EXTENDED REDISTRIBUTION LAYERS BUMPED WAFER Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a bumped wafer structure having
extended redistribution layers. Background of the Invention Wafer-Level Packaging (WLP) refers to the
technology of packaging an integrated circuit at wafer level, instead of the traditional process of
assembling the package of each individual unit after wafer di%‘g% Wafer-level packaging is essentially a

true chip-scale packagin&’f&%@@ciﬁ%ﬁ’&gﬁ?@ﬁ:@TWr&%ﬁ %EQS Hﬁ%ﬁﬁally of the same size

as the die. Wafer-level packaging consists of extending the wafer fabrication processes to include device
interconnection and device protection Pricckdses Ihmearfneasdsi oedistribution layer and bump
technology is used to facilitate the packaging. Wafer-level packages using bump technology extend the

conventional wafer fa_lbﬂg:gti?)g éggpﬁg processwith an eﬁ%cgg%n@ ﬁt%%}{@ deposits a multi-layer thin-film

metal rerouting and interconnection system to each device on the wafer. The interconnection system is

achieved Uiy firenshifie CstafidardstfoteMPogrephy amrthirrfilhrdéposition fechnitRes Empidyed in the
device fabgcatign itself. gggiargi?jitggg@é}Qggogg&qrggtg@%q}i@porgdgri gs the peripheral bonding pads

of each chip to an area array of under bump metallization (UBM) pads that are evenly deployed over the
chip's surface. The solder balls or bumps used in -1 connecting the device to the application circuit board

are Background of the Invention

Wafer-Level Packaging (WLP) refers to the technology of
packaging an integrated circuit at wafer level, instead of the
traditional process of assembling the package of each
individual unit after wafer dicing. Wafer-level packaging is
essentially a true chip-scale packaging (CSP) technology, since
the resulting package is practically of the same size as the
die. Wafer-level packaging consists of extending the wafer
fabrication processes to include device interconnection and
device protection processes. In many cases, redistribution
layer and bump technology is used to facilitate the packaging.

Wafer—-level packages using bump technology extend the
conventional wafer fabrication ("fab") process with an
additional step that deposits a multi-layer thin-film metal
rerouting and interconnection system to each device on the
wafer. The interconnection system is achieved using the same
standard photolithography and thin film deposition techniqgues
employed in the device fabrication itself.

The additional level of interconnection redistributes
the peripheral bonding pads of each chip to an area array of
under bump metallization (UBM) pads that are evenly deployed

over the chip's surface. The solder balls or bumps used in



subsequently placed over the UBM pads. Aside from providing the WLP's means of external connection,
use of redistribution layer and bump technology also improves a respective chip's reliability by allowing
the use of larger and more robust balls for interconnection, resulting in better thermal management of a
semiconductor device's input/output (1/0) system. Bumped die configurations, particularly those including
WLP technologies, face increasing pressure to deposit more |/O capability per a specific area. In general,

however, the"85&difid dread iR VilFith 6 dEPoditBumpE hasHekrmiradifichdlly finfed. Stmmary of the

Invention Ipdight gfitherforegoing dhe aim:of the present daventionsisde pravide grpethediig increase a
top area of a bumped die, for use in applications such as WLP, so that the /O per sgroecif,ic area can be

increased.AAGcdidingy, HFEAE efbotimEnE tHe HRESRREIMVRRtoN 5§ ademicBndldtdPH&Vies, comprising
a die havingtepy battamywaid peripherabsyirfacesoa hapdpasksiosmed gvet thetopsurface, an organic
material connected STO, the ggst die and, disposed around thle periéjheral surface of the dite, an_under bump
metallizatigr?nj(lﬁ% otmied dvarthe"orgdnic Hiatéfial, @hd' 4'rd i%trﬁ)rb?‘ioﬁcféferr(?ggﬁ confedting the
under bumfo metallizatiamtoethieikond pad Jh @hotherrre beadiment Hhe e sent irventionts af method of
manufacturing a semiconductor device, gomprising ,providing fer, desjgnated with a saw street
cuid, and NS LN PRt 1V 5 S AS ALHER of e ey T2
Bumped die configurations, particularly those including

WLP technologies, face increasing pressure to deposit more I/O

capability per a specific area. In general, however, the

specific area in which to deposit bumps has been traditionally

limited.
Summary of the Invention

In light of the foregoing, the aim of the present
invention is to provide a method to increase a top area of a
bumped die, for use in applications such as WLP, so that the
I/0 per specific area can be increased.

Accordingly, in one embodiment, the present invention
is a semiconductor device, comprising a die having top, bottom,
and peripheral surfaces, a bond pad formed over the top
surface, an organic material connected to the first die and
disposed around the peripheral surface of the die, an under
bump metallization (UBM) formed over the organic material, and
a redistribution layer (RDL) connecting the under bump
metallization to the bond pad.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device, comprising
providing a wafer, designated with a saw street guide, and

having a bond pad formed on an active surface of the wafer,



taping the wafer with a dicing tape, singulating the wafer along the saw street guide into a plurality of dies
having a plurality of gaps between each of the plurality of dies, stretching the dicing tape to expand the
plurality of gaps to a predetermined distance, depositing an organic material into each of the plurality of
gaps, wherein a top surface of the organic material is substantially coplanar with a top surface of a first
die of the plurality of dies, patterning a redistribution layer over a portion of the organic material, and

depositing EPdAGerBtimy ffétallivatidh AUBMT 508r thaPBrgaiic Atatérialin efdttridat tdmmunication,
through the 1edistributionlayer withthgdiond pad: dn stilh anether ebodiment the piesens invention is a
method of manufacturing a semiconductor device, comprising providing a wafer, designated with a saw
street guidel Bha THAving b BEHE pAFToFied GRTFANHctivESUPfRdE Bf the/ W%Fer(,ijtﬁﬁihg the wafer with a
first dicing 4ape, tsihgulating thed wafersalong éhe saw-steeed guite ipta:a plurakity of digs havingaa plurality
of first gaps beéween eachd%f he erl#rality (%Idies, picking the plurality of dies fro,mihe first dicing tape,
placing thé pfirality oF 4iesoritd A itewarer Support &5téh 8'obtaina Piarlity 8t sédbrd gaps of a
predetermirech widththietween each of the plysality ofdiese depasiting anuarganie matertat into each of

the pIuralit%rof gaps t?n ge%tnq:eiraal rgL%oaStgz1 afere Whle{ein a t asnurfacvg fhthe otr%anicsz m: ercigl is
substantially %orr)llanar with & top surface ot a first die of the'] p ura‘ﬁfy of dies, ranﬁerring hé Fecoated

wafer ontocef secbnd swafar supgort systefw patterning a redistribution iayeriogeraa portion of the organic
nuﬂeﬂaLapQ&%e%%H%gg%%%n %&er over a portion of the organic material,
and depositing an under bump metallization (UBM) over the
organic material in electrical communication, through the
redistribution layer, with the bond pad.

In still another embodiment, the present invention is a
method of manufacturing a semiconductor device, comprising
providing a wafer, designated with a saw street guide, and
having a bond pad formed over an active surface of the wafer,
taping the wafer with a first dicing tape, singulating the
wafer along the saw street guide into a plurality of dies
having a plurality of first gaps between each of the plurality
of dies, picking the plurality of dies from the first dicing
tape, placing the plurality of dies onto a first wafer support
system to obtain a plurality of second gaps of a predetermined
width between each of the plurality of dies, depositing an
organic material into each of the plurality of gaps to render a
recoated wafer, wherein a top surface of the organic material
is substantially coplanar with a top surface of a first die of
the plurality of dies, transferring the recoated wafer onto a
second wafer support system, patterning a redistribution layer
over a portion of the organic material, and depositing an under
bump metallization (UBM) over the organic material in

electrical communication, through the redistribution layer,



bump metallization (UBM) over the organic material in electrical communication, through the
redistribution layer, -3 with the bond pad. In still another embodiment, the present invention is a method
of manufacturing a semiconductor device, comprising providing a die having top, bottom, and peripheral
surfaces, providing a bond pad formed over the top surface, providing an organic material connected to
the first die and disposed around the peripheral surface of the die, providing an under bump
metallizatiét {OBM)Fofthéd ob&Fthe organic material, and providing a redistribution layer (RDL)

connecting the under bump-metallizationde thebend pagk: Brief,Degerption-ofithe HrawingsikIG: 1
illustrates an exemplary prior art method of making a wafer level chip scale package; FIG. 2A illustrates

one embobifieht of @h Sasitet’ rédistrbution Tay/er (RDLY btimpgtd'wafer, in A RpView? FIG. 2B
illustrates a:sidei iewoofiha embodimegt wepjcted it bi. 2AdF e 2Goillustsates aralase view of a
redistribution layer incorpqrating redjstribution traces in electrical communication between an under
bump metATZAHON (UBKY BRI BERd pact FIGS 5K ahli 36 istrAte 4t steb 1 ah Sbridlary
method of snanufacturing @niexte ndedh redisttibutior: layer bumipedi waferdn @iside view andariap view,

respectively; F1Gs. 48 and 4P llystuate & seoqnilsigeln the xemplanymethiod of manyfacturing, again
in a side view a 0|$D
metallization (UBM) formed over the organic material, and

providing a redistribution layer (RDL) connecting the under

bump metallization to the bond pad.
Brief Description of the Drawings

FIG. 1 illustrates an exemplary prior art method of
making a wafer level chip scale package;

FIG. 2A illustrates one embodiment of an extended
redistribution layer (RDL) bumped wafer, in a top view;

FIG. 2B illustrates a side view of the embodiment
depicted in FIG. 2A;

FIG. 2C illustrates a close view of a redistribution
layer incorporating redistribution traces in electrical
communication between an under bump metallization (UBM) and a
bond pad;

FIGs. 3A and 3B illustrate a first step in an exemplary
method of manufacturing an extended redistribution layer bumped
wafer in a side view and a top view, respectively;

FIGs. 4A and 4B illustrate a second step in the
exemplary method of manufacturing, again in a side view and top
view, respectively;

FIGs. 5A and 5B illustrate a third step in the

exemplary method of manufacturing, indicating an expansion



view, respectively; FIGs. 5A and 5B illustrate a third step in the exemplary method of manufacturing,
indicating an expansion -4 direction of the wafer segments; FIGs. 6A and 6B illustrate the deposition of
organic material into a plurality of gaps representing a fourth step in the exemplary method of
manufacturing; FIGs. 7A and 7B illustrate the patterning of redistribution layers in a fifth step of the
exemplary method of manufacturing; FIGs. 8A and 8B illustrate the formation of a plurality of under
bump met&lliZ&fdns(UEBMS); 88rmEPdRinieR 4R friied over the organic material in a sixth step of the

exemplary method of manufacturingdFl6s. 9A1and 9Btillustrate aseyventhistepdir the- exemplary method
of manufacturing, including the formation of a plurality of bumps over the under bump metallizations;

FIGs. 10A'ShSCTOR Husithte &n Bightir StepYinthe 9% BIaR metitd-8fmanhfattrihg® beBictig a
second wafeke singitationstepekitzsi 14A anrcliBdtustratesa third step in a second exemplary method

of manufacturing the extended%edist%bu%ionﬁéagyers bum§ed wafer device shown in FIGs. 2A and 2B as
seenin a side and topF \;i%ﬁ/; resApeacﬁ erF’F v\ ﬁgelllt?s%atig A'tolh %fep in the second
exemplaryrmaathodrafsnanufactusingthe extendetlt redistribptiont layees bumpet avafemdevice shown in

FIGs. 2A aonp I%a%;lufacturing;

FIGs. 8A and 8B illustrate the formation of a plurality
of under bump metallizations (UBMs), some of which are formed
over the organic material in a sixth step of the exemplary
method of manufacturing;

FIGs. 9A and 9B illustrate a seventh step in the
exemplary method of manufacturing, including the formation of a
plurality of bumps over the under bump metallizations;

FIGs. 10A and 10B illustrate an eighth step in the
exemplary method of manufacturing, depicting a second wafer
singulation step;

FIGs. 11A and 11B illustrate a third step in a second
exemplary method of manufacturing the extended redistribution
layers bumped wafer device shown in FIGs. 2A and 2B as seen in
a side and top view, respectively;

FIGs. 12A and 12B illustrate a fourth step in the
second exemplary method of manufacturing the extended
redistribution layers bumped wafer device shown in FIGs. 2A and
2B;

FIGs. 13A and 13B illustrate a fifth step in the second
exemplary method of manufacturing the device shown in FIGs. 2A
and 2B;

FIGs. 14A and 14B illustrate a sixth step in the second
exemplary method of manufacturing the device shown in FIGs. 2A

and 2B as seen in a side and top view, respectively;



FIGs. 13A and 13B illustrate a fifth step in the second exemplary method of manufacturing the device
shown in FIGs. 2A and 2B; FIGs. 14A and 14B illustrate a sixth step in the second exemplary method of
manufacturing the device shown in FIGs. 2A and 2B as seen in a side and top view, respectively; -5
FIGs. 15A and 15B illustrate a seventh step in the second exemplary method of manufacturing the
device; FIGs. 16A and 16B illustrate an eighth Stetﬁ in the second exemplary method of manufacturing

the device; FIGs. 17A BhG917B' Mbsfae a ninth stepihtRe Seforif B hplary hethdddtimanufacturing

the device;ElGs:dl8Aang 18Byillusttate @ tenthrsten i theisecend exemplarydnethod depicting a second
singulation process to_render a series of singulated dies. Detailed Description of the Drawings The

present invention is desthibed P GnE ™ mMdte ermbdaiméants if thefoBivihg®d&stribtion With reference to
the Figurese iowhickdikegiumeratsrepsesertt the samecansimilagr wemestsi ¥éhile 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 tHatit is]mt%n?j@ téil)1 J'7~|c]3>ov%|]rqaﬂc§Frﬁs&i\t/gs,amB(Jfliriail‘tfgtiosntse,%n?ﬁlneqtueri\?al ﬁtg%%%nay be
included withinthespjritanchscoperofthediention iasy definediby the appended claims and their

equivalents as suppo:ée_r%lst)y tlﬁ3 &olg)rwc%n%ggcg ure gng tdéawingg. FEB. ]tillustlr%teghaen %éecrgglgry prior
art method 100 of makinga warfer level chip scale pacﬁage. fpluré]h y of cﬁi%s
exemplary method depicting a second singulation process to

render a series of singulated dies.

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.

FIG. 1 illustrates an exemplary prior art method 100 of
making a wafer level chip scale package. A plurality of chips
102 are cut from a wafer. Each chip 102 has a plurality of
protruding bonding pads 104 located on the active surface of
the chip 102.

The plurality of chips 102 are disposed on the top
surface of a retractable film 106. The retractable film 106 is
secured by a frame 108. The frame 108 is fixed by a fixture

110 and the retractable film 106 is displaced on a work



102 are cut from a wafer. Each chip 102 has a plurality of protruding bonding pads 104 located on the
active surface of the chip 102. The plurality of chips 102 are disposed on the top surface of a retractable
film 106. The retractable film 106 is secured by a frame 108. The frame 108 is fixed by a fixture 110 and
the retractable film 106 is displaced on a work -6 platform 112 and stretched to a certain distance. The
platform 112 can move up relative to the fixture 110. The wafer is cut by a cutter into the plurality of chips

102 as sh&WwA WHich have bedh eREAFSFART iffo Serfitbhdctof packAgEs and then sawn by a cutter

118. A shaft 114 moveshdpwasd i lifh ther platfermdd2delgtive da she {ixture, 18BThe praseat invention
improves upon the exemplary prior art method 100 of manufacture to render a bumped wafer

. P .
semiconductdr devité whith proviieSHn iRéreased b surate &g 18 HeE8mhiodate additidohal bumps.
The additiomal bugnpsh sesultvinigreatesirpulontpul(Y6) capacibsofieach chipi wdthouttheruse of

additional waf?{r material%/hi%h can im&ap%t waferﬁf/ields. FIG. 2A iIIusI%at s one embodiment of an

extended FESiSHBUToR I5yer (RDLY BlithpRd Wafef ih & top View. Deditd™ 200 has'AR’fcorporated die

202. Devicec2G0-imctusesiaf plurakityraf dihapsn204 svhichl artei depasitedtie the depicted] tonfiguration.
The_ bumps _204 can b% meaderferomna cgg]qftjectiveorrpeial g%%h as Magouscﬁgldggge%nq_ gld (?rui.o'ghe
device 200 includes a p]ilural?ty of bond pads which are 3epo§|3te8 on ‘an active. s%eyof h
semiconductar diethod 100 of manufacture to render a bumped wafer
semiconductor device which provides an increased top surface
area to accommodate additional bumps. The additional bumps
result in greater input/output (I/0) capacity of each chip,
without the use of additional wafer material, which can impact
wafer yields.
FIG. 2A illustrates one embodiment of an extended
redistribution layer (RDL) bumped wafer, in a top view. Device
200 has an incorporated die 202. Device 200 includes a
plurality of bumps 204 which are deposited in the depicted
configuration. The bumps 204 can be made from a conductive
metal, such as various solders and gold (Au).
The device 200 includes a plurality of bond pads 206
which are deposited on an active side of the semiconductor die
202. The bonding pads 206 can be deposited on the electrode
terminals of the die 202 by a plating process, or otherwise.
Like the bumps 204, the materials of the bonding pads 206 can
also be made from conductive metal, such as aluminum (Al). The
bonding pads 206 can be joined to a substrate by a soldering
process.
A series of metal traces, as will be further
illustrated, electrically couple the bond pads 206 to the bumps
204 via an under bump metallization (UBM) 802 shown in FIG. 2B.

The surrounding material 208, which is, for purposes of the



202. The bonding pads 206 can be deposited on the electrode terminals of the die 202 by a plating
process, or otherwise. Like the bumps 204, the materials of the bonding pads 206 can also be made
from conductive metal, such as aluminum (Al). The bonding pads 206 can be joined to a substrate by a
soldering process. A series of metal traces, as will be further illustrated, electrically couple the bond
pads 206 to the bumps 204 via an under bump metallization (UBM) 802 shown in FIG. 2B. The
surrounding-matetal 208 SWhiths, foF pGfpdses o the - PPreseht fVERLBH. Teferfed tolds an "organic

material" ig geposited asewitha peripberapsurface 244 of the die2Q2as rshowins Thexorganic material is
an improvement and a departure from that of the prior art, as will be further described. The organic

material cai'M&ilde dUth MaEHAS a8 BERZIG clobuténe ‘BEE)Y SPONimE (Pl) Afénd 6 Fsimilar
material. Asrshow several buaps-204 are-foymed aver the>erganic: aatetiak2Q8 and organized
according to rows. In the gre,se t embodi%}gn 200, ﬂ}ﬁ bumps 204 are formed on each side 216, 218,
220, and 225%FthE did 203 i the e patiive Siganit matktial 208: F16° 2B fstiates 8'8ide Vigw of the
embodimens280 , depigtedinrlGe 2APHerenagainj the, dier2Q2iis shewmmstuerotuaded on the left side 216

and right side 220 by t e orfg(z)anri]c mgte\;i&l;% The bu S %Or4earfeoq:ir%% seoqforg aglhactive sur{ace 212 of
the die 202. A series of fedistribufior] ?ayers (R%Lnj%sl electrically couple the %umpsezdﬁr {0°the bond
pads 206wEtdBMsL802 8sshownrganized according to rows. In the present

embodiment 200, the bumps 204 are formed on each side 216, 218,
220, and 222 of the die 202 in the respective organic material
208.

FIG. 2B illustrates a side view of the embodiment 200
depicted in FIG. 2A. Here again, the die 202 is shown
surrounded on the left side 216 and right side 220 by the
organic material 208. The bumps 204 are disposed on an active
surface 212 of the die 202. A series of redistribution layers
(RDL) 210 electrically couple the bumps 204 to the bond pads
206 via UBMs 802 as shown.

FIG. 2C illustrates a close view of a redistribution
layer 210 (denoted by line 210)incorporating redistribution
traces (denoted by lines 224) in electrical communication
between a bump 204 and a bond pad 206. The redistribution
traces 224 can be integrated in the redistribution layer 210
using conventional techniques.

FIGs. 3A and 3B illustrate a first step in an exemplary
method of manufacturing an extended redistribution layer bumped
wafer in a side view and a top view, respectively. A wafer 300
is provided, which is designated by a series of saw street
guides 302. The bond pads 206 are integrated into the top
surface 304 of the wafer 300 as shown.

FIGs. 4A and 4B illustrate a second step in the



FIG. 2C illustrates a close view of a redistribution layer 210 (denoted by line 210)incorporating
redistribution traces (denoted by lines 224) in electrical communication between a bump 204 and a bond
pad 206. The redistribution traces 224 can be integrated in the redistribution layer 210 using
conventional techniques. FIGs. 3A and 3B illustrate a first step in an exemplary method of manufacturing
an extended redistribution layer bumped wafer in a side view and a top view, respectively. A wafer 300

is provide® ¥AHER f deSGhated by a Sefed 8FSAT Strdet Glités 302. Thé boRd'p=kié 206 areIRtegrated
into the top istFfacee3deofitheauafer 366 aswhown. Fi@s.i4A andAfilustrate-a second;stepde the -8
exemplary method of manufacturing, again in a side view and top view, r,es;c)ective,ly. The wafer 300 is
attached t3 & dicing 18p& Uox T%%g/vé'f%r 868 7 SmbGfated irfto the d8siisd-figced 366 Srof Airst time by
a cutting seutce4Q2. dhe aLittheg BQuUILec402 £ap ircude a saveor ataser euttinonteok Rriodo

singulation #11; wafer. 300, is placed on a dicingﬁta e 404, which keeps_Lthe various segments 400 in place
during the & &N Protess Subsadudht fo thaSidgUialion Frocéss, a series of gaps 406 is formed
between respective segmentst40G:as shawniblGs. (5Acand bBrillastrate @ third step vnthe exemplary
method of manufacturing, indicating an expansion_direction. of the wafer segm . Wafer 300, in the
opicted 1o R e e e eSS0 PO, TRETheIRG (00 A0h caribS stretohed
in various techhigueshees byaising-ion process. Subsequent to the singulation

process, a series of gaps 406 is formed between respective
segments 400 as shown.

FIGs. 5A and 5B illustrate a third step in the
exemplary method of manufacturing, indicating an expansion
direction of the wafer segments. Wafer 300, in the depicted
respected segments, undergoes an expansion process. The dicing
tape 404 can be stretched in various techniques (i.e., by using
an expansion table), to render a series of gaps 502 having
predetermined distances 504. The depicted arrows 506 indicate
the various expansion directions undergone by the wafer
expansion process.

FIGs. 6A and 6B illustrate the deposition of organic
material into a plurality of gaps representing a fourth step in
the exemplary method of manufacturing. The various gaps 502
seen in FIGs. 5A and 5B are filled with the previously
described organic material 208 (here denoted as organic
material 602). A plane 604 corresponding to a top surface of
the filled segments 600 is substantially coplanar with a plane
606 corresponding to a top surface of the organic material 602.

The organic material 602 application can be performed
by such methods as spin-coating, needle dispensing, or a
similar application.

FIGs. 7A and 7B illustrate the patterning of



an expansion table), to render a series of gaps 502 having predetermined distances 504. The depicted
arrows 506 indicate the various expansion directions undergone by the wafer expansion process. FIGs.
6A and 6B illustrate the deposition of organic material into a plurality of gaps representing a fourth step in
the exemplary method of manufacturing. The various gaps 502 seen in FIGs. 5A and 5B are filled with
the previously described organic material 208 (here denoted as organic material 602). A plane 604

correspondifg 18 EtbpEut e i VirESilldd Seginehtd 666 %s SistariidllydoptatrarSHitra hidne 606

correspondiagie @ top swiace 0f the organic matenial 92« Theorganis materiak602,appligation can be
performed_by such methods as spin-coating, needle_dispensing, or a similar application. FIGs. 7A and

7B illustrattThE patiefring dF <8 rE8isiriition18yers 7025h Hfifth SERPAST o the ¥xXEWTSidry method of
manufactusing i Vae predusctionf aanedisiribution dyer JO2pwhithnigabzes theseleetrieakconnection
between active stré,Jé%ures and an_associated bondiné;,pad 20(_3L on the wafer 300 in the form of a

an f K/g 0

compliant dféniént; u%tkéea fpcfﬁl%li ofaphco%\ﬁ Slréfbh?c 6?8%855 sFe%%. fn-Gre ‘émbBodiment, the
wafer segmentsa300:first haye ta be coategrwith ia photoresist, whighssubseguently has to be exposed

and developed, The photoresist step i ollowed by a gating with, a meta Jayer, afteg whichthe
photoresns?ls s(?trlpped. he s?eps 0 phosto%gs and metal coating process steps are repeajfe until the
desired layersequenes issachieved:h subsequently has to be exposed and

developed. The photoresist step is followed by a coating with

a metal layer, after which the photoresist is stripped. The

steps of photoresist and metal coating process steps are

repeated until the desired layer sequence is achieved.

In one embodiment, the patterning of the layers 702 is
realized by means of a customary lithographic process. The
deposition of a seed layer and Cu/Ni layer situated on
redistribution layer 702 follows as a next step. Gold (Au) can
be deposited on the entire redistribution layer. The actual
electrical conductor in the present example consists of the
copper (Cu) metal, which has the lowest electrical resistance.
The copper metal can be formed in metal tracings similar to the
embodiment conceptualized in FIG. 2C depicting tracings 224.

The described method of pattering and forming the
layers 702 can be represented in summary as follows: (a)
Deposition of the seed layer, (b) EPR1 (epoxy photoresist 1)
Coating and patterning (lithography step 1), (c) Reroute
plating, production of the Cu/Ni layer sequence on the seed
layer, (d) Coating of the reroute trace with Au, (e) EPR2
(epoxy photoresist 2) coating and patterning (lithography step
2), (f) (as required) selective etching of the Au layer (wet
etching, CMP, or removal/stripping).

In the described example method, the nickel (Ni) layer

-10-



In one embodiment, the patterning of the layers 702 is realized by means of a customary lithographic
process. The deposition of a seed layer and Cu/Ni layer situated on redistribution layer 702 follows as a
next step. Gold (Au) can be deposited on the entire redistribution layer. The actual electrical conductor in
the present example consists of the copper (Cu) metal, which has the lowest electrical resistance. The
copper metal can be formed in metal tracings similar to the embodiment conceptualized in FIG. 2C

depicting tRCINGS224. Tk GeSG e méthodof [ftiteting drdPBfhingthe BYBRF702 E&F be represented
in summarygsdelows(p) 1Repesitiam of therseedtlayers (BERRI (epaxyiphotaresist 1F zoating and
patterning (lithography step 1), (c) Reroute plating, production of the Cu/Ni layer sequence on the seed
layer, (d) @@&tﬁ\g(éf)l‘l e TEr6tte ce Wit au, (8 BEPRZ (Ep8R/-fhdtordsist®) Toatifig aRd patterning

(lithographysstep z2), (fi Xas reguiret) selectva-etehingof thedAwlayenfmet, etching, LMBrer
removal/striggci)n ze In the descrtibed examgl method, the ickﬂé%\li) Iaéer -10 sen;ves as an adhesion
layer for tHe ep% Pleuyiayer. THe 2opperCu)iayer iituin, SBrveéS 58 ah adnkion layer for the gold
(Au) coveringolayer: tSines thesgeld (Ad) feyeyeannatr oxidizes ther gold layersesves,; asytherene hand, as

a secure adrleciio(rtyagyeﬁfor a solder material. The copper (Cu) (conductive) layer is largely protected
y

from corroSion he go%y(%\ﬂ) layer. As one skilled in the art will appreciate, however, other methods of

forming a redistributiod layeng02kintdled in the art will appreciate, however,
other methods of forming a redistribution layer 702 and
associated materials can be utilized for a specific
application. Regardless of the method employed or materials
used, the purpose of the layers 702 is to provide electrical
connectivity from the bond pads 206 to the bumps 204 as will be
further described.

FIGs. 8A and 8B illustrate the formation of a plurality
of under bump metallizations 802 (UBMs), some of which are
formed over the organic material 602 in a sixth step 800 of the
exemplary method of manufacturing. A UBM layer can act as a
barrier preventing elements from diffusing between a pad on a
substrate and the bump that connects a bump chip and packaging
substrate. Additionally, a UBM layer improves adhesion between
the bump and the pad on a substrate.

Moreover, a UBM layer may act as a wetting layer that
ensures improved chip joint properties between a solder-based
bump and the UBM layer. These advantages apply to a UBM layer
comprising a two layer structure A/B--C, in which A is, for
example, a non-refractory metal such as gold or nickel and B--C
is a binary metal alloy such as titanium/tungsten (Ti/W), or a
three-layer structure A/B/C in which A is a nonrefractory metal
and B and C are refractory metals.

As with the formation of RDL layers 702, the formation
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associated materials can be utilized for a specific application. Regardless of the method employed or
materials used, the purpose of the layers 702 is to provide electrical connectivity from the bond pads 206
to the bumps 204 as will be further described. FIGs. 8A and 8B illustrate the formation of a plurality of
under bump metallizations 802 (UBMs), some of which are formed over the organic material 602 in a
sixth step 800 of the exemplary method of manufacturing. A UBM layer can act as a barrier preventing

elements frém diffusing bEfreén 8 patoh &3SUBHAEE §Hd Bive! Bumpthat ¥dritedts Buhfy €hip and
packagingosulstrate sdddifenally, adgBMslayenispreves adhesian between ithe bympand the pad on a
substrate. Moreover, a UBM layer may act as a wetting layer that ensures improved chip joint properties
between a'$Hidé&rBased BEGHPPATd HEOBRFIARY. STHest afRntagssP bty t€°8 UBmdayer comprising
a two layegstitatgrel APB-C, ivwhich A iso for, exarsple: alInonsfefracteng meatal such as geldherrnickel and

B--C isa ingrg met%laa(goy sucI:h as titanium/tug sten g@@ or a three-layer structure A/B/erin which A
is a nonreftactoryfretsi “&rid B'ahd Ere teffRctory metals. Ks WithtRERSrhT&tb RDI' faykrs 702, the
formation o1 0éthel UBM 892 etemerits ican proceed sansistent withaacvariety meftra@thodologies. UBM

O O e 2
comprisedaftzametdl Loymetal atlop comalring bt lelasy ene refréétidry8ietalin one

manufacturing method, can be subjected to an annealing process

in ambient hydrogen (H).

FIGs. 9A and 9B illustrate a seventh step 900 in the
exemplary method of manufacturing, including the formation of a
plurality of bumps 902 over the under bump metallizations 802.
The bumps 902 can be formed consistent with a variety of
techniques. 1In one example, bump electrodes 902 are formed
using an electrolytic plating method including the steps of
forming a predetermined resist pattern on the surface of the
electronic parts by photolithography, and having the resist
pattern grown to a predetermined thickness, using solder, or a
metal such as gold (Au) or copper (Cu), or by a ball bump
method of forming metal balls from a metal wire. Again,
however, a variety of manufacturing techniques can be
implemented to fabricate the bumps 902.

FIGs. 10A and 10B illustrate an eighth step 906 in the
exemplary method of manufacturing, depicting a second wafer
singulation step. The wafer assembly 300 is singulated for a
second time by a cutting source 402 to form gaps 904. As would
be understood by one skilled in the art, the various dies 200
shown in FIGs. 10A, and 10B, and the preceding exemplary
figures represent a smaller portion of a totality of chips

which are yielded from a particular wafer 300. As such,
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Additionally, UBM 802 may comprise a single refractory metal or metal alloy layer or multiple layers.
UBM 802, in one manufacturing method, can be subjected to an annealing process in ambient hydrogen
(H). FIGs. 9A and 9B illustrate a seventh step 900 in the exemplary method of manufacturing, including
the formation of a plurality of bumps 902 over the under bump metallizations 802. The bumps 902 can
be formed consistent with a variety of techniques. In one example, bump electrodes 902 are formed

using an eféttbRiitHatii niethod refting the-&t8ps BF Forminy e predietétniné& Pasist pattern on the

surface of thej eleettonie parts by photelithographyrand having the kesisthpatienn-gronste a
predetermined thickness usin%solder or a metal such as gold (Au) or copper (Cu), or by a ball bump

method of ¥6ftiAg Hetal Gaits fromaa thet&lwitE:Agaif " RolweYar avatfty bf antfABitg tethniques
can be implemented 4o falkrigate thenbumps 902 Ess.ck0A and 08 illustrate ad eigbthsiep 906 in the
exemplary method of manufacturing, depicting a second wafer si gulatiop step. The wafer.assembly 300
is singulauﬁ or'd SetBhd tifE B¢ a ‘clittng ' Sott8 49253 Forms taps 904 Aswdlild D& ufid&rstood by
one skilledkin the a@vt] thes Variausodies 200eghown in FIGs. 10A, and 10B, and the preceding exemplary
figures represent a sn@lle%;ﬁ)]ortion ofg tote%li%y otf%tligs vaichta}q% yielded E:om.agart'cular wafer 300. As

such, -12 following the cont t?sigrrlng iemseco’nd smglﬁatlor?step, a°majori ?%fales are rendered to
be like thedmbadimént rshioivisin BIGs. 2Acarid 2B, whérevthéuergadicanatetial eompletelyved
by a die pick and place process to remove each die 202 from the
dicing tape 404.

FIGs. 11A and 11B illustrate a third step in a second
exemplary method of manufacturing the extended redistribution
layers bumped wafer device 200 shown in FIGs. 2A and 2B as seen
in a side and top view, respectively. The second method of
manufacture as described shares the first two steps (i.e.,
providing a wafer and singulation into respective segments upon
the dicing tape 404) as the first exemplary method previously
described. In addition, various features (i.e., bond pads 204)
are again seen.

As a next step, wafer 300 segments 550 are picked from
the first dicing tape 404 and placed onto a so-called "wafer
support system" 405 as seen. The wafer support system can
logically include a second dicing tape 405. However, the wafer
support system can also be a temporary wafer support system,
such as glass, ceramic, laminate, or silicon (Si) substrate.

In one embodiment, the sawn dies 202 are picked from the dicing
tape 404 and placed onto the wafer support system 405 using
conventional pick and place machines. The pick and place
process renders a gap 406 having a predetermined width or

distance 412 between respective segments 550.

FIGs. 12A and 12B illustrate a fourth step in the second
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surrounds the peripheral surface of the die 202, and the bumps 204 are configured in rows along each
side surface of the die as previously represented. In one embodiment, following the singulation step
depicted in FIGs. 10A and 10B, individual dies 200 are removed by a die pick and place process to
remove each die 202 from the dicing tape 404. FIGs. 11A and 11B illustrate a third step in a second
exemplary method of manufacturing the extended redistribution layers bumped wafer device 200 shown
in FIGs. 2R3 8¢ sBEA A% Side ™ HAthp ietl radpbbif/ ey T Set ond ot BTt rfhufacture as
described shatesdhp dirgidwonsteps (iesv praviding aswafes and singldationinie sespectiveisegments
upon the dicing tape 404) as the first exemplary method previously described. In addition, various
features (i Johd paHe 564)7 hré 8gaihSeth AS £REXSTED, Waref 366 3egnfents 580 Are picked from
the first dicingniape 404 and placethontora-settalled dpafes isuppodsysterar405 asseeasThe wafer
support system can lpgically include a secgnd dic'r}l ta{gf 405. Howeve?r tf?e,wafer support system can
also be a teémporarywafe %ﬁﬁﬁ&%?%tenﬁ such S%Ia | E&EMTE 8 minate 6 silicon (Si) substrate. In
one embodimertt sthre isann diesZD2nare picked fsamrtbe aicing ftape g4iandnptaced ohta the.wafer
support system 405 using conventio ick plac hines. T. ick and place .process renders a
gap 406 having a prejléltlgrrr]nllﬂgd gv?dt oéfsdis gr%:eaﬁ% rlrofgt%\/ee% rgé%eéﬁivsetseéérﬁé]n%rg%o. FIGs. 12A
and 12B illustrateda fowrthpstepyinitlee seconett -t3nufacturing the device 200 shown

in FIGs. 2A and 2B is shown. The recoated wafer 300 is

transferred onto a second wafer support system 408. The second
wafer support system can again include glass, silicon (Si)
substrate materials, ceramic, and laminate materials.

FIGs. 14A and 14B illustrate a sixth step in the second
exemplary method of manufacturing the device 200 shown in FIGs.
2A and 2B as seen in a side and top view, respectively. In a
step 750 similar to that shown in FIGs. 7A and 7B,
redistribution layers 702 are formed over a portion of the
organic material 602 to coincide with the bond pads 206.

FIGs. 15A and 15B illustrate a seventh step 850 in the
second exemplary method of manufacturing the device 200. Step
850 is again similar to that shown in FIGs. 8A and 8B of a UBM
802 deposition process.

FIGs. 16A and 16B illustrate an eighth step 950 in the
second exemplary method of manufacturing the device 200. A
series of bumps 902 are deposited over the UBMs 802 in a
process similar to that shown in FIGs. 9A and 9B.

FIGs. 17A and 17B illustrate a ninth step 960 in the
second exemplary method of manufacturing the device 200. The
wafer 300 is transferred onto an additional dicing tape 410 as
shown, where in FIGs. 18A and 18B, a tenth step 970 in the

second exemplary method depicts a second singulation process to
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exemplary method of manufacturing the extended redistribution layers bumped wafer device 200 shown

in FIGs. 2A and 2B. The organic material 602 is again applied to segments 650 in a similar spin-coating,
needle dispensing, or other manner as previously described. Plane 642 of segments 650 is substantially
coplanar with plane 654 of organic material 602. Turning to FIGs. 13A and 13B, a fifth step in the second

exemplary method of manufacturing the device 200 shown in FIGs. 2A and 2B is shown. The recoated
wafer 300 & EHsfetrettontd%a Sécond WHfet SEPport &y stent 4082TRe Sécértf WaféFSupport system can

again inclysie;glass; silicond(Si)i substratednaterialsnseeamiceand {aninate, materials.dGs: d4A and 14B
illustrate a sixth step in the second exemplary method of manufacturing the device 200 shown in FIGs.

2A and 2B9€Seerf h 4 5 dltPtopViewIrdspREtively.In a step 750 similar to that shown in FIGs. 7A
and 7B, redistribution leygts- 402 are tormeshoves @, partien of thed ©vgaic matetialelz-toreaineige with
the bond pads 206. FIGs. 15A and 15B illystrate a seventh stepb850 in the second exemplary method of
manufactufiig tHé tevice J0d’ siép %iﬁoéba%gﬁﬁla 5 tHiat SABRAIn"FIGST 8A and 8B of a UBM 802
depositiongspteassa F1Gs., 1A andA68! Hlustiatezan eighthostep 8bhttindhe 1secpnarexemplary method of

manufactu ing ttl1% 1df\1l'ce 200. A series of burlnPs 902 are deﬁ)sned Pvgﬁthe UBMs, 802 in a process

similar to that Shown mtﬁ—zlGlsr} oA and 9B. FitSs, f‘/a,& and 178 illistrate a nlﬁthogt%%%% in the second

exemplarymagethiodadf marufactiuong the dewicer200 T hehwafem809 i3Gfanstersediontohan ddeditional
mchtap%é%ga%hich allows for additional input/output (I/0) throughput
in a given surface area. In addition, by using the organic
material 602 instead of wafer 300 material, the respective
yield per wafer is increased. The organic material 602 can be
configured to be as thick as needed to accommodate a variety of
dies in a number of implementations.

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

present invention as set forth in the following claims.
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shown, where in FIGs. 18A and 18B, a tenth step 970 in the second exemplary method depicts a second
singulation process to -14 render a series of singulated dies 202. A pick and place process is utilized to
then remove the plurality of singulated dies 202 from the dicing tape 410. Semiconductor devices, such
as device 200 incorporating an extended redistribution layer for a bumped wafer application, can provide
a variety of functionality and flexibility in various applications. Use of the organic material 602 allows
placement of the bumps 902 outside the die 202, ¢ffllows for additional input/output (1/0) throughput
in a given surface area. In addition, by using the organic material 602 instead of wafer 300 material, the
respective %geld per Wafer is increased. The organic material 602 can be configured to be as thick as
needed to HeE5mhiodaté Hifiety of dies in a number of implementations. 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. -15 Claims What is claimed: 1. A method of
manufactuting a semiconddctor dexice £ comprising: Pprevidingcanwaterpdesignated,with a saw street
guide, and havinjg a bond pad formed on an active surface of the wafer;
COmprrsing:
providing a wafer, designated with a saw street guide, and
having a bond pad formed on an active surface of the wafer;
taping the wafer with a dicing tape;
singulating the wafer along the saw street guide into a
plurality of dies having a plurality of gaps between each of
the plurality of dies;
stretching the dicing tape to expand the plurality of gaps
to a predetermined distance;
depositing an organic material into each of the plurality
of gaps, wherein a top surface of the organic material is
substantially coplanar with a top surface of a first die of the
plurality of dies;
patterning a redistribution layer over a portion of the
organic material; and
depositing an under bump metallization (UBM) over the

organic material in electrical communication, through the

redistribution layer, with the bond pad.

2. The method of manufacture of claim 1, further including

forming a solder bump over the under bump metallization (UBM).
3. The method of manufacture of claim 2, further including

resingulating the wafer by cutting a portion of the organic

material to render a plurality of extended dies.
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taping the wafer with a dicing tape; singulating the wafer along the saw street guide into a plurality of dies
having a plurality of gaps between each of the plurality of dies; stretching the dicing tape to expand the
plurality of gaps to a predetermined distance; depositing an organic material into each of the plurality of
gaps, wherein a top surface of the organic material is substantially coplanar with a top surface of a first
die of the plurality of dies; patterning a redistribution layer over a portion of the organic material; and
depositing an under bump metallization (UBM) over the organic material in electrical communication,

through the redistrbutien-tayer, withiheonepad % fhemethod, ofimmanwfasture of ehaimrl further
including forming a solder bump over the under bump metallization (UBM). 3. The method of

manufactuPé bF Eiafhh 2 IS SRcIBdig” AsSgUI A fHeSwafer BY cuthiy’d Poftfon &Fthe dtganic
material toarenger a phurality ofextended.dies. -16 4. The method of manufacture of claim 1, wherein the
organic material includes a benzocyclobutene (BCB), polyimide (PI), or acrylic resin material. 5. The
method of manufacture of claim 1, wherein the organic material is applied using a spin coating or needle

dispensing procelise 6mEha saethod of marufacture offclaina imwhereih stretahing ¢he dicing tape to
expand th?n QLué?"ltX ff gaps to

app?ied using a spin coating or needle dispensing

process.

6. The method of manufacture of claim 1, wherein stretching
the dicing tape to expand the plurality of gaps to a

predetermined distance is performed using an expansion table.

7. The method of manufacture of claim 3, further including
picking each of the plurality of extended dies from the dicing

tape.

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

providing a wafer, designated with a saw street guide, and
having a bond pad formed over an active surface of the wafer;

taping the wafer with a first dicing tape;

singulating the wafer along the saw street guide into a
plurality of dies having a plurality of first gaps between each
of the plurality of dies;

picking the plurality of dies from the first dicing tape;

placing the plurality of dies onto a first wafer support
system to obtain a plurality of second gaps of a predetermined
width between each of the plurality of dies;

depositing an organic material into each of the plurality

of gaps to render a recoated wafer, wherein a top surface of
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predetermined distance is performed using an expansion table. 7. The method of manufacture of claim 3,
further including picking each of the plurality of extended dies from the dicing tape. 8. A method of
manufacturing a semiconductor device, comprising: providing a wafer, designated with a saw street
guide, and having a bond pad formed over an active surface of the wafer; taping the wafer with a first
dicing tape; singulating the wafer along the saw street guide into a_ plurality of dies having a plurality of
first gaps BetfeBhEHh ol thePidrality' 6f i8S Siekihg e PIurity df Biesdm the Bt dicing tape;
placing thespleirality: obdies ante adfirat water suppor1sysiemdto abtain eeplyrality of second gaps of a
predetermined width between each of the plurality of dies; depositing an organic material into each of the
plurality of gaps o FEHUET BireB8atedSvarer SF&ein"a 161 sariace 6f SEF K oA material is
substantially:peplanaswith @rtpp surface of a first die of the plurality of dies; transferring the recoated
wafer onto a second wafer, support sys,t%%né;% gﬁtteming redistribution Ia)éger over a portion of the organic
|

material; and depdsiting ah Hdér Buip PSSR (UBNIT ovel the drgatic hidtefial it dfectrical
communicatiom,rthrouggitthe i eedjsteibdtion layer, with the bond pad. 9. The method of manufacture of

dam]&funherwgggwg{ting an under bump metallization (UBM) over the
organic material in electrical communication, through the

redistribution layer, with the bond pad.

9. The method of manufacture of claim 8, further including

forming a solder bump over the under bump metallization (UBM).

10. The method of manufacture of claim 9, further including
resingulating the wafer by cutting a portion of the organic

material to render a plurality of extended dies.

11. The method of manufacture of claim 10, further including
picking each of the plurality of extended dies from the second

wafer support system.

12. The method of manufacture of claim 8, wherein the first

wafer support system comprises a third dicing tape.

13.The method of manufacture of claim 8, wherein the first or
second wafer support systems include a glass, silicon, or

ceramic substrate.
14. The method of manufacture of claim 8, wherein the organic

material includes a benzocyclobutene (BCB), polyimide (PI), or

acrylic resin material.
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forming a solder bump over the under bump metallization (UBM). 10. The method of manufacture of
claim 9, further including resingulating the wafer by cutting a portion of the organic material to render a
plurality of extended dies. 11. The method of manufacture of claim 10, further including picking each of
the plurality of extended dies from the second wafer support system. 12. The method of manufacture of
claim 8, wherein the first wafer support system comprises a third dicing tape. 13.The method of
manufacture of claim 8, wherein the first or second wafer support systems include a glass, silicon, or
ceramic subsirate:nkd. rdenvethos efanamufaciure of elatmBinvhereinibe organisematesiah includes a
benzocyclobutene (BCB), polyimide (PI), or acrylic resin material. -18 15. The method of manufacture of

claim 8, wHEeH tHeloryanifP fat&fialis APplicd G5ing & Spih Coating of igddR didp&TEhtd Tocess. -19

process.
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