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WD 2004/ 073014 PCT/ US2004/ 001925 METAL REDUCTI ON I N

WAFER SCRI BE AREA Scott K. Pozder Trent S. Uehling
wahadglrioi4 N. Ramanat han 5 BACKGROUND OF THE | MVERS100M001925

Field of the Invention This invention relates in

general to the manufacture of sem conductor devices

and in particular to the reduction of netal in a

ot or . DMETAY REPUS RS TR A B RCREIEAREL . o

in scribe area mterconne{clgué%%lers of a sem conduct or
wafer e.g. for test s? ®Gnd al i gnment keys.
During the singul ati onlreit . Aehling areas of a wafer,
the copper in the Isksliye NaRaananathenconnect | ayer may
build up on a saw bl ade. This copper build up on the
15fsaw bl ade causes cracki ng and chi pping of the
wa T ps may |l ead to a nechani cal
ME&X ]'L.hglts application. Miltiple
saw bl ades may be used for cutting a scribe area to
Field ofd¢He devdntwndamage to the substrate of the wafer from
the copper buildup on a saw blade. A first saw bl ade
V"HHL ﬂw@ﬁtloryﬁﬁgest 1 eHéral faqhd PR RONRESH selraymiductEOPpedes and in
urld up fromthe 1 nterconnect |ayer would 20
pamcuaarcm mtu:l @thectom dffmestdliin stsciilzanmipd befwyeesenaicomiCtos Widiaapeot 2
" woul d follow the sane saw path to cut the under
walll.| ayi ng substrate. Because this second saw bl ade woul d
not be cutting any copper, little if any copper would

Descri Olnq,fliﬁe RRdtdd arfaw bl ade. However, utilizing two saw
ades rray cause ot her probl ens due to saw

I
ntg%eelé; atn? Bcr{b[er é'ﬁ"ecaolB% onB L4 l%@% cgf a seﬁﬂ&ﬁ%ﬂ?té{ “@ge\fv e.g. for test

structlﬁésaﬁﬁi d1fEnhfRat kdye Dudivg Iﬂleaeﬁh@ngtId'm deb)ep@lEe adas ol ahfarpthe copper
be w der than the second saw bl ade. Crack st

in the ‘sarfmcdnwntem@ame@: lager tiae byild u@@@@ qﬁxﬂlyblb@ Uedgconrper guﬂd up on the

prevent
LR R S
mechAtGDERRrObf thBRie during its application.

Multiple saw blades may be used for cutting a scribe area to reduce the damage to the
substrate of the wafer from the copper buildup on a saw blade. A first saw blade would be
used to cut the interconnect layer. Copper build up from the interconnect layer would
accumulate on the first saw blade. A second saw blade would follow the same saw path to
cut the under laying substrate. Because this second saw blade would not be cutting any
copper, little if any copper would build up on this saw blade. However, utilizing two saw
blades may cause other problems due to saw misalignment. Also, ledges in the die edge may
be created due to the copper build up on the first saw blade in that the saw blade with copper

build up may be wider than the second saw blade.

Crack stop trenches located at the die edge may be used to prevent cracking of the die.
However, these trenches may require additional processes for patterning, etching of the
pattern, removal of the mask, and etching. Furthermore, cracks may propagate beneath the

trench into the active area of the die. In addition, with the use of low density dielectric
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pattern, renoval of the mask, and etching.
Furt hernore, cracks may propagate beneath the trench
w0 ndoa/otdees acti ve area of the die. In addition, P@i/UR200&en1925

use of |ow density dielectric -1 WO 2004/ 073014

PCT/ US2004/ 001925 materials having a low dielectric,
materigphatingt low didhestigesiephinde interpenmect lagsic lerchphin the die may

die may .open,the .di Q I re. ' j bl S
open Sy FabpistRe. Acaorefnd s IRLEORS BRI Y rgeitein water
fabricakigRr i cation. What is needed is an inproved nethod for

reduci ng the anount of copper or other 5 netals in

the saw path to prevent the accunulation of netal on a

SWihetik adededris an haprovgdaetypd [pdicieg theiampuabol PP ther

t.o.reduce crackin chi_ppi t
ot R AR R LATRARELS el o
wafer I SNERE S tB P20t EREKIHAABISINGGr oftied dihagetonees wufer.

obj ects, features, and advantages nade apparent to
those skilled in the art by referencing the

BRIERSANORIVIRIN JPIHRYI0ONINGLUre 1 1s a partial cross
enmpbodi nent of a sem conduct or
fer at,a stage during its manufact.ure _accordin

R s tbibeRRey B b s AT AR RS R, s
and ad%%?tﬁ#e@ '?ﬁ’a{deva:ﬁ) Wehf 1o BRI iiBRarOly Rfcr&IbiOMe Uedd@ipanying

wafl e at anot her stage during its manufacture
drawirgscordi ng to the present invention. 15 Figure 3 is a

partial cross sectional view of one enbodi nent of a

B oLt el Bl BRI L ARSI 09

nventi on.
ata st%e'cﬁriﬁg%&ﬁdnﬁfacﬁfr@ 8&op@fs tomaprase@inedntiene enmbodi ment
a sém conductor wafer at another stage during its
manuf acture according to the present invention. Figure
SFigered? isarpartadl ceoss sectivaal iom af one embedimsakolchisgtrersigetor wafer

f a sem conduct or. waf er 0 at .anot her. duri ng
atanoffes Sadir et s ban (e Th SRR e b A on.
Figure 6 is a partial cross sectional view of one

ephaft IRMY pRfialdrsSREGRAGUGER of vad efbodiineanof hemissrigetor wafer
during its manufacture accordinﬁlto t he_ present

at anothev singd duringRiymeeufzctieg agcqdingita fhecpresest BWeRtithal vi ew
of one enbodi nent of a sem conductor wafer at another

f’ﬁ&gﬁet AF gslr,# Ig]agtieilltcsrosﬁgéﬂo%glt HEE REHEOLAL DG it bNEsdiESRREtor wafer

at another stage during its manufacture according to the present invention.

(,‘:onductor wafer
I'gure

Figure 5 is a partial cross sectional view of one embodiment of a semiconductor wafer

at another stage during its manufacture according to the present invention.

Figure 6 is a partial cross sectional view of one embodiment of a semiconductor wafer

at another stage during its manufacture according to the present invention.

Figure 7 is a partial cross sectional view of one embodiment of a semiconductor wafer

at another stage during its manufacture according to the present invention.

Figure 8 is a partial cross sectional view of one embodiment of a semiconductor wafer

at another stage during its manufacture according to the present invention.
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25 Figure 8 is a partial cross sectional view of one

enbodi nent of a sem conductor wafer at another stage
walewoisfoggoid s manuf acture according to the preseP€T/US2004/001925

i nvention. -2 W) 2004/073014 PCT/ US2004/ 001925 Figure

9 is a partial cross sectional view of one enbodi nent

offigurs @ i cpatialcross saetianal wewl onpembediziat gl segicpadyictor wafer

o B RIS R D 0

sem conduct or wafer according to the present

| FYER¢ 1OR a fariddl@op SRwWOb drieniatBndre be sencendirrd ol er ddcording
different draw ngs indicates identical items unless

to thegu¢seniingentiont ed. DETAI LED DESCRI PTI ON The fol | owi ng
sets forth a detail ed description of a node for

CoEYLE PYhO it Do A A Ay o s

unlesSb@eivdsditedde 10 taken to be limting. Figure 1 is.a
partial cross sectional view of one enbodi nent of a

sem conduct or wafer during its manufacture according

DETAPLEDDIRSEREPTIORVENti on. Figure 1 shows a portion of
— a water I0T prior to the formation of solder balls

t f. ti f her die:to- Kk t. |
c a8 o e £8P RTB Refr iRk B e
invenBOROFhOBARLSPtio s SnBARA 14 B ilistnai&sf thd InvbatibPa@i should not be
portion of wafer 101 from which a sem conductor die

taken(tobe lishtavgn) i s nmade. Wafer 101 includes nmultiple die-
areas (not shown) separated by scribe areas (not

SR B or R B B sl <Rbelhina S4R a8 Gehithoror water
durin gghanﬁﬁ@ﬁﬁf@ ad'cérdil?%ﬁi 186 pteRerdtigvenBbh. PlgubCT blRRvsAd dttion of a

relative to the view shown in Figure 1. In one
waferelf qutiontmthe ferngitionraidelder abks doicthe famatios of sther dieitewdckage

exterrit?i 8%@1@%@0@%}2&% rr%dlégor&béﬁ gpﬁpéi%&es eg ?é;%’lrg% E(SS of wafer 101
isa pliﬁ%ﬁ fof J\Q?elrh@‘l? ot whltht PR néordu&st 88 Bot:B8wn) 3 drid@UVeafer 101

,» stack layer 107 includes nultiple layers of '
includtisehwdtpleidie arazsemptishosmd separasedonsneibeiangs (edtsbowik dfigure 1

conductivye structures such as vial.. and ce layers.
showiR8eaop i Serlls e 1 o BRI PP i MO R LR o OhT o area (ot
showé% {s?/’ﬁa&'&%? tﬁlﬁ%@g&iﬁg arBE1 G, rd18iv@- to SIRPRBH: shawH T Pibike 1. In one
embodiment, a die made from die area 105 is utilized in a flip chip configuration in a

semiconductor package.

Wafer 101 includes an interconnect stack layer 107 located on top of substrate 109.
In Figure 1, stack layer 107 includes multiple layers of dielectric material and interconnecting ‘
electrical conductive structures such as vias and trace layers. These interconnecting
electrically conductive structures are made of metal (e.g. copper, aluminum, silver, or gold)
and electrically couple devices (not shown) formed in substrate 109 with external conductive
connection structures such as e.g. solder balls. The multiple layers of interconnect stack
layer 107 are, in one embodiment, formed by a dual inlaid process, but may, in other

embodiments, be formed by other processes such as e.g. a single inlaid process.
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25 and electrically couple devices (not shown) forned
in substrate 109 with external conductive connection
W@ eomormes such as e.g. solder balls. The nul PCPUS2004/001925
| ayers of interconnect stack |ayer 107 are, in one
enbodi nent, fornmed by a dual inlaid process, but may,
i o sinpelate therbicdif pwvafer, 25w biadew oﬁyr pitiing dpfieisgisedsto separate

the dicsian G ko B erPisian Do du 08 SR i B greg Fgpore

In FigfreV12h 85w bfhds s Phal8fePht DIREPath Ul 11 OehddeieCructurélSEIR which
to separate the die areas (e.g. 105) from each other

are mauﬂlarqf ngpliehm ¢ma@nb<shraggsar@flo¢mdum@ww@ (ided fiﬁ’ﬁ%}@ﬁl@ug—)"e

a saw de cuts .the,wafer a S
stctagare S fgrsior ek puLa e ns poppn e apR Ty B 8Bty e
not el&@rﬁ)c%ﬁgl cb%d@cp% BRI me A ht 99REER 100 oF AW R8d 105Ldnk are not
hese”conductive 5 structures are utilized for testing
utlhzednhinag tlgroperdtiog oif d s idutsiend usanuf act ure but typically
are not electrically coupled to the devices fornmed in

e .substrat 109 ile,area 1 and ar.e not .
uDRriRe S&eﬁﬂfmnﬂﬁ %m PEbespr o e\ Btrypigrssd 2 in the
saw pQHrl D18 'u?g)ﬂltﬁé sRMbRbe Hﬂa?elﬂr' Busihg frobRpReduriy sidb@ffion. As
con uctlve Stfuctures 112 in the saw path 111 may
will b deslcdbublamn, pdmmom;a)f/tlhﬂ meel irhibe elyy pethuldilrage penishyled s reduce the
during sin u{) élon 10 will be described |ater,
metal BEHYROR2 e metal in the saw path 111 are r enoved
to reduce the netal buildup on a saw bl ade. A
p%;édséﬁ%ti&n J{e’i\mﬁ 1311%$atb§ oh ‘?&@Jc@ﬁine@f‘labléﬁ BY7C PARECAticnaNRE 121 is
Passivation |ayer 121 made of a dielectric
made pﬁs dieleatricqrassipatimi raatesaﬂmohgs eggsﬂl@nnl niishe. nifassiveléon layer 121 is
Passi yat.j on | ayer area
formeg 255 o8 gFetiaon 0T o1 Wt 1P a0t 11 e 4t BB BARRT af he e
| {Bcrhal RaSi5d0hplin OBk k@I BEondddt ti
area. !P%%:éﬁjl 8 Hgg:ﬁ*nlggl% %ﬁ%%bnp)glp ing oe?itle‘(’?nal conoé1 uct |wveeconnec on
structwes (eeg: tsbidlar ballsy umlcntnsalrymogducstw@eds G- Ilé)) ingnterconnect stack

layer ].e(lﬁte 3}13 Cﬁlgl dnglgnd 8\tNIF1\a/§B$1 g?ary% %%ﬁés g%%edli %ﬁfhe area 105 and

is ut11 &’ Wit st d}‘@ssﬂ‘gfléf' A U %1‘3&'6%[10& 2P lyfinide ‘I:W%fj 1@’&1&1@[3@019&1%5 for

i's utilized for stress reli'ef and die
couplmg@k&mﬁ&l oondultivey torindetidragtrctutesi(eig sd>lddé8ﬂl@)ﬁem1€r¢gscaﬂw r

cqupl i ng external conduct t
condipRYEpAR e Baks il 1 STee R IREIIDY B e fgsivation

layer i%’o&a}l b3 tokated ob &l &{mﬁ% sdrfbe l%réaq}{ﬁrdo]rg)? incluMeSA&ELs in the saw

nents, passivation ayer 121 may be | ocated
pmhthﬂﬁeﬁKmimmmsmbf the scribe area that do not include
netals in the saw path that are to be renoved.

An edge seal ring 119 and crack stop ring 117 extend around the perimeter of die area
105. Theses structures are made of metal traces with trench vias located in between the
traces. The contact vias 120 of the seal ring 119 and crack stop ring 117 may be may of a

different material such as tungsten.

Conductive structures 113 and 115 are ring structures located on the edge of saw path
111 in stack layer 107 and surround die area 105. In one embodiment where the saw blade is

50 microns wide and the scribe area is 100 microns wide, structures 113 and 115 are located
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An edge seal ring 119 and crack stop ring 117 extend
around the perineter of die area 105. Theses
wa@tootwies are made of netal traces w th trenPOT/Us284/001925
| ocated in between the 25 traces. The contact vias 120
of the seal ring 119 and crack stop ring 117 na¥
20 andrh§ moéroas, relipeétisieln fromagrask $pp 4 ehAasvill baghewen in ater | processes,

conts SRR S PGS hR I RS OB B

107 and surround die area 105. In one enbodi nent where

t perus@wshdwadepirtial BessEtaionabvivivasE agfoatidref wafel Dl afregahe
is 100 mcrons wide, structures 113 and 115 are

applichompbelbarrigr Wbe@o@lﬂfyer?%@l@m?%%@@ﬁ dmlg%@ orpbprggigadhesion

crons, res Ve
layer %CZS ?ﬂ&?ﬁ enfbed et%g%yﬁ r 2{):% iss’saelé1 ayeF ogcglna egsgegl r(rlg%:veﬁ ?%%leh bya
physichl 3a1§lﬁdie%és§tuﬁ{ SrofRFaNER 2700 gRr6MmaC |’In 5&@@ efnbedialees, iager 203
the 'scribe area. Figure 2 shows a partial cross

may indedd wnkdl. \/Stélmnoﬁh@ embpt:hrmnt&;ﬂamﬁ map ve gflayer of fignium nitride

oo BB Lok P BN R AR B g

applied0fr oﬂe"bn‘ﬂﬂﬁlrﬁéﬁi Ogdemtentlk@\)(zﬁfer 8%3 ph§s1@al lvap(&rdepésltlon process. In
titaniumtungsten (TiW forned hysical vapor

other empodintentnlayecfdsnaylprappied by @ths:n gercessas suchras Gtgh electroless

platinggg ggér%]ﬁglov&p%%%/ % gmggg é_rag%%d%)ﬁu%gngallq%k S L'@]l blésf for furlther
electr&%lﬁglg% prf&'nhﬁg Qﬁer §ddchres SiRAGLALYPeL Il 30Ni(EKh FHigdrdB). @ one

. Layer 205 includes copper and is al so
embodumﬂmtdaiyer|265m1‘i§06mhgmmmﬁuckover the entire wafer by a
physical vapor deposition process In 10 ot her

o Teie d380 84 R by Sofinel FisheRel Saish p ARG 101 after the

forma@llaﬁ ¥ €&hp eY 3RS (eR03) ziridoﬁr(‘)ldellL @Xﬁr(e 20309 Gbsforpind external
el ectrlca bus for further el ectroglatlng for formng

condustife comtectia siregireuioh extsrnatlp pewpligibe Q@ace(sgpé@ dig ngmubstrate 109.

NN T SN A —
JocatiBfs SveP Bd do‘ﬁﬁu&fve‘ﬁﬁ&@% %Q%lﬁféﬁfpdr fads & Bornat ken f@fmed in the

copper studs der caps (e.g. 309) for
opemﬁg)sr ofi the phatd e!csnm Iby etrotropleting eAfiorvwreds, S‘ddelsqapﬁl et 21r389) fugralso
. eﬁnallﬁ%¥oupllng the devices of a die in substrate
oIy eleq 8 resist layer 303 is first patterned on

| ayer 205 havi ng openi ngs exposing | ayer 205 at

| %@Iré Q%ﬁo@yﬁgaﬁtl cro N bGdaY QicRA6S ftin oflWafer 16PRBEIe photo
studs (e are then forned in the openings of

resist 303 hphbten rBHa@V@i bj?teleteamwabw the pheto refist SORathe suriass|of ére wafer

is then v&%t et(cgecig to sefc)ac?we {freen?ove%opper layer 205. In one embodiment, the wet etch is

performed using an ammonical enchant such as METEX FA and METEX FB sold by the

MACDERMID CORPORATION of Connecticut. Also removed during this process are a

portion of the side walls of the copper studs (e.g. 307). The portion of the sidewalls removed

has a width that is approximately the same as the thickness of layer 203.

Figure 5 shows a partial cross sectional view of a portion of wafer 101 after the
removal of layer 205. The portion of layer 203 not under a stud (307) is then removed in a

chemical bath e.g. using hydrogen peroxide. The resulting structure is shown in Figure 6.

5.
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20 fornmed by electroplating. Figure 4 shows a partia
cross sectional view of a portion of wafer 101 where

w@b@to7301€£si st 303 has been renoved. After renPUHUSN/001925
the photo resist 303, the surface of the wafer is

then wet etched to selectively renove copper |ayer
2Bigurd ¢ shoves epdtidi aresstsectional view obvaferi 191 afier thereragval of

portw,n:?gofglqun@s téﬁge %%‘3 ﬁﬁ%@%@ucr} %%gpmoﬁg gf L\{g&Elxyer 107

not lo&dRe@fdek pidsivafibi & gélemVeﬁﬂldiﬂébldeﬂcéﬂB(@ AE 0GRBEA. ANEtHEs time,

portion of the side walls of the copper studs é g
wafer 307 js th¥inwepeichédio rehoverxpobafesappesinrtestsirecurendd 2ad in

condufsq Stk RENSS THebblat Mins R upt S b eRg i

shownVin8%e@k 72 portion of vvafer 101 after the renoval of
aye% 205. The portion of layer 203 not under a stud
(307) is then renmoved in a 30 chem cal bath e.g.
ugis rsgowly dix Gigure ’péheaeomeed cPpeer efgedtisirngfusst YlZe eqnduciive structure

113 ar}sﬁg)q L 1816{@%215 B tﬁﬁ %eré%’rﬁé%%o g)éll}a]vgpee&rnged by the wet

etch pRREEd t%"l@a{ve\ﬁp%ﬂ\lngi 7 G@fﬁﬁ ah8 1 19f feSpectiD8ly! BEPMRE ifrconnect layer
portlons of ‘layér 203. 'After the renoval of portions

107 we$ fdrengdwi08duzg cnmlaudopmcms the ackper ayeias 101, 71hoand ‘Bd arfdayer 704

under ssi vatiqn | ayer 121 nd/ or s I der ca ar .
are al{giEeouEt i A bk sha 4B Sepper 8PSt BU7 rlibctive
structﬁl‘é 118 %‘ﬂ%o%ﬁﬁ&ﬁ%@ttﬁ&ﬁ%eﬂﬂ 1H sfa@E‘l ]?15} 17(95351’6‘ met Pe;‘r%w@@ 6h #hAt there is

conductive structures he resul tant
aconducnucbannerﬁdhmnohﬂayar@nﬁshnwuh19¢Mmﬁix$wesnthshomduCHMeschuHes

ure sho n Fi gu th osed.co
(showpadferge Yoo e 10! BB RBIE L5 % Fche Farigi i Shgrres e.g. 720)
in stac%&ﬁ?éf%'SV The baH: 'dgﬁesxjcéﬁa}‘e? irflcPRIes 'ﬂE RLGQUABBE Etalnﬁiﬁ? Mtart@Bm, and
been renoved etch process to | eave
tungstopeni ngs 708, 713, and 717, respectively. Because
i nterconnect |ayer 10 107 was formed with a dua

o nE e PlB G B aosa TGt [RR Todind R aidfmd®es copper
from BB QWRwallh sf ﬁl@ Qﬁgﬁergfudg &SE. 3BT Wed Bhe Rope? layePROKIIchike underneath

structure d conducti ve structure I15 in stack
exposimyeporii 6 oﬁthe toptf lagerdP8and a pottain ¢flibe botkan ofisolder cap 309.

conductive barrier adhes t I t ed
Furthe/giofe i RREORBR IRDS © E‘eé‘lf‘?? E@@?ﬂysgi to(f?&?a%qg %Péﬂ?ﬁﬁ%@gﬂn stack
layers' 703fn8 Y08 n@y a‘i’§o 1¥:hf€5v§ E@rﬁﬁle& FhEL arﬁ@ﬂn@ Bfl1chd focﬁﬁ%ﬁ%‘étxbéf&d

structures 15 1 n stack [ayer 705.
passivagion layer mihas:i pniylhaglfelayerrmmudes at | east one of
titanium tantalum and

After the wet etch to remove exposed metal in stack layers 703 and 704, wafer 101 is
subjected to another chemical bath using e.g. hydrogen peroxide to remove the barrier
adhesion layer (not shown) on the conductive metal (e.g. 720) of stack layer 705. This bath
also removes a portion of layer 203 that is exposed. Afterwards, wafer 101 is subjected to
another wet etch process to remove the exposed copper e.g. 720 in stack layers 705 and 706.
By repeating the process of a chemical bath to remove the conductive barrier adhesion layer
followed by wet etch to remove the exposed copper in the next two stack layers, all of the
copper of conductive structures 113 and 115, as well as any exposed copper in saw path 111,

can be removed.
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tungsten. The wet etch of the exposed netal in stack

| ayers 703 and 704 al so renoves copper fromthe
wg@@emadohs of the copper studs (e.g. 307) and PEEUS2004/001925

copper |ayer 205 |ocated underneath, exposing a

portion of the top of layer 203 and a portion of the

b&iguend showoh gatiaberpssspationbviewraliverfet®, whire aB eftwiocgpper of

ns of the dto renpve the e sed
condfofEseicgrey LD S L bl Bt o TR K ol Rt Do 07 ana
809, rEi@@@v@ﬁUFHé Sxpoked Efbet ﬁ%ﬁﬁv%tkpﬂl ENRB2EH renRRd la¥ RlellONAlthough
| ayer 121 and polyimde |ayer 124. After the wet etch

there may be mzpmr éoq@ttsied lometrde velnofdhaedw pathdid, tho3oppred iy lower stack

fer subj ct dto.a er chem cal th usi
lyersgB 5 Smg S APB e PR ATC T CRGYLLR R B Bt i A0l o
coppe@ﬂhfh%'s% 1S atl ﬁqgtyéf howy g}r&ﬂeﬂtﬁgn QtOcHQ Wér‘l&e[%e@ﬁuse the metal
20) of stack | ayer Thi s al so renoves

tracesaar@mmtovm‘r apthel layer 12618 anhare ai ss:laélﬁpfracﬂdm offthesanabldds width.
mafer 101 is subjected to another wet etch process to

R R AR o A R AU v
stud (E % 3(?7)‘%’ SellR tFOBDSEd YRt ORT 1] BferLBIRLAIdID3 AY Riduced.

| owed by wet etch to renove the exposed copper in
the next two stack layers, all of the 30 coggfr of
c diglue P ishews o padialicross set@orhsidd YBW afsweler 10 mgwyut with saw

SRR s E R B BB e RN e Bk

layer PGS hdPlubGti 8 308 S W PR enb RMM&T, M@ihelke s&@%lé&ﬁ?ég 903) n9dy be

the copper of conductive structures 113 and have
used toamhthreugihvtbel wholef wafier mrtlaﬁlc@p@douﬂd endhes tIBosawath hadgen

miniyGaR g Gty PPN BB it bay ASErH g e time for
the sﬁﬁﬁﬁio%%rb&ss ﬂlﬂlr’?rbe I 6¥RLES. Elfaddﬁﬁ)ns AN R p iléblemsi W8ng multiple saw

copper in th ower stack 5 layers in sone

bladeeniap the ﬁhnmsa,tedrwywdbt Hgemer sinetizgichdbodpmants, midtiglawaw blades may
tJ;at t rp)unt of copper in the saw bl ade path at

be usg Ot GIVRIEL- gr eat er than at the |ower |evel s because
the netal traces are narrower at the |ower |evels and

args@ ceIRldeluclth ag% bRAe 003 LMEins BWorsASSy PatAt N1 maPweiiMdbited

the repeated chemi cal bath and wet etch processes t he
from piopagatiag tofliet drea tQPppestrwtures (18, apd 136 Whieks seaed bs crack diep
exposed portions of |ayers 205 and 203 are reduced. 10
trencheSyyre 9 shows a partial cross sectional side view of
waf er 101 being cut with saw

After the die have been singulated, the solder of the cap (e.g. 309) is reflowed in a
hydrogen furnace to form a solder ball on the copper studs (e.g. 307). In other embodiments,
the solder of the caps are reflowed prior to singulation. In other embodiments, the solder of

the caps are reflowed after the etching of layer 205 and prior to the removal of layer 203.

Figure 10 shows a top portion of wafer 101. Wafer 101 includes multiple die areas
with die areas 1005, 1006, 1007, and 1008 being shown in Figure 10. Shown between the die
areas are scribe areas 1003 and 1004. Located in scribe areas 1003 and 1004 are saw paths
1009 and 1010, respectively. Scribe area 1004 has a width of 1023 which in one embodiment
is 100 microns. Saw path 1010 has a width of 1021, which in one embodiment is 50-55
microns. In one embodiment, the width of saw path 1010 is the width of a saw blade (e.g.

-7-
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bl ade 903 al ong saw path 111. In the enbodi nent shown,
saw bl ade 903 is cutting both stack [|ayer 107 and
waegoramte 109. Wth this enbodi nent, a singl ePGHWS2004/001925
bl ade (e.g. 903) may be wused to cut through the whole
wafer in that copper build up fromthe saw path has
903) ;ﬂ@sewlermqqs forzdignoient and plasemerirdy ghe embesipwss dhess hplerances are 5

il B85 o O R N R 58 8 s v

waferqbnamg%wq;aﬁpi@l@sanaqoog mul tiple saw blades may be
elimnated as well. However, in other enmbodi ments,

mul ti pl e saw bl ades nmay be used to cut the wafer.
Aﬂlsothemrabckdlmgntw@ttaﬂ os e etabiel @odugivetsiragtuids rldé@hd 115 and

h 1 d
st SR e B O S VAT PR e,
For eXngf& sﬁig@lpatl%g rhdyeRGREDrmé b fhetvhﬁeldétﬁlchﬁ‘% gsg %@ @Edhown in Figure 7,

si ngul at'ed, the sol'der of the cap (e.g
wherer@fly theewpper lacaté/rstagkayers Hidcmdt794(or m sanmﬂndmdnb@m, in only

layer ‘? tlg oy reﬁein ?tﬁ?u % légl @F%tg,?? %‘?Iﬂg'&%tb ?rbq,l eaFgome OF tﬂe Tower layers
may beirBRBl & 4Q0e1].| 1 KNG 2MRAdiItAR S osed &ﬁ)pép A& Z[Qxfth 111hsnd the

caps are reflowed after the etch| ng of "| ayer
coppepiin condictiteharucamesvBl3 anfl 1lléytestaa01&ye12 FIOF,l '@14{ éOiﬁldsTQﬁ/may be
atop 101 i cludes

ortion of waf
remoyggh ‘Yl?eﬁ‘igé e PPRPLAS oD %ﬁ@)&éﬂ%@g d1eB38- 1007,
and 1008 being shown in Figure 10. Shown between the

diEg oiHRF E8Bo@hRn&CHE Q@ncﬁfcﬁ@@ stht@de@Beind Q@ﬁbe éf@é?ﬂlta? e Infhde of
scri be areas 1003 and 1004 are saw paths 1009 and

other fyp0 of mesb euxthi asegold, siBorrj welemimani 0840 Hhs ranatiatiphmefal from a

scribegbmAR 6o Atlipest Vit fle Rg9trama oHier fy2an B gRatoRS  For

examglg l%ﬂg o1 ©F Rt flobh Q&@lb%@é%qhﬁﬁgﬂé utlﬁﬂ%@ fM\ﬂ A s@hct8RWith no
ath 1010 is the wdth of a sa -7 WO

polynﬁﬁma;@?aeum tHo320 644l @6 he:28 frO@xﬁ)S);crghelmeet mla}ebanuleaed with die
e enbodi nent

struciigs SRUAR LA HOBOT EHGRE FOnsEicRACHPR SN Eue g Leh as die no
utlllzﬂ'l% Q“Eéoﬂc@p @%@gg? 3?-%}%11&6 AW hadgre@t@ehedqd cb e? %ﬁs ge .£.307). In

al ong saw path 1010 an
one embbéumea[mhn:h';cmbntama width efld wizé boinbwaker adn lod 8@: mmd wdnblre\the wafer is
struture 113 and 115 a 5 not |, of t exoed .
back gropag tq 0p33 Hn %eisl fng ggseﬁ?'d%aaw%hw 1§ gse 3 ezt Alsoin
other gfnb%&?ne fférr@ %val o'ft_' Qe p SRS A TR A Froth BIAN %Eﬂh%a}“ﬁé’mg(‘fe in die not
orme er structure as it
1mpleﬁlegtiﬁg crack stop trenches 807 and 809. In other embodlments layers 203 and 205

and stud 307 may be made of nickel.

In one aspect of the invention, a method of forming a semiconductor die includes
providing a wafer. The wafer includes a substrate and a stack layer comprising a plurality of
layers with interconnecting metal overlying the substrate. The stack layer comprises exposed
metal at a portion of a surface of a saw path within a scribe area separating a plurality of die.
Some of the exposed metal extends into the plurality of dielectric layers. The method further
includes forming a dielectric passivation layer selectively overlying the stack layer and
removing exposed metal at least to a first depth in a saw path of the scribe area to form

recessed regions in the saw path.
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15

where only the copper located in stack |ayers 703 and
704 (or in sone enbodinents, in only layer 703) is

w0 etmawedi4 | n ot her enbodi nents, conductive natBeT/a52084/001925
some of the |ower layers may be renoved as well. In
anot her exanple, the exposed copper in saw path 111
ahdanduleer ﬂspecbpﬂﬂaﬁ invaniéem @@@mcmdmt@waﬁqr sluflesa geRstratesind a

ers 703, 704, 705 70
stack (es? SR ek YSionpamons? Sokuaty o Be S as iihg e r b Bl
include§ Hﬁéreonﬂeet BEREr TIRNPAEE FBRISs a HRE deOReSHd ¥ cond die area
structures of the scribe area may be nade of ot her
separate;qolgsa sdriberte. 'Ekmoﬂfaqu°ugb¢rdnclgd¢wae¢heleoﬂncaplaﬁﬁwammlayer

t.he renpv tal fr area. nay_be
selectle i vating b e A PELGE VBRHIRC 18 drcin TG pa Bath has
at leas? Ohd (ULl k%nén infERE stdck l%%&qﬁ kdhicH 1Btal BAEDERA réhovaRLt al
roma scri area nmay be utilized for a die structure
with no polyimde |ayer 124. Al so, the renoval of
mitt aotlier espest, sonéthed air fosmingya mumndluctpe dievin¢lndegipgoviding a

W T e e
scrlbeaaréa‘élegﬁ{ hAaR: 4 ?a\@gatl?foﬁle Weel Rl add BcReBdR g AldRabRY

to copper studs . I'n one enbodi nent, the
overlydiny ihosubstease amddtamngrd@lewlc enabeoiadl anvhingerc granectives m@tag nfhe stack

e L e L1 5 20, bk G0 0 ST
n |
pluralgcy g‘)l'(l% giseg fuﬁhufrq?érlgcrlﬁs %‘xék%\%vslgg?%%ﬁg?yﬂgwﬁ%ﬁghf ﬁéfﬁ)‘é%ea by

etchingahe expoptemetd iong leasar &rss tiggph tto Erohesc887d mgibnd0Ibe $aw path.
ot her enbodi nents, layers 203 and 205 and stud 307

N
descrl%&)\ﬂ QLI YEHiRa 1o ThRe VRIS 1ﬂ ﬂl@lai’tqﬁﬁ 9as§&' B ﬁl‘é@e&%ﬁﬂlgs

stac ayer conprusungapuraltyo | ayers with _
herem fitréirer ohanges impmngifishtiosendybegaddeitbalisiepatiag fromethis invention

.Stack | ayer co ses exp net al at a orti
and ifg hiopdg et 208 WS olPR aRREF, gindtarp i &g agse%ﬁﬁlattﬁ% Scope all
such ¢hafl ééraﬁh (?/dlﬂé 1‘3h§as aroYBiPfhe kAR s ?ﬁfﬁ%@ gcdpét(ﬁlthlﬁﬁv‘éﬂﬁi&
Into t ura ity of dielectric layers. The nethod
further |ncludes formng a dielectric passivation
| ayer selectively overlying the stack |ayer and 30
removi ng exposed netal at least to a first depth in a
saw path of the scribe area to form recessed regions
in the saw path. -8 WD 2004/ 073014 PCT/ US2004/ 001925
I n anot her aspect of the invention, a sem conductor
waf er includes a substrate and a
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stack |l ayer. The stack |ayer conprises a plurality of
| ayers overlying the substrate and incl udes
w0 ndogfozdmnect netal. The wafer includes a firsPCTUS2004/001925
area and a second die area separated by a scribe
area. The wafer further includes a dielectric
passi vation |ayer 5 selectively overlying the stack
| ayer and a saw path withi nO(IH%[MSri be area. The saw
path has at |east one recessed region in the stack
| ayer in which nmetal has been renoved. |n another
adpaethodpffetnhiog sehicpriusingliecaaptisegiduct or di e

i ncludes praovidin substrate.on a wafe Vi n .
e A S Peerf AR Rl o s ok B hppprsing o

pl ur al iglyraBy of$8et PRitRIRAToRREHN S AVLAD BvatlyERMIR Rlbstrald) €he stack
nmet hod "al so i ncl'udes form ng a stack | ayer 10 )

over | yilayerchmpysibg exposed methl hba portiod o b setfadecf mesaerpagt within a
and interconnecting netal...Th tack layer includes .

ex posed AT 4P SPoEAtgg ARl RO i SPpis of THirexgo e piiak gy tending
of a sqﬁﬂok%ﬁeﬁfu%itﬁ)ﬂtag&& plurality. The nethod further

i ncl udes processing the saw path within the scribe

arfeanipy a ditlediiio gassivetiexhysestlavtvelly overlybg theasickdayfeir; st

depth to forma recessed region in the sa h. VWile
AT SXD SUHEhEEt 57 ALY (5P AN AL B SepaRFearen to
been shgup r&@é’s_e&?egﬁ&ﬁ% kReG Igatt%vvl Il be recognized to

2 .

those skilled int art that, based upon the
teachings herein, further changes and nodifications

. i.ng_fromthis invention and
F?I}shegﬁ%a e?fég@%gg srth%gg%%]lﬁ%gg t he appended clains are
t domniag ARas8nwwiut bomtictied barfieolageradverlyingtie whkrges and
nodi fications as are within the true spirit and scope
offOfIHNG 2cAPERIOUS Aletal v vbyanths seatioys eptygyyobargeslayer;
%t&@i%@t&%%ﬁ?&e? Ehef\%fg}r %x%?% e&@&%&@ Extgfn%l contact is
conpri simg: providing a waf er, e waf er conprising a
substr alkesirald a stack |ayer conprising a plurality of
| ayers with interconnecting netal overlying the
s dPEripg peoniaplstud dhe asay whete extonl centagf ipdesitsdd net al
a nor L f th wihin .
o Lot e 508 oy ethl RS Riyatn BRAER M bl el eqnigey
exposedierigd®l extending into the plurality of |ayers;
formng a dielectric passivation |ayer selectively
oVRIpPYing dha photastesisk | ayer; and renoving exposed et al

gtrreellggﬁgi% tﬁeoco%tiglﬁc;u%tme e?l%}ll%r ifaff are¥ W%‘réllter{hgr]; i§ 1'?(? cSitact l:s)t%d; and
removing the continuous conductive barrier layer in all areas where there is no contact

stud.

The method of claim 2 further comprising:
while removing exposed metal in the saw path, also decreasing a circumference of the
contact stud and leaving an exposed portion of the continuous conductive

barrier layer adjacent the contact stud.

-10-
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10 formrecessed regions in the saw path. 2. The
nmet hod of claim 1 further conprising: formng a
w@oemiorweds conductive barrier |ayer overlyi ngP€hES2004/001925
waf er; form ng a continuous netal |ayer overlying the
cont i nuous conductive barri er | ayer; patterning photo
4. rgbﬁmethﬁﬁb@fqlﬂmm@ﬁfﬁﬁn@%e areas where external

COGR%E A BB IRIeE P e MO PAAGhu S e @ dofific areas

sol der whses 6l donercERMegiedd, Sihfbin metcbﬁtaatrmlsmﬁﬁ@ed by the
external contact is desired; renovi ng t he photo

resi st ;pobdmidertaysragd the@obimidelayurpronites stieasskes. n al |

areas where there is no contact stud; and renoving

the continuous conductive barrier Iayer in all areas
5. \Aﬂélemdth@iddlzﬁnnbfm’tinr emnprisngid. 3. The net hod of

im?2 further c i.Si.ng: repovi ng exposed . .
S Eapn st S il L, Netr S48 C%nt&uroe fitnsgtiegbarrier
of thel%&§ contact stud and | eaving an exposed portion
n

of the continuous conductive barrier |ayer adjacent
the contact stud. -10 WD 2004/ 073014 PCT/ US2004/ 001925

6. Thgr}r?ﬁ:ﬂgg& Ffocqalghfd eﬂ&nﬁ#ﬁé‘er conprising: formng a

poly ayer ove yI ng di el ectric passivation

| Fy@hing Chedntaaestad @as copfeestad exh ealhgtid aaty BGAD package.
desired, wherein the contact stud is bounded by the

polylnlde | ayer and the polyimde | ayer provides
7. SUMRReth6d bdlainP2 FhertALhERINADI Ve Ednfinlidud rhétat lﬁ?ér has a higher

conprising: selecting at |east one of TiW TiN,
conduNjtiyitp thaw/admrti¢renaemliof theuntiomehssonductiya beirisr layblay er.
6. The method of claim2 further conprising: formng
the contact stud as a copper stud in a ball grid array
8. ( BBA)mgihckafydaim 1 wherein removing exposed metal in the saw path of the scribe

area further comprises:

removing all exposed metal in the saw path.

9. The method of claim 1 further comprising:
sawing the wafer using a single saw blade to separate multiple die of the wafer by

cutting the wafer in the saw path.

10.  The method of claim 1 wherein the removing exposed metal in the saw path further
comprises:

forming open trenches in the scribe area.

11.  The method of claim 1 wherein the first depth is less than a total depth of exposed
metal.

-11-
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10 7. The nmethod of claim2 wherein the netal of the
conti nuous netal |ayer has a higher conductivity than
w@2dvanrioes material of the continuous conduct i RET/US2004/001925
barrier layer. 8. The nethod of claim1l wherein
renovi ng exposed netal in the saw path of the scribe .
12. arT@aIﬁe@hqdmfrclacmrﬂpﬁJnrt@escommmfg ng aII exposed met al in
e _saw im
ST E ottt sty e H B e Bt o i pren of e
t 0 sepafaddrethBubhtad sudibn®foril€ pyief R thO¥emGHAd é)ki}ﬁ)sé&ﬁetal in
wafer in the saw path. 10. The method of claim
wher ei ithetsaw pagimethatyseenpasetseneemsll widihiof heseantaghsthd is reduced

furt her nprises: 20 form en trenches in the
scri befrgme erq_r&ovq&ggxwpﬁwtaﬁ?n&%giampf erein the

f| rst depth is less than a total depth of exposed
-11 WD 2004/ 073014 PCT/ U82004/ 001925 12.

The
13, i @eptmd ofickaivn i whefietthibe spelyPsInARdes dip; lﬁﬁgerawherem the

remo&iﬂg gﬁg e fnlé%l M 1@541 ¥(% Egirsq d@ﬁtﬁqﬁct,ﬁ(?]e@r&ﬁgwﬁgtek g%getﬁ in the top

trve area e conta

layer froheedly path@f thedsciibe afre@nmovi ng exposed netal in the saw
path so that some cross sectional width of the contact
stud is reduced 5 fromthe renoving exposed netal in

14. t e ssdthdBditlaidst whbidet hod of claim 1 wherein the
stack |l ayer includes a top | ayer, wherein the

r éosrackgayex podedes psoplayat, alvéakyertlocaied balew threjopHayer, and another
i ncl udes ose rret_al inthe top layer in

t he sajf1 f flrﬂ)?]ﬁ’g'@‘ rib&"4r ea. 14. The nethod of

Cligd mdhe%ﬂneludéga kel Stra@kirel i YIRS sakgdth Q&ﬁel@cth@ﬂgf coupled to

| ayer, a via |ayer |ocated below the top |ayer

anot her m¢talyeetructumaf el ehposodmetyd iy the tbp{ayer inthe saw path by a
anot her tF‘d udes a netal structure in the saw
pat h aﬁ]i’]e é?:lcnr 3P Poupled to a nmetal structure of

t hee Wﬁ%@xﬂ@k@l métAl 4th&ast @ fiRY &pth ThehfiiBs SNy RAE the Rietal
a
structure of the exposed metal, the metal via, and the metal structure of the

another layer.

15. A semiconductor wafer comprising:
a subs“trate;
a stack layer, the stack layer comprising a plurality of layers overlying the substrate
and including interconnect metal, the wafer including a first die area and a
second die area separated by a scribe area;
a dielectric passivation layer selectively overlying the stack layer; and
a saw path within the scribe area, the saw path having at least one recessed region in

the stack layer in which metal has been removed.

16.  The semiconductor wafer of claim 15 further comprising:
a contact stud on the first die area overlying and electrically coupled to conductive

structures of the stack layer, the contact stud comprising a metal contact

-12-
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nmetal via in the via layer; 15 the renoving exposed

nmetal at least to a first depth includes renoving the
woreaoalo730s4 r uct ure of the exposed netal, the nePel/Us1084/001925

and the netal structure of the another layer. 15. A

sem conduct or wafer conpri sing a substrate; 20 a

st ack I|hayiog a firktevidthaibrt ﬂséﬁiﬂéﬁh@mﬁ@sﬁ wgitlaomrumdeiﬂfyylg&ramer

| ayers overlying the substrate and including

i ntercofMiéct metal, the wafer including a first die

area and a second die area separated by a scribe

17. g\r;lg].%;s9a dhgﬁgrts\{/!adfg{(gqa erI V% igﬁgrelléla g\rﬁp%golet%tq}d is ﬁlcﬁp]eq{ézontact and
the uRfeb1 S Ay %&}gfepﬁorﬁgﬂ\éeﬁ’% Ralial BETAY, TRaSE, Wernacessed
regrofi in

ck Tayer in which’mefal’ has been
renoved. 16. The sen1conductor waf er of cIa|n115

18. f Wh%@gﬁnc%ﬁg?&%rs\g%r %fcel 1% nutﬂe Qﬁé%:kb?o fur ng fu rlses:

area overlyin rlca y cou

staf Wattonesraek stdp&reihbﬂkah@ﬁ@xﬁataltslfr&ctﬁfmﬂlaﬂtas Sbbﬂdreduced or
conprising a netal contact -12 WD 2004/073014

PCT/ USZeDRY®01925 having a first width that is |ess
than a second width of an underlying barrier |ayer.
17. The sem conductor wafer of claim 16 wherein the
19. ¢ ﬁheacmicsmdn@btdnswafewﬁxmim toywhersin thadtack layeuimgldes/iopdayer,
er. co ses one

whergl ti Rges € g SR B B diers ol Brppepd Femoved.

wherein the scribe area further conprises: at |east
one crack ztop trench having,.a nmetal. structure that

20.  hofs method of dermung 2 spmicrpdiirdlic §gMPHYRE's eni conduct or
ngrs&ldﬁag \ﬁ]‘;sluﬁétfyté?kh F&iRvin %mﬁh@%lé axgsrthamé Bﬂfs‘i"caﬁl

yer erein e recessed region includes a void in
t he t opepayed bwhelwalitytodlsctilzsarbasernch baoread saw 1)@ch0 A
nethod of forn1n a. senm conduct or g@e commri sin

prigyRiae Agtagk dayss SYAbRAEie AUsais g Fetiip Pibtegjaband
areas tlﬁt@koﬁﬁ@cuﬂgﬁétﬁ?{ﬂe%tmk layer including exposed metal at a portion of a

surface of a saw path of a scribe area of the plurality;
processing the saw path within the scribe area by etching the exposed metal to at least

a first depth to form a recessed region in the saw path.

21.  The method of claim 20 wherein the stack layer includes a top layer, wherein the
etching the exposed metal at least to a first depth includes removing exposed metal in the top

layer in the saw path of the scribe area.

22.  The method of claim 20 wherein:
the stack layer includes a top stack layer, a via stack layer located below the top stack
layer, and another stack layer located below the via stack layer;
the another layer includes a metal structure in the saw path electrically coupled to a
metal structure of the exposed metal in the top stack layer in the saw path by a

metal via in the via stack layer;

-13-
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23.

24.

25.

26.

separated by a plurality of scribe areas each having a
saw path; formng a stack |ayer overlying the

waisoramte and having dielectric material and PCT/US2004/001925

i nterconnecting netal, the stack l[ayer including
ex gosed nmetal at a %alrtlon of a 15 surface of a saw

helghing thegxpgeedpetal Yreashio it denth jnclysles samaving thepaetal
saw pat
ot el CaE et B b BRERDY i N 18 1R FHRARELE e
r egi on andthehlysaw pat h. 21. The met hod of cl aim 20
wherein the stack |ayer includes a top |ayer, wherein
the etching the exposed netal at least to a first
dem{ennétﬁ@dgﬁ@@n{méﬂagl exposed netal in the top 20

er in the saw path of the scribe area. 22. The

%i&clialiay‘trl in¢lnde3e tab dayer, a:via hgesloeatkd belgwrthe tnpl laykesand another

top st a stack layer |ocated bel ow the
top st ?Cé%gbeﬁ) evﬁaoﬁﬁ%rr stack layer |ocated
b&h@aﬁdtm 1MeinehAiel a Y lsirudthR 1I80AEANRY tht 3% Paﬂh%hléfé%&many
a netal structure in the saw path electrically cou
to a 2Buphed & a geial strugtareof theexpesgosetd] ingthe kop lnyt’crl’w at least a
top stac?l} |l a erthln the saw path by a netal via in the
via st abRah gt the visdaygs 5004/ 073014 PCT/ US2004/ 001925
t Rge @kkiRG Ak éx@@se%l"rﬁ@cﬁ?ﬁ 168t @ a Bist AGAM IR Qelﬁb‘hﬁ% the metal
dept h includes renoving the nmetal structure of
exposedtmeed of ththexpreedimetal hyt raoh thet inetahstuwlurs of thetanpther layer.
of the another |ayer. 23. The nethod of claim 20
wherein: 5 the stack layer includes a top layer, a via
| Sfhermdtbabofodaine@furtheecdmoyridimger, and anot her | ayer
| ocat.ed bel owthe Vi Ia er; the anather |ayer

| Aeias2 canaghsiid aq pileastibee b aw&twlﬁ dtwewoaé@ fiching
eI ectrigg ﬁ@eﬁm&ﬁ%‘ﬂﬁﬂtﬁe"sa structure of the
expose(? In the top | by at least a netal

VI a in the via layer; 10 the etch| ng the exposed net al

St ipthol G ehlathyEplo s cES, oV ng Lhe et
stfetngihy b @oftfindoas c@tﬂﬂkﬁ% bdrei¥Elayer overlying the wafer;
forming a continuous metal layer overlying the continuous conductive barrier layer;
patterning photo resist over the wafer to expose areas where external contact is
desired;
forming a contact stud in the areas where external contact is desired, the contact stud;
forming solder overlying the contact stud in the areas where external contact is
desired;
removing the photo resist;
removing the continuous metal layer in all areas where there is no contact stud; and

removing the continuous conductive barrier layer in all areas where there is no contact

stud.

The method of claim 20 wherein the exposed metal comprises copper.

-14-



24. The nmethod of claim20 further conprising: formng

a contact stud on at |least one of the nultiple die
wae@a®7pnd or to etching exposed netal w thin PEEUSENA/001925

path. 15 25. The net hod of claim 20 further conprising

: rm ont KkAWo aonductive barrier | ayer
27, TRl B R0 pO HOMB: CORNS AERE L ohed mstalim sk stop

trenclolnathé yirit@ dréte conti nuous conductive barrier |ayer;
patterni ng photo resist over the wafer to expose areas
where external contact is desired; 20 formng a
contact stud in the areas where external contact is
desired, the contact stud; form ng solder overlying
the contact stud in the areas where external contact
is desired; renoving the photo resist; renoving the
continuous netal layer in all areas where there is no
contact stud; and 25 renoving the continuous
conductive barrier layer in all areas where there is
no contact stud. 26. The nethod of claim20 wherein
t he exposed netal conprises copper. -14 WO
2004/ 073014 PCT/ US2004/ 001925 27. The nethod of claim
20 further conprising etching exposed netal in a crack
stop trench in the scribe area. -15
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