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 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 yatenigbrcalintcFRTRYIPEERS YilPmisaddiiietd Sie-Hiat 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
techniques employed in the device fabrication itself.

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 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



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 connecting the device to the application circuit board are subsequently
placed over the UBM pads. Aside from providing the WIP'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 afi@ fidre robist balsFoFPREYEEAREtionY FESITtiNG inAattet YRermal ThandgEmeERt a

semicondugtendevice's Ipub/outd () Bystenn thin Bumper giescanfigurationsy, patticylarly those
including WLP technologies, face increasing pressure to deposit more 1/0O capability per a specific area. In

general, h6WBVEY fite éﬁe&ﬁ]@apeeavih%iéﬁ%ﬂ865§198uﬁ1 S5 been traditionally limited. Summary of

the Invention Intight ekiheforagoing, 4he aim of the presenhisvention issl@iprovidea method to
increase a to% area of a bunlp%d dig, for use jn aﬁglicati ns such as WLP, so that the I/O §§r specific
area can b%hl cfeassl. 2+ PRE dﬁ%g]%? ¥ ofe € diment, thé p?@sea}ﬁ?ﬁVeﬁiBﬁ}fs semiconductor
device comprising lausgmicendudiar dieiand glurMity phbend pads formedrevdra siufdce/etthe
semiconductor di hén(%%anlc matelgal is dis sedsaor? nd eggftﬁpherqu region of thgger:.prllconductor die.

over, S  surrace e er a S O S . .
A top surface of the orgamg material’is substantially coplanar with a top suriace of the semiconductor die.

A plurality obfirst tiBMds formedkovier¢hé ordgaric ayatériala Aicondactive: layebissfodmedover the organic

material angglectioall eonnecied belween ene qfle (15t VBV 20 onc of he honl rds, In

ge%ue % .
another embodiment, the sent invention is a semicohductor device comprising a semico ductor die

and b_ond pae f@?h%&om@guﬁc@@hﬁe@@hi_cmmme,An$r¢smétirrgs_mase?ri?jlmdi'qused around
a peripheralegion.ofdng semieanduciardi. AL UaN-Isfauned pugtihedagylaipg pajerial. A

conductive layer is formed over the insulating material and electrically connected between the first UBM
and bond pgd.1abilify apotherlembodinient, thepresentdmasitions asarriconbuctor Bevice

comprising-g semieandugiordie and band.pad farmeg-over a syrfaceofthe semicopductor die. An

insulating material is disposed around a peripheral region of the semiconductor die. A redistribution layer
is formed GveTaié fFutatig mattaial afd elddthedlyebnniettedtcthe DonEgiad. A first UBM is formed

over the insulating mategal.gadh electrically £ognected 4a the redistribytion layefnose
including WLP technologies, face increasing pressure to deposit
more I/0O 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 semiconductor die and
plurality of bond pads formed over a surface of the
semiconductor die. An organic material is disposed around a

peripheral region of the semiconductor die. A top surface of



In still another embodiment, the present invention is a semiconductor device comprising a semiconductor
die and bond pad formed over a surface of the semiconductor die. An insulating material is disposed
around a peripheral region of the semiconductor die. A first UBM is formed over the insulating material.
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) buniped Wafeih% p-hewa ! 15 SUupRS 398 RS r4tesOR SRigdfieW of thé erffddiment depicted
inFIG. 2Asurface blS.2killdstrates aiclose view: ef a redistribution fayes incorperatingwedistribution
traces in electrical communication between an under bump metallization (UBM) and a bond pad;

FIGs. 3A and 38 fliutafe & HirstSt&5 Ih-an BREMpidty method OF MEHUGUriAY 3h exterdddFedistribution
layer bumped-waferdn arside viewnand aitep view, respeetivelyi11y connected between

one of the first UBM and one of the bond pads.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and bond
pad formed over a surface of the semiconductor die. An
insulating material is disposed around a peripheral region of
the semiconductor die. A first UBM is formed over the
insulating material. A conductive layer 1is formed over the
insulating material and electrically connected between the
first UBM and bond pad.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and bond
pad formed over a surface of the semiconductor die. An
insulating material is disposed around a peripheral region of
the semiconductor die. A redistribution layer is formed over
the insulating material and electrically connected to the bond
pad. A first UBM is formed over the insulating material and
electrically connected to the redistribution layer.

In still another embodiment, the present invention is
a semiconductor device comprising a semiconductor die and bond
pad formed over a surface of the semiconductor die. An
insulating material is disposed around a peripheral region of
the semiconductor die. A first UBM is formed over the

insulating material.
Brief Description of the Drawings

FIG. 1 illustrates an exemplary prior art method of



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 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 manufacturin FIGs. 7A and 7B illustrate the patterning of redistribution

9 .
layers in a'tfiAStEp of ﬁ?efg%eﬁﬁfé?} NfEtHED BF Aan RS 7 FIGs. 8A and 8B illustrate the

formation of a plurality of undepbumpinetadizations ldBMshsome of which-areferaed eyer the organic
material in a sixth step of the exemplary method of manufacturing;. FIGs. 9A and 9B illustrate a
seventh stefGr ﬁiferéﬁgélrﬁb%?y hotdd SRMahu e, TRdiGding the Forhmatioh'ST'H plurality of bumps
over the under bump metallizatens; 1 1ust r F16s. 10A and kOB:illustrateran eighthisteprin the exemplary
method of manufactélrin , dgpicti a second wafer singulation step; FIGs. 11A and 11B
illustrate a(%ﬁ?& %Feep in'd'sécond mplary method of manufacturing the extended redistribution layers
bumped wafer device shaven irCEIGsl Résamdch 2Bsasasedifea sitlevandftop wew i respetivelyin

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
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 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. 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. 15A and 15B illustrafé®a séVénth ey HPthblsetdht Exenidtay et ddfFhandfatiifing the
device; exemdil&asy LaAwh16B ilustrate an eighth steripitbe segond exesyanysmethod of

manufacturing the device; FIGs. 17A and 17B illustrate a ninth step in the second exemplary
method of THAUTAGEHAY tie GBYice: FIGs. 18A and 18B illustrate a tenth step in the second
exemplary method depictingsa second:singuiation processstodendena series epsingutated digsd Detailed
Desc”p“°g§£H§iQ?§Nﬁ %hod 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. 15A and 15B illustrate a seventh step in the
second exemplary method of manufacturing the device;
FIGs. 16A and 16B illustrate an eighth step in the
second exemplary method of manufacturing the device;
FIGs. 17A and 17B illustrate a ninth step in the
second exemplary method of manufacturing the device;
FIGs. 18A and 18B illustrate a tenth step in the

second 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



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 5EEipportsl By thefolowifig Histeostre aneRdraffits. t1e SaRFGOX ilRistratés an

exemplaryguriarartmethach10Q of makinga waferlevel chip sealpfackage Aphiralityaf €hips 102 are
cut from a wafer. Each chip 102 has a plurality of protruding bonding pads 104 located on the active

) g . !
surface of S EhiB2. TOT  aChha ity 5t cHIfS 162 Afe dispoded bh'thE top sulace oP4 retractable
film 106. Thegetractablaifilpy, 106 isssectked bya framenk0& Thedrare 108iis fixed bydetixture 110 and
the retractable film 11;)6 is displaced on a wark platform 112 aéjd stretched to a certain dis&%‘lce.

The platfofi? 112 cAhmoté p feftive S the fistire 120, TAS wareHid duthBy & clittel'fto e plurality of

chips 102 as shadmadvhich have tieensencapsulated intesemiconduetot packages,and then sawn by a

cutter 118.dA haft d’Llé moves u ward. to lift tlhe.[f)r!atfor 1tl relative ta thelfixtgre 110. The
efine he ded aims an ENLS

. a enae 1 ulrva as
present invention |mpr67ves upo the exemﬁlary prior-art me fod 108 '6f hianutaéture to render a bumped
wafer semingndoctor devicetitkicl pidvidesgndicreasecitop surfacerareartgaaccommodate additional

e oo ST PS4 e Ul 1) et o 06" g Mot e o
extended 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
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 shown which have been encapsulated into semiconductor
packages and then sawn by a cutter 118. A shaft 114 moves
upward to 1lift the platform 112 relative to the fixture 110.

The present invention improves upon the exemplary
prior art method 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 15kE e Biipd 2041 thecrhatdtidlis ofiHBRSShdiAg Bads 286 TahAtsd b thade it Eonductive

metal, such@s aluminum {Ad) Fherbending pads 206 candie jeinethto a substerte by a soldering
process. A series of metal traces, as will be further illustrated, electrically couple the bond pads

206 to the BUATES 204 vidfarPURRS: Kitip Hhetallizaticn {SBRS 802 Shon-inSFIESRES T%@ surrounding

material 2Q%,¥high is; farpurposes obtheopresent inyantion, metesretiorassan cerganicimaterial” is
deposited around a peripheral surface 214 oit e die 202 as %o n. The organic material is an
improvemgﬁta‘%d’a %éﬁgrtﬁrc’e ffomthatofth J[;?i]f)? art) s%ﬁ ev};éﬁ er described. The organic material
can include such materialscasieenzoeyelobutene(BLRB), a polyimide (R1) otateriakl op sitkilaz teaterial.

As shown, several bumps 204 are formed over the organic, material, 208 and organized according to rows.
In the pre<nt SBOHmERES00, TR bUmpa 204 are formbd ‘o dach Sidé 216318 226, and 222 of the
die 202 in frespébtivéoorganicymadelial 208. can beFe2B illustrates a sidleadiewtof thie embodiment

200 depictggri%frll%1%Ablfle£§,b%gal_aéthf0(}iebz§()02ijs S[IO%\IQ surrounded on the left side 216 and right side

’os 1 . s
220 by the organic material e bumps are |sp%ge on an adtive surface 212 of the die 202. A

series of rédisgibutien layers (RQE) 210 electticatlycbuplef thehisurhps 204 9o thelboRd pads 206 via

UBMS8O%§%%h%gnmade 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
present invention, referred to as an "organic material" is
deposited around a peripheral surface 214 of the die 202 as
shown. The organic material is an improvement and a departure
from that of the prior art, as will be further described. The
organic material can include such materials as benzocyclobutene
(BCB), a polyimide (PI) material, or similar material.

As shown, several bumps 204 are formed over the
organic material 208 and organized 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



FIG. 20 lllustrates 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 lllustrate a first step in an exemplary method of manufacturing an
extended redistribution layer bumped wafer in a side view and a tgg),view, respectively. A wafer 300 is

provided, Whighis deSighafePy 4 $eries bf Salv €t glites 502 THRAiH PAIS 206 GFe Iftegrated

into the top sufaee 304 of Hre waterB0O apshown. seriesFl&s. Adqand 4Bdllusteate a=secend step in
the exempla% method of manufacturing, again in a side view and t(()jg view, respectively. The wafer 300 is

attached td 3icing t4p& 465 FHE Whter 500 R Sndiil&tedinithe’ p?&eélb?ec%%nﬁ)d’ﬁ)?% first time by

a cutting seure4Q2. Umhescuing seurgedtd?.can Include a saw or a laser cutting tool. Prior to
singulation, the wafer 300 is placed %n a dicing tape 404, which,keepsfthe variqus segments 400 in place
during the singulation protgss.“Subseqidht b the singulitich Brockss.fa 8efigs 6?6&3?&66?snformed
between respective segmento40d aswshowmne 210) FGsrpAandbbylllustiateta thindkstep in the
exemplary method og anufacturing, indicati n expansion direction of the wafer segments. Wafer 300,
i the depiElea TetpAaie Segnonts, nierg58s b EipBRGISN broedess PR MGG L 404 can be
stretched inatawioes tectimiques(i.€. dndusing ancexpansivhdablelhto readesa sehes bbgaps 502 having

predetermined distag &8s 504. Ehe degicted arrgws 506&indic e, th@ V. rioys expansion cgr tions
undergone 63? ﬁweeswa?er e&%%nsi%nlp%g g, o Ft[ s. §§ and éﬁ%ﬁjsﬁg{le t aey(ferpos%ﬁ(gn of organic
material ints apluratitysfrgapsirepresenting @afearth step in the exemplary method of manufacturing. The

various gaps 502 seen ip FlGs. _§Q and 5B arq filjed with.the previqusly ggggibﬁg grganic material 208

(here denoted as organic material 602). A plane 604 corresponding to a top surface of the filled segments
600 is substenialhp coplaashwith afplane 608 Cowespendinges etopssirfaee ot e brgarnie material 602.

The organic.material, 302 application;can, be pgrformed by sych rpethods a3 spin-cpating.pepdle
dispensing, or a similar application.
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
exemplary method of manufacturing, again in a side view and top
view, respectively. The wafer 300 is attached to a dicing tape
404. The wafer 300 is singulated into the depicted pieces 400
for a first time by a cutting source 402. The cutting source
402 can include a saw or a laser cutting tool.

Prior to singulation, the wafer 300 is placed on a
dicing tape 404, which keeps the various segments 400 in place
during the singulation 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



FIGs. 7A and 7B lllustrate the patterning of redistribution layers 702 in a fifth step 700 of the exemplary
method of manufacturing. The production of a redistribution layer 702, which realizes the electrical
connection between active structures and an associated bonding pad 206 on the wafer 300 in the form of
a compliant element, can require a plurality of photolithographic process steps. In one embodiment, the
wafer segments 300 first have to be coated with a photoresist, which subseciuently has to be exposed

and develSFes: ThepHABrefst SterisTofcved by Hcating Wit a 1ietaf ayér, after Whidh ted

photoresist is stripped iDie steps©f phetoresistanrd metalcoating Preeess steps mees epeated until the
desired layer sequence is achieved. one embodiment, the patterning of the layers 702 is

In
realized by FedRE T A A stoMan AGGApRic proceds T Hepoditoh ot Bsetillay8F ard ET/Ni layer
situated on redisttibutions layep 702 folfows as atiext st d&xald (Ad) ean badepasited on the entire
redistribution layer, The actual electrical conductor in the present example consists of the copper (Cu)
metal, which has e Towest efectrical resistance. The copper metal can be formed in metal tracings
similar to the embodiment cencejrtualizeddn FIG1 2€tdepietingtacipge 224ion of bhedeseribed

method of pattering and forming the layers 702 can be represented in summary as follows:(a).Deposition
of the seed yer (8] EPHL ooty B icrbliss 1) CoRing Shamerrig (Rhegiaey Seeh () Reroute
plating, praductienwiphe Cu/Nelaiedsedquemcewrathewsestol.ayer hid) Coatingofdhe serolte trace with

Au, (e) EPR2 (epoxy toresist 2) coating and patterni Iil-g raphy step.2). (f) (as required) selective
etching of %eeeg,&u JlzIaByei?EE\gvsef e%c%iﬁ&%ﬁg, Sfreer;%\;gl/esﬁ%éllr%g .gt%e %r?r? tlh%uge)é]cribed example
method, théemickel$Ri) layereservesas aniadhesioh laerfor deer coppera€w) tayeriThe copper (Cu)

layer, in tupn, serves as gn adhegionslayer fop the.gold () cavering layer.Sipce the-gold () layer
cannot oxidize, the gold layer serves, on the one hand, as a secure adhesion layer for a solder material.
The coppettEu¥ {cokridiciveiaydrss targehsproterted frbirrddrvosiorn bythe gold-tAW) |ayeme As

one skilled:ip he art will appreciate, however, ather:methads of forming A redistribution laygr 202 and

associated materials can be utilized for a specific application. Regardless of the method employed or
materials used, the purpb3e ciiRe layers'\702 st ol proVriecdieétticaldstihettiityRoRtthe Borpads 206

to the bumps 204-as willbe futher desetibed, o+ ing, needle dispensing, or a
similar application.

FIGs. 7A and 7B illustrate the patterning of
redistribution layers 702 in a fifth step 700 of the exemplary
method of manufacturing. The production of a redistribution
layer 702, which realizes the electrical connection between
active structures and an associated bonding pad 206 on the
wafer 300 in the form of a compliant element, can require a
plurality of photolithographic process steps. In one
embodiment, the wafer segments 300 first have to be coated with
a photoresist, which 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



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 wettingIdyerthaltensurés Ffpraveachip intrpertiRE Henmésn aSldéthased bump and the

UBM layer-dhese advantages apphrtoa YBM layek soawrisinga twe tayer strostuie AlBy-Ceimwhich A
is, for example, a non-refractory metal such as gold or nickel and B--C is a binary metal alloy such as

titanium/tu]ﬁﬁst%?‘rpﬁﬂl\?)?gr QthiedSlaG 8 dthioth R ABIE R WhIGH Ali€ WeionrefrGioRyr M&tdi and B and C
are refracteneetalsal conddswith the fenmationeefRBL dayers 72 -thesfosmatior of the UBM 802
elements can e%roce d consistent with a v%ri%% of ethidologies. SeJBM 802 deposition can occur through

a variety of Riathdds'siich &S pRysicdiapor d@Bosition (8.4° Spufttering or &vapsration), Bhefrical vapor
depositionTaeotheptike methads. daoneexample JUBM 862 isl camprisedyef a tmetaber metal ialoy

containingeatklj%%sit one refrgctgg Er%t@l. Ad itigrrllaJhJ%,GUBlgl 80 2 may.com r'sreaaC fin ée %egrflctory metal or
metal alloy f%yer or muﬁip?e Pay s. UBM , IN one manufac uﬁng method, &an be su jected to an
annealing process in anfiientdagirogére(Hnethod #HGpa%Aandr@B dlustrateranseverithestep 900 in the

exemplary.-method o; anufrqc%Jeringéincludir}ngcghC? formati%pnof a plura -quob#gnps ?% over the under

1 : : )
bump metalliZations 8@2.%e bumps 902 can be formed consistent with a variety of techniques. In one

example, Blemp @Mdmde@@@h@rea‘@ﬁded asirig,an(electBRtic pﬁla?tir_vgymgttwadnel@udﬁ_ng the steps of
forming a pregeterminadiresistinaltern,on the sifage shthe.elegtranic pars byphotolithography, and

having the resist pattern grown to a predetermined thickness, using solder, or a metal such as gold (Au)
or copper B@)t bnby ayaiFmahp srethbd G forfving indtalisallssfeoimenmetal wikd Agsischowever, a

variety of rapuiacturing lechiighies ganbedmplemgaied o fabrigatedne bmps, g, FIGS. 104

and 10B lllustrate an eighth step 906 in the exemplary method of manufacturing, depicting a second
wafer singUREiIBHStéP e wafe? as3enbiA300 % SingulBfdd-RF Alsetond tine BY aEuttiRg SBurce 402 to

form gaps 904. As wauld bedindersioad hyione skilledinthe aut, the yﬁ@b%diﬁf&g shipwn in FIGs.
atlo

10A, and 10B, and the preceding exemplary figures represent a smaller portion o tality of chips which
are yielde@ fr6fia particiiar Water S00VAS 6ER, fBRAWMY the conclusion of the second singulation step,

a majority of dies 200 areyepderegtodie lkestheempedimentisbawndn & s 28 anghdB, where the
organic material completely surrounds the peripheral surface of the die 202, and the bumps 204 are

configuredlif ¥6Ws iGN 8adty sife iHfaed st the Bitas praviddsly reptBSentéd) laver.

The copper (Cu) layer, in turn, serves as an adhesion layer for
the gold (Au) covering layer. Since the gold (Au) layer cannot
oxidize, the gold layer serves, on the one hand, as a secure
adhesion layer for a solder material. The copper (Cu)
(conductive) layer is largely protected from corrosion by the
gold (Au) layer.

As one skilled 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.
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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 lllustrate 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 infolfédpeltive8eyriBntsugontthd dicih§ tape ADA) &S thefirsfexemplary method
previouslygiesetibed.in additione varous features 1(i.e.. bopd pags 204y @re agaklseens £ As a next
step, wafer 300 segments 550 are picked from the first dicing tape_ 404 and placed onto a so-called "wafer

support sy&feh40% §s §8ERSThé Wafer-<tipporéysiémtanandizaiy felude & sedhd dithiftape 405.

However, theowafer shppert systeat gamatsodie atempotary vrafen supporhsystem] suehr as ghass,
ceramic, laminate, or sjlicon (Si) substrate. Jn one embodiment, the awE dies 20 are gicked from the
dicing tapé 404 ahd IASEd oith the WAtEr Sshort SYStEm A0S ﬁging tonVErtitha? BickaHd place
machines.pe pick andtace procesadendersiagap 406 havingra: predetemnmined wtdth arrdistance 412
between resp ctive segm ngs,ch . 1FJCGS' 12|6Ai and 1§[§E|ilulu§tratg a fourth step in the second

exemplaryp method of manutac urin(a 'theAe%en ed rédistributi ayer%ybu]?nﬁéné) water device 200 shown

in FIGs. 2Acdnd 2B ThHestnganic materiahB02 asdgaincapplied do segments 650 én a similar spin-coating,

needle dispensing, or otger manner as pre) jously described. Plane 642 of s ments 650 is substantially
coplanar with plane 654 o %erggrﬁg’mgtgﬁa&gf%r mayl’uarrc’fi%gatg IﬁGgeigg%%d 183yl3e,ra%f%hab§tep in the
second exemplary methpd of eramifacturing ithe deviee 200sshovat incElGs2 2Acdin 2Blie shown. The

recoated wafer 300 is transfefigd pnto a second wafer.support system 408. The seeond wafer support

system can again include glass, silicon (Si) substrate materials, ceramic, and laminate materials.
FIGs. 14A w4 ilugtratetay Sixtia gtelp iAthe sboasd &xémplary hiethibd of nfanufactdiirg the device

ZOOSth%xample, 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 of the UBM 802 elements can proceed consistent with a
variety of methodologies. UBM 802 deposition can occur through
a variety of methods such as physical vapor deposition (e.g.,
sputtering or evaporation), chemical vapor deposition, or other
like methods. 1In one example, UBM 802 is comprised of a metal
or metal alloy containing at least one refractory metal.
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
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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 lllustrate 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 lllustrate an eighth step 950 in the
second exBRTPIIYHER0od of &t FaSiififg the dBYRB 20BS ATt of BumpE §02 aF&'8eposited over

the UBMs 8021 aproeess-sinilay ta that shewndnideso9A andi9Biing the Fespk’/Aand 17B
lllustrate a ninth step 960 in the secand exemplary method of manufacturing the device 200. The wafer

300 is transfErfed dntd & 54Giti6RA1 diGiAg 1ape 210 A8 SHolh, Wheld fn BREL.2(8A 8fid 188, a tenth step

970 in the seeond exemplaty method gepicts asecond singulation pracessitoctendes aiseties of
singulated dies 202. A pick and place process is utilized %o,t en remove the Iuragt of singulated dies
202 from the diding tape dfp. 0 @ P éjrﬁi%%ﬁ%&%édg ices, Stich’as'dévice 28 %ﬁgdrpfg%ati"ﬁg an
extended redisiributiorhlayer foo Bcbumped wafercapplication, )canopropideza waridaty fifnctionality and

flexibility in v %;%p!LEL:ations. Use gf e or?%gic#aterial 60 a!ﬂovv\és r]%)Iace_n}&ent of the bumps 902

riou
outside thé' ?ilehf Which allows for adt |tick))naa npu O%Iflpuat (WS ?hroué Sut in ag&\l/(ralh surface area. In

addition, byasingethe erganicirmaterial 602 tnstead of wadert30thmateread, themrespective yield per wafer is
Increased..Theigr argi:c Epa%eriarl 6f92.can be g%relfi%ured to 982315 thick as needed to accommodate a

variety of (i]retlg In a numper o |m% errﬁecnatgtelons. Hbe

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,
following the conclusion of the second singulation step, a
majority of dies 200 are rendered to be like the embodiment
shown in FIGs. 2A and 2B, where the organic material completely
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. 2A and 2B as seen

in a side and top view, respectively. The second method of
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing

from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
semiconductor device, comprising: a semiconductor die; a plurality of bond pads formed over a surface of
the semiconductor die; an organic material disposed around a peripheral region of the semiconductor die,

wherein a To58tFade o thd Drganicmaeriafi Substantially copianalfith =o0p sutfate of the

semicondyterdig@ing 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 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 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
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a plurality of first under bump metallization (UBM) formed over the organic material; and a conductive
layer formed over the organic material and electrically connected between one of the first UBM and one of
the bond pads. 2. The semiconductor device of claim 1, further including a bump formed over the first
UBM. 3. The semiconductor device of claim 1, wherein the organic material includes benzocyclobutene

or polyimide. 4. The semiconductor device of claim 1, further including a plurality of second UBM formed
over the sémicohdictof die!"s. Fiie SEmRUTUETdr Yeviceofiaim-PRVHEreh the first UBM includes
non-refractary peetal ard binary metalalloy. of first 1B Maredormed on sashrside, ofthessemigonductor

die. 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
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, which 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.

—-14—-



7. A semiconductor device, comprising: a semiconductor die; a bond pad formed over a surface of the
semiconductor die; an insulating material disposed around a peripheral region of the semiconductor die;
a first under bump metallization (UBM) formed over the insulating material; and a conductive layer
formed over the insulating material and electrically connected between the first UBM and bond pad. 8.
The semiconductor device of claim 7, wherein a top surface of the insulating material is substantially
coplanar with a top surfa€etdftheEeniCoffictorrdiB® & Fif senitohdiGctBr §6GES of claim 7, further
including & buapdouned gver thedirst WBV + 10. Eae semicongductor gevicerof claim a-wheygin the
insulating material includes benzaocyclobutene or polyimide. ,

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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11. The semiconductor device of claim 7, further including a second UBM formed over the semiconductor
die. 12. The semiconductor device of claim 7, wherein the first UBM includes non-refractory metal and
binary metal alloy. 13. The semiconductor device of claim 7, wherein the first UBM includes
non-refractory metal and refractory metal. 14. The semiconductor device of claim 7, wherein the
conductive layer is a redistribution layer. 15. A semicaonductor device, comprising: a semiconductor die; a
bond pad formed over a surface of the semicondu%ﬁ:?r’d?@, an insulating material disposed around a
peripheral region

What is claimed:

1. A semiconductor device, comprising:

a semiconductor die;

a plurality of bond pads formed over a surface of the
semiconductor die;

an organic material disposed around a peripheral region of the
semiconductor die, wherein a top surface of the organic
material is substantially coplanar with a top surface of the
semiconductor die;

a plurality of first under bump metallization (UBM) formed over
the organic material; and

a conductive layer formed over the organic material and
electrically connected between one of the first UBM and one of

the bond pads.

2. The semiconductor device of claim 1, further including a

bump formed over the first UBM.

3. The semiconductor device of claim 1, wherein the organic

material includes benzocyclobutene or polyimide.

4. The semiconductor device of claim 1, further including a

plurality of second UBM formed over the semiconductor die.

5. The semiconductor device of claim 1, wherein the first UBM

includes non-refractory metal and binary metal alloy.
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of the semiconductor die; a redistribution layer formed over the insulating material and electrically
connected to the bond pad; and a first under bump metallization (UBM) formed over the insulating
material and electrically connected to the redistribution layer. 16. The semiconductor device of claim 15,
wherein a top surface of the insulating material is substantially coplanar with a top surface of the
semlconductor die. 17. The semiconductor device of claim 15, further including a bump formed over the

first UBM. °18. The SemiBhaaedr akoite F Ciim 15 WHeteiR the N ARG matéridl indidded Y
benzocyclelzutene ©f pohtimide: ¥ rtheisermiconductor devise of glaimckd, furtherdaehkiding-a second

UBM formed over the semiconductor die.
7. A semiconductor device, comprising:
a semiconductor die;
a bond pad formed over a surface of the semiconductor die;
an insulating material disposed around a peripheral region
of the semiconductor die;
a first under bump metallization (UBM) formed over the
insulating material; and
a conductive layer formed over the insulating material and

electrically connected between the first UBM and bond pad.
8. The semiconductor device of claim 7, wherein a top surface
of the insulating material is substantially coplanar with a top

surface of the semiconductor die.

9. The semiconductor device of claim 7, further including a

bump formed over the first UBM.

10. The semiconductor device of claim 7, wherein the

insulating material includes benzocyclobutene or polyimide.

11. The semiconductor device of claim 7, further including a

second UBM formed over the semiconductor die.

12. The semiconductor device of claim 7, wherein the first UBM

includes non-refractory metal and binary metal alloy.

13. The semiconductor device of claim 7, wherein the first UBM

includes non-refractory metal and refractory metal.
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20. The semiconductor device of claim 15, wherein the first UBM includes non-refractory metal and
refractory metal. 21. A semiconductor device, comprising: a semiconductor die; a bond pad formed
over a surface of the semiconductor die; an insulating material disposed around a peripheral region of the
semiconductor die; and a first under bump metallization (UBM) formed over the insulating material.
22. The semiconductor device of claim 21, further including a conductive layer formed over the insulating
material and electrically connected between the first UBM and bond pad. 23. The semiconductor device

of claim 21, furthemriaclyding-a hump-formedpvee therfitst JBM.7, wherein the

conductive layer is a redistribution layer.

15. A semiconductor device, comprising:

a semiconductor die;

a bond pad formed over a surface of the semiconductor die;

an insulating material disposed around a peripheral region
of the semiconductor die;

a redistribution layer formed over the insulating material
and electrically connected to the bond pad; and

a first under bump metallization (UBM) formed over the
insulating material and electrically connected to the

redistribution layer.
16. The semiconductor device of claim 15, wherein a top
surface of the insulating material is substantially coplanar

with a top surface of the semiconductor die.

17. The semiconductor device of claim 15, further including a

bump formed over the first UBM.

18. The semiconductor device of claim 15, wherein the

insulating material includes benzocyclobutene or polyimide.

19. The semiconductor device of claim 15, further including a

second UBM formed over the semiconductor die.

20. The semiconductor device of claim 15, wherein the first

UBM includes non-refractory metal and refractory metal.
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24. The semiconductor device of claim 21, wherein the insulating material includes benzocyclobutene or
polyimide. 25. The semiconductor device of claim 21, further including a second UBM formed over the
semiconductor die.

21. A semiconductor device, comprising:
a semiconductor die;
a bond pad formed over a surface of the semiconductor die;
an insulating material disposed around a peripheral region
of the semiconductor die; and
a first under bump metallization (UBM) formed over the

insulating material.
22. The semiconductor device of claim 21, further including a
conductive layer formed over the insulating material and

electrically connected between the first UBM and bond pad.

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

bump formed over the first UBM.

24. The semiconductor device of claim 21, wherein the

insulating material includes benzocyclobutene or polyimide.

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

second UBM formed over the semiconductor die.
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