

4. The method of claim 1, further including depositing

underfill material beneath the first semiconductor die.

5. The method of claim 1, further including depositing

underfill material beneath the second semiconductor die.

6. The method of claim 1, wherein the substrate includes a

build-up interconnect structure.

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

providing a semiconductor wafer containing a plurality of
first semiconductor die;

mounting a plurality of second semiconductor die to a first
surface of the semiconductor wafer;

forming protective material over the second semiconductor
die and first surface of the semiconductor wafer; and

singulating the semiconductor wafer between the second
semiconductor die into individual die-to-wafer packages each
containing the second semiconductor die stacked on the first
semiconductor die, the protective material protecting the

semiconductor wafer during singulation.

8. The method of claim 7, wherein the protective material

includes polyvinyl alcohol and water.

9. The method of claim 7, further including removing the

protective material after singulation.

10. The method of claim 7, wherein the protective material

includes encapsulant.
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11. The method of claim 7, further including:

forming a build-up interconnect structure over the first
semiconductor die; and

depositing an encapsulant over the first semiconductor die,

second semiconductor die, and build-up interconnect structure.

12. The method of claim 7, further including mounting the die-

to-wafer package to a substrate.

13. The method of claim 7, further including forming a

plurality of conductive vias through the semiconductor wafer.

14. The method of claim 7, further including:

depositing first underfill material beneath the first
semiconductor die; and

depositing second underfill material beneath the second

semiconductor die.

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

providing a semiconductor wafer;

forming a plurality of channels in a first surface of the
semiconductor wafer;

depositing a protective layer over and between the channels
in the first surface of the semiconductor wafer; and

grinding a second surface of the semiconductor wafer
opposite the first surface of the semiconductor wafer to reduce
a thickness of the semiconductor wafer, the protective material

protecting the channels during grinding.

16. The method of claim 15, further including removing the

protective layer.
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17. The method of claim 15, further including removing the

protective layer with deionized water.

18. The method of claim 16, further including singulating the

semiconductor wafer.

19. The method of claim 15, wherein the protective material

includes polyvinyl alcohol and water.

20. A semiconductor device made by a process, comprising:

providing a semiconductor wafer containing a plurality of
first semiconductor die;

mounting a plurality of second semiconductor die to a first
surface of the semiconductor wafer;

forming protective material over the second semiconductor
die and first surface of the semiconductor wafer; and

singulating the semiconductor wafer between the second
semiconductor die into individual die-to-wafer packages each
containing the second semiconductor die stacked on the second
semiconductor die, the protective material protecting the

semiconductor wafer during singulation.

21. The semiconductor device of claim 20, wherein the

protective material includes polyvinyl alcohol and water.

22. The semiconductor device of claim 20, further including

removing the protective material after singulation.

23. The semiconductor device of claim 20, wherein the

protective material includes encapsulant.
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24. The semiconductor device of claim 20, further including:
forming a build-up interconnect structure over the first
semiconductor die; and
depositing an encapsulant over the first semiconductor die,

second semiconductor die, and build-up interconnect structure.
25. The semiconductor device of claim 20, further including

forming a plurality of conductive vias through the semiconductor

wafer.
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